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Abstract

Health informatics and artificial intelligence (Al) technologies are increasingly influencing pediatric health care delivery across
diverse health system contexts. These technologies offer opportunities to improve diagnostic accuracy, personalized treatment
approaches, and access to care globally. This viewpoint examines how health and public health informatics frameworks, when
integrated with Al technologies, may help address persistent challengesin global pediatric care delivery. This paper isaviewpoint
informed by selected published studies and international digital health guidance rather than a systematic review. Evidence from
clinical implementations suggeststhat Al applications embedded in standardized el ectronic health records can facilitateimproved
pediatric diagnostic processes. For instance, machine learning—based algorithms to diagnose serious bacterial infections among
febrile infants have shown high diagnostic accuracy and reduced unnecessary invasive procedures in certain clinica contexts.
Case studies from the Pediatric Emergency Care Applied Research Network decision rules, neonatal intensive care units, and
autism screening programs reflect diverse applications of Al-enabled clinical decision support across pediatric settings. However,
there are concerns regarding implementation due to limitations in interoperability of health information systems, gaps in data
standardization, inadequate digital infrastructure in resource-limited settings, and issues related to algorithmic bias and equitable
access. We arguethat strategi c devel opment of interoperable health information systems, standardized data governance frameworks,
and equitable digital infrastructure is essentia to responsibly realize the potential of Al-enhanced pediatric care at scale.

(Online J Public Health Inform 2026;18:e82108) doi:10.2196/82108
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enhance pediatric diagnostic accuracy while
unnecessary interventions.

Introduction reducing

Artificial intelligence (Al) isincreasingly being integrated into

Despite some progress, pediatric health informatics has lagged
health care delivery and digital health systems, contributing to

behind adult-focused digital health advancements. Researchers

the modernization of medical practice [1]. Health informatics
provides the foundational infrastructure and standardized data
models that enable Al algorithms to function effectively in
real-world settings. The COVID-19 pandemic hasincreased the
use of digital health worldwide, accelerating the integration of
Al into pediatric care systems[2]. Emerging evidence suggests
promising applications in pediatric settings. For example,
machinelearning (ML) algorithms applied to clinical datafrom
febrileinfants have demonstrated high diagnostic performance,
achieving 98.6% sensitivity and 74.9% specificity in identifying
serious bacterial infections. The random forest model showed
superior diagnostic accuracy (areaunder the receiver operating
characteristic curve: 0.96) and was estimated to potentially
reduce 68.5% of unnecessary lumbar punctures [3]. These
findings suggest that Al-driven diagnostic models, when
supported by robust health informatics infrastructures and
structured electronic health record (EHR) environments, can

https://ojphi.jmir.org/2026/1/€82108

have raised concerns about the validity and reliability of
applying adult-trained Al modelsto pediatric populations, with
potential implications for care quality [4]. In low- and
middle-income countries (LMICs), the synergy between Al and
informatics may provide a valuable platform for enhancing
access and quality in pediatric care. According to the World
Health Organization (WHO), under-five mortality remains a
major global health challenge, with millions of deaths occurring
annually from largely preventable causes [5]. In this context,
Al-enabled decision support systems have the potential to
facilitate early diagnosis and improved management pathways,
although real-world impact remains uneven. However,
substantial barriersto adoption persist, including interoperability
challenges, data standardization gaps, digital infrastructure
limitations, and equity concernsin resource-constrained settings.
Much of the current literature examines Al applications and
health informaticsinfrastructure separately, with comparatively
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limited attention to their integrated implementation within
pediatric care settings, especially in relation to equity and
real-world challenges. This gap is critical because pediatric
populations have unique physiological, devel opmental, and care
delivery characteristics that require specialized informatics
frameworks and Al models distinct from adult-focused
approaches.

This viewpoint examines how public heath informatics
frameworks, whenintegrated with Al technologiessuchasML,
natural language processing (NLP), and predictive analytics,
can support efforts to improve pediatric care delivery across
diverse hedth system contexts. We review successful
applications of health informatics and Al in pediatric settings,
identify persistent challenges hindering integration, and discuss
considerations for implementing informatics frameworks that
responsibly leverage Al to support pediatric care. Thisanalysis
is intended for pediatric health care providers, health
informaticists, policymakers, and researchers working to
advance digital health solutions in pediatric care.

Evidence Informing This Viewpoint

Thisviewpoint isinformed by apurposive selection of published
literature and international guidance reports. We conducted a
targeted search of PubMed and Google Scholar using key terms
related to pediatrics, Al, health informatics, and digital health.
We also used gray literature sources, including policy and

Mbogori-Kairichi et al

guidance reports from the WHO and World Bank, to identify
relevant evidence published between 2014 and 2025. Search
concepts included combinations of terms, such as pediatrics,
children, Al, ML, hedth informatics, digital health, EHRS,
clinical decision support, telemedicine, implementation, and
health equity. Using the selected literature, we identified 3
illustrative case examples to illustrate successful applications
across distinct domains. Theseinclude clinical decision support
(Pediatric Emergency Care Applied Research Network
[PECARN] head traumaand abdominal traumarules), predictive
modeling (neonatal sepsis detection and bronchopulmonary
dysplasia[BPD] prediction), and automated screening (autism
spectrum disorder [ASD]). These caseswere chosen to represent
diverse pediatric age groups, clinical contexts, and informatics
applications.

This methodology had several limitations. This synthesis may
preferentially reflect selection bias toward well-documented
implementations in high-resource settings. Emerging
applications and ongoing trials may not be fully captured. The
evidence base for implementation in LMICs remains limited,
representing an important research gap highlighted in this
viewpoint. Textbox 1 summarizes the key potential benefits
and implementation challenges of Al and health informaticsin
pediatric care, organized by domain. Figure 1 presents the
conceptual framework informing this viewpoint, illustrating
conceptual linkages from health informatics infrastructure
through Al applications to pediatric care outcomes.

Textbox 1. High-level synthesis of key benefitsand implementation challenges of artificial intelligence and health informaticsin pediatric care. Benefits
reflect emerging evidence from selected implementations and should be interpreted cautiously. Challenges highlight issues that require addressing.

Potential benefits

«  Diagnostic support—artificial intelligence (Al) tools may improve diagnostic accuracy for conditions such as pneumonia

«  Predictive modeling—AIl models show promise for early detection of high-risk conditions, including neonatal sepsis and bronchopulmonary

dysplasia

o  Personalized treatment—A-supported clinical decision tools may inform individualized treatment selection
o Accessihility—telemedicine platforms integrated with Al may expand access to pediatric specialistsin underserved areas
«  Efficiency—automated screening tools and remote monitoring systems enable earlier intervention

«  Remote monitoring—mobile health platforms with Al analytics may support chronic disease management

Implementation challenges

« Dataquality—limited availability of high-quality, representative pediatric data sets
«  System integration—incompatibility between legacy health information systems and newer Al technologies
o Algorithmic bias—risk of perpetuating health inequities when models are trained on unrepresentative data

«  Privacy and ethics—need for robust privacy protections and informed consent frameworks

« Regulatory variation—limited pediatric-specific Al governance

«  Socioeconomic disparities—unequal distribution of Al implementations across income levels

https://ojphi.jmir.org/2026/1/€82108
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Figurel. Conceptual framework for Al-enhanced pediatric care delivery. Thisframework illustrates the pathway from health informaticsinfrastructure
through Al applications to improved pediatric care outcomes as explored in this viewpoint. The arrows represent conceptual relationships. Al: artificial
intelligence; ASD: autism spectrum disorder; BPD: bronchopulmonary dysplasia; DHIS2: District Health Information Software 2; EHR: electronic
health record; OpenMRS: Open Medical Record System; PECARN: Pediatric Emergency Care Applied Research Network.
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Population-Level Benefits of Informatics
and Al in Pediatric Health

Health informatics and Al offer severa potential benefits that
would improve global pediatrics. These technologies may
improve accuracy, personalization of pediatric care,
accessibility, early detection and intervention, and support for
pediatric mental health services. One such benefit is efficiency
and accuracy. Algorithm-based diagnostic tools have
demonstrated effectiveness in selected clinical contexts. For
instance, convolutional neural networks have been applied to
pediatric medical imaging, including the diagnosis of leukemia
[6], as well as other conditions such as pneumonia and
retinopathy of prematurity [7]. Systematic reviews suggest that
some Al systems have performed comparably to human experts
in interpreting radiographs and computed tomography (CT)
images[8], while validation studiesin ophthal micimaging have
demonstrated expert-level performance in specific diagnostic
tasks [9]. This evidence suggests that Al can enhance aspects
of pediatric care delivery in specific contexts. Beyond diagnostic
imaging, Al-driven systems have been explored for continuous
monitoring and personalized management in pediatric chronic
conditions, including the development of knowledge-enabled
conversational systems to support asthma self-management by
integrating patient-reported data, environmental information,
and domain knowledge to deliver contextualized and
personalized guidance [10]. In more acute settings, ML
approaches have been applied to pediatric critical care EHR
data to identify prognostic clusters and clinically relevant
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patterns, highlighting the potential of data-driven models in
critically ill pediatric populations[11].

Another notable benefit is personalization. Health informatics
and Al support the development of targeted treatments. Al
analyzes patient characteristics to inform treatment decisions
for different pediatric patients. This is an evolution from the
usual use of adefinite general scheme of therapy. ML agorithms
play important roles in such personalization. In pediatric
oncology, Al-based decision-making tools are increasingly
being developed to support clinicians in selecting a
chemotherapy regimen based on tumor biomarkers and patient
characteristics [12]. By enabling more precise treatment
selection, these tools may reduce adverse effects. Al-driven
conversational systems, such as the chatbot Tess, have been
implemented to provide adolescents managing chronic
conditionswith tail ored information and emotional support [13].
Digital tools, therefore, show promise in addressing the
psychosocial needs of children and adolescents with chronic
illnesses.

There is also the benefit of accessibility. Ensuring equitable
access to high-quality services remains a persistent challenge
in resource-constrained settings, where limitations in
infrastructure, workforce capacity, and system-level quality
standards affect service delivery [14]. Telemedicine platforms
supported by health informatics technology play an important
role in improving accessibility. By incorporating NLP and
real-time analyses, these platforms enable patients, especially
children in underserved areas, to seek consultations from
specialists. Al-powered trandation and NLP tools have been
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explored to address communication and language barriers in
global health settings, which may be particularly relevant for
pediatric populations in multilingual and resource-constrained
contexts [15].

The benefit of early detection and intervention cannot be
overlooked. Healthinformaticsand Al applicationsin pediatrics
extend to opportunitiesfor early detection and intervention. For
instance, Al-enhanced imaging modalities in pediatric
cardiology, including echocardiography and other cardiac
imaging techniques, have demonstrated potential to improve
diagnostic insight and support timely detection of congenital
heart disease [16]. For chest radiography, Al applications in
tuberculosis and pneumonia diagnosis have demonstrated
promising diagnostic performance in pediatric popul ations, with
potential to support clinical decision-making across diverse care
settings [8]. Apart from diagnostics, health informatics and Al
expand the availability of preventive care. For example, health
informatics and Al have been used to predict sepsis and BPD
in neonates in the neonatal intensive care unit [17], while other
ML approaches have explored early identification of neonatal
sepsis[18]. Such predictive models may support earlier clinical
intervention when interpreted within established care pathways.

Critical Evidence: Real-World Al
Applications Transforming Pediatric Care

Health informatics and Al are not merely conceptsin pediatric
health care, asthese technol ogies have demonstrated measurable
outcomes in clinical settings. The following case studies
illustrate applications across 3 domains: clinical decision
support, predictive modeling, and automated screening. In this
viewpoint, these domains are selected to represent diverse
pediatric contexts and informatics approaches, encompassing
the PECARN rules, Al in neonatal sepsis, and Al diagnosis of
ASD.

PECARN Clinical Decision Rules

The PECARN clinical decision rules represent a large-scale
application of evidence-based clinical prediction modeling in
pediatric emergency medicinerather than atraditional Al-driven
system. PECARN is a coordinated network of pediatric
emergency departments across the United States and Canada.
Researchers derived and prospectively validated statistical
prediction rulesto identify children at very low risk of clinically
important traumatic brain injury. These predictors were
incorporated into avalidated clinical decision support rule that
assists physicians in identifying children at very low risk for
clinically important traumatic brain injury, thereby helping
determinewhen CT imaging can be safely avoided [19]. Asone
of the earliest large-scale validated prediction frameworks in
pediatric emergency medicine, PECARN laid important
groundwork for subsequent Al-enabled decision support
systems.

A large multicenter prospective validation study involving 7542
children with blunt abdominal traumaand 19,999 children with
minor head trauma demonstrated high diagnostic accuracy of
the PECARN prediction rules. Theintra-abdominal injury rule
showed 100% sengitivity for identifying children requiring acute
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intervention. For traumatic brain injury, the rule demonstrated
100% sensitivity in children younger than 2 years and 98.8%
sensitivity in children aged 2 years and older for clinically
important traumatic brain injuries. Implementation of these
validated clinical prediction rules supports safer decision-making
regarding CT imaging and may reduce unnecessary radiation
exposure while maintaining high-quality care[19]. Thisexample
demonstrates how rigorously validated, data-driven clinical
decision support tools, when embedded within structured
informaticsframeworks, can improve diagnostic accuracy while
reducing unnecessary radiation exposure.

ML for Neonatal Condition Prediction

Neonatal sepsis continues to be among the most morbid and
deadly illnesses in infants, especially in LMICs. A global
systematic review and meta-analysis reported an estimated
incidence of 2824 cases per 100,000 live births, with amortality
rate of 17.6%, underscoring the persistent burden of disease
worldwide [20]. Early identification is especialy challenging
in the neonatal intensive care unit, where clinical presentations
are often nonspecific and may delay diagnosis and treatment.

Early sepsisidentification is critical, yet clinical presentations
are often nonspecific. This leads to delayed diagnosis and
treatment. One model was trained on large vital sign datasets,
including heart rate variability, respiration, and oxygen
saturation from high-risk neonates [ 18]. Such approaches may
support earlier clinical intervention and improve outcomes in
vulnerable neonatal populations.

Similarly, predictive modeling has been applied to BPD risk
assessment in preterm infants. The study showed that using Al
in predicting BPD in preterm infants achieved 88% sensitivity
and 91% specificity. The study aso enrolled 61 preterm infants
(gestational age 24 - 31 wk) and identified the 26 (43%) infants
who developed BPD. When using clinical data alone (birth
weight, gestational age, and surfactant treatment), the model
showed 74% sensitivity and 82% specificity. Performance
improved to 88% sensitivity and 91% specificity when combined
with Al-analyzed spectral datafrom physiological signals[18].
Thesefindings suggest that ML -enhanced analysis of continuous
physiologic data may improve early risk stratification in
high-risk neonates.

ML for Autism Screening

ASD is a neurodevelopmental condition characterized by
differencesin social communication and restricted or repetitive
behaviors [21]. Early ASD identification and referral to
intervention programs are associated with improved
developmental outcomes. However, comprehensive diagnostic
assessments for ASD require specialized clinical expertise that
may be limited in many developing countries. The traditional
Autism Diagnostic Observation Schedule-Generic (ADOS)
assessment takes between 30 and 60 minutes to administer.
Families may wait as long as 13 months between initial
screening and diagnosis. ML approaches have been explored
to streamline these assessment challenges.

Wall and colleagues at Harvard Medical School developed an
Al-based screening tool, which analyzes data from behavioral
and cognitive assessments to identify patterns of ASD. Their
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study analyzed 612 individuals with autism using existing
ADOS datasets, al ongside comparison groups from independent
cohorts. Theseincluded the Autism Genetic Resource Exchange
and the Boston Autism Consortium. The research tested 16
different ML algorithmsto identify the most effective approach
for autism classification. The resulting classifier used only 8
itemsfrom the original 29-item ADOS module. Thisrepresented
a72.4% reductionin assessment items. Thisapproach achieved
an accuracy of 100% sensitivity and 100% specificity in the
initial training set [22]. It correctly classified all 612 individuals
with autism and all 15 nonspectrum individuals. When tested
on independent datasets, the classifier maintained performance
with 99.7% accuracy on the Simons Simplex Collection and
100% accuracy on the Boston Autism Consortium dataset
[18,22]. Theseresults are promising, but the small sasmple sizes
and need for validation in diverse clinical populations limit
generalizability.

Current Applications

Health informatics provides the foundational infrastructure for
integrating Al into clinical workflows. Standardized health
information systems enable mechanisms for diagnostics,
treatment planning, decision support, and patient monitoring.
Examples of diagnostic innovations in heath care include
molecular detection platforms such as M gene-targeted
guantitative reverse transcription polymerase chain reaction
assays for pathogen identification [23]. The success of health
informatics—enabled Al implementations in this area informs
the potential for leveraging ML and Al to improve pediatric
care. In diagnostic applications, standardized EHR systems
organizeclinical datathat ML algorithms can analyze to support
diagnostic decisions. Several studies report that ML systems
demonstrate promising diagnostic performance for detecting
pulmonary conditions in pediatric chest radiographs [6,8].
Similarly, Al-assisted histopathology has been explored for
detecting medulloblastoma. A study by Attalah reported
improved diagnostic accuracy for tumor subtyping compared
to conventional methods [24]. These Al-supported tools may
help reduce diagnostic errorsin pediatric practice.

Applications in treatment personalization integrate EHR data
with ML to support individualized treatment decisions. Clinical
datafrom EHRs, including genetic and clinical dataand patient
environmental factors, can inform ML models to predict
treatment response. Pediatric oncology has been a particular
focus for such applications, where Al supports clinicians in
selecting chemotherapy regimens based on the tumor
characteristics and patient factors [12]. Al applications have
also been explored in surgical planning, where patient-specific
anatomic modelsmay assist pediatric surgeonsin virtual surgical
planning, potentially improving procedural accuracy.

Remote monitoring applications leverage maobile health
platforms and wearable devices for pediatric chronic disease
management. These systems collect and analyze physiological
data from wearables and EHRs for continuous vital sign
monitoring among children with chronic conditions. Rea -time
alerts may support early interventions that could potentially
reduce hospital readmission rates[25]. Studies suggest that ML
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applied to pediatric critical care data may provide prognostic
insights and support risk stratification in hospitalized children
[11].

Challenges in Al-Enabled Pediatric
Systems

Implementation of Al in health care, including pediatric health
informatics, faces several interconnected challenges. These
challenges include technical challenges related to data quality,
system integration, and ethical and legal concerns regarding
privacy and transparency, and socioeconomic disparities in
access and resources [26]. Technical challenges in pediatric
data collection include small sample sizes, ethical constraints
on research involving children, and devel opmental heterogeneity
across the pediatric population [27]. Al models trained on
historical data may be limited by data that are inadequate,
contradictory, or biased. Training datasets often lack adequate
representation of diverse populations, including racial and other
demographic groups, potentially leading to biased model outputs
[28]. High-quality pediatric data from LMICs remains limited
due to health system infrastructure gaps and fragmented health
information systems [29]. Addressing these gaps requires
investment in strong data-sharing platforms and strengthened
digital infrastructure to enable representative pediatric data
collection globally.

System integration challenges may arise from differences in
data structures, data quality, and governance frameworks
between existing health information systems and newer Al
technologies [30]. Interoperability standards such as Health
Level Seven Fast Healthcare Interoperability Resources are
being adopted to address these technical barriers, though
implementation remains inconsistent globally [31].

There is also a challenge of algorithmic bias that poses a
significant problem when deploying health informatics and Al
in pediatric care. Models trained on biased datasets may
perpetuate existing health inequalities. For example, agorithms
developed using data collected in high-income countries may
perform poorly in LMICs because epidemiologic profiles and
models of health care delivery are different [32,33]. Bias may
also arise from subjective labeling of training data or
underrepresentation of minority populationsin data collection.

Ethical and legal concerns include data privacy protections,
regulatory variations, and algorithmic transparency that affect
trust in Al systems. Pediatric health data are particularly
sensitive, as privacy breaches may havelong-term implications
for individuals [30]. Most jurisdictions have data protection
frameworks. For example, the Genera Data Protection
Regulation in Europe and the Health I nsurance Portability and
Accountability Act in the United States [34]. Beyond privacy,
algorithmic transparency presents major ethical challenges. A
review of Al toolsin LMIC health care settings noted that many
systems relied on complex or “black-box” algorithms with
limited interpretability, raising concerns about transparency and
clinical trust [32].

Technology changes faster than regulatory policies. The
regulatory framework in pediatrics reflects this dynamic. Some
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developed nations have advanced Al governance frameworks.
For exampl e, Singapore has developed aModel Al Governance
Framework. Other nations, such as the United Kingdom and
the United States, are continuously developing provisions to
regulate Al. Many LMICs appear to be in the earlier stages of
developing robust regulatory frameworks for Al in health care
[30]. International organizations, including the WHO and
International Telecommunication Union, are working to
establish global standards and guidance for responsible Al
deployment in health [35].

Socioeconomic disparities in Al adoption for pediatric health
reflect broader global hedth inequities. A review by
Ciecierski-Holmes et a [32] found that 80% of Al
implementationswere in upper-middle-income countries. There
were only 10% in low-income countries and 10% in
lower-middle-income countries. These findings reflect the
uneven distribution of Al health care technologies globally.
Multiple factors contribute to these disparities, including limited
digital infrastructure, a shortage of technical expertise,
competing health system priorities, and insufficient investment
in health information systems [35]. Advancing equitable Al
adoption requires addressing these structural barriersalongside
technology development.

Solutions for Scalable Pediatric Al
Adoption

Enhanced Data Quality and System Integration
Improving dataquality and availability isacritical priority. This
is significant because only 50% of Al health care applications
in LMICs documented their training datasets adequately [32].
ML performance depends on the quality and representativeness
of training data. Given challenges in pediatric research data
collection, the successful adoption of Al in pediatrics would
largely benefit from collaborative efforts to develop a uniform
data source. Such a source would hold pediatric practice data
from diverse geographi c and demographic contexts. Thiswould
create uniform data repositories that provide adequate and
high-quality data for the development of health information
systems and Al modelsin pediatric care.

System integration approaches should build on existing health
information infrastructure rather than requiring wholesale
replacement. For this integration to work, it is recommended
that open-source platforms be used for compatibility. As an
example, existing EHRswould be agreat addition to Al systems
adopted in pediatric health [36]. Some widely adopted
open-source health information systemsinclude District Health
Information Software 2 for health management information,
Open Medical Record System for electronic medical records,
and Bahmni for hospital management. These platforms provide
foundational platformsthat can integrate Al applicationswhile
maintaining local adaptability. Such open-source platformscan
facilitate collaborative development and promote application
programming interface interoperability across diverse
geographical contexts.
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Privacy, Security, and Equity

Data privacy and security are fundamental to ethical health
informatics and Al deployment in pediatric care. Some legal
protections relating to the protection of personal information
include the General Data Protection Regulation in Europe and
the Health Insurance Portability and Accountability Act in the
United States. However, many countries have distinct legal
traditions and frameworks rooted in international human rights
principles. Some of theseincludetheright to privacy established
in post-World War Il conventions, such as the Universal
Declaration of Human Rights and the Nuremberg Code's
protections for research participants (Universal Declaration of
Human Rights/Nuremberg Code). Such regulationsand policies
provide an important legal foundation for protecting personal
information [37]. Technical measures that can be implemented
include encryption for data at rest and in transit, role-based
access controls, and audit trails. Privacy-enhancing technologies,
such as federated learning and anonymization, enable
collaborative model devel opment without violating the patient’s
privacy [30]. Privacy protections must be complemented by
informed consent processes that respect individua and
community autonomy, including theright to opt out of datause
for Al development. Health care organizations should set up
independent ethics committees to monitor data protection and
compliance with ethicsrules.

Bridging thedigital divideiscritical to ensuring equitable access
to health informatics and Al-driven pediatric care. Strategic
investments in digital infrastructure, such as connectivity,
computing resources, and technical capacity, are essentia for
wider adoption in underserved regions [24]. Mobile health
platforms integrated with Al applications may offer scalable
optionsfor delivering health care servicesto areas with limited
resource access. These platforms can support diagnostic and
consultation services, potentially reducing the need for patients
to travel to higher-level health care facilities [15]. Co-design
approaches that engage local communities and health workers
will bolster cultural appropriateness and language accessibility
in pediatric practice.

Cost-Effective Implementation Strategies

Resource constraints present barriers to Al adoption in many
settings. Hiring specialized experts during the initial phase of
implementation of health informatics and Al, and the cost of
training employees to acquire the new skills required for
performing artificialy intelligent tasks requires substantial
resources [32]. Public-private partnerships may facilitate
implementation in some contexts, but careful attention to
governance, sustainability, and public interest protections is
essential. Adopting open-source platforms may help reduce
licensing costs and support transparent, collaborative
development of Al tools, particularly in resource-constrained
settings [30]. Another important measure is prioritizing Al
applications to address high-burden conditions. For example,
Al applications used in neonatal sepsis, pneumonia, and
mal nutrition would ensure resources are dedicated to areas with
the greatest health impact.
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Conclusions

This viewpoint has examined the intersection of health
informaticsand Al in pediatric health care. Using existing case
studies and literature, we identified the current applications,

Mbogori-Kairichi et al

governance, and persistent socioeconomic disparities that
disproportionately affect LMICs. Addressing these challenges
through collaborative, equity-driven efforts is essential to
realizing Al’s potential in enhancing global pediatric care. The
tools exist, the need is urgent, and the time for global action is
now.

benefits, and challenges of using health informatics and Al in
pediatric health care. These technologies show promise in
enhancing diagnostic accuracy, expanding access to care, and
supporting more personalized treatment approachesin pediatric
Settings.

Future research should explore long-term outcomes of Al
implementations in diverse pediatric settings, develop
context-appropriate validation frameworks, and establish
governance structures that ensure ethical and equitable

Significant implementation barrierspersist, including challenges ~ deployment.

related to data quality, technical implementation, ethical
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Abstract

Background: Despite agrowing number of systematic reviews on digital health interventions, many do not sufficiently support
the recognition of conclusive evidence. Methodol ogical shortcomings may impede theidentification and communication of robust
findings. Abstracts are the basis for study selection in systematic reviews and are increasingly used in automated screening
processes and rapid assessments.

Objective: This meta-research study examinesto what extent systematic reviews apply methodological standards—particularly
the specification of PICO (population or problem, intervention, comparison, and outcome) elements—and how thisrelatesto the
likelihood of conclusive evidence recognition. It is based on arandom sample and focuses on the assessment at the abstract level,
as abstracts are used independently of the specific review choice to screen and select studies for evidence synthesis, making them
critical for evidence recognition.

Methods: Following PRISMA (Preferred Reporting Itemsfor Systematic Reviews and M eta-Analyses) guidelines, we conducted
a comprehensive database search (2011 - 2023). From 2528 eligible systematic reviews, a random sample of 250 abstracts was
analyzed descriptively. Abstracts were assessed for PICO specification and evidence conclusiveness in the context of further
study characteristics.

Results: Intotal, 48% (119/250) of reviews showed low or very low PICO specification, and 64% (159/250) reported inconclusive
or weak evidence. Higher specification of outcomes and problems was moderately associated with conclusive evidence. Beside
the formulation of the research question along the PICO scheme, we identified recurring issues in search and screening strategy
design (eg, limited database use, vague search terms, and long search periods), restrictive eligibility criteria(eg, exclusivereliance
on randomized controlled trials), inconsistent use of quality appraisal tools, and underusage of aternative synthesis methods to
hinder evidence recognition.

Conclusions: Our findings suggest that methodological coherence across all review stages is a necessary condition to ensure
conclusions and evidence-informed decisions in the digitalization of health care are both valid and meaningful. A structured
PICO-based framework, which is aligned with current research, builds on well-established categories and provides clear and
differentiated definitions that may enhance the focus and evidentiary strength of future reviews.

(Online J Public Health Inform 2026;18:€78210) doi:10.2196/78210

KEYWORDS

systematic reviews; digital health interventions; evidence; outcomes; effects, PICO; title and abstract screening; evidence
recognition; methodological flaws; population or problem, intervention, comparison, and outcome

considered the gold standard for evidence synthesis, frequently
fail to provide robust conclusions. This discrepancy raises
fundamental questions about the methodological quality and

Introduction

Thedigital transformation of health care hasled to asubstantial

increase in studies evaluating the effects of digita health
interventions (DHIs) [1,2]. Despite this growing body of
research, decision-makers still lack conclusive and consistent
evidence on the effects of DHIs. Systematic reviews, although
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scientific rigor of such reviews. Given the role of systematic
reviews in shaping digital health policy and clinical guidance,
it is crucia to understand how methodological shortcomings
affect the reliability of their conclusions.
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Poorly formulated research questions and ineffective evidence
search and screening strategies were previoudly identified to
impede the retrieval and synthesis of relevant evidence [3].

The PICO (population, problem, or patient, intervention,
comparison, and outcome) framework has been widely adopted
inclinical researchto formulate answerable questionsand design
efficient search strategies [3-6]. Empirical studies confirm that
applying PICO ispredominant in clinical practicefor structuring
guestionsthat compare one intervention with an alternative [ 7],
enhances the precision of literature searches, and supports the
identification of relevant studies [8]. Using PICO is
recommended for interventional effectiveness and economic
cost-effectiveness studies [6], especially pertinent for analyzing
DHI effects.

It is evident that PICO is critical in the research process,
including the formulation of the research questions, keyword
development for the search strategy, and the definition of
eligibility criteria. Nonetheless, its application in systematic
reviews appears to be inconsistent and often not rigorous in
these early stages of the research process. This may limit the
capacity of systematic reviewsto deliver actionable conclusions,
especialy in a field as heterogeneous and dynamic as digital
health. Thus, we consider PICO as amethodological key factor
and hypothesize that low PICO specification correlates with
low evidence recognition.

To date, no comprehensive analysis has quantified the extent
and specificity of the use of PICO elements in systematic
reviews of DHIs. Furthermore, the relationship between the
degree of PICO specification and the likelihood of finding
conclusive evidence remains underexplored.

To addressthese gaps, this study investigates the extent to which
systematic reviews on DHIs specify PICO elements and
examines whether this level of specification is associated with
the likelihood of reporting conclusive evidence.

https://ojphi.jmir.org/2026/1/€78210
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Given that abstracts are the basis for study selection in
systematic reviews and are increasingly used in automated
screening processes and rapid assessments, abstracts serve asa
primary information source for evidence identification. This
study, therefore, focuses on the abstract level to evaluate how
methodological structure is communicated and how it may
influence the perceived strength of evidence when screening
and selecting studies for full-text review.

The following research questions guided our analysis:

1. How frequently and to what degree are the PICO elements
specified in the abstracts of systematic reviews and
meta-analyses on DHI effects?

2. What isthe relationship between the specification of PICO
elements and the availability of conclusive evidence?

3. How are methodological study characteristics (eg, search
period, number of databases searched, included study types,
and number of included studies) associated with the
likelihood of conclusive evidencein systematic reviewson
DHIs?

Methods

Overview

We conducted this meta-research study following selected
principles of the scoping review methodology according to
PRISMA-ScR (Preferred Reporting Items for Systematic
Reviews and Meta-Anayses extension for Scoping Reviews)
[9], for example, broad inclusion criteria and descriptive
synthesis. We performed a structured, quantitative content
analysis on a random sample of 250 abstracts from systematic
reviews and meta-analyses researching the effects of DHIs.

Table 1 provides an overview of the key aspects in each
methodological step.
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Table. Summary overview of methodological steps.

Buddrus & Liebe

Methodological step

Description

Search strategy

Study selection

Data extraction

Dataanaysis

o  Systematic reviews or meta-analyses

A broad range of DHIS?

A broad range of outcomes
In any health care setting
From 2011 to October 2023
In 5 leading databases

«  Titleand abstract screening in reviewer pairs
e 10inclusion and 6 exclusion criteria
«  Random sample of 250 abstracts for 95% CI and 6% margin of error

.  Exclusively from titles and abstracts
« 16 dataextraction fields and variables

«  Transformation into metric, nominal, and ordinal variables
«  Univariate quantitative descriptive analysis of study characteristics,

and representation of Pl COP elements and criteria for conclusive
evidence

« Bivariate and correlation analysis using Spearman rank correlation
coefficient (p) of PICO specification and evidence

3DHI: digital health intervention.
bpiCO: population or problem, intervention, comparison, and outcome.

Search Strategy

The search strategy was developed with the aim to include
existing systematic reviews and meta-analyses which address
(2) abroad range of DHI technologies and (2) a broad range of
potential associated outcomesin (3) any health care setting.

A total of 33 DHI-related and 41 outcome-related search terms
were used and—depending on the database searched—applied
as Medical Subject Headings terms to subject headings or as
plain search terms on titles and abstracts. A complete
documentation of al search terms is available in Multimedia
Appendix 1.

A comprehensive literature search was conducted for the time
frame 2011 to October 2021 for a preceding umbrella review
project, which was updated in October 2023 for more in-depth
research.

To capture a large heterogeneity of care settings and DHI
application scenarios, the search included all areas of health
care—from inpatient hospital care through outpatient and
community-based care to self-care, without any geographic
boundaries.

The search was limited to systematic reviews or meta-analyses
published in English or German.

We searched 5 leading databases—Scopus, AlSel., EBSCO or
CINAHL, Cochrane Library, and MEDLINE via PubMed.

Study Selection

The search results were uploaded to Covidence (Veritas Health
Innovation Ltd), a software for managing and streamlining
systematic reviews. All potential studies for further analyses,
such as evidence and gap mapping, were screened in pairs by
UB and Jan-Oliver Kutza, and Johannes Thye and Moritz Esdar,

https://ojphi.jmir.org/2026/1/€78210

and discrepancies were resolved through discussion or
consultation with asenior reviewer (JDL or UrsulaHibner). A
complete documentation of all inclusion and exclusion criteria
isavailable in Multimedia Appendix 2.

Theinitial abstract review and screening process was completed
in February 2024. After all abstracts were screened, 2528
eigible studies for subsequent analyses were exported to
Microsoft Excel, additional duplicateswereidentified, checked,
and omitted, and a random sample of 250 studies was drawn,
using the random number assignment function in Excel, by the
lead author (UB). The sample size of 250 abstracts was chosen
as the basis for the detailed data extraction and quantitative
analysis, to represent about 10% (250/2528) of eligible studies,
and to have a 95% confidence level that the actual value is
within £6% of the measured or surveyed value when exploring
potential relationships between study characteristics reported
in the abstracts and the likelihood to find conclusive evidence
in the full texts.

Data Extraction

In line with our research questions, a set of 16 data extraction
fields and variables was developed. Next to meta-information
on study design (particularly if meta-analysis was performed
and randomized controlled trial [RCT]—focus), publication year,
search period in years, databases searched, the total number of
studiesidentified by the search strategy, the number of included
studies, the journal, and statements regarding evidence quality
and quality assessment tools, these were the descriptionsrelated
to the PICO elements problem and population, intervention,
comparator, and outcome, aswell asthe resultsand conclusions,
representing the scope of evidence.

All information was exclusively identified and extracted from
titles and abstracts.
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This decision was based on the relevance of abstracts as the
main communicative interface in the screening process for
evidence synthesis and decision-making contexts. Abstractsare
increasingly used in automated screening and mapping tools,
making them acritical unit of analysis.

Data Analysis

Data Transformation and Classification

The quantitative analysis focused on the meta-information of
study characteristics and the representation of PICO elements
and criteria for conclusive evidence in abstracts of systematic
reviews and meta-analyses. To facilitate quantification, extracted
data were transformed into metric (eg, search period in year,
number of databases searched, and cumulative PICO score),
nominal (eg, yes or no for meta-analysis and RCT-focus), and
ordina variables (eg, search period: short=1-10 v,
medium=11 - 20 y, and long=21+ y; number of databases:
high=7+, medium=4 - 6, and low<4; and number of studies
included: high=21+, medium=11 - 20, and low=1 - 10).

The ordinal classification scheme for PICO elements and
likelihood of conclusive evidence was developed through
multipleiterations, based on aqualitative review of thewording
used in titles, objectives, methods, results, and conclusions of
the abstracts. Additionally, the classification of the likelihood
of conclusive evidence was informed by literature. The criteria
wererefined until they could be unambiguously applied to every
abstract in the sample. The resulting ordinal variables for the
classification of PICO elementswere high=3, medium=2, low=1,
and not specified=0, and for the likelihood of conclusive
evidence high=3, medium=2, low=1, and inconclusive=0. All
criteria accompanied by examples from extracted data are
available in the Multimedia Appendix 3. To ensure clarity,
consistency, and applicability, the scheme was pilot tested on
20 abstracts by UB and JDL.

The overal level of PICO specification was calculated as a
cumulative PICO score (minimum 0 and maximum 12), whereby

https://ojphi.jmir.org/2026/1/€78210
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ahighlevel of specification for any PICO element was attributed
a score of 3, medium=2, low=1, and not specified=0. Since 2
P-elements (P1 problem and P2 population) were considered,
the average of both scoreswas cal cul ated to avoid overweighting
of the P-element.

Quantitative Descriptive and Correlation Analysis

We performed univariate analysis on the variables for study
characteristics, the classification of PICO elements, and the
classification of thelikelihood for conclusive evidence, creating
descriptive statistics, including frequency tables. Where
available, metric variables (eg, cumulative PICO scores and
publication year) were used in the analysis and complemented
by group comparisons of their ordinal counterparts (eg, for
search periods, databases, and included studies). Nominal
variables (eg, meta-analysis and RCT focus) were handled
appropriately using group comparisons.

Associations between PICO specification and the likelihood of
conclusive evidence were explored by bivariate analysis
resulting in cross-tabulations and box plots. To test potential
correlations statistically, we used Spearman rank correlation
coefficient (p) due to the ordinal nature of key variables. P
values were reported for completeness, but following Andrade
[10], interpretation emphasized effect sizes and directional
trends over strict significance thresholds. Correlation strength
was categorized based on the conventions described by Kuckartz
et a [11].

Results

PRISM A Flowchart

Out of 21,161 initial records, 2528 studies remained after
screening. From these, arandom sample of 250 was drawn for
detailed analysis.

Figure 1 shows the PRISMA flowchart.
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Figurel. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flowchart.

Identification

Screening

Included

Studies from databases (n=21,161)
Scopus (n=11,516)
PubMed (n=5666)
CINAHL (n=3428)
Cochrane (n=362)
AlSeL (n=189)

Studies screened (n=9030)

—>| Studies excluded (n=6502)

VY

Studies remaining (n=2528)

\ 4

Random sample for data extraction and
quantitative analysis (n=250)

Study Characteristicsin the Random Sample

We analyzed 9 study characteristics for the discussion in the
context of their influence on evidence recognition and

indications of possible methodological deficits.
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References removed (n=12,131)
Duplicates identified by Covidence (n=12,031)
Duplicates identified manually (n=100)

Table 2 provides an overview, showing the number (n) of the
250 abstracts in which a study characteristic was reported
together with the relative shares (%).
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Table. Summary overview of study characteristics in the sample.

Study characteristics Studies, n (%)
Study design
Reported, of which: 250 (100)

Systematic review 146 (58.4)
Systematic review and meta-analysis 58 (23.2)
Systematic literature review 23(9.2)
Meta-analysis 13(5.2)
Systematic review of (systematic) reviews 6(2.4)
Systematic review of systematic reviews and meta-analyses 4(1.6)

Study typesincluded

Reported, of which: 170 (100)
RCTs?only 62(36.5)
RCTs among others 44 (25.9)
No RCTs 64 (37.6)

Not reported, n (% of 250) 80(32)

Publication year

Reported, of which: 250 (100)
2023 42 (16.8)
2022 59 (23.6)
2021 32(12.8)
2020 21 (8.4)
2011 - 2019 96 (38.4)

Search period in years

Reported, of which: 159 (100)
1-10 29 (18.2)
11-20 32(20.1)
>20 (eg, from inception) 98 (61.6)

Not reported, n (% of 250) 91 (36.4)

Number of databases searched

Reported, of which: 202 (100)
1-3 67 (33.2)
4-6 102 (50.5)
7-14 33(16.3)

Not reported, n (% of 250) 48 (19.2)

Databases used (top 5)

Reported, of which: 179 (100)
PubMed 110 (61.5)
Embase 107 (59.8)
MEDLINE (including Medline through PubM ed) 102 (57)
CINAHL (EBSCO) 62 (34.6)
Web of Science 58 (32.4)

Not reported, n (% of 250) 80(32)

Number of studies retrieved and screened
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Study characteristics

Studies, n (%)

Reported, of which:
1 - 1000
1001 - 2000
2001 - 3000
3001 - 4000
>4000
Not reported, n (% of 250)

Number of studiesincluded

Reported, of which:
1-10
11-20
21-30
31-40
>40
Not reported, n (% of 250)

Critical appraisal and RoBP tools (top 5)

Reported, of which:
Cochrane Collaboration Risk of Biastools

GRADE®
Risk of bias assessment tools (unspecified)
Joanna Briggs Institute Critical Appraisal Checklist
AMSTARY or AMSTAR-2
Not reported, n (% of 250)

82 (100)
28 (34.1)
21 (25.6)
10 (12.2)
8(9.8)

15 (18.3)
168 (67.2)

235 (100)
65 (27.7)
75(31.9)
42 (17.9)
23(9.8)
30 (12.8)
15 (6)

76 (100)
27 (32.5)
10 (12)

7 (8.4)
6(7.2)

5 (6)

174 (69.6)

8RCT: randomized controlled trial.
PRoB: risk of bias.

°GRADE: Grading of Recommendations, Assessment, Devel opment, and Evaluation.
dAMSTAR: A Measurement Tool to Assess Systematic Reviews.

Study design: 30% (75/250) feature meta-analyses, 4%
(10/250) were systematic reviews of (Systematic) reviews.
Study types: Overall, 32 study designs were mentioned in
170 abstracts; RCTsin 106 (62.4%), followed by controlled
clinica trials (in 13, 7.6%), and pre-post studies (in 13,
7.6%), nonrandomized controlled trialsin 12 (7.1%), and
cohort studiesin 10 (5.9%).

Publication year: Over thelast years, publicationsincreased
exponentially; 53.2% of studies (133/250) were published
since 2021.

Search period in years: Search periodswere generally rather
long, and “from inception” of the databases was often
(27/159, 17%) specified.

Number of databases searched: Just over half of the studies
were based on the search in 4 to 6 databases, with a mean
of 5 (SD 2) and a median of 4 (IQR 3-6). One-third of
searches were performed in just 1-3 databases.

Databases used: Overall, 65 databases were mentioned in
179 abstracts; 9 were mentioned in more than 10% of
abstracts, 27 only once (1/179, 0.6%).

https://ojphi.jmir.org/2026/1/€78210

Number of studies retrieved and screened: Researchers
retrieved and screened between 49 and 42,946 studies with
a median of 1491 (IQR 588 - 3389) and a mean of 3016
(SD 5502).

Number of studies included: Despite generally large
volumes of studies screened, relatively small shares were
included (median 1.2%, IQR 0.6 - 3.1; mean 4.2%, SD
8%), ranging overall between 0.02% and 44.9%. The
absolute numbers range from 1 to 236, with a median of
17 (IQR 10-30) and amean of 25 (SD 29).

Critical appraisal and risk of bias (RoB) tools: Overall, 29
toolswere mentioned in 76 abstracts; 2 toolsin 18 abstracts
(23.7%). In this context, it is noteworthy that, if reported
in the abstract, study or evidence quality was often
described as low (19/42, 45%) and RoB as high (11/23,
48%).

Level of Specification of PICO Elements

The level of specification of PICO elements was analyzed in
the context of the quality of current research questions in the
field of DHIs. Each PICO element plays a distinct role in
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framing the scope and analytical precision of areview. Their Multimedia Appendix 3) across the sample. A key finding is
individual specifications were therefore examined separately.  that no single PICO element was highly specified in more than

Table 3 and Figure 2 display the level of specification of PICO half of the abstracts.

elements according to the classification scheme (Table Sl in
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Table. Level of specification of PICO? elements, criteriafor classification.
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PICO element, classification

Criteriafor classification

Studies (N=250), n (%)

P1 (Problem: disorder or condition)

High

Medium

Low

Not specified
P2 (Population: user group)
High

Medium

Low

Not specified
I (Intervention: technology)

High

Medium

Low

Not specified

C (Comparison: comparable clinical practice or setting)
High
Medium

Low

Not specified
O (Outcome)
High

Medium

Low

Not specified

One medical problem or objective
is clearly specified

A relatively homogenous group of
medical problems or objectives

Multiple highly heterogenous medi-
cal problems or objectives

No specification whatsoever

One, clearly specified, eg, by disor-
der AND additional characteristics

A relatively homogenous population
or target group, eg, patients

Multiple highly heterogenous popu-
lations or target groups

No specification whatsoever

One specific technology or aspect
of homogenous technologies

A relatively homogenous group of
technologies

An unspecific range of highly het-
erogenous technologies

No specification whatsoever

One care setting is clearly specified

A relatively homogenous group of
care settings or explicit focusonin-
tersectoral exchange

An unspecific range of highly het-
erogenous care practices or settings,
which may include no care, self-
care, and multiple healthcare set-
tings

No specification whatsoever

One outcome is clearly specified
with defined indicators

A relatively homogenous group of
outcomes or a small number of
specified and predefined but diverse
outcomes of interest

Anunspecific range of heterogenous
outcomes

No focus on outcomes; outcomes
are one of multiple objectives

250 (100)
126 (50.4)

69 (27.6)

21 (8.4)

34 (13.6)
250 (100)
33(13.2)

103 (41.2)

26 (10.4)

88 (35.2)
250 (100)
90 (36)

102 (40.8)

58 (23.2)

0(0)

250 (100)
48 (19.2)
49 (19.6)

56 (22.4)

97 (38.8)
250 (100)
30 (12)

79 (31.6)

105 (42)

36 (14.4)

3P| CO: population, problem, or patient, intervention, comparison, and outcome.
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Figure 2. Level of specification of PICO (population, problem, or patient, intervention, comparison, and outcome) elements (% and n of sample,

N=250).

P1 - Problem 13.6% (n=34) 8.4% (n=21

27.6% (n=69)

P2 - Population 35.2% (n=88) 10.4% (n=26)

I - Intervention 23.2% (n=58)

C - Comparison 38.8% (n=97)

O - Outcome 14.4% (n=36) 42% (n=105)

0% 5% 10% 15% 20% 25% 30% 35% 40%

Not specified = Low
Research focus on 1 medical problem (P1), such asthe disease,
condition, or clinical objective, was highly specified in 50.4%
(126/250) of the abstracts. The intervention (1), referring to the
technology used, was specified to some degree in al abstracts,
with levels of specification distributed from low (58/250, 23.2%)
to high (90/250, 36%). Outcomes (O) were relatively
well-defined in 43.6% (109/250) of abstracts, whereas the
remaining lacked aclear focus on predefined outcomes. Notably,
35.2% (88/250) of abstracts did not specify the population (P2),
referring to the user group of the intervention, and 38.8%
(97/250) lacked any specification for the comparison (C)
element, referring to the health care setting applicable to the
intervention. The population and comparison were highly
specified in only 13.2% (33/250) and 19.2% (48/250) of
abstracts, respectively.

Table. Likelihood of conclusive evidence, criteriafor the classification.

22.4% (n=56)

45%

50.4% (n=126)

41.2% (n=103)

13.2% (n=33)

40.8% (n=102) 36% (n=90)

19.6% (n=49)

19.2% (n=48)

31.6% (n=79) 12% (n=30)

50% 55% 60% 65% T0% T75% 80% 85% 90% 95% 100%

mMedium mHigh

Level of PICO Specification and Likelihood of
Conclusive Evidence

We hypothesized that low PICO specification in research
objectives, methods, and questions is associated with low
evidence recognition. Therefore, our study aimed to examine
the relationship between PICO specification and the avail ability
of conclusive evidence described in the abstracts.

To this end, criteria for the likelihood of conclusive evidence
were defined based on literature and a qualitative review and
thematic analysis of all results and conclusions reported in the
abstracts (Table S2 in Multimedia Appendix 3).

Table 4 provides asummary of these criteria and the results of
their application to the sample.

Likelihood of conclusive evidence, classification Criteriafor classification

Studies (N=250), n (%)

High Meta-Anaysis AND multiple (>1) “significant”

results reported

Medium Meta-Analysis AND at |least comparable results
to usual care OR no meta-analysis, but at least
one “significant” effect reported for >25% of

relevant studies

Low Neither meta-analysis nor any “significant” re-
sultsreported. Evidenceismainly or only report-
ed qudlitatively. If any quantitative results are

reported, noneis described as “significant.”

Inconclusive Evidenceis not reported at all OR without any
directional conclusion OR athough studiesreport
positive evidence, also quantitatively, there are

equally contradictive effects reported.

19(7.6)

72 (28.9)

135 (54)

24.(9.6)

To assess whether methodol ogical focus correlates with result

relationship between the overal level of PICO specification,

strength (our second research question), we examined the based on acumulative PICO score (minimum=0, maximum=12;
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0 - 3=very low, >3 - 6=low, >6 - 9=medium, and >9=high),

and thelikelihood of conclusive evidence being reported. Table

Buddrus & Liebe

5 and Figures 3 and 4 show the results.

Table. Correlation between overall PICO? specification and likelihood of conclusive evidence (n [%] of sample, N=250).

Overal PICO specifica-  Likelihood of conclusive evidence

tion

High Medium Low Inconclusive Total
High 6 (31.6) 11 (15.3) 10 (7.4) 3(12.5) 30 (12)
Medium 8(42.1) 38 (52.8) 48 (35.6) 7(29.2) 101 (40.4)
Low 5(26.3) 22 (30.6) 64 (47.4) 12 (50) 103 (41.2)
Very low 0(0) 1(1.4) 13(9.6) 2(8.3) 16 (6.4)
Total 19 (100) 72 (100) 135 (100) 24 (100) 250 (100)

8P| CO: population, problem, or patient, intervention, comparison, and outcome.

Figure 3. Distribution of the cumulative PICO score by likelihood of conclusive evidence classification. PICO: population, problem, or patient,

intervention, comparison, and outcome.
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Figure 4. Combined PICO specification shares by likelihood of conclusive evidence classification, % (n) of abstracts in each evidence class. PICO:

population, problem, or patient, intervention, comparison, and outcome.
100%
90%
80%
70%
60%
50%
40%
30%
20%
10%
0%

58.3% (n=14) 57% (n=77)
-_eeas ean e e e e -
oy

41.7% (n=10) 43% (n=58)

Inconclusive Low

= == Very low and low PICO specification

Among the 30 abstracts (30/250, 12%) with ahigh PICO score,
only 4 specified all 4, 20 specified 3, and 6 specified only 2
PICO elements highly. Of those 101 with amedium PICO score,
only 6 specified 3, and 46 specified 2 PICO elements highly.
The 103 abstracts with alow PICO score included only 8 with
2 PICO elements and 44 with 1 PICO element being highly
specified.

This means that very few systematic reviews (4/250; 1.6%)
have a clear focus on 1 problem or population, 1 intervention,
1 comparative setting, and 1 outcome. On the other hand, 47.6%
(119/250) demonstrate a low or very low level of PICO
specification, indicating lack of research focusand avery broad
scope.

Only 6 abstracts in the sample reported highly conclusive
positive evidence on highly specified PICO-based research
questions (6/19, 31.6% of abstractsindicating highly conclusive
evidence; 6/250, 2.4% of the entire sample).

Figure 3 and Figure 4 visualize the increasing likelihood of
conclusive evidence with rising PICO specification. In Figure
3, PICO specification is represented by the PICO score.

Figure 4 illustrates the distribution of the combined shares for
very low and low, and medium and high PICO specification
within each evidence class, highlighting that methodological
clarity alone does not guarantee robust findings.
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Medium High

Medium and high PICO specification

While the combined medium and high PICO specification is
associated with more robust findings, about two-fifths of the
abstractsthat remained inconclusive or yielded alow likeliness
of conclusive evidence did so regardless of the medium or high
level of PICO specification.

Correlation analysis confirmed a weak to medium positive
relationship with dtatistical significance (p=0.26; P<.001)
between overall PICO specification (ie, PICO score) and
conclusive evidence. Higher specification of the outcome of
interest (PICO element O; p=0.27; P<.001) and of the problem
(PICO element P1; p=0.17; P=.008) were most associated with
conclusive evidence being reported. In contrast, specification
of the PICO elements population (P2), intervention (1), and
comparison (C) showed no or only weak relationships with
conclusive evidence.

Methodological Characteristicsand Likelihood of
Conclusive Evidence

Toillustratetheimplicationsfor future review practice, we have
aligned the key insights of this study with the typical phases of
asystematic review process, adapted from the core methods of
conducting a Cochrane review [12,13].

Figure 5 highlights where critical flaws most frequently occur
and aso offers targeted suggestions to strengthen
methodological coherence and improve evidence recognition,
particularly in the context of complex interventions, such as
DHis.
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Figure5. Overview of key findings and potential flaws, and recommendations along the steps of a systematic review. DHI: digital health intervention;
EGM: evidence and gap mapping; PICO: population, problem, or patient, intervention, comparison, and outcome; RCT: randomized controlled trial.
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In the interpretation of the above data, it should be noted that
sample sizes (n) on which percentages are based vary. Refer to
Tables 2, 4, and 5 and Multimedia Appendix 4 for details.

Research question: Our findingsindicate inadequate application
of PICO in formulating research questions, with 47.6%
(119/250) of abstracts displaying low or very low PICO
specification, and 63.6% (159/250) featuring poor or
inconclusive evidence.

Although statistically significant, the correlation between PICO
specification and conclusive evidence remains modest (p=0.26;
P<.001). Outcome and problem specification showed the
strongest associations with conclusive evidence, indicating their
central rolein the methodological quality of systematic reviews.
Despite this apparent relationship, more than 40% of abstracts
with poor (58/135) or inconclusive (10/24) evidence exhibit
medium to high PICO specification.

Eligibility criteria: Currently, 36.5% (62/170) of systematic
reviews rely exclusively on RCTs despite the availability of
several aternatives, such as pre-post studies, nonrandomized
controlled trials, cohort studies, time series, and case studies,
that may also be appropriate, suggesting a need to expand the
scope of study designs considered.

Search strategy: Despite morethan 65 databases being available,
33.2% (67/202) of authorsonly used 3 or fewer databases. The
number of studies retrieved and screened varies greatly,
indicating significant variation in search strategy quality,
particularly search periods and the formul ation of search terms,
operators, and search strings. Interestingly, no apparent
relationship exists between PICO specification levels in the
abstracts and search results. In total, 6 of the 10 lowest search
results with less than 150 identified studies show poor PICO
specification, while 6 of the 10 highest search results are
associated with a high level of PICO specification.

Screening criteria: Despite generally large numbers of studies
being identified and screened, only asmall percentage (median
1.2%, IQR 0.6% - 3.1%; mean 4.2%, SD 8%) and absolute
number (median 17; mean 25) is finally included, with 27.7%
(65/235) of systematic reviews including 10 or less studies. In
this context, it is noteworthy that 24.8% (62/250) of systematic
review abstracts are not structured al ong background, methods,
results, and conclusions, with missing details having a potential
impact on the screening decision.

Critical appraisal tools: There is a host of tools available for
different study designs (eg, systematic reviews, mixed methods,
and primary research), research focus (eg, care practice,
diagnostic accuracy, and health economics), and appraisal focus
(eg, RoB and quality), of which 29 wereidentified in the sample.
The choice of appraisal tool and the extreme variability in their
criteria can significantly influence the exclusion of relevant
studies, especially due to harsh appraisal ratings. Even for
included studies, it is noteworthy that, if reported in the abstract,
study or evidence quality is often described aslow (19/42, 45%)
and RoB as high (11/23, 48%). On the other hand, Blum et al
[14] found no association with study quality for their results.

Evidence synthesis: Meta-analysis, the most desirable output
of asystematic review to derive conclusive evidence, isfeatured
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in only 30% (75/250) of studies. Moreover, 13.2% (33/250) of
abstracts include explicit comments on considerable
heterogeneity or variability of study designs, populations,
interventions, and outcomes, often stating that this prevented
meta-analysis [15-25]. Alternative synthesis methods, such as
thematic analysis [26] or statistical result aggregation [27,28],
areunderused. Higher-level syntheses, such asumbrellareviews
of systematic reviews, are still rare (10/250, 4%).

Conclusion validity: In total, 54% (135/250) of systematic
review abstracts reported neither meta-analysis nor any
significant results; 9.6% (24/250) reported no evidence at all
or no directional conclusion or equally contradictive effects.
Although our analysisdid not delve deeply into outcome effects,
we stress the importance of selecting outcomes sensitive to
change, as noted by Shen et al [29].

Discussion

Summary of Main Findings

This meta-research study aimed to identify key methodol ogical
factorsthat limit conclusive evidence recognition in systematic
reviews on DHIs. Our findings show that the overall level of
PICO specification in the abstractswas|ow or very low in nearly
half of the sample, and that two-thirds of the reviews yielded
inconclusive or weak evidence. Although higher levelsof PICO
specification, particularly regarding outcomes and clinical
problems, were moderately associated with the likelihood of
conclusive findings, these factors alone were not sufficient to
guarantee evidence clarity.

This observation supports our initial assumption that
PICO-structured research questions provide an important
methodological foundation. However, it aso reveals the
limitations of assuming a linear relationship between
methodol ogical structure and evidentiary strength. Indeed, about
two-fifths of reviews with low or inconclusive evidence had
medium to high PICO specification. This suggests that even
clearly defined research questions may fail to transate into
robust evidenceif other aspects of thereview processare flawed.

Among these aspects, we identified recurring issues in search
strategy design (eg, limited database use and vague search
terms), restrictive eligibility criteria (eg, exclusive reliance on
RCTs), and inconsistent use of quality appraisal tools. These
elements interact with question formulation and may explain
why even well-specified PICO frameworks can fail to yield
strong evidence. Notably, substantial heterogeneity in study
designs and outcomes further impedes evidence synthesis,
particularly when meta-analyses are not feasible or misapplied.

Detailed Discussion

Our findings underscore the need for a more integrated
methodol ogical approach. Rather than focusing solely on formal
structures, review authors should align research questions, search
strategies, eligibility and screening criteria, critical appraisal,
evidence synthesis methods, and conclusions to the specific
characteristics of digital health technologies. Thisisparticularly
relevant for DHIs, which often involve complex,
context-sensitive mechanisms of action that challenge
conventional evaluation models.
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Research question: While high PICO specification does not
guarantee conclusive results, a well-defined scientific starting
point iscritical [30]. In formulating the research question, both
too specific and too broad specification of PICO elements appear
more likely to lead to inconclusive results. We conclude, at a
medium level of specification, that is, clearly defined and
differentiated categories, in at least 2 or 3 PICO elements, would
be optimal for many systematic reviews.

Eligibility criteria: Broad inclusion criteria, represented by low
PICO specification, relate to substantial heterogeneity [30].
Conversely, narrow inclusion criteria, such as focusing solely
on RCTs, aso add challenges. Despite RCTs being the gold
standard for intervention evaluations [31], they might not be
fully appropriate in evaluating DHIs, due to long time frames,
high costs, rigid protocols, and DHI specificities, such as
individual tailoring and interaction effects that RCTs can
insufficiently address [32-34].

Search strategy: A comprehensive and sensitive search strategy
in multiple databases is recommended [30]. Our findings
highlight the necessity for more methodological rigor in
comprehensive search strategies to mitigate the inconsistent
retrieval of relevant studies. This concerns particularly searches
across multiple databases and search terms and strings that are
more aligned with the research questions. Exponential growth
in the number of publications and increasing quality of studies
over timeleads usto suggest restricting search periodsfor future
systematic reviews to a maximum of 10 years.

Screening criteria: Our findings suggest that screening criteria
might not effectively capture al relevant research to ensure
comprehensive evidence synthesi s, necessitating areassessment
in the screening process. Given the limitations observed with
broad and narrow eligibility criteria, more consideration of
inclusion and exclusion criteria, especially a focus on RCTS,
seems to be required to balance comprehensiveness and
specificity.

While the abstract structure and length may reflect specific
journal guidelines, evolving reporting guidance should ensure
that al standard structural components of a systematic review
abstract (ie, background, methods, results, and conclusions) are
included.

Critical appraisal tools: With 121 different tools published,
“there is no ‘gold standard’ for any study design, nor is there
any widely accepted generic tool that can be applied equally
well across study types’ [35]. This issue emphasizes the
importance of selecting the most appropriate availabletoolsand
the need for more standardized, pragmatic tools that align with
the objectives of systematic reviews on DHI effects.

The appraisal process may demand an assessment or validation
and consolidation or adaptation of available tools to ensure it
is capturing pertinent research without unnecessarily excluding
valuable studies due to overly stringent or irrelevant criteria of
appraisal tools.

Evidence synthesis: Incorporating alternative synthesis methods
beyond meta-analysis is recommended. Meta-analysis is often
challenged by substantial heterogeneity and variability in
research questions, study designs, interventions, and outcomes,
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and incomparable data from the primary research studies.
Recognizing the challenges of meta-analyses, systematic reviews
should more often explore thematic analyses and other
guantitative aggregations to ensure a comprehensive evidence
base. Purely narrative approaches or summary tables of primary
studies lack the quantitative aggregation needed for conclusive
reviews.

Conclusion validity: Researchers should strive for outcome
measures that are sensitive to change and aim to capture both
relevant proximal and distal intervention effects to ensure
meaningful and legitimate conclusions. Ininterpreting findings,
conclusions that suggest limited evidence of benefits due to
outcomes comparable with standard or conventional care may
neglect the significance of parity when additional benefits, such
as cost reduction, improved timeliness, and enhanced accessto
care, are considered. This is particularly pertinent to
telemedicine, telerehabilitation, and telehealth.

Limitations

This study has several limitations that should be considered
when interpreting the findings.

First, al data were extracted exclusively from abstracts. We
acknowledge that abstracts may not fully capture the
methodological details of the full texts; our analysis, therefore,
reflectsreported, not necessarily executed, methodol ogical rigor.
However, abstracts are the primary entry point for study
screening and selection, making them critical for evidence
recognition.

Second, the analysis was descriptive and exploratory in nature.
No causal claims can be made, and the moderate correlations
observed should be interpreted as indicative rather than
predictive.

Third, data extraction and analysis were based on a random
samplerather than afull systematic review of all digible studies.
Thus, while the sample was randomly drawn and diverse in
termsof publication outlets and topics, it may not fully represent
the entire body of systematic reviews on DHIs.

Finally, although a structured coding scheme was applied, some
degree of subjectivejudgment wasinevitablein the classification
of PICO elements and evidence conclusiveness.

Future studies should complement abstract-level analyseswith
full-text reviews, interrater reliability testing, and more refined
models to account for complex interactions between review
components.

Conclusions

This sample-based meta-research study provides empirical
insight into why systematic reviews on DHIs often fail to yield
conclusive evidence.

Thefindings underscorethe crucia role of optimally specifying
the PICO elements of interest in DHI research, revealing that
inadequate PICO specification correlates somewhat with
suboptimal evidence recognition.
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However, while clearer specification—especially of outcomes
and clinical problems—was moderately associated with stronger
evidence, this alone did not guarantee evidentiary clarity.

Our findings suggest that methodological coherence across all
review stages is a necessary condition to ensure conclusions
and evidence-informed decisions in the digitalization of
healthcare are both valid and meaningful.

In summary, beyond question formulation, issues in search
strategy, eligibility criteria, and synthesis design also play a
critical role in shaping review outcomes. To support the
underlying processes, we propose a structured, PICO-based
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Abstract

Background:  Considering the rapid digital transformation, older adults are increasingly relying on online health
information—seeking (OHIS) to support healthy aging. However, disparities in their digital competence levels (the ability to
effectively use digital tools) and health literacy (the ability to access, understand, appraise, and apply health information) may
influence engagement in OHIS.

Objective: This paper examines the prevalence of OHIS among older adults in Switzerland and identifies their motivations,
barriers, and predictors of use. The objective is to determine key factors that promote or hinder OHIS use among older internet
users.

Methods: A cross-sectional survey was conducted with 1261 internet users aged 60 years and older living in Switzerland (mean
age 70.1, SD 7.3 years; 539/1261, 42.7% female). Descriptive analyses and hierarchical binary logistic regression models were
used.

Results. Overall, 77.6% (969/1248) of participants engaged in OHIS in their everyday lives. Subjective health status, internet
use frequency, trust in online health information (OHI), and digital competenceleve significantly influenced OHIS use. Participants
reporting good to very good health were less likely to engagein OHIS compared to thosein poorer health (odds ratio [OR] 0.496,
95% CI 0.307-0.801; P=.004). Higher likelihood of OHIS use was associated with (almost) daily versus less frequent internet
use (OR 1.550, 95% CI 1.011-2.376; P=.04), genera trust versus distrust in OHI (OR 5.784, 95% Cl 4.044-8.272; P<.001), and
advanced versus low digital competence (OR 3.108, 95% Cl 1.385-6.975; P=.006); health literacy was not a significant predictor
of OHIS use (OR 0.912, 95% CI 0.393-2.117; P=.83, excellent vs deficient [reference]). Among OHIS users (n=969), the most
common frequently indicated motivation for use (672/969, 69.3%) wasto gain abetter understanding of health conditions. Among
nonusers (n=279), the most frequently indicated barriers were difficulties in assessing the credibility of information (159/279,
57%), distrust in the effectiveness of information provided (129/279, 46.2%), and concerns about dubious providers or spam
(93/279, 33.3%).

Conclusions: Digital competence, frequent internet use, and trust in OHI are critical for OHIS engagement among ol der adults.
Programs to strengthen digital competenciesin later life and initiatives to enhance the credibility of online health resources are
essential to reduce digital disparities and support healthy aging. Notably, health literacy did not emerge as a significant factor in
OHIS use, but digital competence did, suggesting that digital competenceis most critical to OHIS use.

(Online J Public Health Inform 2026;18:€77557) doi:10.2196/77557

KEYWORDS

online health information seeking; healthy aging; digital competence; older adults; health literacy; aging; cross-sectional study;
internet; Switzerland

Health Organization's (WHO) “Healthy Aging” [1] framework

Introduction promotes well-being in later life, emphasizing that functional
Background ability can be maintained despite health challenges. Thisrequires

physical and cognitive capacity alongside supportive physical,
social, and digital environments [2]. To cope with everyday
life, digital competence must increasingly be considered since

With a growing older population, aging presents significant
health policy and societal challenges. In response, the World
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digital competence not only is needed for using modern
technologies but aso enables digital access to health
information. Therapid digital transformation, driven by modern
information and communication technologies (eg, internet and
smartphones), is reshaping knowledge dissemination [3]. While
digita solutions enhance quality of life, health, and
independence, older adults still use them less than younger
groups [2,4]. This digital divide extends beyond access to
include disparities in digital competence and use [5]. Indeed,
many older adults face chalenges due to limited digital
competence. Effective digital health promotion requires both
access and competencies, highlighting the critical role of digital
and health literacy in using digital health services[6].

Online Health Information Seeking Among Older
Adults

Digital access is increasingly seen as a key solution for
overcoming barriers to obtaining timely health information for
older adults [4]. Online headlth information seeking (OHIS)
offers a fast and convenient way to obtain qudlitative
health-related information but poses challenges due to limited
digital competence. Older adults may struggle with navigating
sources, formulating queries, and evaluating information and
misinformation [7]. Despite greater health concerns, they engage
in OHISlessthan younger generations, partly dueto age-related
impairments and digital competence gaps and also because a
considerable share of older adults remains offline or does not
use internet-enabled devices in the first place. However, even
those who use OHI'S can benefit from improved accessto health
information, supporting healthy aging goals [8-10].

Resear ch Questions and Hypotheses

Despite attempts by previous studies [10] to identify the
determinants of OHIS in general, the prevalence, motivations,
barriers, and predictors of OHIS among older internet users
(hereafter referred to as “onliners’) remain largely unclear
[7,8,10]. This underscores the need for further investigation to
address these gaps.

The aim of this study was to examine the prevalence,
motivations, and barriers of OHIS among older onliners in
Switzerland and to identify key predictors of OHIS use.
Specifically, this study addressed the following research
questions: (1) What proportion of onliners aged 60 years and
older use OHIS? (2) What are the key determinants of OHIS
use? (3) What are the motivations and barriersrelated to OHIS
use?

Regarding the key determinants of OHIS, we proposed
hypothesis 1, which assumed that sociodemographic and
health-related factors influenced the likelihood of OHIS use.
Specifically, we expected that female participants [ 7], younger
individuals (aged 60 - 69 years) [4,11], and participants with
higher education levels[12], better financial resources[13], and
urban (or intermediate) residency [14] were significantly more
likely to use OHIS compared to their counterparts. Regarding
health-related factors, we assumed that self-reported health
status and the number of medical treatments were associated
with OHIS use. While existing evidence was mixed, we expected
that individuals with poorer self-reported health statuses [15]

https://ojphi.jmir.org/2026/1/€77557
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and those with more medical treatments [16] in the past year
were more likely to use OHIS. Hypothesis 2 assumed that
behavioral and attitudinal factors—particularly the frequency
of internet use and trust in online health information
(OHI)—significantly predicted OHIS use. Specificaly,
individuals who used the internet daily [16] and those who
expressed at least some level of trust in OHI [12,17] were
expected to have a greater likelihood of engaging in OHIS.
Hypothesis 3 assumed that individual competencies played a
critical role in OHIS use. Specifically, higher levels of digital
competence [18] and health literacy [19] were expected to
increase the probability of OHIS use.

Methods

Study Design and Participants

We conducted a cross-sectional survey within the “Regional
Health Promotion in an Age-Friendly Digital World” project
with individuals aged 60 years and older living in private
households across Switzerland. Participants were sampled by
using a stratified random sampling approach using officia
address data from the Swiss Federal Statistical Office in
combination with an additional sampling from the private
address provider AZ Direct. Surveyswere carried out by Demo
Scope AG, an external Swiss pooling provider.

A total of 8311 individuals were invited by mail to participate
in the survey, which was available in the 3 official languages
of Switzerland (German, French, and Italian). Of these, 1367
(16.4% response rate) completed the survey between June 27
and August 20, 2024, either online (computer-assisted web
interviewing: n=1237) or in paper format (paper-and-pencil
interviewing: n=130). Incomplete or invalid responses were
excluded through rigorous data cleaning, resulting in 1325 valid
guestionnaires. Of these, 1261 (95.2%) respondents were
classified as onliners. For the analyses, we included only the
onliners because they had met the basic access requirement for
OHIS use.

The questionnaire was developed based on insights from our
systematic review [10] and the workshop (n=11) with older
adults, family caregivers, and professionals working at the
interface of age and health.

Ethical Considerations

The Ethics Committee Northwest and Central Switzerland
(Reg-2023 - 00727) reviewed this study and determined that it
doesnot fall under the Human Research Act (Art.2). The survey
did not collect sensitive health-related personal data, responses
were fully anonymized, and participants provided informed
consent at the beginning of the survey. No compensation was
provided to participants. As such, authorization from the ethics
committee was not required.

M easures

The dependent variable, OHIS, was measured viaasingleitem:
“In a typical week, how many days do you use websites for
getting health-related information?’ The question was adapted
with minor modificationsfromthedigital health literacy survey
instrument developed by the Health Literacy Survey 2019
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(HLS19) Consortium of the WHO Action Network on
M easuring Population and Organizational Health Literacy [20].
Response options included “more than once per day,” “once a
day,” “4 - 6 days per week,” “1 - 3 days per week,” “less than
once per week,” “1 don’t useit, but it’sinteresting,” and “| don’t
use it, and I'm not interested in it, either” For analysis,
responses indicating any frequency of use (“More than once
per day” to “Less than once per week”) were recoded as users,
while responses indicating no use were recoded as nonusers,
resulting in a binary variable (use or nonuse); this approach
followed established methods in prior research on OHIS [21].

To explain OHIS use, a range of sociodemographic,
health-related, and individual competence factors was
considered. Sociodemographic variables included sex (female
or male), age group (60 - 69, 70 - 79, and 80 - 100 years),
residence location (rural, intermediate, and urban), living
arrangement (living alone or with others), education level
(compulsory education, secondary education, and tertiary
education), and financial situation. The financial situation was
assessed through a question adapted from the Swiss Survey on
Income and Living Conditions, asking participants how difficult
it wasfor their household to make ends meet with their available
income, with responses categorized into “very difficult to rather
difficult,” “rather simple,” and “easy to very easy” [22].

Subjective health status was measured by asking participants
to rate their general health, with responses dichotomized
afterward into “very poor to mediocre” and “ good to very good”
categories. To assess the number of medica treatments,
participants were asked how often they had received medical
treatment (including from general practitioners but excluding
dentists) in the previous 12 months. The number of treatments
ranged from O to 90 (mean 7.28, SD 12.68) and was
dichotomized into “ below the mean value (of the sample)” and
“above the mean value (of the sample).” Both measures were
adapted from the Swiss Federal Statistical Office Health Survey
[23].

Frequency of internet use was measured by asking how often
participants used the internet, with responses dichotomized into
“(almost) daily use” and “less than (almost) daily use” Trust
in OHI was assessed using participants’ responses when asked
how trustworthy they found health information from theinternet,
using a question adapted from Link and Baumann [12], with
responses categorized as “rather or very trustworthy, or both
trustworthy and not” versus “rather or not at all trustworthy.”
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Health literacy, defined as the competencies to access,
understand, appraise, and apply health information in order to
make judgments and take decisions in health care, disease
prevention, and health promotion, was assessed using the
validated HLS19-Q12 instrument developed by the HLS19
Consortium of the WHO Action Network on Measuring
Population and Organizational Health Literacy and categorized
into “deficient,” “problematic,” “sufficient,” and “excellent”
levels [24]. Digital competence, defined as the ability to use
digital technologiesin acritical, collaborative, and creative way,
was measured using the DigCompSAT tool developed by
Clifford et a [25], which was adapted for this study following
the approach of Weinhold et al [26] and trandlated into German,
French, and Italian by Stiirz et al [27]. The overall score was

divided into 4 levels; “low,” “basic,” “intermediate]” and
“advanced.”

Additionally, OHIS users were asked about their motivations
for and nonusers about their barriers to using OHIS, both
assessed through multiple response options. The specific
response categories for motivations are presented in Table S2
in Multimedia Appendix 1; categories for barriers arein Table
S3in Multimedia Appendix 1.

Analytical Strategy

Statistical analyses were performed using SPSS (version 28;
IBM Corp). Descriptive analyses comparing OHI S users (n=969)
and nonusers (n=279) and their stated mativations and barriers
were conducted using chi-square tests (P values) and Cramér
V (effect size) to assess associations between categorical
variables. To identify predictors of OHIS use, abinary logistic
regression was performed, allowing for the multivariate analysis
of sociodemographic, health-related, and individual competence
factors.

Results

Sociodemographic Char acteristics of the Sample

The final study sample consisted of 1261 internet users aged
60 years and older, of whom 57.3% (722/1261) were mae
(Table1). A total of 52.8% (666/1261) wereaged 60 - 69 years,
with the overall mean age being 70.1 (SD 7.3) years. Most
participants lived in urban areas (718/1261, 57%), and the
majority did not live alone (936/1228, 76.2%). Regarding
educational attainment, 57.5% (714/1242) had completed
secondary school, and 36.9% (458/1242) held atertiary degree.
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Table. Sample characteristics (N=1261) among participants aged 60 years and older who use the internet (onliners, aged 60 years and older).

Sample, n (%)

(Registered) sex

Female 539 (42.7)

Male 722 (57.3)
Age groups (years)

60 - 69 666 (52.8)

70-79 438 (34.7)

80 - 100 157 (12.5)
Residence location

Rural 265 (21)

Intermediate 278 (22)

Urban 718 (57)
Living arrangement

Living aone 292 (23.8)

Not alone 936 (76.2)

No information 33
Education

Compulsory 70 (5.6)

Secondary school |1 714 (57.5)

Tertiary level 458 (36.9)

No information 19
Financial situation

Very difficult to rather difficult 236 (19.5)

Rather simple 334 (27.6)

Easy to very easy 639 (52.9)

No information 52
Subjective health status

Very poor to mediocre 294 (23.5)

Good to very good 959 (76.5)

No information 8
Number of medical treatments

Below the mean value 910 (75.9)

Above the mean value 289 (24.1)

No information 62

Financial situation wasdescribed aseasy tovery easy by 52.9% Use of OHIS

(639/1209), rather simple by 27.6% (n=334), and rather to very
difficult by 19.5% (n=236). Most participants reported good to
very good health (959/1253, 76.5%). The number of medical
treatmentsin the previous 12 months ranged from 0 to 90; 75.9%
(910/1199) were below and 24.1% (289/1199) above the sample
mean (mean 7.28, SD 12.68). Table 1 provides the sample
characteristics.
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Among onliners aged 60 years and older, 77.6% (969/1248)
reported engaging in OHIS, while 22.4% (279/1248) did not.
OHIS use was more frequent among female users (429/534,
80.3%) than male users (540/714, 75.6%), and this difference
was dtatistically significant. Age differences were aso
significant, with the highest OHI'S use among participants aged
60 - 69 years (531/658, 80.7%), compared to 70 - 79 years
(320/434, 73.7%) and 80 years and older (118/156, 75.6%).
Education level showed a significant association with OHIS
use, with the highest use among those with tertiary education
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(384/455, 84.4%) compared to secondary (523/707, 74%) and  No significant bivariate associations were observed for residence

compulsory schooling (49/68, 72.1%). location, living arrangement, financial situation, subjective
health status, or number of medical treatments. See Table 2 for
full distributions.

Table. Characteristics of online health information seeking (OHIS) users (n=969) and nonusers (n=279) among participants aged 60 years and older
who use the internet (onliners, aged 60 years and older).

OHIS user (n=969), n (%)  OHISnonuser (N=279), N cramér V@ P vaue
(%)

(Registered) sex 0.056 .048
Female 429 (80.3)° 105 (19.7)
Male 540 (75.6) 174 (24.4)

Age groups (years) 0.079 .02
60 - 69 531 (80.7) 127 (19.3)
70 - 79 320 (73.7) 114 (26.3)
80 - 100 118 (75.6) 38 (24.4)

Residence location 0.043 31
Rural 201 (76.4) 62 (23.6)
Intermediate 206 (74.9) 69 (25.1)
Urban 562 (79.2) 148 (20.8)

Living arrangement 0.032 27
Living aone 219 (75.5) 71 (24.5)
Not alone 728 (78.6) 198 (21.4)

Education 0.123 <.001
Compulsory 49 (72.1) 19 (27.9)
Secondary school 11 523 (74) 184 (26)
Tertiary level 384 (84.4) 71 (15.6)

Financial situation 0.048 .25
Very difficult to rather 174 (74) 61 (26)

difficult
Rather simple 261 (78.9) 70 (21.1)
Easy to very easy 501 (79.1) 132 (20.9)

Subjective health status 0.047 .10
Very poor to mediocre 237 (81.2) 55 (18.8)
Good to very good 726 (76.6) 222 (23.4)

Number of medical treatments 0.001 .98
Below the mean value 701 (77.5) 203 (22.5)
Above the mean value 222 (77.6) 64 (22.4)

3Reported Cramér V values with corresponding P values indicate the strength and significance of group differences.
bPercentag% are calculated within subgroups (users vs nonusers).

. age, education, financial situation, residencelocation, and living
Pr (.adlct.or S. of .QH 1S . _ . _ arrangement) and health-related (subjective health and number
Toidentify significant predictorsof OHIS, 3 hierarchical binary  of medical treatments) factors (model 1), internet use and trust

logistic regression models were conducted. These models in OHI (model 2), and individual health literacy and digital
sequentially examined the effects of sociodemographic (sex, competence (model 3; Table 3).
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Table. Binary logistic regression® models predicting online health information seeking (OHIS) use among onliners aged 60 years and ol der (n=1043)

Bachofner et al

across sociodemographic and health-related factors, internet use and online health information (OHI) trust, and individual competenceb.

Predictors Model 1: sociodemographic and health- Model 2: model 1 factorsplusinternet Model 3: model 2 factors plus digital
related factors use and OHI trust competence and health literacy
ORC (95% Cl) P value OR (95% CI) P value OR (95% CI) P value
(Registered) sex
Male Reference Reference Reference Reference Reference Reference
Female 1.369(0.981-1.912) .06 1.295(0.902-1.860) .16 1.409(0.972-2.043) .07
Age groups (years)
60 - 69 Reference Reference Reference Reference Reference Reference
70-79 0.696 (0.498-0.972) .03 0.757(0.527-1.088) .13 0.782(0.540-1.132) .19
80 - 100 0.989(0.424-1.122) .13 0.790(0.465-1.343) .38 0.884(0.512-1.524) .66
Residence location
Rural Reference Reference Reference Reference Reference Reference
Intermediate 1.020(0.641-1.621) .94 1.032(0.625-1.706) .90 1.010(0.607-1.681) .97
Urban 1.094(0.740-1.618) .65 0.998(0.652-1.528) .99 0.983(0.638-1.514) .94
Living arrangement
Living alone Reference Reference Reference Reference Reference Reference
Not aone 1.271(0.876-1.844) .21 1.325(0.886-1.982) .17 1.319(0.877-1.982) .18
Education
Compulsory Reference Reference Reference Reference Reference Reference
Secondary 1.115(0.566-2.196) .75 0.943(0.442-2.009) .88 0.748(0.346-1.619) .46
school 11
Tertiary level 1.994 (0.964- .06 1.353(0.601-3.050) .47 0.996(0.432-2.293) .99
4.1259)
Financial situation
Very difficultto  Reference Reference Reference Reference Reference Reference
rather difficult
Rather smple  1.356(0.860-2.138) .19 1.332(0.813-2.182) .26 1.310(0.794-2.162) .29
Easy to very 1.394(0.917-2.120) .12 1.381(0.873-2.186) .17 1.322(0.824-2.121) .25
easy
Subjective health status
Very poor to Reference Reference Reference Reference Reference Reference
mediocre
Goodtovery  0.537(0.344-0.837) .006 0.505(0.315-0.811) .005 0.496 (0.307-0.801) .004
good
Number of medical treatments
Below themean Reference Reference Reference Reference Reference Reference
value
Abovethemean 0.780(0.522-1.167) .23 0.753(0.488-1.162) .20 0.774(0501-1.198) .25
value
Internet use
Lessthan (a- _d — Reference Reference Reference Reference
most) daily
(Almost) daily — — — 1.970(1.321-2.937) <.001 1550(1.011-2.376) .04
internet use
Trust in OHI
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Predictors Model 1: sociodemographic and health-

Model 2: model 1 factors plus internet

Model 3: model 2 factors plus digital

related factors use and OHI trust competence and health literacy
ORE (95% C) P value OR (95% Cl) P value OR (95% Cl) P value
Rather ornotat — — Reference Reference Reference Reference
al trustworthy
OHl areratheror — — 6.026 (4.252-8.542) <.001 5.784(4.044-8.272) <.001
very trustworthy, or
both trustworthy
and not
Health literacy (HLS19-Q12)
Deficient — — — — Reference Reference
Problematic — — — — 0.733(0.400-1.346) .32
Sufficient — — — — 0.669(0.349-1.282) .23
Excellent — — — — 0.912(0.393-2.117) .83
Digital competence (DigCompSAT)
Low — — — — Reference Reference
Basic — — — — 1.811(0.990-3.316) .05
Intermediate — — — — 2.660(1.467-4.824) .001
Advanced — — — — 3.108(1.385-6.975) .006

8Dependent variable: user OHIS=1, nonuser OHIS=0. For detailed statistical values (Cls), please refer to Table S1 in Multimedia Appendix 1.
bModel fit: model 1: Nagelkerke R2=O.045; )(212=30.2; P=.003; model 2: Nagelkerke R2=0.217; )(214:154.3; P<.001; and model 3: Nagelkerke R2=0.234;

X20=167.4; P<.001.
COR: odds ratio.
Hhe predictor was not included in the respective model.

Model 1 (Nagelkerke R?=0.045; X?,=30.2; P=.003) was
statistically significant and revealed that only age was a
significant predictor within the sociodemographic variables.
Participantsaged 70 - 79 yearswere significantly lesslikely to
use OHIS compared to those aged 60 - 69 years (odds ratio
[OR] 0.696, 95% CI 0.498-0.972; P=.03). Notably, no
significant difference was observed between participants aged
80 - 100 years and those aged 60 - 69 years (OR 0.989, 95%
Cl 0.424-1.122; P=.13). In contrast, other sociodemographic
factors that were significant in the bivariate analysis—sex and
education level—did not retain significance in the multivariate
model. Besides age, subjective health was also a significant
predictor. Participants who rated their health as good to very
good were lesslikely to use OHIS compared to those with poor
to mediocre health (OR 0.537, 95% CI 0.344-0.837; P=.006).
Conversely, the number of medical treatments in the previous
year showed no significant association with OHIS engagement
(OR 0.780, 95% CI 0.522-1.167; P=.23). Theseresults provide
mixed support for hypothesis 1.

Model 2 (Nagelkerke R?=0.217; x?,,=154.3; P<.001) introduced
internet use frequency and trust in OHI as predictors. The
analysis revealed that both factors were significant predictors
of OHIS use, providing full support for hypothesis 2.
Participantswho reported using theinternet (almost) daily were
nearly twice aslikely to use OHIS compared to those who used
it less frequently (OR 1.970, 95% CI 1.321 - 2.937; P<.001).
Additionally, participants who perceived OHI asrather or very
trustworthy, or both trustworthy and not, were over 6 times

https://ojphi.jmir.org/2026/1/€77557

more likely to use OHIS than those who distrusted OHI (OR
6.026, 95% Cl 4.252 - 8.542; P<.001). Notably, the previously
significant effect of age became nonsignificant after including
these 2 model 2 variables (OR 0.757, 95% Cl 0.527-1.088;
P=.13).

Model 3 (Nagelkerke RP=0.234; x2,,=167.4; P<.001) added
health literacy and digital competenceto theanalysis. Compared
to adults with low digital competence levels, those with
intermediate competence were more than twice aslikely to use
OHIS (OR 2.660, 95% CI 1.467 - 4.824; P=.001), and those
with advanced competence were over 3 times more likely (OR
3.108, 95% Cl 1.385 - 6.975; P=.006) to use OHIS. In contrast,
health literacy was not a significant predictor. Additionally,
subjective hedth status, daily internet use, and trust in OHI
continued to be significant predictorsin model 3.

The model’s explanatory power increased with each step, as
indicated by the rising Nagelkerke R?, from 0.045 in model 1
to 0.234 in model 3. This progression highlights how the
inclusion of internet use, trust in OHI, and digital competence
substantially improved the model’s ability to predict OHIS use.

Motivationsfor OHIS

Among the 969 OHIS users, the most commonly indicated
reason for use was to gain a better understanding of certain
health conditions or illnesses (672/969, 69.3%), followed by
learning about medications and their possible side effects
(538/969, 55.5%) and searching for treatment options or
therapies for specific health problems (528/969; 54.5%; Table
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4). Additionally, searching for alternative or complementary
medical approaches (424/969, 43.8%) and seeking information
out of general interest (402/969, 41.5%) were notable
motivations. Fewer participantsindicated using OHISto obtain

Bachofner et al

asecond opinion (180/969, 18.6%) or for other reasons (9/969,
0.9%; eg, assisting family members and searching for
information when health professionals are unavailable).

Table. Motivationsfor engaging in online health information seeking (OHIS) among OHI S users (n=969) within the onliner population (aged 60 years

and older), including chi-square tests for sex and age differences™.

Motivation Total, n (%) Male, n (%) Female, n (%) Chi-square 60 - 69 years, 70 - 79years, 80 - 100 Chi-square
(multiple re- test for differ- n (%) n (%) years, n (%) test for differ-
sponse op- encesinsex, P encesinage, P
tions) value value
Understanding 672 (69.3) 372 (68.9) 300 (69.9) .73 370 (69.7) 216 (67.5) 86 (72.9) 54

health condi-

tions

Medications 538 (55.5) 284 (52.6) 254 (59.2) .04 268 (50.5) 197 (61.6) 73 (61.9) .002

and side ef-

fects

Treatment op- 528 (54.5) 262 (48.5) 266 (62) <.001 274 (51.6) 190 (59.4) 64 (54.2) .09

tions or thera-

pies

Alternativeor 424 (43.8) 192 (35.6) 232 (54.1) <.001 239 (45) 139 (43.4) 46 (39) 49
complemen-

tary medicine

Just out of in- 402 (41.5) 233 (43.1) 169 (39.4) 24 241 (45.4) 112 (35) 49 (41.5) .01

terest

Second opin- 180 (18.6) 118 (21.9) 62 (14.5) .003 89 (16.8) 63 (19.7) 28 (23.7) .18

ion

Other reasons 9 (0.9) 8(15) 1(0.2) N/AC 4(0.8) 3(0.9) 2(L7) N/A

3Detailed effect sizes (Cramér V) and full answer options from the survey are reported in Table S2 in Multimedia Appendix 1.

bSorted by total.

°N/A indicates that no cal culation was performed because cells had a frequency of fewer than 5.

Sex differenceswere significant for several motivations. Female
participants were more likely than male participants to search
for information on treatment options or therapies (266/429, 62%
vs 262/540, 48.5%), aternative or complementary medical
approaches (232/429, 54.1% vs 192/540, 35.6%), and
medications and side effects (254/429, 59.2% vs 284/540,
52.6%). Conversely, male participants were more inclined to
search for asecond opinion (118/540, 21.9% vs 62/429, 14.5%).

Significant age-related differences also emerged. Older
participants, particularly those aged 70 - 79 (197/320, 61.6%)
and 80 - 100 years (73/118, 61.9%), were more likely to seek
information about medications and side effects compared to the
60 - to 69-year age group (268/531, 50.5%). In contrast,
younger participants (aged 60-69 years) were more likely to
search for OHI out of general interest (241/531, 45.4%) than
older groups.

https://ojphi.jmir.org/2026/1/€77557

Barriersto OHIS

The most commonly indicated barrier to use among OHIS
nonusers was difficulty assessing the credibility of information
(159/279, 57%), followed by distrust in the effectiveness of the
information provided (129/279, 46.2%), concerns about dubious
providers or the risk of spam and advertising (93/279, 33.3%),
lack of experiencewith searching for information on theinternet
(87/279, 31.2%), and challenges related to technical or
difficult-to-understand language in health information (46/279,
16.5%; Table 5). Fewer participants indicated barriers such as
lack of support in using digital services (20/279, 7.2%), negative
past experiences with online searches (17/279, 6.1%), physical
limitationswhen using digital devices (10/279, 3.6%), and other
reasons (51/279, 18.3%, eg, outdated or unclear publication
dates and lack of personal interest in health information). Sex-
or age-related differences did not attain statistical significance
for any of the barriers.
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Table. Barriersto engaging in online health information seeking (OHIS) among OHIS nonusers (n=279) within the onliner population (60 years and

older), including chi-square tests for sex and age differences™.

Barriers(multi-  Total, n (%) Male, n (%) Female, n (%) Chi-square 60 - 69 years, 70 - 79years, 80 - 100 Chi-square

ple response test for differ- n (%) n (%) years, n (%) test for differ-

options) encesinsex, P encesinage, P
value value

Credibility 159 (57) 96 (55.2) 63 (60) 43 71 (55.9) 64 (56.1) 24 (63.2) 71

Distrust 129 (46.2) 84 (48.3) 45 (42.9) .38 61 (48) 51 (44.7) 17 (44.7) .86

Dubiousoffers 93 (33.3) 60 (34.5) 33(31L4) .60 47 (37) 39(34.2) 7(18.4) 10

Lack of experi- 87 (31.2) 56 (32.2) 31(29.5) .64 32(25.2) 38(33.3) 17 (44.7) .06

ence

Technical lan- 46 (16.5) 31(17.8) 15(14.3) 44 20 (15.7) 20 (17.5) 6 (15.8) .93

guage

Lack of sup-  20(7.2) 12 (6.9) 8(7.6) .82 8(6.3) 8(7) 4(10.5) N/AC

port

Negativeexpe- 17 (6.1) 12 (6.9) 5(4.8) A7 10(7.9) 4(3.5) 3(7.9 N/A

riences

Physcd limita 10 (3.6) 4(2.3) 6(5.7) N/A 3(24) 5(4.4) 2(5.3 .59

tions

Other reasons 51 (18.3) 30(17.2) 21 (20) .56 20 (15.7) 23(20.2) 8(21.1) .60

3Detailed effect sizes (Cramér V) and full answer options from the survey are reported in Table S3 in Multimedia Appendix 1.

bSorted by total.

°NI/A indicates that no calculation was performed because cells had a frequency of fewer than 5.

Discussion

Principal Findings

The study findings revealed that OHIS occurred widely among
older adults in this demographic, with 77.6% (n=969) of older
onliners using OHIS. This aigns with prior research
demonstrating high engagement with digital health resources
among older adults [28]. Notably, no significant difference in
OHI S engagement was found between individualsaged 80 - 100
years and the younger age groups, although a drop in use was
observedinthe 70 - to 79-year age group compared to the 60 -
to 69-year group. This suggests that the oldest age group may
have adapted to digital tools similarly to younger older adults
[4]. One potentia explanation for this negligible discrepancy
may be that the younger age group (60-69 years) was more
inclined to experiment with technol ogy and explore digital tools,
consequently resulting in higher OHIS use. In contrast, the
oldest group (80-100 years) may be more predisposed to seek
information online for health reasons [29]. Furthermore, this
study revealed a marginally elevated propensity among female
participants to use OHIS, aligning with the extant literature
suggesting that female participants exhibit a heightened
propensity to proactively seek health-related information [7].

Education emerged as a significant predictor of OHIS use.
Individuals with tertiary education were more likely to seek
health information online, supporting the theory of the digital
divide, where higher education correlates with better digital
competence and greater access to online resources [5].

In the multivariate analysis, the effects of education, sex, and
age lost statistical significance. This suggests that, while these
sociodemographic factors may initially appear associated with

https://ojphi.jmir.org/2026/1/€77557

OHIS use, their explanatory power diminishes when health,
behavioral, and competence-related variables, such as subjective
health status, digital competence, and trust in OHI, are
considered. This pattern aligns with previous findings that
highlight the centrality of these more proximal determinants
[21]. This highlights the importance of broader structural and
individual determinantsin shaping OHIS use.

Markedly, individuals with poorer self-reported health statuses
were more likely to use OHIS, supporting findings that health
concerns drive proactive information seeking [30]. However,
the number of medical trestmentswas not associated with OHIS
engagement, suggesting that health care use alone does not
motivate OHIS. Instead, sufficient information from health care
providers may reduce the need for additional online searches,
while other providers may encourage OHIS use [16].

The predictive role of digital competence was shown within
our analyses; people with higher levels of digital competence
were more often within the group of OHIS users. A higher level
of digital competence can facilitate the ability to search for OHI,
while those with low competence levels remained disengaged,
despite internet access, underscoring that mere access is
insufficient for effective use [6,18].

Moreover, regular use of the internet also predicted OHIS use
and can be regarded as a behavioral indicator of technological
familiarity, thereby further supporting the application of OHIS.
However, digital competence encompasses a more extensive
ability to effectively engage with digital tools across various
contexts.

Contrary to thefindings of other studies, health literacy was not
asignificant predictor of OHIS useinthisresearch [7,19]. This
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suggests that, while individuals with lower health literacy may
face challenges in comprehending and critically evaluating
health information, these difficulties do not necessarily prevent
them from OHIS engagement. The ease of access and
widespread availability of OHI may encourage use regardless
of comprehension levels. However, this raises concerns about
the potential risk of misinterpretation or reliance on misleading
information, particularly among those with lower health literacy
levels. This highlights that OHIS primarily reflects the act of
searching rather than the quality of comprehension or
application, a finding consistent with Wang et a [21], who
emphasized that instrumental factors, such as utility and trust,
are far stronger predictors of OHIS than psychological or
cognitive abilities related to processing health information. As
a result, individuals with lower health literacy may still use
OHISwithout necessarily deriving meaningful health benefits.
This underscores the need for integrated strategies that
strengthen both digital competence and health literacy to ensure
that access to information translates into informed
decision-making and improved health outcomes.

Of thevariablesincluded, trust in OHI proved to bethe strongest
predictor of OHIS use. Participants who perceived OHI as
trustworthy were significantly more likely to engage in OHIS,
underscoring the central role that perceived credibility playsin
online health behaviors. Thisfinding alignswith prior research,
which has consistently shown that trust is akey determinant in
digital health use[7,21,31,32].

Conversely, alack of trust in OHI was among the barriers most
frequently cited by nonusers. This distrust often stems from
concerns about misinformation, unreliable sources, and
commercia influences [31]. In line with previous studies,
respondents expressed apprehension regarding the credibility
of online health resources, which aligns with findings from
Shaffi and Rowley [33], who emphasized that website design,
intrusive advertisements, and complex language negatively
affect the perceived trustworthiness of OHI.

Importantly, sex and age differences indicated distinct
information-seeking patterns, with female participants more
focused on treatment-related topics and alternative medicine
and male participants morelikely to seek second opinions, while
younger participants demonstrated a broader, more genera
interest in health-related content compared to older age groups.
Therefore, digital health information should always consider

Bachofner et al

the different audiences and, if necessary, tailor its content to
specific audiences.

Implications for Practice and Policy

Enhancing digital competence through targeted training could
improve OHIS use, especialy among older adults with low
digital competence levels[7]. Public health campaigns should
build trust in OHI by promoting credible and user-friendly
digital health platforms. Addressing individual capabilitiesand
improving the quality of digital health information can help
bridge gaps in OHIS use [30]. As highlighted by Jacob et al
[34], the effectiveness of digital health interventions depends
not only on providing information but also on ensuring user
trust through privacy, security, and credibility. For offline
individuals, the challenge lies in gaining access to digital
resources. Expanding digital infrastructures and providing
accessible training are essential first steps toward enabling
digita engagement [10]. However, reliable offline health
information (eg, flyers and brochures from government health
organizations) must continue to be available to meet the needs
of those who do not engage with digital platforms.

Limitations

This study has several limitations. Asit focuses on Switzerland
alone, the generalizability of our findingsto other contexts may
belimited. The cross-sectional design preventstime comparisons
and, therefore, causal conclusions about factors influencing
OHISuse. Hence, futurelongitudinal studies should investigate
factors that influence changes in OHIS use over time.
Self-reported data, such as subjective health, may introduce
recall or social desirability bias, potentialy affecting the
accuracy of responses. Additionally, the content and quality of
the accessed hedlth information were not assessed, limiting
insights into the variance of the individual user profiles.

Conclusions

This paper highlights the significant correlation of subjective
health status, digital competence, daily internet use, and trust
in OHI with OHIS use among ol der adults. Health literacy and
sociodemographic characteristics showed no significant
correlation when examined alongside other factors. Addressing
digital competence and enhancing trust in OHI are essential for
reducing digital inequalities and empowering older adults to
manage their health more actively, thereby promoting healthy

aging.
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Abstract

Background: Mobile health (mHealth) represents a modality of teledentistry that has the potential to improve access to dental
care. Given that patient reactionsto dental procedures can influence both clinician experience and care delivery, assessing patient
discomfort when smartphones are used to capture dental images for teledentistry examinationsis crucial.

Objective: Thisstudy aimed to explore patient discomfort from the perspective of dental professionals using smartphone-based
photography in teledentistry.

Methods: A qualitative study was conducted through group interviews with a sample (N=10) of dental professionals, all of
whom had experience capturing dental photos using smartphones equipped with an mHealth app at dental clinics and research
facilitiesin Thailand and the United States. Audio-recorded interviews were transcribed, coded through consensus, and analyzed
thematically.

Results: Thedental professionals, including dental specidists, general dentists, dental therapists, and dental students, reported
minimal to no patient discomfort during smartphone-based dental photography. Key factors contributing to patient comfort during
teledentistry encounters included clear communication, informed consent, and reassurances regarding privacy and data security.

Conclusions: The findings suggest that providing patients with clear information and managing expectations can help reduce
discomfort in teledentistry encounters. Improving communication strategies may enhance patient comfort, support the adoption
of mHealth practices, and optimizeinteractions between patients and health care providers. Future research directions areindicated,
such asdirectly assessing patient discomfort and identifying strategiesto further minimize discomfort in teledentistry. Additionally,
expanding teledentistry training in dental education and professional development will better equip dental professionals to
effectively use this technology, ultimately improving accessibility and patient-centered care in dentistry.

(Online J Public Health Inform 2026;18:e81163) doi:10.2196/81163

KEYWORDS
mobile health; mHealth; smartphone; teledentistry; discomfort; patient; dental professional

anxiety or distress due to bleeding and/or pain caused by

Introduction

Discomfort related to dental services can lead to dental care
avoidance, impacting both oral and general health [1]. There
are countless reasons why humans experience discomfort or
distress, including camera shyness [2], a fear of being
photographed [2], or concerns about their privacy or dignity
being compromised [3]. Some people commonly experience

https://ojphi.jmir.org/2026/1/e81163

traumatic incidents[4]. Those emotional responses are different
from dental anxiety, which isan anticipatory unpleasant feeling
for dental procedures [1,5]. While evaluation scales varied
among studies, meta-analyses estimated that up to 30% of
children [6] and 15% of adults [7] experienced dental anxiety.
Dental anxiety, fear, and phobiarepresent a spectrum of negative
emotional reactionsto dental environmentsand procedures[8],
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with “discomfort” often used as an umbrella term to describe
experiencesthat range from mild unease to excruciating distress
[9]. In this study, patient discomfort encompasses all levels of
unpleasant feelings related to dental care.

Diagnostic tools, such asradiographs [5,10], intraoral cameras
[11], and smartphones [12], make image assessments possible
for dental professionals. Previous research has reported that
pediatric patients experienced more anxiety when their dental
treatment involved radiographs [5]. In adults, elevated anxiety
biomarkers were also observed among those undergoing
radiographic examinations for the first time [10]. To enhance
patient experience and diagnostic accuracy, minimizing patient
discomfort during the diagnostic imaging procedureis critical.
A potential approach to lower dental discomfort isusing mobile
health (mHealth) technologies [13].

The mHealth practice provides a way for health care
professionals to incorporate mobile phones and other
technological devices into their practices [14]. As a modality
of teledentistry [15], mHealth can be used for teleconsultation,
telediagnosis, telemonitoring, telesupport, and tel eintervention
[16]. Smartphone-based dental photography also helps with
communication and documentationin clinical settings[17]. The
implementation of mHealth increases accessibility to health
care services for rural and underserved communities [18]. The
practice of mHealth grew in popularity during the COVID-19
pandemic when social distancing measures were required [19].
Previous research hasreported that dental professionals[20,21],
patients [21], and caregivers [22] all consider mHealth to be
feasible and useful for remote dental services.

Teledentistry is increasingly being integrated into everyday
dental procedures[23]. AsmHealth technology seldom requires
inserting instruments, devices, or radiographic film into the
patient’'s mouth, it is generally considered noninvasive.
However, some patients have reported anxiety during
video-based teledentistry consultations [24]. Earlier studies
have demonstrated that most dental professionals could perceive
patient discomfort in clinical settings[25] and also feel stressed
managing patients with anxiety symptoms [26]. To the best of
the authors' knowledge, no existing literature has specifically
addressed patient and clinician discomfort associated with
photography-based teledentistry using mHealth approaches.
Nonetheless, implementing strategies to reduce patient
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discomfort remains crucia for ensuring effective and
patient-centered dental care [1], including teledentistry [24].

Whether mHealth practice would or would not induce
discomfort in dental patients and/or dental professionals
remained unclear. Therefore, this study addressed thefollowing
research questions: (1) whether dental professionals perceived
potential discomfort from their patientsin response to their use
of the mHealth practice and (2) how patient discomfort (if any)
influenced the dental professionals’ experience operating the
smartphone and mHesalth app to captureimages of their patients
teeth. Dental professionals’ perceptions were used as a proxy
for patients reactions, as they were present during patient
interactions, and interviewing patients in the clinical and
research settings was not feasible. Thus, this study aimed to
investigate dental professionals perspectives on patient
discomfort when using a smartphone to capture images of
patients' teeth for teledentistry examinations. This study also
explored the influence of patient discomfort on dental
professionals’ photo-taking experience.

Methods

Overview

This qualitative study, forming a segment of a broader
teledentistry research initiative, received approval from the
University of Minnesota Ingtitutional Review Board
(STUDY00014736). The study was conducted across several
sites in Minnesota, United States, and Khon Kaen, Thailand,
including clinical facilitiesat the University of Minnesota, Khon
Kaen University, and research venues at the Minnesota State
Fair. In this paper, the term “patient” encompasses both dental
patients recruited from clinics and fairgoers recruited at the
State Fair research facilities, as both groups underwent the same
teledentistry procedure. The quantitative and qualitative research
methods used in the overarching project were recently reported
[12,20]. In the quantitative segment, 11 trained and calibrated
dental professionals used a Samsung smartphone equipped with
an image acquisition app Teledental (CSIRO) to take dental
photos (frontal, upper occlusal, and lower occlusal views) from
consented dental patients and fairgoers and upl oaded theimages
to a secure cloud storage for remote reviewers to assess [12].
Figure lillustratestheflow of the photographic acquisition and
assessment in this mHealth model.
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Figure 1. Illustration of the mobile health model: (A) a dental professional using the Teledental app to capture dental photos of a patient, (B) the data
being uploaded from the smartphone to a secure cloud storage, and (C) a remote reviewer using the charting platform to review the dental photos
asynchronously. The patient consented to have the images and data presented in the publication.

Ethical Consider ations

This study was approved by the University of Minnesota
Ingtitutional Review Board (STUDY00014736). Written
informed consent was obtained from all participants prior to
data collection. All study personnel complied with institutional
review board—approved protocols governing data access,
confidentiality, and privacy. Participating dental professionals
based in the United States received compensation (dental
therapist: $40 USD; dental student: $15 USD); Thailand-based
dental professionals did not, due to university restrictions on
out-of-country payments.

Study Design

For the qualitative segment, we used a study design guided by
thetechnol ogy acceptance model (TAM) [27] and interpretivism
[28] to examine the experiences of dental professionals and
remote reviewersin using mHealth technology [20]. Thiswork
represents a portion of the qualitative segment and specifically
explores patient discomfort from the perspective of dental
professionals. Except for 1 dental professional (MS) who isan
author of this paper, all 10 of the 11 dental professionals who
captured dental imagesin thelarger study wereinvited viaemail
to participate in this qualitative study. All 10 professionas
consented and attended a 60-minute interview conducted via
Zoom (Zoom Communications). A combination of one-on-one
and group interviews were conducted, with group size ranging
from 1 to 6 interviewees, determined by their availability. Due
to time zone differences, interviewees from the United States
and Thailand were placed in separate groups. A total of 2
US-based researchers conducted the interviews in English, and
all interviewees were proficient in English for the discussions.
The study adhered to the Consolidated Criteria for Reporting
Qualitative Research guidelines throughout its execution and
reporting [29].

Resear ch Team and Reflexivity

Each one-on-one or group interview was conducted by 2
interviewers. MS, a female honors college graduate with a
bachelor of arts degree, and ECS, a female dental hygiene
faculty member with a master of science degree. BH, a male

https://ojphi.jmir.org/2026/1/e81163
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senior dental academic and principa investigator with doctor
of philosophy and doctor of dental surgery degrees, observed
all sessions. Beforethefirst interview, theinterviewersreceived
training to adopt a neutral interviewing approach, ensuring
interviewees' perspectives were captured without bias. While
most intervievees had no prior relationship with the
interviewers, 3 were previously acquainted with an interviewer
as dental professionalsin aprior study led by the observer. The
interviewers and observer introduced themselves first, and the
objectives and details of this study were explained through the
informed consent form and at the start of each interview.

Data Collection

The interviews were attended exclusively by the interviewees
and researchers. During the Zoom sessions, the interviewers
took field notes to record nonverbal cues and additional
observations. All interviews were audio-recorded and securely
stored on a cloud-based server. Following each interview
session, interviewees were emailed the complete study
instrument and given 2 weeks to provide additional feedback.
Data saturation, defined as the point at which no new
information emerged across 3 consecutive sessions[30], was a
criterion applied to the broader qualitative project involving a
larger participant pool [20]. Nevertheless, to ensure a
comprehensive and diverse range of perspectives, al 10 dental
professionals were interviewed across 4 sessions, irrespective
of whether data saturation had been reached. No interviews
were repeated for the same dental professionals.

Theinterview instrument consisted of guided questions designed
to explore the dental professionals perspectives. These
guestions were adapted from published resources [31,32] and
rephrased to align with the context of this qualitative study and
the specific mHealth technology used. A multidisciplinary panel
of researchers, with expertise in qualitative study design,
medical informatics, and dentistry, reviewed and finalized the
interview questions to ensure their relevance and
comprehensiveness. All dental professionals were asked 2
guestions by the same interviewer. The first question was as
follows: “How comfortable or uncomfortable did you fed about
using the technology for dental trauma cases?’ This question
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focused on the dental professionals’ own comfort levels when
using the smartphone and mHealth app. The second question
was asfollows: “How might you have observed either potential
distress or comfort from patients of the study?’ The question
was intended to capture the dental professionals’ perspectives
on their patients’ comfort level. These 2 questions were part of
a broader qualitative study [20] conducted, observed, and
analyzed by the same research team. Although the larger study
explored additional dimensions of mHealth use, only these 2
guestions are reported here because they specifically addressed
the anxious or emotional reactions experienced by dental
professionals or patients during teledentistry procedures.

Data Analysis

The qualitative data from the interviews were analyzed using a
consensus coding process to summarize responses and
synthesize the results, with adeductive approach [33-36]. Prior
to conducting the interviews, the coding team met via Zoom to
calibrate their approach, ensuring consistency in interpretation
across transcripts. Audio-recorded interviews were transcribed
and independently reviewed by the coding team. Throughout
theanalysis, memo writing was used to record coder reflections,
track emerging themes, and document the rationale behind
coding decisions, thereby enhancing transparency. Intercoder
reliability was addressed through a negotiated agreement
strategy: coders had established procedures for resolving
discrepancies in advance, and when disagreements occurred,
they revisited the transcript, discussed interpretations, and
reached consensus. The principal investigator (BH), who
observed all interview sessions, was available to provide input
when needed to ensure consistency. A hybrid coding framework

Shenouda et al

was applied, combining deductive codes derived from the
research questions and the TAM [27] with inductive codes that
captured novel insights arising directly from the data. This
flexible approach allowed the team to systematically examine
anticipated themes while incorporating unexpected findings
that enriched understanding of participants experiences[33,37].
After al interviewswere compl eted, the research team convened
via Zoom to review the transcripts collectively, identify
recurring themes, and extract supporting evidence, including
descriptive terms and illustrative quotes from participants. The
transcripts and findings were not shared with interviewees for
review.

Results

Overview

A total of 4 interviews were conducted. All 10 dental
professionals participated, 4 from the United States (coded
U1-U4) and 6 from Thailand (coded T1-T6). Although U1 to
U4 wereinitialy intended to beinterviewed together, scheduling
constraints led to U1 and U4 being interviewed individually
and U2 and U3 together, whereas T1 to T6 were al available
simultaneously and, as affiliates of the same institution in
Thailand, participated in asingle group interview. Table 1 lists
the interview sessions, professions, genders, and countries of
the dental professionals.

The thematic analysis process, in which patterns or themes are
identified within qualitative data revealed 2 main themes from
the interviewees responses. professional familiarity and
confidence with mHealth technology, and patient reactions to
smartphone imaging in dental care (Table 2).

Table. Interview sessions, professions, genders, and countries of the interviewees; 2 one-on-one interviews (sessions 1 and 3) and 2 group interviews
(sessions 2 and 4) were conducted, with the group arrangement determined by the interviewees' time availability.

Interview session Profession Gender Country Interviewee code
1 Dental student Mae United States Ul
2 Dental therapist Female United States u2
2 Dental student Mae United States U3
3 Dental student Female United States u4
4 General dentist Female Thailand Tl
4 General dentist Female Thailand T2
4 General dentist Female Thailand T3
4 General dentist Male Thailand T4
4 General dentist Mae Thailand T5
4 Dental speciaist Male Thailand T6
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Table. Main themes, definitions, subthemes (code words), and representative transcript excerpts that contributed to theme construction.

Main theme Definition Subtheme Example from transcripts
Professional familiarity and confi- How dental professionals’ prior ex- Confident adoptionduetoeveryday «  “Everyoneseemed comfortable
dence with mHealth technology perience and daily use of mobile use with...using the technol ogy.
phones shaped their comfort and We use mobile phone everyday
perceived ease in adopting smart- all thetime so we are comfort-
phone-based imaging able with the technology.”
Personal easecontrastedwithantic- «  “I think it was very easy for
ipated challenges for others me. | think it was something

that | felt very comfortable be-
ing able to use, taking the im-
ages, making sure the images
cameout well. | felt very com-
fortable doing that. | know it

may be more challenging for

people who are not as familiar

with being able to use that
technology.”
Patient reactions to smartphone How dental professionalsperceived Patients appeared at easeoncein- «  “Some patients were like ‘oh
imaging in dental care patients’ emotional responses to formed yeah, thisis pretty coal, like
smartphone-based imaging it's the next step in doing

things through electronics. |
thought | got alot of patients
that felt at ease with this”

o “I feel study participants [felt
okay] once they understand
and we explain to them the
reason and what we're doing,
and they're aware of it

«  “Wedidnot notice any anxiety
or discomfort; it is like anor-
mal part of an examination and
thereis no pain when taking
photographs.

«  Because we asked the patients
to sign the consent and they
already gave consent prior to
taking the photos, they did not
notice any discomfort or anxi-
ety from patients. Their regular
dental [exam] ismoreinvasive
than taking the photos”

Patients expressed unease linkedto «  “I work with patients that are
privacy, intimacy, or cultural con- immigrants or potentially ille-
text gal immigrantsand | think they

get realy nervous, even if
you're saying you're not going
to bein the photo at all, things
like that.”

«  “Themouthisavery intimate
place for alot of people. Let-
ting peoplelook inyour mouth,
especialy if you haveinsecuri-
ties or are concerned about
something or there's something
that you know isaproblem but
you've been putting it off for
avariety of reasonsis diffi-
cult”
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Professional Familiarity and ConfidenceWith mHealth
Technology

A total of 9 out of 10 dental professionals reported feeling
comfortable using the mHealth app and taking dental photos.
Several dental professionals attributed this to their familiarity
with smartphones, as U4 and T4 noted they use mobile phones
daily. U4 a so expressed ease with both the app and photography
process. Factors such as having a newer phone (stated by T4)
and proper lighting and retraction (stated by U1) contributed to
thefeasibility of the process. However, U2 mentioned challenges
with consistency, requiring arefresher before using the app due
to infrequent use.

Despite overall comfort, 3 dental professionals highlighted
specific concerns. U2, based in the United States, described
using acell phonein adenta setting as“invasive,” particularly
when working with privacy-conscious patients. Thisdiscomfort
stemmed from introducing the phone and ensuring patients
understood their data were secure, as stated by U2:

Whipping out a cell phone is kind of always
uncomfortable. Especially with some of the patient
typesthat | work with where they might be a little bit
more concerned about privacy.

U2 aso noted a lack of prior experience with intraoral
photography. T4 emphasized the importance of restricting data
access to the research team, while T3, another dental
professional based in Thailand, worried about appearing less
competent in front of the patient when relying on an app for
diagnosis.

Patient Reactionsto Smartphone Imaging in Dental
Care

The majority of dental professionals observed no noticeable
discomfort among patients during photo-taking. T1 suggested
that dentists can help patients become accustomed to
photography as part of dental examinations by adopting the
approach of “we take a photo and show it to them.” U2 noted
observing minimal discomfort, describing patientsas*“fine” but
acknowledged some initial hesitancy, especialy among
immigrant patients who might harbor concerns about privacy
or identification. U2, aUS-based dental professional, noted that
immigrant patients sometimes fear being photographed, even
when assured they won't appear in the image (see Table 2).

Despite this, U2 mentioned that some patients viewed
technology integration as a necessary advancement. U3, acting
asaresearch recruiter at the Minnesota State Fair, observed that
patients were generally comfortable by the time they arrived,
perhaps because they volunteered or were not in adental facility
for dental care. However, recruiting participants posed a
challenge, echoing common issues with dental appointment
attendance. U4 found that providing more detailed information
and setting clear expectations reduced patient discomfort,
making them “less anxious’ and “more willing” to participate.

Denta professionals also speculated why patient discomfort
was minimal. T1 noted that patients in emergency trauma
situations were generally uncooperative and preferred faster
tools such as intraoral cameras. Conversely, patients with
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nonemergency issues were described as “very comfortable”
T2 and T4 believed that obtaining informed consent and
explaining the photo-taking process alleviated patient concerns.
They emphasized that the procedure was painless and less
invasive than standard dental examinations. T4 noted that
patients seemed comfortable, particularly when dental photos
were shared with them afterward to facilitate treatment
discussions.

Clear communication was arecurring themein reducing patient
discomfort. T4 and U1 highlighted theimportance of explaining
the exclusion of identifiable features in photos. U1 stated the
following:

Once we explained that [ photos] wouldn’'t be of any
identifiabl e features, most patients were comfortable.

Transparency about the process helped foster trust and aleviate
initial apprehension.

Discussion

Principal Findings

The overall consensus from dental professionals was that
patients did not experience discomfort during smartphone-based
dental photography. Although the telesupport function of some
mHeal th technol ogies could reduce patient discomfort [13], this
study demonstrated that the asynchronoustelediagnosisfunction
of the mHealth technology could also minimize patient
discomfort. Of further note, a prior study has reported a low
level of dental patient anxiety from synchronous video
consultation [24]. Thus, both synchronous and asynchronous
teledentistry can decrease patient discomfort when dental
professional s use these practices to communicate and examine
patients.

One of the reasons for this finding is likely to include the
physical safety characteristics of the mHealth model. Earlier
studies have suggested that the use of X-raysin dental treatment
increased patient anxiety, most likely due to the procedure’s
uncomfortable nature [5], apprehension toward radiation
exposure [5], and the perceived lack of control during image
acquisition [10]. Compared to X-rays, taking photos using a
smartphone does not inflict any pain and isnot invasive. Hence,
patients become less uncomfortable when receiving a
teledentistry procedure than undergoing a radiographic
examination. Another possible reason patients did not express
discomfort may have been the communication provided by
dental professionals before the teledentistry procedure. Dental
professionals informed patients about what the dental photos
would include and how they would be used, which likely
contributed to patient comfort. This aigns with the
recommendation from literature, which emphasizes obtaining
clear informed consent and ensuring confidentiality, particularly
regarding who would have access to recorded materials and
how they would be used, can enhance patient comfort [38] and
support the effectiveness of psychotherapy [2]. Furthermore,
dental professionals could show patients the images of their
teeth after photography to help strengthen patient trust. These
highlight the importance of heath care provider—patient
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communication and carry significant clinical implications for
mHealth and teledentistry.

Beyond the clinical context, the findings of this study can also
be interpreted through the lens of informatics and digital health
system design. The TAM provided a useful framework for
understanding how familiarity with smartphones influenced
dental professionals confidence and ease of adoption [27].
From a systems perspective, the mHealth model used here
illustrates key principles of human-technology interaction:
usability [39], transparency [40], and trust [40]. Prior informatics
reviews have emphasized that clear communication of data
flows and privacy safeguards is essential for user acceptance
of digital health tools [40,41]. Integrating these insights into
system design suggests that teledentistry platforms should
prioritize intuitive interfaces [40], explicit consent protocols
[41], and secure data management to enhance both health care
provider and patient comfort [40,41]. In this way, the study
contributes not only to clinical practice but also to broader
discussions on how digital health systems can be designed to
bal ance efficiency, accessibility, and patient-centered care.

In tel edentistry procedures, smartphones and intraoral cameras
are often used as alternativesto each other. A recent study found
that patients reported greater comfort with smartphone-based
teledentistry compared to intraoral cameras, although
smartphone photography required more time to complete a
similar procedure [42]. Using asmartphonefor diagnostics may
cause less discomfort than an intraora camera because
smartphones are familiar devices used daily by many people.
In contrast, intraoral cameras are only found in clinical settings
and can feel moreintrusive. In cases of traumatic dental injuries,
high-quality photographs during the initial visit are essential
for long-term follow-up, which may be required for up to 5
years [43]. Patients will need to undergo photography during
most follow-up visits. As mHealth apps on smartphones feel
less intimidating than intraoral photography, they could help
reduce patient discomfort and encourage regular checkups.

Only 1 interviewee raised a unique concern regarding the
potential discomfort that smartphone-based photography might
cause among immigrant patients. Although all patient photos
were deidentified during the research process and patientswere
reassured about privacy and confidentiality protections,
maintai ning anonymity in photography-based researchinvolving
migrant minority groups remains an important consideration
[44]. To address this, patient education programs could help
reassure patients about the safety of teledentistry, while
professional development for clinicians and administrators could
reinforce best practices for protecting patient privacy.
Additionally, dental photographs captured through mHealth
approaches should be securely integrated into electronic health
recordsto ensure confidential accessand long-term storage. For
patients who are uncomfortable with teledentistry, in-person
appointments should remain an option to ensure continued
access to dental care.

Dental professionalsalso found the mHealth tel edentistry model
to be feasible, reporting a high level of comfort with its use.
Thisaligns with findingsin medical education, where students
with prior exposure to telemedicine tend to feel more confident
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using such technologies [45]. On the basis of theseinsights, we
recommend integrating comprehensive teledentistry training
into dental education and ongoing professional devel opment.
These programs should prioritize building core competencies
in teledentistry, such as obtaining informed consent and
maintaining patient confidentiality during virtual encounters.
Incorporating teledentistry training into dental curricula and
clinical protocols could enhance practitioner readiness and
improve patient care in remote settings. Standardizing
communication protocolsand ethical practices, such as consent
and confidentiality, can help establish trust and ensure quality
care. As teledentistry becomes more widespread, these
educational and policy shifts will be essential for ensuring its
effective and responsible implementation in clinical practice.

The interpretation of this study’s findings is subject to certain
limitations. First, the small sample size of interviewees may
restrict the ability to draw generalized conclusions, as a larger
cohort might reveal additional perspectives. The pool of
participants, consisting of 4 US-based and 6 Thailand-based
dental professionals, may have introduced biases shaped by
their unique clinical experiences, cultural backgrounds, patient
populations, and photo-capturing environments. For instance,
dental professionals assigned to the Minnesota State Fair
research facilities were unlikely to encounter patients with
emergency trauma cases, as such patients would typically seek
care in clinics or hospitals rather than visiting the State Fair.
Conversely, those working in clinical settings were more likely
to manage patients presenting with pain, bleeding, or injuries
and may have been more confident and experienced in clinical
dentistry. Notably, privacy concerns among immigrant patients
were raised by American dental professionals, whereas Thai
dental professionals reported image concerns about appearing
less competent in front of patients. These differences may reflect
broader cultural expectations. An earlier study suggested that
Thais were inclined to accommodate audience expectations,
while Americans often balanced personal goals with audience
interests [46]. Such cultural norms likely shaped how dental
professionals perceived patient concerns and articulated their
views. Given these contextua influences and the small,
convenience-based sample, the transferability of findings is
limited. Future research should purposely recruit larger and
more diverse cohorts of dental professionals working with
similar mHealth modelsto strengthen the depth, cultural breadth,
and applicability of insights.

Another limitation of this study isitsfocus on patient discomfort
as perceived by dental professionals, rather than directly
assessing patient discomfort from the patients' perspectives.
Given the small sample size and the varied clinical experiences
of the interviewees, interpretations of patient discomfort may
reflect biases stemming from dental professionals’ subjective
perceptions. While indirect assessments of patient discomfort
from clinicians’ viewpoints may not capture the full scope and
intensity of patients experiences, dentists are well positioned
to observe and interpret discomfort [25], and they can also be
affected by their patients discomfort [26]. Therefore,
investigating patient discomfort from dental professionas
perspectives remains a practical and informative approach,
despiteitslimitations.
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Future directions based on this study include exploring patient
discomfort from the perspectives of both patientsand caregivers,
as well as identifying the factors contributing to discomfort
associ ated with different tel edentistry technologies. Additionally,
developing and evaluating effective strategies to alleviate such
discomfort isacritical areafor future research. This study also
underscores the importance of defining and cultivating core
competenciesin teledentistry, particularly in understanding and
managing patient discomfort. Refining training curricula for
current and future clinicians to incorporate these competencies
will better prepare them to address patient concerns and
maximize the effectiveness of teledentistry practices.

Conclusions

This study highlights the feasibility of smartphone-based
photography for teledentistry, with dental professionals
expressing comfort in using the mHealth app. Familiarity with
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smartphones and clear communication helped facilitate the
process, athough minor challenges such as maintaining
consistency in app use and concerns about smartphone
introduction in clinical settings were noted. Patients exhibited
minimal discomfort, likely due to the noninvasive nature of
smartphone photography and the role of informed consent in
setting expectations.

Clinically, integrating smartphone-based photography into
teledentistry requires clear communication strategiesto enhance
patient comfort and trust. Future research should directly assess
patient discomfort during teledentistry encounters and explore
strategies to further minimize discomfort. Expanding
teledentistry training in dental education and professional
development will better equip dental professionals to use this
technology effectively, ultimately improving accessibility and
patient-centered care in dentistry.
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Abstract

Background: Direct-to-consumer (DTC) pharmaceutical advertising allocates billions annually in the United States; however,
the analysis of conversations on social media about DTC drugs remains sparse. Twitter (subsequently rebranded X) is serving as
aforum for pharmaceutical companies, their constituents, and social media health influencers to discuss topics related to DTC
drugs with high advertising budgets.

Objective: This study aims to examine user-generated topics discussed for the highest-budgeted DTC pharmaceutical drugs
and to identify the agenda-setting themes and uses and gratifications that emerged.

Methods: This social media listening study used Brandwatch to analyze Twitter conversations (August 2021-August 2023)
surrounding top-budgeted DTC brands from 2020 to 2022. A dataset of 44,700 mentionsfrom 26,800 unique authorswas analyzed
for content, sentiment, and thematic rel evance using agenda-setting and uses and gratifications frameworks.

Results:  Four dominant themes emerged: (1) patient experiences/testimonials, (2) drug pricing/insurance concerns, (3)
pharmaceutical news, and (4) advertising commentary. The content shows arange of potentially agenda-setting topics, including
pharmaceutical companies, their DTC drugs, patient experiences, costs, insurance, and advertising commentary. The uses and
gratifications we found included information, entertainment, economic benefits, and social benefits, with information being the
most prevalent.

Conclusions: Our study providesanimportant glimpseinto what is being discussed on Twitter by, with, and about pharmaceutical
drugs that spend billions on advertising each year [1]. Although more tweets were neutral than positive or negative, the overall
sentiment of the top termswas negative. The predominance of negative sentiment in our findings suggests that many social media
users express apprehensions or criticisms about these drugs, highlighting the need for improved communication, transparency,
and engagement strategies. Further implications are also discussed surrounding public policy and industry practice. Suggested
future research directions include NodeX L network analysis and qualitative inquiry into user motivations.

(Online J Public Health Inform 2026;18:e85641) doi:10.2196/85641

KEYWORDS
social medialistening; direct-to-consumer pharmaceutical advertising; agenda setting; uses and gratifications; patient engagement

conversations surrounding DTC drugs with high advertising
budgets. DTC advertising, on any channel, has the potential to
spark conversations among consumers. Those conversationson
social media extend the word-of-mouth impact to a larger

Introduction

Background
Around 60% of the world's population use social media [1],

and surveys have shown that up to 26% of Americans use social
media for health information [2]. In the United States, each
year, pharmaceutical companies spend hillions on
direct-to-consumer (DTC) pharmaceutical drug advertising on
various channdls, with TV remaining the dominant medium by
far [3]. DTC user-generated content on social media channels
provides an interesting and important environment to study the

https://ojphi.jmir.org/2026/1/e85641

audience and provide a greater ability to monitor the
conversation [4]. Recent publications express a continued need
to better understand reactions and conversations about these
drugs [5], given their large advertising budgets and the Food
and Drug Administration (FDA)'s ongoing consideration of
possible restrictions [6].
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This study begins to illuminate the intersection between
individuals' desireto obtain health information online, strategic
communication firms quest to promote clients’ brands through
creativity and engagement, and the FDA’s mandate to oversee
DTC drug advertising and protect public health. DTC drug
conversations on social media have begun receiving more
research attention, but one gap that remains is the use of social
listening tools to better understand the content, sentiment, and
trends surrounding DTC drugs on social media, beginning with
those brands that spent the most from 2020 to 2022. This
research contributes to scholarship in several ways, including
agenda-setting research (what agendas might socia media
conversations set?). The managerial implications of what
consumers are discussing online and how both advertising and
public relations practitioners may need to address consumer
concerns are also explored. Our research may help DTC
advertisers understand the impact their creative output has, as
expressed through consumers' social media conversations, uses,
and gratifications. Policymakers and pharmaceutical companies
may also benefit from identifying the agenda-setting themes of
social media conversations. This research aims to advance our
understanding of where and how individuals are exposed to
DTC drug information from a variety of sources in our
fragmented and diversified media environment. We will first
review some of what is aready known in this area before
describing our specific focus and socia listening methods.

DTC Advertising and User-Generated Content on
Social Media

While TV still accounts for the vast mgjority of ad spending,
the user-generated content and conversations surrounding DTC
adverti sements often occur online, and social listening facilitates
our understanding of these massive datasets[7]. This study will
help fill the gap in understanding what that online conversation
consists of for the top spenders and will begin exploring the
application of agenda-setting and uses and gratifications
theories. As is often the case when an area is first being
explored, the publications touch on a wide range of topics but
do not include a broad content-based social listening study like
ours. Papers that have been explored in this general area are
summarized in Multimedia Appendix 1. After the inception of
social media, research has investigated DTC on socia media
[8-11] to better understand broadly how pharmaceuticals were
being promoted by their companies and how influencers may
promote drugs[9], but little research has examined conversations
and influencers used across drug categories. Several paperscall
for moreresearch in thisarea[11,12].

Our study provides an important extension to this body of
research by examining a broader sample of user-generated
content, not just contents posted on company accounts or
focused on only narrowly defined, albeit important, health
concerns, such as obesity [13].

FDA Regulations of Social Media DTC Ads

Because our study helps document the content of social media
DTC drug conversations, we briefly review the guidance
documents to provide the reader with a general understanding
of the broader FDA regulatory and historical context. We
summarize key points of the FDA guidance documents and urge
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interested readers to read the documents for key details related
to agency expectations. Especially for readers who may not be
familiar with DTC advertising regulation, this provides needed
context for our study of Twitter (subsequently rebranded X)
conversations of high-budget DTC drugs and offers guidance
for future research. FDA regulation inthisareais ever evolving,
and the social media chapter is still being documented.

The FDA wrote several guidance documents in the 90s,
including those related to broadcast and print DTC ads. The
essence of those wasthat the ads must not be fal se or mideading,
should present afair balance of benefitsand risks, should include
the most important risk information, as well as the product
indication and limitations, in consumer-friendly language, and
should provide access to more detailed information often viaa
website [14]. The FDA also made provisions for “reminder”
(also known as help-seeking) ads that did not need to include
risk information when the benefits were not included alongside
the brand name.

One of the most obvious additions to the FDA guidelines to
address social media messaging [15] was the handling of the
character space limitations present on Twitter, renamed X in
July 2023, and other social media platforms. Twitter, prior to
2017, was limited to 140 characters, but that limit doubled in
2017. In 2023, Twitter began enabling subscribers to tweet up
to 4000 characters. Throughout the remainder of this paper, we
will use “Twitter” and “tweet” since the vast majority of our
data were collected when the platform used those terms. The
FDA acknowledgesthat the character limit is challenging, given
the amount of information needed for DTC advertising, and
does alow a reference, often a link, to access full risk
information, though risk information must still be balanced,
compared to benefits, and as prominently displayed [15].

Due to the fluid nature of online promotion, the FDA also
released adraft guidance to help communi cation agencies handle
“postmarketing” materials, such as dynamic, real-time
promotional activities online, including blogs or social
networking sites [16]. The FDA distinguishes between 3 main
types of content—sites directly under the control of the firm
(pharmaceutical company or their communication firm),
third-party sites, and content generated on the firm’'s behalf. In
each of these instances, if the firm has even partial control
(influence over content), then the firm is responsible for
submitting to the FDA under the “postmarketing” submission
requirements [16].

The third FDA draft guidance discusses third-party
misinformation that may be posted online, and the FDA
considersit voluntary whether the pharmaceutical company or
its communication firm wants to correct the misinformation
[17]. If thefirm choosesto respond, the draft guidance provides
more detail about how the response should be truthful and
nonmisleading.

Theoretical Frameworks

Overview

Two theoretical frameworkswere utilized to guide our research,
analysis, results, and future research suggestions. We chose
these 2 theoriesto best understand the varied roles of individuas
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on social media: contributor to media content (agenda-setting)
and consumer of content (uses and gratifications).
Agenda-setting theory isuseful for identifying which DTC drug
topics are being discussed most frequently as these topics may
be likely to impact engaged audiences, influence what they
think about, and inform what industry, policymakers, and
communicators may need to consider. Uses and gratifications
theory has a natural fit with user-generated social content and
provides a framework for understanding the content-related
themes.

Agenda-Setting Theory

Agenda-setting theory has a history spanning over 50 yearsand
encompasses multiple areas of mass communication research,
including news media [18,19], social media [18], advertising
[20], and health communication [21]. Agenda setting began as
away to describe how the news media establishes an agenda
related to political campaigns and what the public considers
important [22]. Decades of research have documented the strong
relationship between the topics covered by the media and the
i ssues peoplethink areimportant [23]. Agenda setting provides
aframework for understanding how social mediamay influence
what individuals consider significant in relation to DTC drug
advertising.

Although agenda-setting theory began with traditional news
media, it has been applied to social media health promotion
environments as well, specifically Twitter [4,21,24,25]. Yun et
al [4] applied agenda setting to conversations on Twitter and
examined key influencers to give recommendations for health
campaigns based on their network analysis. This crucial area
explores our understanding of which topics related to DTC
drugs are being discussed and how they may influence
individuals, the public, the media, organizations, and policy
agendas.

Uses and Gratifications Theory

Uses and gratifications theory dates back to the 1940s, and the
exploration aimed at better understanding why individuals
choose certain media and what purpose it served them. Nearly
80 years and hundreds of publications later, Dolan et al [26]
were among thefirst to suggest uses and gratifications theory’s
applicability to social media settings. They identified 4 main
groups of gratifying content for social media users based on a
review of published studies. information, entertainment,
remunerative (economic) benefits, and relational (social)
benefits. These differ somewhat in important ways from the
earlier typology that included diversion, personal relationships,
personal identity, and surveillance (information) [27]. Usesand
gratifications theory has been successfully applied to social
media in a variety of studies, including associations with
problematic internet use or addiction [28], impact on social
relationships and psychol ogical well-being [29], and Facebook
usage [30]. However, little to no research has specifically
applied uses and gratificationstheory to conversation involving
DTC-advertised drugs or the pharmaceutical industry.

Broadly speaking, individuals may obtain information about
DTC drugs directly from advertisements, traditional media
channels, or social media. This study aimsto help fill agap by
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identifying topics that may both provide individuals with uses
and gratifications and set agendaitemsfor the public to consider.
Thereview of theory and literature led us to formul ate two key
research questions:

RQ1: What user-generated health-related topics discussed on
social media mention DTC pharmaceutical drugs with the
biggest DTC ad budgets? Which, if any, could be agenda-setting
to the broader audience?

RQ2: What are the possible uses and gratifications that
individuals engage in related to DTC drugs on Twitter?
Additionally, are the mentions positive, negative, or neutral
based on sentiment analysis?

Methods

Our research used the social media analytics tool Brandwatch,
which tracks online conversations across various social media
channels. Social media*“listening” has emerged asan important
analytical method to investigate online social media content
[31-33].

Ethical Consider ations

The Texas Christian University Ingtitutional Review Board
reviewed the research protocol and found the study to be exempt
for human subjects research (2023-202). The authors adhered
to personal, professional, and research ethicsin conducting this
research and preparing the manuscript, and they did not discern
any conflict with the journal’s stated ethics. No informed
consent or compensation was required asthe review was exempt
from human subjects review.

Sampling

Giventhat very little research has applied social medialistening
techniques to DTC brands, we used purposive sampling and
included the top DTC advertising spenders for 2020 to 2022,
according to Kantar and Vivvix (listed in alphabetical order):
Botox, Cibingo, Dupixent, Eliquis, Entyvio, Humira, Jardiance,
Nurtec ODT, Opdivo (+Yervoy), Otezla, Ozempic, Rexulti,
Rinvog, Rybelsus, Skyrizi, Tremfya, Trulicity, Verzenio, and
Xeljanz [3,34-36]. Our rationale is that these brands may be
most likely to be talked about on socia media, given the
preponderance of ads on traditional media. Two brands that
spend significantly on digital formats, even with smaller overal
budgets, were added to the sample to provide a broader, more
diverse perspective—Orgovyx and Ponvory [3]. Multimedia
Appendix 2 includes the study’s drugs, their primary condition
treated, and their parent companies.

Study Design and Query Construction

We collected historical and archived tweets from August 1,
2021, to August 1, 2023, related to a sample of top-spending
DTC drug brands from 2020 to 2022 (Cibingo, Dupixent,
Eliquis, Entyvio, Humira, Jardiance, Nurtec ODT, Yervoy,
Otezla, Rexulti, Rinvoq, Rybelsus, Skyrizi, Tremfya, Trulicity,
Verzenio, Xeljanz, Orgovyx, Ponvory, Botox, and Ozempic).
We used these strategic keywords (drug brand names) as a
query. We filtered the tweets to show only thosein English and
posted by Twitter accountsin the United States. Our first query
gathered 486k total mentions and 247k unique authors.
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However, when analyzing the results, we found that most of
these mentions came from only the keywords “Ozempic” and
“Botox,” and these tweets focused on mentions not relevant to
the drugs themselves or our research questions, such as popul ar
culture or unrelated celebrity commentary, adversely affecting
the remaining keywords results by masking the DTC
pharmaceutical-oriented conversation. We removed Botox and
Ozempic to facilitate a clearer analysis by eliminating noise
caused by discussionsthat did not pertain to the research focus.
It isimportant to acknowledge potential limitationsin discerning
the context of conversations related to these drugs, but the
abundance of popular culture references unrelated to the study’s
focus overshadowed the relevant mentions from other brands
under examination and skewed the results. As a result, the
keywords “ Ozempic” and “Botox” were no longer included in
the final query and sample.

After analyzing the query results, we found that spam tweets,
deals and promotions, and automated bot tweets were aso
included in these mentions. Therefore, we refined the query and
used Boolean operators (OR and AND NOT) to combine and
exclude keywords and spam tweets that brought irrelevant
resultsto the search (see Multimedia Appendix 3 for additional
details on query construction) [37]. The new search results
gathered amore appropriate number of mentions, 44.7k, for the
second query during the selected time period. The sampling
method involved capturing tweets over a specified period using
relevant keywordsto ensure arepresentative dataset. Sentiment
analysis was conducted using Brandwatch’s natural language
processing agorithms, which werefurther validated by a manual
review to correct any discrepancies. Author analysis included
examining tweet authors' profilesto understand the contributors
demographics and influence.

Brandwatch generated helpful datareports and organized them
based on the search query topics into 3 main categories:
measure, conversation, and people. The measure category
included graphs that showcased the volume, content sources,
top sites, sentiment, and emotion of all tweets. Additionally,
Brandwatch generated a topics wheel, word cloud, and list of
trending topics and top hashtags for the conversation category.
Finally, the*People” section presented the general demographics
of the Twitter users, such as gender, interests, profession, and
influencers for the tweets in our data.

Statistical Analysis

Topics Analysis

Thetopicswhed collected the most frequently mentioned topics
in an interactive wheel graph. Each topic could be clicked to
view a list of all the tweets containing that specific keyword.
Similarly, the interactive word cloud displayed all the words,
phrases, and entities most frequently found within the twests.
In aword cloud, the font size of aword is determined by how
oftentheword is mentioned across tweets. The more frequently
aword isused, the larger it appearsin theword cloud. Like the
topicswhed, clicking on each keyword showed thetotal number
of mentions and the tweets for each mention. Each tweet
included its publishing date, reach, and a link to the Twitter
post and account profile.
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Wefurther analyzed the data using visualization methods (charts
or other graphic tools) to discover patterns across mentions by
applying thematic analysis techniques to the qualitative data
captured through Brandwatch. Initially, Brandwatch’s artificial
intelligence feature, Iris, generated preliminary categories. We
then meticulously reviewed, reorganized, and refined these
categories to ensure the accurate classification of sentiments
and themes. This process followed the inductive, emergent
approach recommended by Strauss and Corbin [38], involving
open coding to identify initial themes and axial and selective
coding to refine these themes into core categories. The topics
for coding were selected based on their frequency and relevance
to the discussion on Twitter about DTC pharmaceutical drugs.
Relevant tweets included any mention that helped determine
the type of content discussed on Twitter regarding DTC
pharmaceutical drugs.

Custom Classifiers

Wethen used custom classifiers, Brandwatch’s machine-learning
tool that uses the Brightview agorithm, to train custom
classification model s by adding mentionsfrom our query results
into different categories. The authors used a process similar to
content analysis to agree upon how exemplar data should be
classified. Once trained, the algorithm automatically assigns
categories to each mention. The four main topics identified in
the query for al other DTC drugs are (1) patient experiences,
testimonials, or opinions; (2) high drug costs, insurance, or
medical coverage; (3) pharmaceutical company or drug news,
and (4) advertising discussions.

Sentiment Analysis

To determine attitudes, opinions, and emotions expressed by
Twitter users, sentiment was analyzed using the Brandwatch
sentiment score of the 50 most frequently used keywords, also
shown in the word cloud (see Multimedia Appendix 4).
Brandwatch determines the sentiment metric by weighing the
number of positive and negative tweets for the keywords. A
higher net sentiment indicates more positive than negative
mentions, and a lower net sentiment indicates a higher ratio of
negative to positive mentions.

Brandwatch identifies words and phrases that indicate positive
or negative sentiment while setting rulesthat consider the effect
context might have on the content’ stone. Because Brandwatch’'s
automated sentiment analysis process may miss the nuances of
human communication (eg, sarcasm), we checked the positive,
negative, and neutral mentionsto verify that they were properly
categorized.

Sentiment analysisisvaluablefor understanding public attitudes,
opinions, and emotions on social media [39]. Analyzing DTC
pharmaceutical advertising sentiment can provide crucial
insights into how consumers perceive drug brands, their
effectiveness, and associated risks. Research has shown that
consumer emotions significantly influence decision-making,
including health-related choices [40]. By examining sentiment
in Twitter discussions, we can identify potential concerns, such
as skepticism about a drug’s efficacy, fears of side effects, or
distrust of pharmaceutical companies.
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Brandwatch’s sentiment analysi s uses advanced natural language
processing techniques through machine learning and linguistic
models to interpret social media conversationsin context [40].
These models are designed to recognize slang, misspellings,
and regional dial ects, making them more effective at accurately
classifying positive, negative, and neutral emotions. However,
given the potential limitations of automated sentiment
classification, manual verificationiscrucia for refining accuracy
and reducing misclassification errors.

Sample Description of Authors Posting

Understanding the demographic information of tweet authors
is helpful for providing context to online conversations.
Brandwatch determinesthe gender distribution of tweet authors
by analyzing user profile details and post content. However,
the exact methods used for gender inference remain proprietary
and are not publicly disclosed.

Thedataprovided by Brandwatch about the authors who posted
the Twitter content help provide context about the content we
described. Slightly morethan half of the postswere categorized
asmen (MultimediaAppendix 5). Themost common professions
associated with these Twitter accounts included health
practitioners, artists, executives, and teacherg/lecturers. The
authors' top interestswere family and parenting, politics, books,
and beauty/health and fitness. The most mentioned influencers
and authors included @BethWaldron (294 mentions),
@pharmacychecker (243 mentions), @TheAsthmaCures (163
mentions), @newsfilterio (144 mentions), and @CrweWorld
(102 mentions).

Results

Making Sense of the Data

We will first discuss the results of RQl—what are the
user-generated health topics that may be agenda

Textbox 1. Keywords categorized by topics.
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setting—followed by RQ2—how might these topics suggest
individuals' usesand gratifications, including sentiment analysis.
Between August 1, 2021, and August 1, 2023, therewere atotal
of 44.7k mentions and 26.8k unique authors on Twitter for the
search query related to the top-spending DTC drugs. Although
mentions included earned, shared, and owned media about the
topics of interest, the majority of mentions were shared and
earned. The word cloud in Multimedia Appendix 4 included
the top 50 most frequently used terms in the Twitter mentions
for this time period. In addition to the size of the word, the
shading of the word cloud indicates the volume of tweets
associated with each keyword. The darkest shade of blue
represents the wordswith the highest volume, while the lightest
shade of blue represents those with the lowest volume.

We analyzed the most common words mentioned within the
Twitter resultsthrough the word cloud derived from Brandwatch
Insights. The top 10 most frequently used terms (Multimedia
Appendix 6), contributing to a large majority of al mentions,
are“drug” (5796 tweets), “month” (4276 tweets), “years’ (3501
tweets), “cost” (3474 tweets), “dose” (3327 tweets), “COVID”
(3092 tweets), “treatment” (2911 tweets), “eczema’ (2845
tweets), “patients’ (2845 tweets), and “vaccine” (2764 tweets).
It isimportant to note that the number of mentions for the most
frequently used wordsis not cumulative. For instance, if asingle
post includes the words “drug,” “month,” and “cost,” it will be
counted as 3 separate mentions—1 for each keyword—despite
originating from a single tweet.

Many keywords included mentions that covered more than one
of the identified categories. Using Brandwatch’'s OpenAl tool,
Iris, and aclose examination of the keywordsin theword cloud,
we found four main topics from the mentions gathered: (1)
patient experiences, testimonials, or opinions; (2) high drug
costs, insurance, or medical coverage; (3) pharmaceutical
company or drug news; and (4) advertising discussions. Top
keywords for each topic are listed in Textbox 1.

1. Patient experiences, testimonials, or opinions

« sideeffects, years, patients, eczema got worse, blood, medication, taking, week, people

2. High drug costs, insurance, or medical cover

« COVID, dermatologist, month for dupixent, vaccine dose, told, years, paying, pocket, costs

3. Pharmaceutical company or drug news

o drug, cost, US, United States, cancer, dollars, prescription, biosimilar, treatment, lower

4. Advertising discussions

« commercial, song, ad, jingle, diabetes, woman, TV, people, Jardiance, commercials, big

RQ1: Agenda-Setting Twitter DTC Drug Themes

Patient Experiences, Testimonials, or Opinions

The results from the keywords “years,” “patients,” “week,”
“side effects,” “migraine” “eczema got worse,” “told,” “life,
“blood,” “fed,” “medication,” and “control” also include awide
range of patient experiences and testimonials. Additionally,
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users discuss the side effects of various medications, such as
Nurtec ODT, Humira, Jardiance, Rexulti, Xeljanz, Dupixent,
Verzenio, and Eliquis. Concerns are expressed about the side
effects of hiologic medications, particularly Humira and
Dupixent. Multiple users shared their experiences and side
effects of taking drugs like Ozempic, detailing symptoms such
as pale skin, lack of energy, constant body aches, and nausea.
Notably, despite removing Ozempic from the sample dueto its
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prevalence in popular culture references not relevant to the
study, theterm was still mentioned alongside other drug names.
These mentions differed significantly asthey directly reflected
the experiences of patients, offering valuable insights into
comparative analyses with other brands previously utilized by
patients.

However, positive experiences with medications are also
highlighted, with some tweets emphasizing the transformative
effects of certain drugs, such as Dupixent improving the lives
of individuals with eczema and Nurtec ODT providing relief
for people experiencing migraine, overall improving their quality
of life. For example, user @E_lisa Beth tweeted, “| have had
eczemasince | was 2. I've had it just about everywhere. It got
to the point my hands would split open. | couldn’t wear any
type of sandals, b.c my feet were so bad. Been on dupixent for
amost 4 years now. It is the miracle medication I've been
waiting for my entire life.”

High Drug Costs, Insurance, or Medical Coverage

The keywords and phrases “cost,” “dermatologist,” “vaccine
dose” “pocket,” “month for Dupixent,” “years” “paying,”
“told,” and “COVID” were some of the most frequently
mentioned words in conversations on Twitter that highlight a
range of issues related to high drug prices, the cost of
medications, and insurance dissatisfactions. Users compared
drug prices, emphasizing the discrepancy in the cost of Humira
between the United States and other countries, including Italy,
Germany, and France. They also criticized pharmaceutical
companies for what is perceived as price gouging, particularly
in the case of top-selling drugs, such as Eliquis, Humira,
Trulicity, and Revlimid, which, according to users, are
significantly more expensive in the United States than in other
countries (eg, @ChrisMurphyCT posted on Twitter “Cost of
Humira: US: $3216 Italy: $526 Germany: $420 France: $248
When are we going to realize that our drug pricing policiesjust
subsidize cheap drugs for the rest of the world? It's a classic
freerider problem.”).

A common topic to tweet about is the financial burden placed
on patients because of high medication costs and the need for
more affordable options. Furthermore, thereis criticism of US
drug pricing policies, with users suggesting that these policies
result in subsidizing cheaper drugs in other countries. These
comparisons highlight the substantial differencesin drug pricing
and rai se questions about why drugs are more expensive in the
United States compared to other nations. Some tweets mention
the role of government, policymakers, and legislation in
addressing the issue of high drug prices and negotiating prices
with pharmaceutical companies to make medications more
affordable for patients (eg, @Terryfor88 tweeted,
“ @amyklobuchar Could you look into the cost of Eliquis, a
lifesaving necessary drug. It is very expensive even with
Medicare and a supplement. There is no generic so drug
companies need to lower the cost. Thank you.”).

Someindividuals expressed their frustration with out-of-pocket
expenses and the impact on their ability to afford necessary
treatments, even with insurance coverage. Insurance and
medication coverage concerns are also prevalent in Twitter
conversations with the keywords “U.S.,” “United States,”
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“pocket,” and “insurance.” Usersdiscussed issueswith insurance
coverage for medications like Eliquis and the need to switch to
alternative drugs dueto insurance policies. There were mentions
of insurance companies denying coverage or requiring prior
authorization for specific medications, leading to dissatisfaction
among individual s regarding insurance plans and their handling
of drugslike Entyvio, Humira, Mounjaro, Victoza, and Trulicity.
For example, @L.iliVicCreation tweeted, “1’m absol utely gutted
about this Dupixent situation. My insurance is already denying
my refill requests and | have no more medicine. | can’t believe
these companies can just decide to stop covering medications.
| hate private insurance companies.”

Pharmaceutical Company, Drug News, and Advertising
Discussions

Because these 3 topics were somewhat intertwined, we present
them in one combined section. Some Twitter discussions,
including keywords such as“U.S.,” “United States,” “dollars,”
“commercia,” “best-selling,” “biosimilar,”  “Jardiance
commercias,” and “treatment,” concerned pharmaceutical
company practices and competition. Criticism was directed at
pharmaceutical companies, particularly AbbVie, for increasing
drug prices over time and delaying competition in the market.
Users also expressed concerns about the implications of
competition among drug companies, particularly blockbuster
drugs such as Humira and Dupixent.

Moreover, sometweets expressed mixed feelings about therole
of celebrity endorsements in pharmaceutical marketing, such
as Lady Gaga endorsing Pfizer's migraine drug Nurtec ODT,
with some people asking Lady Gaga to “stop pushing
pharmaceuticals on the public and her fans” Additionally,
criticism of the portrayal of individuals with overweight
conditions was found in certain pharmaceutical commercials,
leading to discussions about insulin costs and misconceptions
about diabetes. For example, a user tweeted, "I’m sure they
mean well but everyone in the new Jardiance commercial is
obese. This fuels GOP insulin costs talking points. Type 1
diabetics are insulin dependent & it has nothing to do with
weight. It runsin my family. My slim brother was dx with type
1 diabetes @ age 28"

On the other hand, amusement and mockery of what users
clamed to be “the cheesy and irritating” nature of
pharmaceutical commercials made them “cringe” Mentions
revolve around the annoyance, particularly focusing on drugs
like Jardiance's and Skyrizi's use of jingles and repetitive
messaging. They aso discussed how commercials often
highlight countless side effects, pricing issues, and the overall
saturation of drug advertisementsin the media.

Users express mixed feelings about the Skyrizi ad, with some
finding it amusing while others fee overwhelmed by its
frequency. The commercial’s focus on various medical
conditions and its musical approach has sparked discussions
and reactions among viewers. A user wrote, “| still hate that
Jardiance commercia. The little pill | hope goes straight to
hell.” There are aso discussions about the pharmaceutical
industry’s advertising practices, as seen in commercials for
drugs such as Jardiance or Skyrizi. The ads' focus on specific
medical conditions, side effects, and pricing issues has sparked
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debates about the effectiveness and ethics of DTC marketing
in the health care sector.

The keywords and phrases “FDA; “years” “COVID;
“patients,” “effects,” “prescription,” “biosimilar,” “control,”
and “cancer” are somethat highlight various regulatory aspects
of FDA approvals and drug treatment news, including those for
different types of cancer and chronic diseases. Additionally,
multiple tweets reported FDA updates regarding various
medications, including label updates, approvals for treating
specific conditions, diseases, or new indications, and warnings
about compounded medicines and their use as substitutes for
prescription drugs. Some tweets from news accounts announced
the FDA’s approval of medications such as Rexulti and Dupixent
for treating symptoms associated with dementia, specifically
agitation and eosinophilic esophagitis, respectively. Other tweets
announced the approval of drugs such as Rinvoq and Rexulti
for treating particular diseases or conditions, such as Crohn
disease, eosinophilic esophagitis, agitation in individuals with
Alzheimer disease, and psoriatic arthritis (@LEAD_coalition
tweeted, “FDA Approves First Drug to Treat Agitation
Symptoms Associated with #Dementia due to #Alzheimer

https://ojphi.jmir.org/2026/1/e85641

Macias & Navarro Castillo

Disease https.//www.fda.gov/news-events/press-announcements/
; it L e iadpdtETEsd
by @US FDA.").

RQ2: Topic Application to Uses and Gratifications

Sentiment Analysis

Examining how the topical themes indicate individuals' uses
and gratifications provides an additional layer of analysis and
application. The 4 uses and gratifications we used came from
the social media perspective, including information,
entertainment, economic benefits, and social benefits [28], due
to their applicability to the unique social media environment.
Wefelt it wasimportant to consider the sentiment analysis here
to capture the positive or negative nature of these posts, as it
hel ps capture the context of how the giver or receiver isfeeling
and the underlying tone of the posts.

The overall net sentiment score for the top 50 keywords is
negative, with 43 keywords having an average sentiment score
of —47.7, 3 keywords with a score of 0, and 4 keywords with
an average sentiment score of 6.5. Figure 1 shows each
keyword’s total number of mentions and sentiment score.
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Figure 1. Query keyword mentions and sentiment score. FDA: Food and Drug Administration.

Topic name Mentions Sentiment score

Drug 5796 19

Month 4276 71

Years 3501 66

Cost 3474 .
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Patients 2845 B

Vaccine 2764 -93

World 2672 |
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Vaccine dose 2446 99
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Prescribed 1528 —77
Prescription drugs 1527 E -2
Approved 1467 - =7
Pfizer 1379 -0
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Life 1347 52
Diabetes 1341 10

Inf . neutral mentions encompass a wide range of earned media
nformation shared on Twitter, highlighting the achievements of
Some express a neutral sentiment, focusing on competition  pharmaceutical companies, drug advancements, or research,
among pharmaceutical companies, including discussionsabout  without indicating afavorable or unfavorable stance toward the
dternative drug options or biosimilars [41]. However, most subject matter. For instance, Fierce Pharma tweeted,
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“Boehringer Ingelheim posts more Jardiance growth as potential
US kidney disease approval nears,” while linking their news
article.

The effectiveness of various medicationsin treating conditions
such as rheumatoid arthritis and colitis was another discussion
reflecting some patients’ negative experiences. We listed these
under information because individual s were often sharing their
own experiences to help others who might benefit from
knowing. Positive tweets mentioned users' positive experiences
and results with medications, such as Skyrizi, Humira, Rinvoq,
and Trulicity. A user responded to a tweet that asked for
suggestionsfor autoimmuneillness-related eczemaby describing
how they were “grateful every day that | take Rinvoq for my
autoimmune illness. Makes aworld of difference. Five earlier

Textbox 2. Jardiance posts.
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medswere useless. Keep trying.” Similarly, another user replied,
“1 have been on Dupixent for eczema, and | also have RA so |
very much feel you. Been on the Dupixent for just over ayear,
and it cleared 99% of my eczema which was mostly on my
hands within a month or two. Absolute game changer for me
and the only thing that’s ever worked.”

Entertainment

Tone was important for entertainment as some posts were
sarcastic or made fun of the ads or creative elements within
them. It might not be that the individuals found the ad
entertaining but rather that they were attempting to entertain
others with their commentary. Example tweets are included in
Textbox 2.

Ok | hate Pharmaand | HATE Pharma advertising but real talk:

that Jardiance commercial kinda slaps
looking at the TV with the commercial init.

The commercia for Jardiance with the lady dancing and singing is so stupid. How does one have a“touch” of diabetes?

“I"'m lowering myyyy alc!!! Here's Hazel enjoying the commercial. User added a picture of their cat

Economic Benefits or Concerns

Many of the negative mentions gathered in this analysis
primarily focused on different aspects of heath care and
medication concerns, aligning with economic benefits—or in
this case, concerns. Notable themes include reports of negative
side effects following COVID vaccinations, particularly in the
context of eczemaworsening, which lead to costly prescriptions
like Dupixent for symptom management (Figure 2). Medication
prices and their impact on affordability were a prominent

Figure 2. Dupixent screenshot.
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Figure 3. Humira screenshot.
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concern, with many individuals expressing frustration and
apprehension about the high costs associated with drugs such
asHumira, Eliquis, Jardiance, and Trulicity, sometimesresulting
in discontinuation (ie, ceasing medication treatment) or financial
hardships. I nsurance coverageissues compounded thefinancial
burden, particularly when obtaining specific drugs such as
Humira and Entyvio. Figure 3 shows a post stating Humirais
“one of the best-selling...” but costs most in the United States
than the rest of the world.

RT ¢healthbyjamas °1 had my aczema so0 wall under contral for 29 years, but after every
COVID vaccing dose, iy BC2ema oot Worse and worse,
now i'm paying Néd dollars a month for dupizent out of pocket that | dide’t need bafora 1ha
SO0 vaccine— 1'm 50 fed up™ hitps:it

was told 10 e a dermatolegist and

co/HSBIFLZ1gx

I, That is more than 500 times the average for the rest

~+ Emngane

Main Query Topics: | Pharm compang Drug

Tweets also highlight users' positive results from drug trials,
such as Dupixent and Nurtec ODT, in treating chronic diseases,
including chronic obstructive pulmonary disease, migraines,
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Social Benefits
Social benefits were often related to posts about how the drugs

Figure 4. Entyvio screenshot.
8 ¥

|4 = For the first time since 2004 my colonoscopy showed
for Entyvio!!!

While these were the only topics clearly tied to social and
relational benefits, we know that there may be unspoken social
benefits inherent in social media interactions; however, the
tweets themselves did not display that content beyond these
instances for our data and topic area.

Discussion

Our study provides an important glimpse into what is being
discussed on Twitter by, with, and about pharmaceutical drugs,
which spend billions on advertising each year [3]. Although
more tweets were neutral than positive or negative, the overall
sentiment of the top terms was negative. The predominance of
negative sentiment in our findings suggests that many social
media users express apprehensions or criticisms about these
drugs, highlighting the need for improved communication,
transparency, and engagement strategies. These data are
particularly valuablein pharmaceutical advertising, asthey help
identify consumer concerns, skepticism, and potential
misinformation [38].

The content highlights a range of potentially agenda-setting
topics, including pharmaceutical companies, their DTC drugs,
patient experiences, costs, insurance, and advertising
commentary. Twitter is serving as a forum for pharmaceutical
companies, their congtituents, and socia media hedth
influencersto discusstopicsrelated to top-spending DTC drugs.
To make the 44.7k mention number less arbitrary, our data
indicate an average of 61 top-spending DTC drug mentions per
day. We have certain hot topicsand iconslike Lady Gagagarner
far more, but Twitter seems to be a popular place to connect
with others about pharmaceutical concerns and thoughts.

We found both agenda-setting and uses and gratifications
theories helpful for contextualizing our data. On Twitter, since
anyone can post, the concept of agenda-setting broadens to
include a variety of experts and nonexperts. The result is often
a collection of opinions, perceptions, experiences, facts, and
fictions. Key agendas emergein thetopical themesweidentified
regarding pharmaceutical companies, insurance, drug costs, and
patient experiences. However, intent is not always clear; do
people post with the intent of influencing a broader agenda?
Some may want to share experiences for the cathartic nature of
it, while others aim to influence the system or help others on
their path. This need to connect has been noted in previous
research [41] about online message boards, which were the
precursorsto socia media

This study demonstrates how Brandwatch can provide a
high-level overview of the DTC drug conversation on socid
media. None of the topics are a surprise, but they empirically
confirm what we may anecdotally believe is on the minds of
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impacted their livesin apositive way or how grateful they were
for the drug treatment, as shown in Figure 4.

15981

no evidence of active colitis! Three cheers

consumers and patients. Professional DTC drug communicators
need to be in tune with their audiences so that consumers do
not perceive their messages as oblivious, out of touch, and only
focused on their brand. We observe this disconnect between
communication strategy (eg, singing and dancing) and patients
headspace in the comments about “ cheesy and irritating” nature
of DTC ads that has aso been noted in academic research
[42,43]. DTC ads have a very challenging communication
situation in balancing FDA guidance requirements, conveying
technical medical termsin consumer-friendly ways, executing
the branding strategy, satisfying client wishes, and connecting
with an often-diverse audience. Tools such as Brandwatch and
social medialistening are key to staying relevant and up to date.

Uses and gratifications were not equally represented but were
dominated by information, economic benefits, and
entertainment. It was not evident how socia benefits were
sought or obtained. Thesefindings are helpful for both academic
researchers to understand the applications of this longstanding
theory, as well as for policymakers to be aware of their
constituents' concerns. Some advertising practitioners, especialy
those with DTC drug accounts, may also benefit if they do not
have access to tools such as Brandwatch. The data presented in
this study help them to understand what topics are most often
discussed for high-budget brands, as well as the uses and
gratifications that social media users predominantly obtain.

This study also hasimplications for policymakers who oversee
the health insurance, medical, and pharmaceutical industries.
We found several themes related to regulation and pricing in
theseindustries that policymakers and regul ators woul d benefit
from understanding better. DTC drug advertising is at thistime
only alowed in the United States and New Zealand and has
garnered criticism since its start in the 1990s for increasing
prices, among other things [44,45]. It is interesting that
comments attributed high drug costs in the United States to
subsidizing drugs in other countries as opposed to the cost of
DTC contributing to what consumers pay.

Important next steps in this area of research may include a
network analysis to examine the connections and interactions
between various agents (eg, pharmaceutical companies, social
mediainfluencers, individuas, etc). Thiswould reveal how the
information flows through networks since our investigation
focused solely on the content of the information. Another
extension may be to include a wider variety of media budget
beyond the top spendersamong DTC drugs and see how volume
and type of conversations may differ. A final extension may be
to explore the qualitative and quantitative data to understand
thewhy behind the what; since social medialisteningissimilar
to content analysis and cannot know why something was written.
We encourage researchers to continue the application of
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agenda-setting and uses and gratification theories, especialy in
pursuit of cause-and-effect findings. Social media listening is
most similar to content analysis and is not able to know what
effect the content topics we documented are. Do the topics
impact what consumers care about (agenda setting)? Do
policymakers pursue legislation related to these key agendas?
What is the motivation behind individuas uses and
gratifications? Do these conversationsimpact consumer choice
related to health conditions or DTC drug behaviors (eg, medical
professional conversations, prescription adherence, or
interpersona word-of-mouth referrals)?

These ideas for future research would help to fill gaps left by
the limitations of this study. Since this study focused on
top-spending DTC drugs, it is important to look at a range of
different spending levels and draw a probability sample to get
arepresentative view of all DTC social mediadrug postings. It
is also important to keep in mind that drug brands with a high
advertising budget typically have also recently been approved
for medical use by the FDA, act in ahighly competitive market,
and/or are under high public scrutiny. This means that a high
advertising budget alone does not necessarily explain
characteristics of the social media discourse on Twitter, and
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these other factors may also contribute to this study’s findings.
Expanding the scope to include more platforms, beyond Twitter,
would be another logical next step to compare differences and
similarities. Furthermore, studies examining the content of
messages are limited by not knowing what impact those
messages have in terms of interaction, awareness, and
understanding. These are key areas for future research. Future
research may examine the connections between posts, topics,
brands, and entity posting, perhaps using NodeXL or similar
toolsfor conversation analysis. Qualitative investigations could
explore the strategies or motivations of the individuals posting
to delve even deeper.

A couple of other limitationsthe reader should consider include
the sample description, historical events during the sample
timeframe, and the difficulty in assessing sentiment. While
estimates of tweet author descriptions promise useful insight
into demographic trends, we must also recognize that this
methodol ogy may have inherent limitations. The categorization
of keywords was not mutually exclusive, so the reader will
notice that keywords could be shared between topic categories,
resulting in an unavoidable overlap in naturally adjacent topics,
such as patient experiences and drug costs.
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Abstract

Background: Lonelinessisadynamic phenomenon that can be investigated using social media and web data.

Objective: This study aims to introduce a framework for studying loneliness through social media and online data sources. A
case study is presented to demonstrate the deployment of this framework and its effectiveness in collecting and analyzing data
related to loneliness.

Methods: Our proposed framework involves collecting data from various social media and online sources. We discuss the
modalities of analyzing the collected data based on the framework’s defined purpose. The analysis was conducted using tools
such as Google Trends, the News application programming interface, X (formerly known as Twitter), Reddit, and other social
mediaplatforms. Different types of datawere categorized according to the proposed framework to understand and study loneliness
comprehensively.

Results: The results demonstrate the effectiveness of our proposed framework in collecting various types of data related to
loneliness. Tools such as Google Trends and the News application programming interface provided insightsinto lonelinesstrends
in specific regions. Social media platforms offered behavioral data on loneliness, which were analyzed using sentiment analysis
and social intelligence techniques. Correlations between loneliness and personal-emotional and socioeconomic categories were
identified through this analysis.

Conclusions: The framework and tools discussed in this paper complement psychosocial approaches to loneliness, which
typicaly rely on self-report measurements. By incorporating online data perspectives, our framework provides valuable insights
into loneliness dynamics, enhancing our understanding of this complex phenomenon.

(Online J Public Health Inform 2026;18:€59861) doi:10.2196/59861

KEYWORDS

health informatics; loneliness informatics; loneliness theory; health effects; loneliness interventions; 1CT-based interventions;
social media—based interventions; social media; ICT; lonely; loneliness; social isolation; analysis framework; Twitter; Reddit;

behavioral data

: dynamic phenomenon that is understood from multiple
Introduction perspectives and disciplines [2]. It can be studied from an
Background information and health informatics perspective. Applying data

and data science disciplinesto study health in rapidly changing
scenarios has led to the development of fields such as
infodemiology and infoveillance [3]. There is a demand for a

Loneliness has global public health consequences. Loneliness
not only affects the mental health of people worldwide but also
has consequences for physical health [1]. Loneliness is a
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framework that is based on the tools of infodemiology to study
loneliness through data sources avail able online and from social
media.

The proposed socia intelligence analysis framework for
loneliness in this paper has four parts: (1) identifying trends,
(2) monitoring the news, (3) exploring the breadth of topics,
and (4) finally analyzing the depth of topics. In the first stage,
it isimportant to know how the phenomenon being investigated
has ageneral trend. This stage gives us the overall scope of the
topic and its temporal dimensions. When the tempora
dimensions are known, we can go to the second stage of
analysis, which is to know whether the phenomenon is getting
coverage in a specific geographical area. Thethird stage of the
analysisisto use social media data to analyze the correlations
and associations of the phenomenon in the geographical area.
This part can focus on the breadth or the variety of related topics
and correlations. The fourth stage, which can compound the
third stage, is to provide details on the topics and correlations
of the phenomenon.

This paper aims to provide a demonstration through data
collection and data analysis according to the proposed
framework. Social media and online sources can help us
understand the prevalence of loneliness to devise
technol ogy-based and community-oriented strategiesto address
it. While technology may have resulted in a fragmented and
individualized existence, it can also be a great healer. Therise
of social media has transformed the way in which we interact
with others, offering new opportunities for social connection
and communication. Loneliness is a common experience that
can have negative effects on mental and physical health, and
social media use has been implicated as a potential contributor
to loneliness [4]. Governments such as Japan and the United
Kingdom have designated positions dedicated to loneliness. In
response to rising concerns about social isolation, particularly
among older adults and young people, Japan appointed a
Minister of Lonelinessin 2021 [5]. As can be seen, in addition
to piquing the interest of scholars, with the engagement of
governments, loneliness has become a component of public
health.

Objectives

The proposed framework uses Google Trends, the News
application programming interface (APIl), and data from X
(formerly known as Twitter) and Reddit under the
interdisciplinary field of infodemiology. Further studies and
discussions in infodemiology can be found in the works by Jia
et al [6], Eysenbach [7], and Yu et a [8]. We make adistinction
between web and social media sources because socia media
sources are self-reported and can provide an intimate and
personal perspective. By web sources, we mean sources other
than social media. Although the main focus of this work was
on the United States, country-specific filtering can be used for
Google Trends, the News APIs, and X data. The Reddit API
does not provide the data for a particular country, so Reddit
data on loneliness only includes worldwide posts. Thisis one
of thelimitations of this demonstration of the social intelligence
analysis framework. Nonethel ess, Reddit data can still provide
useful insightsfor the study of loneliness. We used the sentiment
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intensity analyzer contained in the Natural Language Toolkit
(NLTK; Team NLTK) and Vaence Aware Dictionary and
Sentiment Reasoner (VADER) [9] from the NLTK for various
analysesin this study.

Thisstudy aimsto introduce aframework for studying loneliness
through social media and online data sources. The framework
isimportant to understand loneliness using data available online
and to complement the theoretical and psychosocial
understanding of loneliness.

Methods

Overview

Most researchers in the fields of sociology, public health, and
psychology have studied loneliness using the University of
Cdlifornia, Los Angeles (UCLA), Loneliness Scale [10-12].
The UCLA Loneliness Scale is a measuring instrument
developed by Russell [13] at UCLA. It isan essential instrument
for assessing subjective perceptions of loneliness. The scale
comprises 20 items. The UCLA Loneliness Scale investigates
various dimensions of loneliness involving social isolation,
relational quality, and self-reliance. Its core domains—social
connectedness, relational connectedness, and
self-reliance—investigate the availability and depth of socia
interactions and assess an individua’s capacity to manage
loneliness. It has been broadly used in psychological research,
specifically in assessing the effects of loneliness on mental
health and social behaviors across diverse demographic groups.
The UCLA Loneliness Scale is a valued quantitative measure
[13]. The proposed framework provides acomplete assessment
of loneliness, helping to identify, recognize, and theoretically
address feelings of isolation, thereby generating discussions
about social associations and guiding possible interventions to
alay loneliness.

The UCLA Loneliness Scaleis a set of questions, whereas our
framework collects behavioral information and unstructured
text data, in addition to other online data, to understand
loneliness. For the sake of brevity, adetailed explanation of the
proposed framework is not included in this paper.

Proposed Framework

The proposed socia intelligence analysis framework for
studying lonelinessleverages awide range of datasourcesfrom
across the web and social media, addressing the challenges of
extracting meaningful information from the overwhelming
volume of available online content. Traditional measures of
loneliness, such asthe UCLA Loneliness Scale, have long been
used in scientific and psychosocial research to assess
individuals' subjective feelings of socia isolation, well-being,
and connection to others. However, these measuresrely heavily
on self-reported survey data, which while valuable, only capture
loneliness in controlled, specific contexts. In contrast, the
proposed framework uses real-time, publicly available online
data to offer a more dynamic and expansive perspective on
loneliness as it naturally occurs in society. The framework is
divided into four key parts: identifying trends, following the
news, analyzing the range of topics, and examining the depth
of discussion.
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In the first stage, identifying trends, Google Trends is used to
track the frequency with which people search for
loneliness-related terms over time. This tool alows for the
analysisof temporal patternsin public interest, offering insights
into the external factors—such as societal events, economic
downturns, or health crises—that may cause fluctuations in
loneliness. For example, spikesin searchesfor loneliness-related
terms might coincide with lockdowns during the COVID-19
pandemic, indicating increased public concern. In addition,
Google Trends provides regional data on where these searches
originate, helping researchers and policymakerstarget resources
and interventions to the areas most affected by loneliness.
Google Trends also offers related search queries, enabling the
discovery of connected terms such as*lonelinessin older adults’
or “loneliness and mental health,” which can guide further
research and exploration.

The second stage, following the news, involves analyzing news
articles using news APIs, such as the News API, Google News
API, and Bing News Search API. News coverage of loneliness
reflects broader societal interest and how lonelinessis framed
and discussed in the media. By examining trends and patterns
in news reporting, researchers can gain insightsinto the causes,
consequences, and public perceptions of loneliness. Media
coverage often highlights demographic variations, such as the
loneliness of older adults or teenagers, and reveals how
lonelinessis discussed within the context of mental health, social
isolation, or public health crises. News stories often feature
personal experiences, providing a deeper look into how
loneliness affectsindividuals. In addition, news analysisallows
researchers to monitor how public awareness of loneliness
evolves and how mediaframing might influence public attitudes
or contribute to the stigma surrounding loneliness.

Inthethird stage, analyzing the range of topics, the focus shifts
to social media platforms, particularly X, where users express
their personal feelings and opinions in real time. Through
keyword searches and sentiment analysisof X data, researchers
can observe the range of experiences and emotional responses
associated with loneliness. The short-form, real-time nature of
posts on X allows for the collection of self-reported loneliness
experiences, capturing personal, emotional, and psychological
aspects of the phenomenon. Furthermore, the wide range of
topics and hashtags related to loneliness can help researchers
understand the broader social, economic, and political factors
influencing loneliness, providing a more diverse understanding
of theissue.

Finally, in the fourth stage, examining the depth of discussion,
platforms such as Reddit provide a more in-depth exploration
of loneliness through longer, more detailed posts and
discussions. Reddit users often engage in communities, or
subreddits, dedicated to specific topics, such asr/loneliness or
r/depression, where they share personal experiences and seek
advice. Thisdetailed, often anonymous sharing allowsfor more
honest and comprehensive insights into the complexities of
loneliness. The depth of these discussions makes Reddit a
valuable tool for uncovering the more nuanced, persona
dimensions of loneliness, particularly its emotiona and
psychological impacts. Reddit's forum-based structure also
allows researchers to track the evolution of discussions over
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time and identify recurring themes and subtopics, contributing
to a deeper understanding of loneliness.

Demonstrating the Proposed Framework

In the initial implementation of the framework, the aim is to
gain an understanding of the underlying patterns associated with
the phenomenon under investigation. Thisinitial stage provides
a comprehensive view of the topic and its temporal aspects.
Oncethesetemporal dimensionsare determined, we can proceed
to the second stage of analysis, which involves assessing
whether the phenomenon is receiving attention within specific
geographic regions. Thethird stage of the analysisentailsusing
social media data to explore the relationships pertaining to the
phenomenon within these geographical areas. This stage can
either focus on the diversity and the broad spectrum of the
associated topicsand correlations or delveinto specific aspects.

Building on the insights gained in the third stage, the fourth
stage involves a more in-depth examination of the topics and
correlations associated with the phenomenon. In the following
sections, wewill explain each of these stagesin detail, outlining
the tools and methodol ogies that will be used to facilitate their
execution.

This paper aims to demonstrate the socia intelligence analysis
framework through a case study in which data on loneliness
were collected from online data sources. Themajor contributions
of this paper are asfollows: (1) demonstrating how data can be
collected in an organized way and how to analyzethem to gain
meaningful insights about the nature of loneliness, (2)
demonstrating how different online and social media data
sources can provide varied information on the dynamic and
changing nature of loneliness, and (3) categorizing the themes
and topics associated with loneliness into socioeconomic and
personal-emotional or other relevant categories from the data
collected and processed through the social intelligenceanalysis
framework.

Data Collection

Asthisframework involvesfour different data sources, the data
collection for each data source followed the specifics of the
associated API and the rules of the data source. The datasources
were Google Trends, the News API, X, and Reddit. First, data
from Google Trends were collected for the year 2022. The
dashboard of Google Trends allowsfor searching for aparticular
country using keywords, aswell as searching for aspecific year.
For the news analysis, we used the News API in Python (Python
Software Foundation). The datawere collected for the keyword
“loneliness’ in the United States. On the basis of the data
collected in this stage, the analysis could focus exhaustively on
specific cities or countries to collect more data about them.
However, we did not want to limit the search to one specific
country to alow for the collected datato be a proof of concept.
The collected data on X were merged based on location, user
ID, and post ID to identify posts from the United States. The
total number of posts was 100,000. The words “lonely,”

“loneliness,” “aone,” “isolated,” and “isolation” were used to
retrieve the posts.

The Reddit data collection methodology is relatively
straightforward. Reddit isaforum-based social mediaplatform
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where people post about a topic on a subforum dedicated to it.
These subforums are called subreddits. The Reddit API provides
access to individual subreddits to download the top posts on a
topic, which is determined by the number of upvotes and other
parameters of engagement. The posts from the r/loneliness
subreddit were collected through the Reddit API. The
r/loneliness subreddit has 13,000 members who can post and
comment in this subforum. Reddit has its own agorithm for
giving scores (ie, higher visibility to posts), which also contains
input from other usersin the form of upvoting.

We collected the top 2000 posts from the r/loneliness subreddit
with all their comments. The comments varied for each post,
both in number and size. It is worth noting that some of the
comments were of the same length or even longer than the

Shah et a

original posts. Thus, the comments constituted valuable data
on loneliness. In total, more than 2000 individual texts were
analyzed, which was estimated by multiplying the posts by the
average number of comments per post. While some posts did
not have comments, the maximum number of comments for a
single post was 55. The average number of commentswas4.51,
and the total number of comments was 8570. When combined
with the posts, this resulted in more than 10,000 unique texts
or personal expressions of lonelinessfrom Reddit. We analyzed
both the posts and the comments to determine the frequency of
occurrence of words to locate the correlations of topics and
themes with loneliness. The flowchart in Figure 1 shows the
details of the data collection and analysis process used in this
study.

Figure 1. Loneliness framework flowchart. API: application programming interface; NLTK: Natural Language Toolkit; VADER: Vaence Aware

Dictionary and Sentiment Reasoner.
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X Data Analysis

We collected a particular number of X posts using keywords
related to loneliness. If wereported all the X poststhat contained
feelings of loneliness, we would not have required a further
stage, but the question here is how the expression of loneliness
can imply negative consequences, such as mental health
problems. In that case, the problem becomes determining the
association or correlation between themes (which may represent
loneliness) and keywords representing loneliness. For instance,
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we had to determine the relationship between “hurt,” “sick,”
“tired,” and “sleep” and the expression of loneliness. This task
is usually carried out by associating lexicon categories with
postsincluding the words “lonely” or “aone.”

The problem we formulate in this paper is broader in scale.
Thus, the limited scale of representative X posts had to be
interpreted in a novel way to provide meaningful insight into
loneliness. All the posts in the dataset contained keywords
representing loneliness. These data could be analyzed to find
the association between loneliness and other socioeconomic or
personal-emotional categories worldwide or for individua
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countries. Analyzing these dataisimportant to provide aglobal
picture of the determinants of loneliness and to provide a tool
for policymakersto addresslonelinessin their specific countries.
However, “lonely” or “aone” can aso be mentioned in a
nonnegative way. Using sentiment analysisand manual analysis

Figure 2. Pipelinefor processing Twitter data.

De-identification
of users

A 4

Tweet

Cleaning of data

Lonelinessin the context of mental health isanegative emotion,
which is why the sentiment analysis stage is required—to find
out how loneliness is expressed. For an analysis of loneliness
in the context of mental health, we filtered out the X postsin
which the expression of loneliness was negative. The collected
posts also contained metaphorica uses of “lonely” or
“loneliness’ that did not pertain to our use of loneliness. Such
mentions of loneliness were present in positive- and
neutral-sentiment posts. The definition of loneliness in this
paper connotes anegative feeling. Whileloneliness can also be
apositive or neutral feeling for some people or at certain times,
when it comes to its association with mental health issues, the
negative consequences of loneliness must be considered.

We conducted sentiment analysis on both news articles and X
data. The news articles were analyzed using the sentiment
intensity analyzer contained in the NLTK. The collected posts
were stored in a database, and a sentiment analysis was
conducted using VADER fromthe NLTK. VADER isalexicon
and rule-based model for sentiment analysis. Thelexicon-based
algorithm is constructed using a dictionary that contains a
detailed list of sentiment features. In addition, VADER
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of the topic and themes of negative posts allowed usto look at
the relationship between mentioning keywords representing
loneliness and negative emotions, which may ultimately be
linked to psycholinguistic features of mental well-being (Figure
2).

| Sentiment Linguistic

l

analysis analysis

List of frequency
of words

complements the lexicon-based dictionary with grammatical
rules that are heuristic in nature and used to determine the
polarity of the sentiment. Theresulting polarity of the sentiment
analysis was used as an indication of loneliness in the dataset.
For the sake of brevity, we will not go into the details of using
VADER and sentiment analysis. For interested readers, we
recommend referring to our previous work [14-16].

Reddit Data Analysis

Figure 3 shows the pipeline for processing Reddit posts. The
difference between Figures 2 and 3 is the absence of sentiment
analysis on the Reddit posts. After going over the subreddit
r/loneliness, we found that the posts were about the emotional
expression of loneliness and did not involve metaphorical or
non-sequitur uses of “loneliness.” Reddit and its subreddits are
characterized by serious engagement on the topics that the
subreddits are designed for. Therefore, no sentiment analysis
of the Reddit data was deemed important, and the posts were
analyzed using the frequency of occurrence of words to find
out the themes and topicsthat were most highly associated with
loneliness.
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Figure 3. Pipeline to process Reddit data.

De-identification
of users

Reddit post

Cleaning of data

Manual Coding and Analysis of X and Reddit Data

The authors cleaned the data before analysis. We ensured that
the X posts were deidentified by removing usernames and IDs
as part of the data cleaning process. While the data are publicly
available, we did not disclose any collected data without first
anonymizing them. Sentiment analysis was conducted after
cleaning the data, which included removing redundant
characters, numbers, special characters, users profile IDs, and
information such asreposts. For the Reddit data, direct analysis
was possible. However, posts from bots or other automated and
potentially malicious agents were not filtered out in this study,
alimitation that we plan to address in future work by removing
such posts before analysis.

We stored X posts with a negative sentiment separately for
further analysis, focusing on identifying prominent themesand
categories through manual coding. After removing stop words
and applying lemmatization to reduce word count, we generated
a compact list of word occurrences. This list was manually
analyzed to identify larger socioeconomic or emotional -personal
categories guided by the literature, athough the process
remained subjective, relying on the researchers’ judgment. For
Reddit data, we followed asimilar process, collecting posts and
comments, removing stop words, applying lemmatization, and
generating a word occurrence list for anaysis without
conducting sentiment analysis on the data from this platform.

Manual coding and analysis were used to assess expressions of
loneliness on X and Reddit objectively. This topic-based
categorization was more effective in identifying meaningful
similarities and differences. Unlike the n-gram method, which
focuses on word co-occurrence, our inductive approach alowed
themes to emerge organicaly, providing a thorough analysis
without being constrained by predefined keywords. This method,
being quantitative, avoids subjective interpretation, relying
instead on the frequency of word occurrences and their
classification into relevant categories grounded in existing
literature. The detailed analysis method and the use of sentiment
analysis for Reddit and X data can be found in our previous
work [14-16].
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News and Google Trends Analysis

The methodology used in this study involved using the News
APl tool for data analysis. The News API provides
programmatic access to a vast collection of news articles from
various sources. The dataanalysi s process began by formulating
relevant search queries and parametersto retrieve news articles
specifically related to loneliness. These parameters included
keywords such as “loneliness” The News API facilitates the
retrieval of a significant volume of news articles encompassing
different geographical regions and periods. The collected data
underwent preprocessing, including cleaning, filtering, and
removing duplicate or irrelevant articles. Subseguently,
sentiment analysis was used on the news articles. Sentiment
analysis for news articles was used for the same reasoning
explained previously for theanalysisof X posts. These analyses
aimed to identify prevalent themes, trends, and sentiments
associated with loneliness.

Google Trends provides access to a vast database of search
gueries and allows for the analysis of search interest over time
and across different regions. The data analysis process for
Google Trends began by selecting relevant keywords related to
loneliness. These keywordswere used to retrieve search interest
data from Google Trends. The retrieved data were then
processed and analyzed to identify temporal patterns, regional
variations, and related queries associated with loneliness. The
analysis involved examining trend graphs, comparing search
interests across different regions, and identifying related topics
and queries.

Ethical Considerations

All data such as usernames, tweets, quotes, etc, in the paper
have been deidentified.

Results

As the first stage involved knowing the trends, we carried out
asearch for the term “loneliness’ on Google Trends, shown in
Figure 4. We selected a longer period starting before the
COVID-19 pandemic, specifically from November 1, 2019, to
August 31, 2023. Figure 4 shows a snapshot of the trend graph
for “loneliness.” The“Note” breakpoint in the graph represents
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theimprovement to Googl €' s data collection system on January
1, 2022. The y-axis represents interest over time in the topic.
A value of 100 represents peak interest in and popularity of the
topic, whereas a value of 50 means that the term had half the
popularity. The data points were collected weekly. There was
a peak in interest in the topic on May 7, 2023, which did not
correspond to a particular event and seems to be an outlier or
an anomaly. On the other hand, the interest in the topic was at

Shah et a

higher levels during the months of lockdowns related to the
COVID-19 pandemic, peaking around the end of March 2020.
Overall, the graph showsthat theinterest in lonelinessremained
at approximately half the peak levels throughout this period.
This shows a sustained interest in the topic. Although the
number of searchesfor theterm and itsvolume are not provided,
the popularity rates provide an insight into the trends for
loneliness (or any other term) over time.

Figure 4. Google Trends chart for the term “loneliness.” The “Note” breakpoint in the graph represents the improvement to Google's data collection

system on January 1, 2022.

Mmool

Google Trends also provides Related queries for the topic. In
case of the search term “loneliness,” the related queries were
“covid loneliness,” “loneliness during covid,” “my loneliness
is killing me tiktok,” “is the cure to male loneliness” and
“surgeon general loneliness epidemic.” These terms can express
different socioeconomic, persona-emotional, or other
phenomena associated with loneliness. If further insight into
loneliness is required, these terms can be searched separately,
and the results can be compared. Google Trends a so provides
atool in which two different topics or queries can be searched.
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In the second stage, following the news, we used the News AP
in Python to retrieve news articles containing mentions of
loneliness. In total, we retrieved 956 articles. Table 1 includes
a random selection of 25 articles. We carried out a sentiment
analysis of the news articles retrieved. An overall negative
sentiment score meansthat the article discussed topics or themes
that were negatively associated with either loneliness or broader
mental health issues. The news articles with negative sentiment
scores can be read for further trend analysis.
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Table 1. A list of news articles with their sentiment analysis scores.
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Articletitle

Sentiment score

Meet The People Who Listen to Podcasts Crazy-Fast

MORABITO: Hillary Clinton Just Gave Away the Left’s playbook for censorship and oppression

The Connection Cure: 6 Ways to Beat Loneliness

Official Trailer for Babak Jalali’s ‘ Fremont’

4 Signs Trauma Has Affected Your Self-Worth

Why Historian Jill Lepore Hated Barbie

MJ Lenderman Nods to Bob Dylan on New Single “Knockin”
How Athletic Beer Won Over America

4 ways smulation training alleviates team burnout

Nessa Barrett ON: How to Overcome Loneliness

5 Ways Men Can Build Strong Connections

Gywneth Paltrow saw you from across the bar and wants you to stay with her

Album Of The Week: Ratboys The Window

What isthe ‘Joy’ in the Joy of Missing

Self checkout could be making Americans Lonelier
Leaveit to the dogs (13 Photos)

An Easy Way to Reduce Depression And Loneliness
Perils of not being attractive or athletic

Parents Are Almost as Depressed and Anxious as Teens
Bike Happy Hour, listening, and loneliness

3 Ways Teachers Can Instill Belonging in Students
Let It Be Sunday, 325!

How to Overcome Feeling Lonely and Powerless
Edinburgh Fringe: The Life and Times of Michael K

-0.766
0.681
-0.661
0.077
-0.944
-0.166
0.700
0.215
-0.681
-0.851
0.971
-0.296
0.250
0.212
0.772
-0.700
-0.968
-0.908
-0.900
0.908
0.898
0.338
-0.953
0.869

Another analysis that can be carried out on the collected news
articlesis alist of bigrams in collocations. A collocation is a
series of words that co-occur more often than would be
determined by chance. In Textbox 1, we collected the bigram
collocations (ie, acombination of 2 wordsthat occurred together
in the collected news articles). Although the list is a small

https://ojphi jmir.org/2026/1/e59861

RenderX

sample and contains words that may connote difficulties
regarding loneliness, collecting bigrams in collocations can
provide a wider impression of what themes and topics are
discussed in conjunction with loneliness. This, in turn, can point
to other directions for exploring the dynamics of loneliness.
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Textbox 1. Bigram collocations.
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« “Relationship” and “loneliness’
e “Insomnia’ and “symptoms’
e “Loneliness’ and “purpose”

« “Depression” and “bitterness’
«  “Anxiety” and “disorder”

o “Isolation” and “silence”

o “Alcohol” and “misuse”’

o “Anxiety” and “loneliness’

«  “Epidemics’ and “obesity”

e« “Loneliness’ and “long”

o “Help” and “loneliness’

e “Insomnia’ and “symptoms’

For stage 3, the analysis of the range of topicsand topic analysis
was conducted on the X posts. Table 2 shows the results of
relevant themes and categories from anayzing the word
occurrence in posts, whereas Figure 5 shows a visualization of
the most dominant themes. We carried out sentiment analysis
on 200,000 posts and found that 30.7% (n=61,400) had a
negative sentiment. Table 2 breasks down the text of these
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negative-sentiment posts into the resultant words. Posts
containing the keywords mentioned in the M ethods section were
collected. Sentiment analysis was then carried out. Sentiment
analysis differentiates between phrases and topics that carry
meaningful information on loneliness and those that use the
term in ametaphorical or non-sequitur manner.
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Figure5. Visualization of highly correlated themes obtained from X posts.
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Table 2. Words highly correlated with mentions of lonelinessin X posts. Topics are categorized under a broader thematic area.

Thematic area and topic Mentions, n
Intimate relationships
“Cheat” 1229
“Man” 6220
“Family” 3126
“Woman” 3911
“Relationship” 1917
I nter personal relationships
“Want” 13,655
“Need” 12,868
“Feel” 11,018
“Hurt” 1680
“Forgot” 1104
Social factors
“Covid” 11,313
“Die’ 8972
“Life” 5741
“Peatient” 1210
Emotional expressionsor insecurities
“Sad” 4532
“Hate” 3654
“Fat” 5463
“Anger” 1513
“Sexua” 1670
Insomnia
“Night” 3321
“Awake” 894
“Sleep” 604
“Bed” 437

The results show that most of the X posts containing keywords
associated with loneliness from the United States were neutral,
which means that they did not meaningfully contribute to the
analysis of loneliness. Before conducting the detailed analysis
of the posts on loneliness, it was important to identify uses of
“loneliness’ as a metaphor or non sequitur (ie, those posts that
would not add meaningfully to the analysis of negative
consequencesrelated to loneliness). Neutrality can also represent
the mention of loneliness in descriptive terms.

Thebasic analysis of the Reddit datafor stage 4, examining the
depth of the discussions, is provided in Table 3. We collected
the top 2000 Reddit posts from the r/loneliness subreddit with
al their comments. Thus, we analyzed more than 2000 total
individual texts. The breakup of the datainto words resulted in
more than 25,000 words. For the sake of meaningful mentions
of topics and brevity, we set a threshold of 50 topics that gave
us411 wordsto beanayzed. It should be noted that asignificant
number of these words were language constructs. Only the
words that were meaningful in terms of emotions or other
expressive qualities were included in the analysis.

Table 3. Analysis of frequency of occurrence of words in the Reddit data (N=35,057).

Words, n (%)

Words occurring >100 times

Words occurring >1000 times

611 (1.74)
78(0.22)
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In addition, we want to note that the Reddit posts on loneliness
were not specific to the United States. The posts were not
divided by country, and the Reddit APl does not allow for
country-specific downloads. Some methods provide the ability
to find the country of the post from the Reddit data, but this
involves processes that are beyond the scope of this paper [17].
Table4 and Figure 6 list and visualize the correl ations between
themes and loneliness in the r/loneliness subreddit. It can be
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observed from the table that the themes are mostly focused on
relations and emotional expression. Because of the longer posts,
it is expected that people would have more space to open up
and expresstheir feglings. Social mediaplatforms such as Reddit
provide spaces where individuals can express their
vulnerabilities without facing backlash that can come in the
form of social ostracization.
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Table 4. Correlations of themes with loneliness in the Reddit data. Topics are categorized under a broader thematic area.

Thematic area and topic Mentions, n

Intimate relationships

“Love’ 563
“Women” 196
“Relationship” 233
“Family” 238
“Single” 111
“Friends’ 1015
Social relations
“Friends’ 172
“Girl” 110
“She” 587
“Her” 467
“People’ 146
“Onling” 106
“Meet” 237
“Person” 428

I nter personal relations

“Me”’ 2648
“He’ 101
“Yours’ 1596
“Us’ 196
“Everyone” 245
“People’ 1775
“Others’ 194

Emotional expression

“Thought” 197
“Hurt” 110
“Trying” 284
“Pain” 114
“Experience’ 105
“Remember” 101
“Understand” 268
“Feeling” 435
“Want” 941
“Need” 539
“Fed” 1904
“Wish” 229
“Care” 262
Self-focused
“" 13,604
“Mental” 119
“My” 3989
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Thematic area and topic Mentions, n
“You" 5424
Work related
“Work” 331
“Job” 117
“Tried” 190
“Time’ 105
“School” 175
Timerelated
“Life” 1608
“Year” 234
“Live” 269
“old” 145

Figure 6. Visualization of highly correlated themes obtained from Reddit posts.
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Discussion

Principal Findings

This paper demonstrates our socia intelligence analysis
framework for studying lonelinessfrom online and social media
data sources, and presents an overall picture of how a varied
topic such as loneliness can benefit from multiple levels of
analysis. In this study, we adopted a comprehensive approach,
integrating data from Google Trends, news articles, X, and
Reddit to examine the multifaceted concept of lonelinesswithin
theframework of socia intelligence analysis. The demonstration
of the socia intelligence analysis framework for loneliness
revealed interesting patterns, such as in Google Trends, and
provided the topics related to mentions of loneliness.

Analysis of Google Trends data exposed intriguing temporal
patterns in the public's interest in loneliness. We observed

https://ojphi.jmir.org/2026/1/€59861
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notable spikes in loneliness-related search queries at various
junctures, suggesting that external events, cultural shifts, or
seasona influences may significantly impact the prevalence
and perception of loneliness in society. Our examination of
news articles provided a broader contextual understanding of
loneliness. The sentiment analysis of news articles provided a
helpful tool to gather news articlesthat discussthe negative and
health consequences of loneliness.

From a psychological perspective, the increases in the Google
Trends graph indicate elevated public interest in loneliness that
can be explained as societal reactions to noteworthy or
unexpected events [13]. These events, such as the COVID-19
pandemic and the social and physical restrictionsthat followed,
made people feel more emotionally and psychologically alone.
Our sentiment analysis of news items revealed that media
coverage frequently reflectsthis elevated awareness. In addition
to reporting on these occurrences, the media aso influences
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public opinion by highlighting the psychological results of
loneliness, particularly its detrimental consequences on mental
health. This combination of social factors and psychological
reactions, as observed in media coverage and Google Trends,
highlights the multifaceted nature of loneliness[3].

The analysis of X posts and Reddit posts reveal ed associations
between socioeconomic and personal-emotional factors and
loneliness. These factors included emotion, sentiment, emajis,
and topic modeling. Thisanalysisdemonstrated that such factors
could help gather evidence and analyze interactions on the topic
of loneliness and other related topics. The first factor was
emotion, which can serve as a guide in understanding people’s
reactions. The second most common factor was rel ationships.
Other thematic areas such as health, work, self-focused topics,
and insomniarelated topics indicate the intimate nature of
loneliness.

The difference that was observed between the data from X and
Reddit (ie, stage 3 and stage 4 of the framework) was in their
diversity and extensiveness. In the X data, arange or diversity
of topics and themes could be observed. Because of the limited
character expression on X, people express their thoughts or
opinions in a compact manner; however, through analysis of
the terms used and the overall sentiment of the sentences, an
association with loneliness can be found. There can be arange
of such themesin which there are direct mentions of loneliness
in a negative context. On the other hand, Reddit data can be
useful for finding the depth of atheme associated with loneliness
(ie, what subthemes or topics under a broader category are
related to loneliness). These dataareimportant for investigating
the possible causes of loneliness. The diversity of the discovered
topics and themes from X and the depth of topics that were
found on Reddit can be used in complementary ways.

The framework delineated in this paper provides a versatile,
multistep approach to analyzing loneliness through online and
social mediadata. Beyond studying loneliness, this framework
can be expanded to explore other complex societal issues, such
as mental health conditions (eg, anxiety and depression),
misinformation, or public reactionsto crises. In addition, it can
be used for early detection of public health trends or social
phenomena by monitoring real-time data. The framework’s
capacity for sentiment analysis and topic modeling can offer
valuable insights into emotional and psychological responses,
which can be applied to devel op targeted interventions, inform
policies, or enhance public health programs.

Theresults of thisframework reveal the complex, multifaceted
nature of loneliness, highlighting its emotional, psychological,
and socioeconomic dimensions. These insights can be used in
mental health applications by enabling early identification of
lonelinesstrendsand allowing for real-time monitoring of at-risk
groups. For mental health patient care, these data can be
integrated into artificial intelligence—driven tools that
personalize interventions, offer resources, or connect patients
with support networks. It can also help inform health care
providers about socioenvironmental triggers contributing to
loneliness. Future research can incorporate more advanced
natural language processing tools and extend the use of this
framework to cross-cultural studies, improving understanding
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of how societal factorsimpact loneliness and other issues across
different populations.

The proposed framework can be used in future research
endeavors to deepen the understanding of loneliness and its
societal implications by providing a systematic approach to
analyze diverse and large-scale data from online platforms. By
capturing both temporal trends and geographic relevance,
researchers can identify key moments and regions where
loneliness spikes, enabling a more focused examination of
societal or environmental triggers. Expanding the framework
to include more detailed demographic information will allow
researchers to study how loneliness impacts specific groups,
such as older adults or the younger generations, across various
cultural contexts. In addition, the framework’s ability to
integrate multiple data sources, including social mediaplatforms,
news articles, and search trends, offers a more holistic
perspective of how loneliness is discussed and experienced at
both personal and collective levels. This could lead to a deeper
exploration of the role that socioeconomic factors, public health
crises, or policy changes play in exacerbating or aleviating
loneliness. Furthermore, the sentiment and thematic analysis
components can be refined to investigate emotional
undercurrents related to loneliness, helping uncover the
psychological and emotional dimensions of social isolation.

This framework can support the development of artificial
intelligence—driven tools for real-time monitoring and
intervention, ultimately informing policy and community-based
solutions to address loneliness more effectively. The proposed
framework could be adapted to investigate various other societal
and public health issues that are influenced by dynamic social
and environmental factors. For instance, mental health
conditions such as anxiety and depression, which often correlate
with loneliness, could be explored by tracking online discourse,
sentiment, and search patterns. The framework could also be
applied to study the societal impacts of major events such as
pandemics, economic downturns, or political crises, where
real-time social mediaanalysiscould provideinsightsinto public
emotions, coping mechanisms, and socioeconomic concerns.
In addition, issues such as misinformation, public perceptions
of health interventions, or even social phenomenasuch asdigital
addiction or climate anxiety could beinvestigated. By analyzing
data from different online platforms, researchers can gain a
more comprehensive understanding of public reactions and
trends related to these complex, evolving issues.

Limitations

While our research yielded valuable insights into loneliness
using an innovative approach, there are also some limitations.
First, our reliance on digital data sources such as X and Reddit
may introduce biases. These platforms primarily represent
individuals comfortable with sharing their experiences online,
potentially excluding those who are less active or lack internet
access. Thisisalimitation of the proposed framework that can
be overcome through in-depth interviews or surveysto provide
a more holistic understanding of individuals emotions,
motivations, and coping mechanisms.

In addition, the study’stemporal analysis of Google Trends data
lacks causality. While we identified spikes in search queries,
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determining the specific reasons behind these fluctuations
requires further investigation. Furthermore, the focus of the
study on English-language data may not fully capture the global
diversity of loneliness experiences, potentialy limiting the
generalizability of our findings. Another limitation lies in the
demonstration itself, which relied on datafrom Reddit, in which
the country cannot be specified. For a nuanced understanding
of data from Reddit, the data first need to be categorized by
region.

Conclusions

In this paper, we introduced a comprehensive framework for
analyzing loneliness through the lens of social intelligence
analysis. The framework uses datafrom diverse online sources,
including search engines, newsarticles, X, and forum websites.
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Abstract

Background: Older adults often access traditional media, such as newspapers, magazines, television, and radio, for health
information. However, compared with older adultswithout frailty, older adultswith frailty experience greater declinesin physical
functionsand mental health (including depressive symptoms), aswell as socia functioning, dueto reduced interaction with others,
which limits their access to these sources of information.

Objective: This study aimed to identify the health information sources that are less accessible to participants with frailty than
to those without frailty.

Methods: A cross-sectional web-based survey was conducted among independent Japanese adults aged =75 years. We assessed
frailty using the Questionnaire of Medical Checkup for Old-Old, with a score of =4 indicating frailty. Participants were asked
whether they had accessed any health information sourcein the past year, including medical institutions, family members, friends
or acquaintances, neighbors, government agencies, long-term care or welfare services, television, radio, the internet, magazines,
newspapers, or books. The primary explanatory variablewasfrailty status. Covariatesincluded age, sex, income, education, living
arrangements, and health literacy, measured using the eHealth Literacy Scale.

Results: In total, 1032 participants (n=518, 50.2% male; median age: 77 y) were analyzed. Multivariable logistic regression
analysis revealed that participants with frailty had significantly less access to the following sources of information compared to
individualswithout frailty: family (oddsratio [OR] 0.69, 95% CI 0.50 - 0.95), friends/acquai ntances (OR 0.70, 95% CI 0.51 - 0.98),
radio (OR 0.50, 95% CI 0.31 - 0.79), and newspapers (OR 0.66, 95% CI 0.50 - 0.88). Sex-based subgroup analyses revealed no
significant interaction effects, indicating no heterogeneity in the findings.

Conclusions: Older adults with frailty were less likely to obtain health information from interpersonal and traditional media
sources than did individuals without frailty. Health information providers need to devise strategies for delivering accurate
information and improving usability to enable older adults with frailty to proactively access diverse health information.

(Online J Public Health Inform 2026;18:e83642) doi:10.2196/83642

KEYWORDS
health literacy; frailty; internet; web-based survey; health information sources

highlighting the importance of understanding disparities in

Introduction access among ol der adult populations.

Accesstoreliable healthinformationisessential for individuals  Frajlty is a clinical geriatric condition characterized by

to recognize health concerns and engage in appropriate health
management behaviors [1-3]. Among community-dwelling
older adults, traditional media such as newspapers, magazines,
television, and radio remain the predominant sources of health
information, whileinterpersonal sourcesalso play ameaningful
role [3-5]. Greater access to diverse information sources has
been associated with better heath status and improved
problem-solving abilities regarding hedth issues [6],

https://ojphi.jmir.org/2026/1/e83642

diminished physiological reserves and reduced resilience to
stressors, contributing to a heightened risk of disability and
adverse outcomes|[7]. In Japan, the prevalence of frailty among
adults aged =65 yearsis estimated at 7.4%, increasing sharply
with age: 10% at ages 75 - 79, 20.4% at ages 80 - 84, and 35.1%
at ages=85[8]. Although frailty is potentially reversible, timely
access to accurate and actionable health information may play
avital rolein preventing severe deterioration, facilitating early
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access to support services, and maintaining health-related
behaviors.

Older adults with frailty often experience reduced physical,
cognitive, and social functioning compared with individuals
without frailty [9-11], and declines in vision and hearing have
also been linked to frailty [12-15]. These limitations may pose
substantial barriersto accessing both interpersonal sourcesand
traditional media, potentially restricting opportunitiesto obtain
essential health information. Prior research has indicated that
insufficient social support is associated with the progression of
frailty and that access to multiple information sources
contributes to healthier behaviors [6,16]. However, it remains
unclear which specific types of information sources older adults
with frailty arelesslikely to access. Addressing this knowledge
gap is crucia for public hedth informatics, as targeted
communication strategies must be grounded in an accurate
understanding of how frailty affects information acquisition.

Therefore, this study aimed to compare access to health
information sources between community-dwelling older adults
with and without frailty and to identify specific sources that
may be |ess accessible among those with frailty. Findings from
this study may inform the development of tailored health
communication strategies and interventions to reduce
information disparities among vulnerable older populations.

Methods

Study Design and Setting

Thisstudy wasacross-sectional internet-based survey conducted
over 2 days, from June 12 to 13, 2024.

Participants

Participants were recruited through a panel management
company affiliated with Cross Marketing Inc, a Japaneseinternet
research firm. Approximately 50,000 individualsaged >75 years
were registered as potential respondents to this survey. This
study was designed to collect data from 1000 male and female
participants across Japan, aged =75 years, who were certified
asnot requiring long-term care. Notably, 10,807 panel members
aged =75 years were identified as potential respondents. Each
panelist could log onto a secure website using a unique 1D and
password. Recruitment was conducted through this protected
site, and interested individual swere asked to read and complete
an online informed consent form. Only those who agreed to
participate were alowed to complete the questionnaire.
Responses were recorded only if al survey items were
completed.

Eligibility Criteria

Inclusion criteria were as follows: (1) age =75 years, (2) not
certified as requiring support or long-term care under the
national long-term care insurance system, and (3) provision of
informed consent after reviewing the study information.

Participant recruitment was terminated when responses exceeded
1000 dligible individuals.

https://ojphi.jmir.org/2026/1/e83642
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Outcome M easures

Based on previous studies [17-19], the primary outcomes were
defined as the use or nonuse (0=not used, 1=used) of 12 health
information sources over the past year: health care providers,
family members, friends/acquai ntances, neighbors, government
agencies, long-term care and welfare professionals, television,
radio, internet, newspapers, magazines, and books.

Frailty Assessment

Frailty was assessed using the Questionnaire of Medical
Checkup for Old-Old (QMCOO) [20], a15-item screening tool
that evaluates domains such as physical function, physical
activity and falls, cognitive function, and socia participation.
Since 2020, the QM COO has been widely implemented as part
of health checkup questionnairesfor individuals aged >75 years
across municipalities in Japan. Moreover, it has demonstrated
construct validity for frailty assessment [20], criterion-related
validity [21], and predictive validity for mortality and new
long-term care certification [22]. Table S1 in Multimedia
Appendix 1 lists the items and response options for the
QMCOO. Responses indicating poorer health or function were
scored 1 point, whereas favorable responses were scored 0
points. These answers are used to calculate points for each
guestion, and the scores range from 0 to 15. A total score of >4
points was classified as frailty [21,23]. For the analysis, frailty
was treated as a binary variable (O=nonfrail, 1=frail).

Covariates

Covariates were selected with reference to prior studies and
included age, sex, final educational attainment level, household
income, marital status, the presence of children, living alone
[4,19,24], and health literacy. The final educational attainment
level was classified into four categories. up to high schooal,
technical or junior college, university or graduate school, and
other. Household income was divided into six categories [25]:
<2 million yen, 2 to <3 million yen, 3 to <4 million yen, 4 to
<5 million yen, =5 million yen, and “don’t know/prefer not to
answer” (1 million yen=US $6460).

Health literacy was measured using the 8-item eHealth Literacy
Scale (eHEALS) [26], presented in Table S2 in Multimedia
Appendix 1. Each item was rated on a 5-point Likert scale
(1=strongly disagree to 5=strongly agree; total score range:
8 - 40). Following prior research, total scoresweredichotomized
at the median (O=high, 1=low).

Statistical Analysis

Categorical and continuous variables were summarized as
percentages and medians with interquartile ranges, respectively.
To examine the association between frailty and each health
information source, amultivariable logistic regression analysis
was conducted.

After confirming the absence of multicollinearity, the models
were specified as follows.

The dependent variable was the use (0) or nonuse (1) of each
source, the explanatory variable was frailty, and the covariates
included health literacy and demographic variables. All
covariates were entered simultaneoudly into the model.
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To assess the robustness of the findings, subgroup analyses
based on sex were performed. Subsequently, the interaction
terms were tested for statistical significance.

All analyses excluded individual s who discontinued the survey
or had missing responses. The survey company aso
automatically excluded fraudulent responses based on the
following criteria: (1) extremely short response times suggesting
that items were not read and (2) identical response options
recorded for all items.

All analyses were performed using SPSS (version 29; IBM
Japan) with atwo-sided significance level of 5%.

Ethical Consider ations

This study was conducted in accordance with the principles of
the Declaration of Helsinki and approved by the Conflict of
Interest and Ethics Committee of the National Center for
Geriatrics and Gerontology (approval number 1800). Informed
consent was obtained from all participants via a web-based
platform. The survey company provided deidentified data. As
compensation, participants received points equivalent to several

Figurel. Flow of participants.

Hori et d

tens to several hundred Japanese yen, according to the survey
company’s incentive policy.

Results

Participant Enrollment and Characteristics

The participant flow is shown in Figure 1. Among the 1130
individuals who participated in the survey, 98 (9%) were
excluded due to extremely short response times or uniform
responses acrossall items, resulting in afina analytical sample
of 1032 (1032/1130, 91.3%) participants. Table 1 presents the
characteristics of participants stratified by frailty status. Using
the QM COO, 318 (30.8%) participants were classified asfrail.
Among the 318 participants with frailty, 218 (68.6%) reported
having used at least one source of health information. The
sources of health information used by older adults with frailty
included television (=173, 54.4%), the internet (n=159, 50%),
health care providers (n=147, 46.2%), newspapers (n=112,
35.2%), and family members (n=73, 23%). The median (IQR)
eHEAL Sscorewas 28 (1QR 24-32) among partici pantswithout
frailty and 25 (IQR 21-30) among participants with frailty,
indicating lower health literacy in the frail group.

n=1556 Number of individuals who applied for the study

n=185

n=241

Under the age of 75, or individuals who have obtained long-term
care certification

Individuals who read the consent form but did not give their
consent, discontinued the survey before completion, and
whose que stionnaire responses were incomplete

n=1130 Number of mdividuals who partcipated in the study

n=08

Individuals who selected only 1dentical numbers or responded in less
time than expected

=1032

Number of participants included in the analysis
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Table. Participant characteristics.

All participants (N=1032) Nonfrail (n=714) Frail (n=318)
QMCOO0? <3 points QMCOO 24 points
Age (years), median (IQR) 77 (75-79) 77 (75-79) 77 (76-79)
Sex, male, n (%) 518 (50.2) 339 (47.5) 179 (56.3)

Final educational attainment level, n (%)

Up to high school 456 (44.2) 302 (42.3) 154 (48.4)
Technical or junior college 161 (15.6) 113 (15.8) 48 (15.1)
University or graduate school 413 (40) 298 (41.7) 115 (36.2)
Other 2(0.2) 1(0.2) 1(0.3)

Household incomeb, n (%)

<2 million yen 131 (12.7) 77 (10.8) 54 (17)
2—<3 million yen 178 (17.2) 116 (16.2) 62 (19.5)
3—<4 million yen 213 (20.6) 143 (20) 70 (22)
4-<5million yen 120 (11.6) 91 (12.7) 29(9.1)
=5 million yen 195 (18.9) 148 (20.7) 47 (14.8)
Don't know/prefer not to answer 195 (18.9) 139 (19.5) 56 (17.6)

Marital status, married 989 (95.8) 687 (96.2) 302 (95)

Presence of children, yes 901 (87.3) 634 (88.8) 267 (84)

Living alone, yes 187 (18.1) 120 (16.8) 67 (21.1)

Number of mediasourcesregularly 4 (3-4) 3(3-9) 4(3-5)

used, median (IQR)

Television, n (%) 986 (95.5) 692 (96.9) 294 (92.5)
Radio, n (%) 363(35.2) 268 (37.5) 95 (29.9)
Internet, n (%) 904 (87.6) 634 (88.8) 270 (84.9)
Newspapers, n (%) 716 (69.4) 512 (71.7) 204 (64.2)
Magazines, n (%) 212 (20.5) 161 (22.5) 51 (16)
Books, n (%) 318(30.8) 240 (33.6) 78 (24.5)

Accessing health information, yes, 780 (75.6) 562 (78.7) 218 (68.6)

n (%)

Number of health information 8(3-10) 8 (4-10) 8 (0-10)

sources, median (IQR)

Health information sources, n (%)

Health care providers 494 (47.9) 347 (48.6) 147 (46.2)
Family members 317 (30.7) 244 (34.2) 73 (23)
Friends/acquaintances 293 (28.4) 225 (31.5) 68 (21.4)
Neighbors 63 (6.1) 49 (6.9) 14 (4.4)
Government agencies 213 (20.6) 163 (22.8) 50 (15.7)
Long-term care and welfare pro- 45 (4.4) 33(4.6) 12 (3.8)
fessionals
Television 641 (62.1) 468 (65.5) 173 (54.4)
Radio 134 (13) 109 (15.3) 25(7.9)
Internet 593 (57.5) 434 (60.8) 159 (50)
Newspapers 464 (45) 352 (49.3) 112 (35.2)
Magazines 100 (9.7) 73 (10.2) 27 (8.5)
https://ojphi.jmir.org/2026/1/e83642 Online J Public Health Inform 2026 | vol. 18 | 83642 | p.90
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All participants (N=1032) Nonfrail (n=714) Frail (n=318)
QMCOO0? <3 points QMCOOQ =4 points
Books 129 (12.5) 101 (14.1) 28(8.8)
QMCOO score, median (IQR) 2(1-4) 2(1-2) 5 (4-6)
eHEAL S score, median (IQR) 28 (24-31) 28 (24-32) 25 (21-30)

3QMCOO: Questionnaire of Medical Checkup for Old-Old.
b1 million yen=US $6460.
CeHEALS: eHedlth Literacy Scale.

Association Between Health I nformation Sourcesand
Frailty
Table 2 presents the results of multivariable logistic regression

analyses examining the association between frailty and
nonaccess to each health information source. Compared with

participants without frailty, participants with frailty were less
likely to access the following sources of health information:
family members (OR 0.69, 95% CI 0.50 - 0.95; P=.02), friends
or acquaintances (OR 0.70, 95% CI 0.51 - 0.98; P=.03), radio
(OR 0.50, 95% CI 0.31 - 0.79; P=.004), and newspapers (OR
0.66, 95% CI 0.50 - 0.88; P=.005).

Table. Adjusted multivariable logistic regression analyses of the association between health information sources and frailty. The covariates included
are age, sex, final educational attainment level, household income, marital status, the presence of children, living alone, and health literacy.

Multivariable model, odds ratio (95% Cl) P value
Hedlth care providers 1.08 (0.82 - 1.43) .46
Family members 0.69 (0.50 - 0.95) .02
Friends/acquaintances 0.70 (0.51 - 0.98) .03
Neighbors 0.79 (0.42 - 1.49) 67
Government agencies 0.75(0.52 - 1.07) 14
Long-term care and welfare professionals 1.11(0.55 - 2.28) .90
Television 0.76 (0.57 - 1.00) .06
Radio 0.50 (0.31 - 0.79) .004
Internet 0.83(0.62 - 1.11) .46
Newspapers 0.66 (0.50 - 0.88) .005
Magazines 1.03 (0.63 - 1.69) .78
Books 0.79 (0.50 - 1.26) 29

Sex-based subgroup analyses reveal ed no significant interaction
effects for these associations (family:  P=.47;
friends/acquaintances. P=.28; radio: P=.61; newspapers. P=.23),
indicating that the associ ations were consistent across male and
female participants.

Discussion

Novelty of the Study

To the best of our knowledge, this study is the first to examine
the relationship between frailty and sources of health
information among adults aged =75 years. Although previous
studies have identified commonly accessed sources of health
information among the general older population [3-5], studies
focusing specifically on older adults with frailty are limited.
Our findings reveded that older adults with frailty were
significantly lesslikely than individualswithout frailty to access
family members, friends/acquai ntances, newspapers, and radio
as information sources. In addition, these associations did not
differ by sex. These findings are important for understanding

https://ojphi.jmir.org/2026/1/e83642

the extent to which older adults with frailty have difficulty
accessing certain health information sources, and they provide
fundamental evidence for examining methods and support
strategies for delivering heath information tailored to
individuals with frailty by clarifying which communication
channels are more susceptible to vulnerability. In particular,
reduced use of interpersonal information sources, such asfamily
and friends, may reflect weakened social connections and
suggests priority issues that should be addressed in efforts to
reduce information disparities and strengthen long-term care
prevention policies.

Relationship Between Health I nfor mation Sourcesand
Frailty

Family and Friends/Acquaintances

Recent conceptualizations of frailty have expanded beyond
physical aspects to include social dimensions. Limited
interaction with family, friends, and neighbors, as well as
reduced socia support, are recognized components of frailty
[9-11]. Older adults experiencing social isolation tend to befrail
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[27], and those with low socia support have an elevated risk
of transitioning to frailty [16]. The less frequent use of family
and friends as health information sources among individuals
with frailty observed in this study might reflect insufficient
social support, possibly associated with frailty status.

Newspapers

Low hedlth literacy has been associated with frailty [28,29],
and individuals with low socioeconomic status or educational
attainment tend to have areduced ability to understand printed
materials such as newspapers [30]. In this study, participants
with frailty had lower eHEAL S scores, household income, and
final educational attainment level than individuals without
frailty. Notably, the average income of older households is
approximately 3 million yen (US $19,390) [24]. Our findings
reveal ed that approximately 37% of the participantswith frailty
(compared with 27% of those who were not frail) are in this
category. Asthis study was conducted online, some participants
with frailty possibly accessed free news content online or
refrained from subscribing to print newspapers for economic
reasons. Moreover, declinesin visual acuity are associated with
frailty [13], and access to newspapers printed in small fonts
may have been limited.

Radio

Inrural areas of Japan, many older adults access multiple media
sources such as television, radio, and newspapers, which
positively influence health behaviors [6]. However, studies
abroad suggest that adults aged =85 yearstend to trust the radio
less as a health information source than those aged <84 years.
Further, listening to the radio presents two challenges: (1) the
inability to ask questions to clarify information and (2) the
criteria for broadcasting content are unclear, making it
challenging to evaluate health information [5]. Furthermore,
age-related hearing loss, which is commonly associated with
frailty [31], may reduce the accessibility of audio-only media
such asradio for older adults with hearing loss.

In studies targeting the general adult population and patients
with cancer, sources of health information were reported as
follows: television and radio (31.9%), newspapers (23.7%), the
internet (54% - 56%), physicians (9% - 13%), and books
(7% - 12%) [6,30]. Among these, trusted health information
sources were most commonly physicians (20.4% - 53%) and
health care professionals (12.2% - 60%) [17,18] suggesting
that information provided by experts with medical knowledge
is considered the most reliable. In this study, the sources of
health information among older adults with frailty were
analyzed;, however, their most trusted sources were not
identified. A substantial proportion of older adults with frailty
in this study reported obtaining information from health care
professionals. Further research is needed to identify more
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effective sources of health information, including those
considered trustworthy.

Strengths

A key strength of thisstudy isitslarge sample size, comprising
>1000 community-dwelling older adults aged =75 years
recruited across Japan, which provides high statistical power.
Moreover, sex-based subgroup analyses reveal ed no significant
interaction effects, supporting the robustness of the main results.
By targeting individual swith ahigher prevalence of frailty aged
=75 years, we successfully identified specific health information
sources that older adults with frailty are less likely to access.
These findings underscore the need to devel op more accessible,
trustworthy, and effective health information resourcestailored
to the needs of this population. For instance, scientifically
grounded platforms operated by public or medical institutions,
community-based online resources, and multimodal delivery
formats combining text and audio content should be considered.

Limitations

Thisstudy has somelimitations. First, asacross-sectional study,
causal inference cannot be established. Second, participants
were recruited through a web-based panel. Since older adults
with frailty without internet access were likely excluded,
sampling bias may have occurred, restricting the generalizability
of thefindingsto relatively healthier, internet-using older adults
in Japan. Consequently, the results of this study may
underestimate disparitiesin access to health information among
older adults with frailty. In contrast, although the prevalence of
frailty among older adults in Japan is reported to be 7.4% [8],
the proportion of older adultswith frailty identified in this study
was 30.8%. This suggests that many older adults who are often
excluded from conventional surveys—such as those with
difficulty walking, those who tend to remain indoors, and those
with limited social interaction and an increased risk of
frailty—may have been included in this study. Third, frailty
was not assessed using objective measures such as gait speed
or grip strength, which may have reduced the accuracy of the
assessment. Finally, confounding factorsrelated to health status
and cognitive function, such as the frequency and content of
accessto health information, severe cognitive impairment, major
comorbidities, physical functional limitations, and mobility,
were not adjusted for.

Conclusions

Our findings suggest that older adults with frailty were less
likely to obtain health information from interpersonal sources
such as family and friends, as well as from traditional media
such as radio and newspapers, than individuals without frailty.
These findings are valuable for developing effective and
personalized strategies to deliver health information to older
adults with frailty.
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Abstract

Background: For accurate medication usage statistics and medication adherence calculations, we need to have an accurate
days supply (DS) for each prescription. Unfortunately, often the DS or the information needed for calculating the DS is not
provided. Therefore, other methods need to be applied to acquire missing values or substitute incorrect values.

Objective: This study aimsto apply a variety of methods for managing incomplete and missing data to enhance the accuracy
of calculating DSfor all medicationsand drug formsaalike. Furthermore, to describe the effect of applied methods on the medication
adherence calculated on real-world data.

Methods: A dataset comprising prescription records from a 10% (150,824 patients) random sample of the Estonian population
between 2012 and 2019 was used. The workflow consisted of 3 steps: data cleaning, imputation, and calculation of DS. For
imputation, different methods were combined, such as calculating mode-based daily dose, or using usage guidelines from the
Summary of Product Characteristics or legislation. DS was calculated based on the provided daily dose or imputed value. To
evaluate the impact of data cleaning, medication adherence for the baseline dataset and corrected dataset for 2 time periods,
2012-2015 and 2017-2019, was calculated and compared.

Results: The drug forms with the lowest proportion of correct DS provided were insulin injections (2601/82,867, 3.1%) and
intravaginal contraceptives (1692/21,145, 8%) while the highest proportion of DS was provided for inhalation medication
(78,541/126,588, 62%), oral drops (52,085/98,221, 53%) and tablets, capsules, suppositories (2,828,617/6,176,585, 45.8%). As
aresult of applying different imputation approaches, we successfully found the DS for 98.3% (7,415,347/7,544,892) of dispensed
prescriptions. For the remaining 1.7% (129,545/7,544,892) of prescriptions, DS could not be imputed nor calculated with these
methods. As for the medication adherence, the distinction between 2 observed time periods was more distinct in the baseline
dataset compared with the corrected dataset for most of the drug groups, indicating that the applied correction methods had
lessened the stark contrast.

Conclusions: In summary, our study demonstrated that with a carefully designed imputation pipeline where data-driven
imputation is combined with domain knowledge and literature information, it is possible to meaningfully improve the quality of
prescription datasets and generate more accurate and consi stent adherence metrics across various drug forms. Nonetheless, future
efforts should continue to refine imputation techniques, incorporate machine learning approaches where appropriate, and expand
validation efforts using external benchmarks or clinical outcomes.

(Online J Public Health Inform 2026;18:e83465) doi:10.2196/83465
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Introduction

Electronic health care databases provide a valuable data source
for conducting various studies, as they are detailed, structured,
and often cover along time span. One important source of such
data is pharmacy medication records, which provide the
opportunity to research medication usage and adherence
cost-effectively and at scale [1-3]. To calculate medication
adherence, an accurate days' supply (DS) for each prescription
is needed [4]. DS describes how many days the dispensed
medication is expected to last. In medical fields, DS is aso
referred to astreatment course length. While some prescription
databases have DS recorded, in others, the DS value needs to
be calculated using other available information, such as the
number of dispensed medicationsand prescribed daily dose [4].
Unfortunately, there is an abundance of evidence suggesting
inaccuracies and missing values in the prescription databases
[4,5].

Severd studies have specifically addressed the challengesrelated
to missing daily doses and the DS issue [4,6,7]. For example,
imputing 1 dose of medication per day for missing daily doses
has been shown to work for patients with stroke [6], while
imputing the mode daily dose per active substance and number
of tablets per prescription has been shown to work for diabetic
drugs[4]. Studies have al so demonstrated that daily dose values
can be imputed using machine learning (ML) algorithms that
incorporate various patient characteristics [4]. Some studies
[8,9] have applied the defined daily dose (DDD) toolkit
developed by the World Health Organization [10]. However, it
has been concluded that using DDD as a daily dose substitute
may lead to misclassification of medication adherence [8,9].
Thelimitations of the existing studiestackling the missing daily
dose and DS issue are that they often focus on 1 disease or
medication group [4,6,7,9,11-13] and thus, it is unknown
whether the same approach applies to other active substances
or diseases. Moreover, studies have often been conducted using

https:/oj phi jmir.org/2026/1/e83465

single-dose oral medications[4,6,7,9], and littleis known about
how to addressthe missing datain other drug forms such aseye
drops, topical creams, and gels. Although some studies have
researched medi cation adherence among diseases that often use
other drug forms[11,13-18], only afew of these use pharmacy
records [13,17]. However, these studies have not tackled the
problem of missing data.

In addition to missing data, some studies have highlighted that
some inaccuracies may be present in DS values [5,19]. More
common inconsistencies arein reported DS val ues, dosage, fill
intervals, administration times and quantity [5,19]. It has been
stressed that further research is needed to evaluate DS reporting
errors and to recommend strategies to addressthese errors[20].

To thebest of our knowledge, no comprehensive approach exists
that addresses both missing and inaccurate datain prescriptions
database across all prescriptions, irrespective of the active
substance or drug form. To address this shortcoming, this study
aims to apply a variety of methods for managing incomplete
and missing data to enhance the accuracy of calculating DS for
all medications and drug forms alike. In addition, we describe
the effect of applied methods on the medication adherence
calculated on real-world data

Methods

Data

The dataset used in this study consisted of prescription datafor
a 10% (150,824 patients) random sample of the Estonian
population, covering the period from 2012 to 2019 [21]. The
dataoriginated from the national e-prescription database, where
all prescriptionsissued in primary and secondary care have been
stored since 2010. The dataset includes all prescribed
medicationstogether with their dispensing information. Specific
information about the prescriptionsis shownin Table 1. Notably,
the dataset does not contain information about over-the-counter
medications or inpatient medications.
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Table 1. Available prescription information.

Malk et &

Categories Details

Patient information .

Genera administrative information
|ssue date
Validity date
Dispensed date

Active substance .

Unique ID for each patient

Unique ID for each prescription

Prescription type (initial, refill, narcotic, and medical device)
Prescribing health care provider information

Diagnosis code for which the medication was prescribed
Rationale for brand-specific prescribing

Dispensing pharmacy information

Prescription cancellation reason

Names of active substances

o Amount of maximum 3 components
*  Unique ATC?code for active substance

Drug form .

Daily dose information .

Type of medication (eg, tablet, cream, and eye drops)

Number of times the medication is taken or appliedb

o Amount of medication per doseb

o Optiona free-text

Days' supply .

Dispensed package information
Number of packages

Optional treatment course length

Unique ID for each drug package

Number of unitsin each package
Item size (for non-single-dose medications, eg, creams and eye drops)

8ATC: Anatomical Therapeutic Chemical.
These multiplied make up the daily dose.

Intotal, the dataset initially comprised 9,279,082 prescriptions,
of which 7,544,892 (81.3%) were dispensed to patients. The
rest of the prescriptions were prescribed but never dispensed.
As it stands, only the prescriptions that were dispensed were
included in this study and equipped with aDS value.

There were several data quality issues in the database that had
to be addressed. Providing daily dose information became
mandatory for doctors in mid-2016. As a result, a 67.4%
(3,070,512/4,555,074) of prescriptionsissued prior to this date
lack daily dose information compared with 0.4%
(12,468/2,989,805) of prescriptions issued in 2017-2019.
Throughout this study period, it was optional for the doctorsto
specify the treatment course length for each prescription. This
treatment course length is equivalent to the DS and could be
used as a substitute or for comparison with the calculated DS.
The number of prescriptions with provided DS increased over
time—in 2012-2016, 15.2% (693,868/4,555,074) of prescriptions
had this information  compared with  36.1%

https:/oj phi jmir.org/2026/1/e83465

(1,078,710/2,989,805) in 2017-2019, calculated in the respective
timeframes.

Even though almost all prescriptions after 2016 were provided
with adaily dose, the information was inconsistent in terms of
the units used. The amount of medication could be given as a
quantity (eg, 1 tablet, 2 pills, etc) or the amount of active
substance (eg, 10 mg, 20 mg, etc). Neither of these writing
methods was consi stent among themselves either. For example,
if adrug contained 2 active substances, like 5 mg + 10 mg, and
the doctor decided to write the amount taken at once in active
substance amount, they had 3 distinct waysto write that: 5 mg,
10 mg, and 15 mg.

For non—single-dose medications such as drops, creams, and
gels, the daily dose was often noted only qualitatively (eg, “ once
per day”), without quantitative detail, making DS impossible
to calculate.

Wor kflow

The main workflow to acquire the DS value is presented in
Figure 1.
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Figure 1. Workflow to acquire days’ supply.
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Calculate days’ supply Impute days’

groups based on drug form

Other drug forms

Data Cleaning and Drug Form Grouping

The prescriptions were first checked for correctness. Some of
the prescriptions from 2012 had false active substance data.
Since every dispensed medication has a package number, the
correct active substance was taken from the package
information.

Prescriptions were stratified by drug form into distinct groups,
since each category follows specific conventions for stating the
daily dose. For example, liquid formulations record daily doses
in drops, creams in standardized dose units, and sprays in
actuations. If needed, these groups were further divided by
active substances because DS can be imputed more correctly
for pharmacologically similar active substances and drug forms.
For example, ophthalmic preparationswereinitially divided by
drug form into 2 groups. single-dose containers and
multiple-dose containers. The multiple-dose container group
was further subdivided into 2 categories: one containing
anti-infective, anti-inflammatory agents, and their combinations,
and ancther containing all other substances. Thelast 2 subgroups
required different imputation values.

All tablets, capsules, and suppositories share similar daily dose
parameters, which allowsfor aconsistent approachin calculating
DS. These were collectively referred to as single-dose
medications. Groups containing fewer than 1000 prescriptions
were given aDS value based on the provided DS data and were
excluded from further imputation processes.

Single-Dose Drug Forms DS

For single-dose medications, if all the necessary daily dose
information, consisting of the amount of medication in a dose
and the number of dosesin atime unit (ie, day or week), was
available, we calculated the DS. Since there are many different
ways to prescribe the medication amount in 1 dose, we used a
method that took into consideration whether the amount of
medication in a dose was written in units (1 tablet, 2 tablets,
etc) or active substance amount (5 mg, 10 mg, etc). The number
of doses per time unit, which is required for daily dose
estimation, was generally accurate and therefore used without
modification. Afterwards, we compared the calculated value
with the provided DS, if it was available. Whichever of the
2—calculated or provided DS—had asmaller value, it was used.

https:/oj phi jmir.org/2026/1/e83465

$ Or Use Ziven treatmen| —— supply if value

course missing

Therationaeisthat apharmacist may dispense alarger package
(ie, moretablets) if no package exactly matchesthe prescription.
If the provided DS was not available, the calculated DS was
used.

For prescriptions where DS could not be determined using the
aforementioned logic, a mode-based imputation method was
used. A reference dataset was created with the most common
daily dose for each active substance and corresponding dose
strength. When 2 or more daily dose values were equally
frequent, those active substances were excluded from
imputation, and their prescriptions remained unimputed. DS
was then calculated for imputed prescriptions. This approach
adds dose specificity to the active substance classification,
making the DS value more reliable compared to direct DS
imputation.

Other Drug FormsDS

The general workflow for determining DS in the other
dosage - form groups was as follows. The target drug group
was thoroughly analyzed to identify trends in how daily doses
are recorded and the specific characteristics of its treatment
regimens. Where possible, the DS was calculated, and the
existence of the prescribed DS was checked. If prescribed DS
information was available, it was either used directly or
compared to the computed DS value, and the more appropriate
of the 2 was adopted. This comparison was consistently applied
and therefore not explicitly restated in the subsequent list.

In cases where neither of these approaches could be applied,
alternative imputation strategies were used. These strategies
were based on the Summary of Product Characteristics (SPCs)
[22], where the recommended DS is written and on relevant
Estonian regulations[23], where, for example, the recommended
prescription usage length is recorded. These outcomes were
then reviewed by a domain expert and, if necessary, adjusted
toreflect current practicesin thefield. Based on thisevaluation,
specific imputation rules were defined for each medication
group and subsequently applied in the processing workflow.

More specifically, the DS was cal culated or imputed for different
drug forms as follows:

1. For semisolid medications consisting of creams, gels,
shampoos, and ointments for topical usage, daily dosing
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instructions are often provided without quantitative details.
Consequently, implementing a DS calculation method
would give limited value and was therefore not applied. If
the provided DS was available, that value was used.
Otherwise, it was imputed as 30 days per package.

2. For medicina nail polish, daily dosing instructions are often
provided without quantitative details. Therefore, DS
calculations were not done. When the provided DS was
available, it was used. Otherwise, DS was imputed based
on the package type. Asonly 2 package types were present
in the dataset, the DS was either 210 days or 180 days.

3. For eyedrops, daily dosing instructions are often provided
without quantitative details. Therefore, the DS calculation
was not done. If the provided DSwas available, it was used.
Otherwise, due to shelf-life limits, DS was imputed as 30
days per package, except for anti-infectious,
anti-inflammatory, and corticosteroid drops, which should
not exceed a 2-week treatment course. Therefore, DSwere
imputed with either 30 days or 14 days, depending on the
active substance. When the eye drops were packaged in a
single-dose container, and a daily dose was provided, the
daily dose was used to calculate DS. If daily data were not
available, the provided DS was used, and if neither was
available, it was imputed as 30 days.

4. For ear drops, all medications present in the dataset were
for short-term use only. Namely, anti-infective and analgesic
medications, which are usually not used for more than 7
days without adoctor’s supervision. Since the daily dosing
instructions are often provided without quantitative details,
the DS cal culations were not done. When the provided DS
was available, it was used. Otherwise, a 7-day value was
used for imputation.

5. For oral drops, if the daily dose was specified quantitatively
(eg, in number of drops or amount of active substance), this
information was used to calculate the DS. The calculations
varied depending on the active substance, asthe drop sizes
differed between substances. When the DS could not be
calculated, and provided DS was available, it was used.
Otherwise, 30 days per package was imputed due to
shelf-life limits.

6. For nasal sprays, DSwas cal culated based on the daily dose
if it was provided. If the DS could not be calculated, we
used the provided DS if it was available. Otherwise, a
default imputed value of 30 days per package was applied
except for the antifungal nasal spray, where the treatment
course should not last more than 7 days. Therefore, for
imputation, the 7-day value was used.

7. For inhalation powders, if the medication was divided into
blisters and a daily dose was provided, then it was used to
calculate DS. When the DS could not be calculated, and
provided DSwas available, it was used. Otherwise, avalue
of 60 days was imputed for all prescriptions, considering
the prescription guidelines and prevailing trends. According
to Estonian legislation and prescribing practices, chronic
medications are issued on a single prescription for a
2-month period.

8. For syrups, if the daily dose was specified quantitatively,
it was used to calculate the DS. When the DS could not be
calculated, and provided DS was available, it was used.
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Otherwise, 30 days per package was imputed due to
shelf-life limits.

9. For antibiotic solutions, daily dosing instructions are often
provided without quantitative details, therefore DS
calculation was not done. When the provided DS was
available, it was used. For these medications, the treatment
course should not be longer than 14 days, therefore, for
imputation 14-day value was used.

10. For transdermal patches, daily dosing instructions are often
provided without quantitative details, therefore DS
calculation was not done. When the provided DS was
available, it was used. Otherwise, the imputable DS was
calculated based on the length of the effect of the patches
based on information from SPCs.

11. For vaccines and implants, the treatment course was
imputed as 1 day. Sincethereisno standard way for doctors
to write a DS value, it was not used.

12. For insulin, a value of 60 days was imputed for all
prescriptions, considering the prescription guidelines and
prevailing trends. According to Estonian legisation and
prescribing practices, chronic medications are issued on a
single prescription for a 2-month period.

Quality Control Using M edication Adherence

To assess the impact of data cleaning and imputation, we
calculated the mean value of DS together with 95% CI values
for 147 active substances in the corrected datasets used in
chronic conditions for 2 time periods. 2012-2015, when
providing daily doseinformation was voluntary and 2017-2019,
when this information was mandatory for the doctors. Since
2016 wasatransition year, it was excluded from the time-period
comparison. This approach shows us whether imputation
introduced systematic biasin prescription duration. Moreover,
we cal culated medication adherence for these active substances
in both the baseline and corrected datasets. This approach
provides abroader statistical perspective acrossall medications,
allowing usto evaluate the validity of theimputations based on
all the prescriptions available.

The active substances used in the analysis were selected as
follows: 300 of the most frequently prescribed active substances
were extracted from the database, and 2 pharmacists
independently filtered out those that were meant for chronic
conditions. The active substances used in calculations were
divided into 27 groups based on the Anatomical Therapeutic
Chemical (ATC) therapeutic subgroup (Multimedia Appendix
1).

In the baseline dataset, the DS was calculated based on the
provided daily dose for single-dose medications. When the DS
was not provided, avalue of 30 dayswasimputed [4]. Baseline
dataset analyses were performed using a simplified approach,
whichisfast, inexpensive, and requiresminimal data processing.
In the corrected dataset, we applied more resource-intensive
methods to evaluate whether such refinement provides a
meaningful advantage in adherence estimation.

For medi cation adherence cal culations, the continuous multiple
interval measures of medication availability (CMA) [2] were
used. Out of 8 CMAs, CMA5 was selected as it accounts for
gaps in medication availability and assumes that the new refill
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is stored until the previous prescription is fully used. The
adherence was calculated on a yearly basis. The calculation
window began with the first medication dispensing and ended
with the last, requiring each patient to have at least 2
prescriptions dispensed. Any unused medication remaining at
the end of the window was excluded from the calculations [2].
The CMA implementation in AdhereR [24] was used through
AdherenceFromOMOP [25].

To describe the change in medication adherence between 2
periods (2012-2015 vs 2016-2019), the change in period means
was calculated. Although the year 2016 was a transition year
and excluded from the time-period comparison, the data for
2016 are presented in CMA figuresin Multimedia Appendix 1.
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Ethical Consider ations

The study was approved by the Research Ethics Committee of
the University of Tartu (300/T-23), the Estonian Committee on
Bioethics and Human Research (1.1-12/653), and the
requirement for informed consent was waived.

Results

A total of 7,544,892 dispensed prescriptions were included in
the process of establishing the DS value. Thelargest drug form
group was single-dose medications, including tablets, capsules,
and suppositories, which  accounted for 81.9%
(n=6,176,585/7,544,892) of al dispensed prescriptions. The
remaining drug form groups are listed in Table 2. In total, 13
major drug form categories were identified.
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Table 2. Prescription distribution by drug groups and days' supply establishing methods, for the full dataset (2012-2019).

Drug group and dataset information

Method for finding days, supply

Prescriptions in main group, n (%)

Tablets, capsules, and suppositories
Daily dose provided
Days' supply provided
Neither daily dose nor days' supply provided
Days' supply could neither be calculated nor imputed

Semisolid dosage forms
Days' supply provided
Days' supply not provided
Medicinal nail polish
Days' supply provided
Days' supply not provided
Ear drops
Days' supply provided
Days' supply not provided
Eye drops
Eyedropsin single-dose containers- daily dose provided
Other eye drops - days' supply provided
Other eye drops - days' supply not provided
Days' supply not calculated nor imputed
Oral drops
Daily dose provided
Days' supply provided
Neither daily dose nor days' supply provided
Days' supply neither calculated nor imputed
Inhalation medication
Daily dose provided
Days' supply provided
Days' supply not provided
Days' supply not calculated nor imputed
Nasal sprays
Antifungal nasal spray - days supply not provided
Daily dose provided
Days' supply provided
Neither daily dose nor days' supply provided
Syrups
Antibiotics - days' supply not provided
Daily dose provided
Days' supply provided
Days' supply not provided

Transdermal patch

Calculated using the given daily dose
Days' supply was used
Calculated using the imputed daily dose value

a

Days' supply was used

Imputed as 30 days per packageb

Days' supply was used

Imputed as 210 days or 180 daysb

Days' supply was used

Imputed as 7 days per prescripti on®

Calculated using the given daily dose
Days' supply was used

Imputed as 14P or 30° days per package

Calculated using the given daily dose
Days' supply was used

Imputed as 30 days per prescripti on®

Calculated using the given daily dose
Days' supply was used

Imputed as 60 days per prescripti on®

Imputed as 7 days per prescripti on®
Calculated using the given daily dose
Days' supply was used

Imputed as 30 days per prescripti on®

Imputed as 14 days per prescripti on®
Calculated using the given daily dose
Days' supply was used

Imputed as 30 days per package®

2,828,617 (45.80)
933,710 (15.12)
2,402,392 (38.89)
11,866 (0.19)

119,748 (37.55)
199,154 (62.45)

3008 (41.55)
4231 (58.45)

5661 (57.11)
4252 (42.89)

6724 (2.35)
62,332 (21.81)
216,740 (75.82)

43 (0.02)

52,085 (53.03)
33,055 (33.65)
12,961 (13.20)

120 (0.12)

78,541 (62.04)
19,885 (15.71)
27,137 (21.44)

1025 (0.81)

7738 (8.72)
26,361 (29.70)
40,551 (45.69)
14,094 (15.88)

29,130 (34.31)

37,251 (43.87)
3004 (3.64)
15,436 (18.18)
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Drug group and dataset information

Method for finding days, supply

Prescriptions in main group, n (%)

Hormonal patch - days' supply not provided
Analgesic patch - days’ supply not provided
Days' supply provided
Days' supply not provided
Intravaginal contraceptives
Days' supply provided
Days' supply not provided
Implants and vaccines
Days' supply provided
Days' supply not provided
Insulin injections
Days' supply provided
Days' supply not provided
Others
Days' supply provided
Days' supply not calculated nor imputed —

Impute as 7 days per patch plus 7 daysb 13,131 (81.18)
Imputed as 3 days per patchb 1127 (7.01)
Days' supply was used 599 (5.94)
Impute as 7 days per patchb 865 (5.38)
Days' supply was used 1692 (8)
Imputed as 30 days per item in pax:kageb 19,453 (92)
Days' supply was used 18,940 (45.2)
Imputed as 1 day 22,979 (54.8)
Days' supply was used 2601 (3.14)
Imputed as 60 days per prescription® 80,266 (96.86)
Days’ supply was used 69,806 (37.47)
116,491 (62.52)

ot available.

bBased on the Summary of Product Characteristicsissued by the Estonian Agency of Medicines.

®Medication not shelf-stable for more than 30 days after opening.

The drug forms with the lowest proportion of correct DS
provided were insulin injections (2601/82,867, 3.1%) and
intravaginal contraceptives (1692/21,145, 8%) whilethe highest
proportion of DS was provided for inhalation medication
(n=78,541/126,588, 62%), oral drops (52,085/98,221, 53%) and
tablets, capsules, suppositories (2,828,617/6,176,585, 45.8%),
in their respective drug form group (Table 2).

For tablets, capsules, and suppositories, 38.9%
(2,402,392/6,176,585) of prescriptions lacked daily dose
information and were therefore imputed using the mode-based
imputation described earlier. The mode table consisted of 1002
active substances and dosage amount combinations, out of which
60.1% (602/1002) of combinations had the value of once per
day, and 24.7% (245/1002) of these combinations had the value
of twice per day. In cases where both a calculated DS and
provided DS information were available, the smaller value was
used out of the 2. As a result, 15.1% (933,710/6,176,585) of
prescriptions in single-dose medications were assigned DS
provided by the doctor. For other drug forms, when the DS
could not be calculated, instead of using the daily dose, we
imputed the DS based on the specific drug form. The proportion

https:/oj phi jmir.org/2026/1/e83465

of imputed prescriptions ranged from 13.2% (12,961/98,221)
for ora drops to 92% (19,453/21,145) for intravagina
contraceptives and 96.9% (80,266/82,867) for insulin injections
(Table 2; Multimedia Appendix 2). As a result of applying
different imputation approaches, we successfully found the DS
for 98.3% (7,415,347/7,544,892) of dispensed prescriptions.
For 1.7% (129,545/7,544,892) of prescriptions, DS could neither
be imputed nor calculated.

To evaluate the impact of data cleaning and imputation, the
mean DS values and medication adherence of 147 active
substances belonging to 27 ATC therapeutic subgroups were
calculated.

Comparison of the mean DS values between the period where
most DS were imputed (2012-2015) and the period with more
complete daily dose and DS data (2017-2019) reveal ed that the
observed differencesin mean DS were generally small and, in
most cases, did not exceed the difference of 7 days (Figure 2).
Thisindicatesahigh level of consistency between imputed and
calculated values. Nonetheless, some ATC groups with larger
deviations were present, for example, thyroid therapy (HO03)
and cardiac therapy (CO1).
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Figure 2. The mean value of DS and 95% Cls for a period where DS was mostly imputed (years 2012-2015) and mostly calculated based on data

provided by doctors (years 2017-2019) by Anatomical Therapeutic Chemical

subgroups. Green: <7 mean difference; yellow: 7-30 mean; red: > 30 mean

difference.A05: bile and liver therapy; AQ7: antidiarrheals, intestinal anti-inflammatory and anti-infective agents; A09: digestives, including enzymes;
A10: drugs used in diabetes; BO1: antithrombotic agents; CO1: cardiac therapy; C02: antihypertensives; CO3: diuretics, C04: peripheral vasodilators,
CO07: beta blocking agents; C08: calcium channel blockers; C09: agents acting on the renin-angiotensin system; C10: lipid modifying agents; GO3: sex
hormones and modulators of the genital system; G04: urologicals, HO3: thyroid therapy; L02: endocrine therapy; L04: immunosuppressants, M04:
antigout preparations, M05: drugs for treatment of bone diseases; NO3: antiepileptics; NO4: anti-Parkinson drugs, NO5: psycholeptics; NO6:
psychoanaleptics, PO: antiprotozoals, RO3: drugs for obstructive airway diseases, S01: ophthalmologicals.
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The medication adherence comparison shows that for most of
thedrug groups, the difference between 2 observed time periods
was more distinct in the baseline dataset compared with the
corrected dataset, indicating that the applied correction methods
had |essened the stark contrast (Figure 3; Multimedia A ppendix
1). For the multiple-dose medications, such as drugs for
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obstructive airway diseases (R03) and ophthalmologicals (S01),
there was no distinction between the observed time periods.
However, the medication adherenceimproved similarly for both
time periods. At the sametime, some adherence measures, such
as the thyroid therapy (HO3), showed 100% of medication
adherence.
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Figure 3. The average medication adherence by time period and Anatomical Therapeutic Chemical subgroups. Blue: corrected dataset; red: baseline
dataset. A05: bile and liver therapy; AO7: antidiarrheals, intestinal anti-inflammatory and anti-infective agents; A09: digestives, including enzymes,
A10: drugs used in diabetes; BO1: antithrombotic agents; CO1: cardiac therapy; C02: antihypertensives; CO3: diuretics; C04: peripheral vasodilators;
CO07: beta blocking agents; CO8: calcium channel blockers; CO9: agents acting on the renin-angiotensin system; C10: lipid modifying agents; G03: sex

hormones and modulators of the genital system; G04: urologicals;, HO3:

thyroid therapy; L02: endocrine therapy; L04: immunosuppressants, M04:

antigout preparations, M05: drugs for treatment of bone diseases; NO3: antiepileptics; NO4: anti-Parkinson drugs, NO5: psycholeptics, NOG6:
psychoanaleptics; PO1: antiprotozoals, R03: drugs for obstructive airway diseases; S01: ophthalmologicals.
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Discussion the 7.5 million dispensed prescriptions included in this study

Principal Results

Accurate estimation of DSisessential for assessing medication
adherence and conducting pharmacoepidemiological research.
This paper set out to improve the completeness and precision
of prescription data. We developed and implemented amultistep
data cleaning and imputation approach to address missing or
incomplete information in prescription records, specifically
targeting the derivation of DS. Unlike previous studies, which
typicaly focused on a single drug class or drug form
[4,6-9,11,13-18,20,26,27], our work aimed to determine DS
values for al prescriptions. By applying a combination of
rule-based calculations, statistical imputation, and domain
knowledge, we were able to assign DS values to aimost al of
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dataset. This demonstrates the feasibility of using hybrid
methods in large-scale, real-world prescription datasets,
particularly when working with data mapped to standardized
models.

The mean value comparison indicatesahigh level of consistency
between imputed and observed values in most medication
groups. These findings suggest that the imputation strategy
provides areasonabl e approximation of real-world prescription
lengths and preserves the overall patterns in medication use.
Nonetheless, isolated ATC groups with larger deviations show
that imputed values may still under- or overestimate treatment
duration in specific cases. Furthermore, it is evident that the
imputation process did not systematically shift the DS estimates
upward or downward. This suggests that the observed
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differences in DS between time periods might also be driven
by external factors, such as changesin available package sizes
or evolving prescribing practices.

The medication adherence calculated on the baseline database
and corrected database suggests that our approach significantly
improved the adherence estimates. For most drug groups, it
became evident that once imputation methodswere applied, the
adherence estimates for the 2012-2015 period aligned more
closely with those from 2017-2019, when daily dose reporting
became mandatory for physicians and the overall database
quality improved. At the same time, the adherence values for
the 2017-2019 period for both datasets remained similar for
most drug classes. This supportsthe hypothesisthat earlier data
underrepresented medication availability due to incomplete
documentation, and that our imputation procedures improved
temporal consistency and data reliability.

Some kind of imputation was needed in each observed drug
class. The predominance of tablets, capsules and suppositories
in the dataset enabled the use of daily dose-based imputations
for asubstantial portion of the records. Imputing 1 dose per day
has proven to be an effective way to address the missing data
for some oral drugsin a previous study with heart medications
[6]. Although this approach was al so applicable in our dataset,
the mode DS values revealed that such a uniform approach was
unsuitable for 39.9% (400/1002) of single dose medications
imputation values. Therefore, using the mode-table imputation
method helped to identify the most common daily doses per
active substance and use this information in DS calculations.
Although our approach significantly improves the data quality,
it is not flawless. For example, the medication adherence
calculated for thyroid therapy (HO3) on the corrected database
was 100%. Thus, raising the suspicion that it might be
overestimated and the imputed daily doses were too small. It
could be hypothesized that for some medications more than
others, the individual treatment regimens may differ, and
therefore, it is difficult to identify the most common dose to
impute. When the mode value used in imputation is lower than
the next most popular value, then it can result in a higher DS
value and, therefore, better medication adherence values.

For non—single-dose drug forms, such as creams, drops, and
gels, imputation based on SPCsand provided DS proved useful
though these methods are inherently less precise due to
variability in usage patterns and dosing recommendations. In 2
drug classes, obstructive airway diseases (R0O3) and
ophthalmologicals (S01), the medication improved for both
time periods. One reason for this could be that in the baseline
dataset, arough imputation of 30 dayswasapplied to all missing
daily doses, whilein this study, theimputed DS was more active
substance specific and based on national SPCs.

In addition to imputing missing data, there is sometimes a
question of the plausibility of provided DS that are given by a
doctor with the prescription [5,19]. The question arises whether
and how we assessthe DS prescribed by physicians, and whether
this should be compared with the calculated duration. Until
2016, our prescription system alowed manual entry of the
duration, and errors can often occur. The most common and
noticeable errors occurred when repeat prescriptions were
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issued, and each was assigned a DS of 180 days, which in fact
represents the combined length of 3 prescriptions. This stems
from the common practice of doctors providing 3 refill
prescriptions per medication. These kinds of problems were
easy to notice and fix, but more complex errors were harder to
detect. Another example concerns vaccines and implants, for
which no standard exists for indicating the DS on the
prescription, and each doctor records it according to their own
discretion. As aresult of incorrect entries, some prescriptions
may end up with an inaccurate DS value. Despite these
challenges, our imputation methods combined with domain
knowledge ensured reasonable estimates of DS across diverse
drug forms.

Our study also underscores the importance of auser design and
information architecture of the prescription database. It clearly
emerged from this study that before the summer of 2016, when
there was no requirement to record dosing instructions for
medications, the data quality was lower and different methods
were needed to backfill this information retrospectively.
Therefore, to collect accurate data, more effort should be paid
to the architecture of the system to ensurethat all necessary data
will be inserted and stored as correctly as possible. Moreover,
there is a need to raise awareness among doctors on the
importance of data quality and its effect on evaluating health
care services and medication adherence. For example, we
identified in the dataset that sometimesthereisan inconsistency
inthe units of prescribed medicationswithin prescriptionsissued
by doctors—one might use units (eg, 1 tablet) on one
prescription and the amount of active substance (eg, 10 mg) on
another. Moreover, some doctors have a practice to renew the
old prescription without changing the dosing information, even
when the dosing regimen changes. This all impacts the data
quality, as detecting such cases from the data is very difficult,
if not impossible. Therefore, beyond seeking sophisticated
imputation methods to address the missing data, we should also
consider improving the prescription systemsand informing and
educating the doctors who enter this data. More complete and
accurate recordswould provide abetter foundation for secondary
use of prescription datain the future.

Limitations

Onelimitation of our study isthat there was no golden standard
or reference database to compare the results with. Although the
amount of missing data substantially reduced in the period
2017-2019 due to the changes in the prescription system, some
inaccuracies due to the human component remained. However,
it could be argued that the baseline data from 2017-2019 gives
aconsiderably good indication of actual prescription patterns.

It is also important to acknowledge that imputation techniques
possess inherent limitations and may not invariably produce
fully accurate estimates. To construct a mode table of daily
doses, a certain proportion of presumably correct prescription
dataisrequired; otherwise, it cannot be compiled. Furthermore,
in some drug classes where the dosing recommendations vary
based on the severity of disease, the mode table did not seem
to be the best approach, asthe medication adherence cal culated
on the corrected database was unredistically high. Potentially,
some ML methods could be more effectivein such caseswhere
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mode tables fail, but this warrants further investigation.
Moreover, ML methods should also be applied to other
injections and less prevalent drug forms, which in this study
were excluded.

Malk et &

combined with domain knowledge and literature information,
it ispossibleto meaningfully improve the quality of prescription
datasets and generate more accurate and consistent adherence
metrics across various drug forms. Nonetheless, future efforts

should continue to refine imputation techniques, incorporate
ML approacheswhere appropriate, and expand validation efforts
using external benchmarks or clinical outcomes.

Conclusions

In summary, our study demonstrated that with a carefully
designed imputation pipeline where data-driven imputation is
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Abstract

Background: Mini implants, or temporary anchorage devices, have transformed modern orthodontic practice by offering stable,
minimally invasive anchorage for complex tooth movements. Despite their proven effectiveness, their use varies widely across
regions, often influenced by clinicians’ knowledge, confidence, and training.

Objective: This study explored the knowledge, attitudes, and perceptions of orthodontic professionals regarding mini implant
use in the Kurdistan Region, Irag, and examined how experience and professional background shape their adoption in daily
clinical work.

Methods: A cross-sectional online survey was conducted between April 2025 and September 2025 among orthodontic faculty
and postgraduate trainees from 7 dental colleges in the Kurdistan Region. The validated questionnaire assessed participants
demographic details and 3 key domains—knowledge, perceptions, and attitudes—using Likert-scal e responses. Datawere anayzed
using SPSS (version 28.0) and the Mann-Whitney U, Kruskal-Wallis, and Spearman correlation tests, with significance set at
P<.05.

Results: A total of 175 orthodontic practitioners completed the survey (n=100, 57.1% postgraduate trainees, n=75, 42.9% faculty
members). Postgraduate trainees demonstrated significantly higher knowledge (mean 3.66, SD 0.49 vs mean 3.16, SD 0.48;
P=.01) and perception (mean 3.29, SD 0.60 vs mean 2.39, SD 0.58; P=.02) scores. Immediate loading was preferred by 80%
(80/100) of the postgraduate trainees compared with 40% (30/75) of faculty members (P=.001), whereas radiographic guidance
was selected as the safest placement method by 75% (75/100) of postgraduate trainees vs 40% (30/75) of faculty members
(P<.001). Younger clinicians (aged <35 years) and those with lessthan 5 years of experience showed significantly higher perception
scores (P=.01). Knowledge, perception, and attitude were strongly correlated (r=0.74; P<.001), indicating that increased
understanding promotes more positive attitudes toward mini screw use.

Conclusions: Orthodontists in the Kurdistan Region generally hold favorable views toward mini implants, yet differencesin
confidence and hands-on experience remain evident across generations.

(Online J Public Health Inform 2026;18:e86896) doi:10.2196/86896
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Introduction

Orthodontic implantstrace their originsto the mid-20th century,
when Gainsforth and Higley [1] first described the use of screws
as auxiliary anchorage devices for tooth movement. Although
their initial attempts achieved limited implant survival, these
pioneering experiments laid the foundation for future
advancements. Over the subsequent decades, orthodontic
research focused intensively on developing reliable intraoral
anchorage systems, leading to significant innovationsin implant
design and application for both prosthodontic and orthognathic
purposes[2].

The evolution of mini screw technology accelerated in the
1990s, when Kanomi [3] introduced screws specifically designed
for orthodontic use. Improvements in design geometry, size,
and aloy composition enhanced both biocompatibility and
mechanical stability, making mini screws more accessible and
predictable for routine clinical practice. Several specialized
systems have emerged, including the Aarhus mini implant,
Spider Screw, and AbsoAnchor microimplant, reflecting global
efforts to optimize skeletal anchorage [4].

Achieving optimal anchorage control remains one of the most
persistent challenges in orthodontics, directly influencing
treatment predictability and success. Theintroduction of skeletal
anchorage systems, particularly orthodontic mini screws, has
represented a paradigm shift in anchorage reinforcement,
offering astable, compliance-free aternative for complex tooth
movements. Mini implants are appreciated for their versatility,
minimal invasiveness, ease of placement and removal, and
capacity for immediate or early loading. These advantages have
broadened their indications across numerous nonsurgical
orthodontic applications such as en masse retraction, molar
distalization, open bite correction, maxillary expansion, and the
management of complex malocclusions. Clinical success is
primarily linked to mini screw stability, which depends on bone
quality, insertion torque and depth, and biomaterial
characteristics. Reported survival rates often exceed 80% to
90%, affirming their reliability as adjuncts in contemporary
orthodontic treatment [2].

Degspite these benefits, the global adoption of mini implants
remains uneven, influenced by practitioners’ knowledge, clinical
experience, and accessto specialized training. Reported barriers
include screw loosening (up to 83%), soft tissue irritation
(59.7%), procedural failure, and concerns about patient comfort
and oral hygiene. These factors underscore the ongoing need
for technical proficiency, standardized guidelines, and
practitioner confidence [5,6].

Recent studies show that orthodontists' willingnessto use mini
screws is shaped by variables such as professional experience,
continuing education, gender, and practice setting. A study
revealed that over 90% of orthodontists who use mini screws
report satisfactory or highly satisfactory treatment outcomes,
yet concerns about cost, procedural complexity, and potential
complications persist. Clinica factors rather than patient
demographics such as age or gender are the primary
determinants of mini screw success [7,8].
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Worldwide, the use of mini screws continues to expand,
supported by strong clinical evidence and favorable outcomes.
However, a gap remains between early-career and senior
orthodontists regarding optimal placement sites, complication
management, and biomechanical integration. Addressing these
disparities requires structured education, mentorship, and
evidence-based training to support effective diffusion of this
technology [9,10].

In response to these trends, this study investigated the current
knowledge, attitudes, and perceptions (KAP) related to
orthodontic mini screw use among orthodontistsin the Kurdistan
Region, Irag. This study also examines the demographic and
professional factors influencing clinicians' readiness to
incorporate mini screwsinto routine practice. It ishypothesized
that there will be significant variation in KAP scores based on
experience level, training background, practice environment,
and access to professional development opportunities.
Specifically, this research aimed to (1) assess orthodontists
knowledge of mini screw indications, benefits, and
complications; (2) evaluate their actual clinical practices,
including preferred insertion sites, perceived successrates, and
common barriers; (3) explore attitudes toward mini screws
compared with conventional anchorage methods; and (4) identify
the major educational and technical gapslimiting their optimal
use.

This investigation represents the first comprehensive regional
evaluation of orthodontists readiness to adopt mini implant
technol ogy, with findings expected to inform targeted continuing
education programs, enhance clinical quality, and advance
evidence-based orthodontic care across the Kurdistan Region.

Methods

Study Design and Setting

Thiscross-sectional, descriptive, questionnaire-based study was
conducted from April 1, 2025, to September 1, 2025, by the
Medica Research Scientific and Ethica Committee in
collaboration with orthodontic faculty and postgraduate
practitioners from dental colleges across the Kurdistan Region
of Irag. Eligible participants included registered orthodontists
in the Kurdistan Dental Association and postgraduate trainees
actively studying in accredited denta ingtitutions within the
region.

Ethical Considerations

The study protocol was approved by the Kurdistan Higher
Council of Medical SpecialtiesMedical Research Scientific and
Ethical Committee. It was conducted in accordance with the
ethical principles of the 2013 Declaration of Helsinki. All
participation was entirely voluntary, and the study objectives
and confidentiality safeguards were clearly stated before
participation. Informed consent was explicitly obtained before
the start of the survey. Participants did not receive any
compensation for taking part in the study. To protect
participants anonymity, the survey did not collect any
personally identifying information, and all responses were
accessible solely to the principal investigator.
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The Questionnaire

Overview

The questionnaire was constructed following the CHERRIES
(Checklist for Reporting Results of Internet E-Surveys,
Typeform) guidelines, ensuring concise, validated, and ethically
sound data collection. The first section of the questionnaire
included ademographic statement detailing the study objectives,
eligibility criteria, voluntariness of participation, and contact
details of the principal investigator.

The questionnaire was systematically structured into 3
consecutive sections (A, B, and C) to ensure that, upon
completion of the study, a comprehensive assessment and
understanding could be achieved regarding the respondents’
characteristics and their knowledge about, perceptions of, and
clinical attitudes toward orthodontic mini screws.

Demographic Section

This section collected information on participants’ age, gender,
academic designation, region of practice, years of experience,
and involvement in clinical orthodontic work.

Knowledge Assessment

This subsection included multiple-choice and Likert-scaleitems
that evaluated participants understanding of mini implant
indications, benefits, complications, loading protocols, and
stability principles.

Per ception Assessment

Perception was assessed using Likert-scale items measuring
participants’ views on clinical safety, barriers to use, success
rates, loading preferences, and confidence regarding mini screw
application.

Attitude Assessment

Attitude items explored respondents’ willingness to use mini
implants, openness to adopting new techniques, preferred
clinical approaches, and readiness for training and skill
development.

Pretesting and Content Validity of the Questionnaire

The questionnaire was developed through the collaborative
input of a panel consisting of 2 orthodontists, 1 academic
statistician, and 1 researcher with over 15 years of research
experience, all independent from the study’s participant pool.
Content validity was established via expert review, with the
Aiken V dtatistic determined to be 0.89, indicating a high level
of agreement among reviewers. To further refine theinstrument,
apilot test was conducted with 25 orthodontists and postgraduate
trainees not included in the final sample.

Theinternal consistency of the questionnaire was assessed using
the Cronbach a, yielding coefficients of 0.85 for the knowledge
domain and 0.91 for attitude and perception items. Test-retest
reliability was evaluated by readministering the instrument to
the pilot group after a 3-week interval, resulting in an
interobserver k coefficient of 0.88. These procedures ensured
strong measurement validity and reliability, with the finalized
version distributed to a sample of approximately 120
orthodontists and postgraduate participants, aligning with
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standard methodological frameworks for cross-sectional KAP
surveysin dental research.

Sample Size Estimation

The sample size was estimated using the online tool provided
by the Calculator website [11], ensuring an evidence-based
approach for determining the appropriate participant number
[12]. According to records from the Kurdistan Dental
Association, thetotal number of orthodontists and postgraduate
trainees practicing in the region was approximately 210 at the
time of the study. Using this population figure, a statistical
power analysis was conducted to calculate the minimum
required sample size.

Assuming an anticipated response proportion of 50% on mini
screw—related knowledge and attitudes with a 5% margin of
error and a confidence level set at 95%, the recommended
minimum sample size was 132. Considering an estimated
response rate of 75% based on prior regional survey experiences,
the questionnaire was distributed to 175 practitionersto achieve
arepresentative and statistically robust sample.

Study Participants and Data Collection Procedure

The roster of dental institutions and relevant contact details
were obtained from the official records of the Kurdistan Dental
Association and the Ministry of Higher Education and Scientific
Research of the Kurdistan Region. Formal correspondence,
endorsed by the head of the orthodontics department, was sent
to dental colleges and teaching hospitals across the northern
provinces requesting updated lists of both orthodontic faculty
and postgraduate trainees, including email and tel ephone contact
information. Among the 7 dental colleges in the Kurdistan
Region (with representation from Erbil, Sulaymaniyah, Duhok,
Halabja, and the surrounding areas), atotal of 123 postgraduate
orthodontic trainees and 87 faculty members were identified,
for acombined total of 210 digible participants—a postgraduate
trainee-to—faculty member ratio of approximately 1.4:1.

A convenience nonprobabilistic sampling approach was used.
Google Form invitations, including instructions and electronic
consent, were distributed proportionally to 175 individuals
(n=100, 57.1% postgraduate students and n=75, 42.9% faculty
members) via email and professional WhatsApp groups,
reflecting the regional distribution and the desired sample size
as determined via power analysis. Participants had the
opportunity to complete the questionnaire once. Duplicate and
incompl ete responses were screened out, and reminder messages
were sent 2 weeks after the initial invitation to optimize the
response rate. Inclusion was limited to orthodontic faculty and
postgraduate trainees, whereas undergraduate students, those
who did not provide consent, and incompl ete submissionswere
excluded from the study.

Scoring Criteria

Overview

Intheanalysis, each Likert-scale question except for designated
demographic and multiple-choice questions was scored as
follows: “agree” was assigned a value of 1, “neutra” was
assigned a value of 0, and “disagree” was assigned a value of
-1. For the knowledge section, comprising 8 Likert-scaleitems,
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the maximum achievable score was 8. Similarly, the perception
and attitude sections each contained 6 Likert-scale items,
yielding maximum possible scores of 6 for each domain.
Summary metrics, including means and SDs, were calculated
for the knowledge, perception, and attitude scores to enable
guantitative comparison among respondents.

Knowledge Scoring

Knowledgeitemswere scored using a3-point Likert scalewhere
“agree’=1, “neutral” =0, and “ disagree”=-1.

The knowledge section contained 8 items, yielding a possible
score range of -8 to +8, with higher scores indicating better
knowledge regarding mini screw use.

Perception Scoring

Perception items were also scored using the same Likert scale
(“agree’=1, “neutral” =0, and “ disagree”=-1).

This section included 6 items, allowing for a maximum
perception score of +6.

Higher valuesreflected amore positive perception of mini screw
application.

Attitude Scoring

Attitudeitemsfollowed the same scoring pattern (1, 0, and -1).
Six attitude itemswereincluded, with amaximum total possible
score of +6. Higher scores indicated a more favorable attitude
toward incorporating mini screws into orthodontic practice.

Statistical Analysis

Data from the online questionnaire platform were checked and
extracted. Any apparent disparity or error was spotted, discussed,
and reconciled to ensure that incomplete or inconsistent entries
were successfully eliminated from the final analysis. The SPSS
software (version 28.0; IBM Corp) was used for the statistical
analyses.

https:/oj phi jmir.org/2026/1/e86896

Hameed & Rauf

The normality of continuous variables was checked via the
Shapiro-Wilk test. Descriptive statistics such asfrequenciesand
percentages were used to summarize sociodemographic
characteristics and the distribution of responses. Group
comparisons applied nonparametric tests: the Mann-Whitney
U test for dichotomous variables (such as gender) and the
Kruskal-Wallis test for multigroup comparisons by experience
level, academic position, or region. Where significant
differences emerged, Dunn post hoc testswere used in pairwise
analyses. KAP scores were also analyzed using these
nonparametric methods. Associ ations between ordinal variables
such as KAP scores and years of experience were tested using
the Spearman rank-order correlation coefficient (Spearman p).
Thethreshold for statistical significance was set at P<.05 across
all analyses.

Results

Participant Demographics

Table 1 shows the baseline demographic characteristics of the
study respondents. Of the total sample size of 175 valid
responses, 100 (57.1%) were from postgraduate students,
whereas 75 (42.9%) were faculty members. Participants were
recruited from different provinces, and their distribution across
Kurdistan dental colleges varied by region. The respondent
population was balanced between men and women, and most
were in the age group of 26 to 35 years. A total of 66.9%
(117/175) indicated lessthan 5 years of professional experience,
and 12.6% (22/175) indicated more than 10 years of professional
experience. The study sample represented orthodontic
practitioners from several provinces in the Kurdistan Region,
with participants from Erbil, Sulaymaniyah, and Duhok,
reflecting a diverse subregional distribution. A total of 87%
(65/75) of the faculty members were in private practice.
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Table 1. Baseline characteristics of the study participants (n=175).

Demographic variable and category Participants, n (%)
Agegroup (y)

<25 29(16.6)

26-35 108 (61.7)

36-45 29(16.6)

>45 9(5.1)
Sex

Male 88 (50.3)

Female 87 (49.7)
Academic designation

Postgraduate students 100 (57.1)

Faculty members 75 (42.9)
Experience (y)

<5 117 (66.9)

5-10 36 (20.6)

>10 22(12.6)
Private practice (faculty only; n=75)

Yes 65 (86.7)

No 10 (13.3)

K nowledge Results For clinical indications, anterior retraction was selected by 55%

(55/100) of postgraduate students compared with 27% (20/75)
Significant differences in knowledge-related items were of faculty members, whereas molar intrusion or extrusion was
observed between the 2 groups. For primary stability selected by 45% (34/75) of faculty members (P=.02). With
mechanisms, 60% (60/100) of postgraduate students attributed  respect to placement safety, 75% (75/100) of postgraduate
mini screw stability to bone quality, whereas 55% (41/75) of  students preferred radiographic imaging, whereas 55% (41/75)
faculty members emphasized cortical engagement (P=.002).  of faculty membersfavored safe angulation techniques (P<.001).

Regarding successrates, 70% (70/100) of postgraduate students A detailed comparison of knowl edge-related responsesis shown
reported 80% to 90% success rates, whereas 65% (49/75) of in Teble 2.
faculty members reported success rates above 90% (P=.03).
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Table 2. Comparison of responses between postgraduate students and faculty members using the chi-square test.

Variable and response Postgraduate students (n=100), n (%) Faculty members (n=75), n (%) Chi-square (df) P vaue

Primary stability mechanism 9.4 (2 .002
Bone quality and density 60 (60) 26 (34.7)
Cortical engagement 30 (30) 41 (54.7)
Mechanical interlocking 10 (10) 8(10.7)

Successrate (%) 7.1(2 .03
80-90 70 (70) 22 (29.3)
>90 20 (20) 49 (65.3)
<80 10 (10) 4(5.3)

Clinical indication 59(2) .02
Anterior retraction 55 (55) 20 (26.7)
Molar intrusion or extrusion 25 (25) 34 (45.3)
Others 20 (20) 21 (28)

Placement safety 15.2(2) <.001
Radiographic imaging 75 (75) 30 (40)
Safe angulation 20 (20) 41 (54.7)
Others 5(5) 4(5.3)

L oading protocol 10.8 (1) .001
Immediate 80 (80) 30 (40)
Delayed (4-6 wk) 20 (20) 45 (60)

Frequency of TAD? use 205(1) <.001
Rarely or sometimes 70 (70) 15 (20)
Often or routinely 30 (30) 60 (80)

Clinical applications 1.8(1) .18
Anterior retraction 50 (50) 36 (48)
Others 50 (50) 39 (52)

Operator preference 0.7 (1) 41
Orthodontist 80 (80) 65 (86.7)
Others 20 (20) 10(13.3)

Anchorage preference 05(1) .62
Direct anchorage 55 (55) 36 (48)
Indirect or hybrid 45 (45) 39 (52)

3TAD: temporary anchorage device.

Per ception Results

Significant differencesin perception-rel ated itemswere observed
between postgraduate trainees and faculty members.
Postgraduate participants showed a stronger preference for
radiographic imaging as the safest approach for mini screw
placement, with 75% (75/100) selecting this option, whereas
55% (41/75) of faculty members predominantly favored safe
insertion angulation techniques (P<.001).

Perceptions regarding loading protocols also varied notably:
immediate loading was preferred by 80% (80/100) of
postgraduate trainees, whereas delayed loading after 4 to 6

https:/oj phi jmir.org/2026/1/e86896

weeks was favored by 60% (45/75) of faculty members
(P=.001). With respect to frequency of use, 70% (70/100) of
postgraduate students reported rarely or occasionally using mini
screws, whereas 80% (60/75) of faculty members indicated
routine use (P<.001).

Despite these differences, perceptionsrelated to clinical operator
preference and anchorage type showed no statistically significant
variation between groups, indicating general agreement in these
areas. A detailed comparison of perception-related responses
isshown in Table 2.
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Attitude Results

Attitude-related findings indicated generally positive views on
theclinical use of mini screws among both postgraduate trainees
and faculty members. Operator preference was consistent across
groups, with 80% (80/100) of postgraduate students and 87%
(65/75) of faculty membersindicating that mini screw placement
should be performed by orthodontists, showing no statistically
significant differences.

Similarly, attitudestoward anchorage type exhibited comparable
patterns. Direct anchorage was selected by 55% (55/100) of
postgraduate students and 48% (36/75) of faculty members,
whereasindirect or hybrid anchorage approaches were reported
at nearly equal rates across both groups, suggesting shared
clinical attitudes toward anchorage selection.

In addition, several barriers influencing clinicians' attitudes
toward broader adoption of mini screwswere highlighted. These
included concerns related to procedural safety, operator
experience, and treatment cost, all of which contributed to
variations in clinicians' readiness and confidence to integrate
mini screws into routine orthodontic practice.

Hameed & Rauf

K AP Score Comparison

Table 3 shows that the mean KAP scores for male and female
participants did not vary with any satistically significant
difference. However, postgraduate students recorded
significantly higher mean knowledge and perception scores
when compared to faculty members; the attitudes between both
groups were comparable. Among faculty, senior lecturers
obtained somewhat higher scoresthan professorsin perception,
although this difference fell short of being statisticaly
significant. When experience was considered, it was found that
those participants who had lessthan 5 years of practice obtained
the highest perception scores (mean 3.10, SD 0.85), which were
significantly different from those of individual s with more than
10 years of experience (mean 2.62, SD 0.90). With respect to
age groups, whilethe youngest group—26 to 35 years—attained
the maximum knowledge and perception scores, the lowest
mean scores were obtained in the age group of 46 to 50 years.
Post hoc analysis further revealed statistically significant
differencesin attitude scores between the age group of 26to 35
years and both the age groups of 36 to 45 years and 46 to 50
years.

Table 3. Mean knowledge, perception, and attitude scores with respect to age, gender, academic designation, and years of experience.

Variable and category Number of particc  Knowledge score (-8 Pvalue Perceptionscore Pvalue  Attitudescore(—6to P value
ipants to +8), mean (SD) (-6 to +6), mean +6), mean (SD)
(SD)
Sex 81 .65 .51
Male 95 3.15 (0.70) 2.87 (0.66) 1.92 (0.57)
Female 80 3.20 (0.68) 2.79(0.62) 2.05(0.59)
Academic designation 012 022 .73
Postgraduate stu- 100 3.66 (0.49) 3.29 (0.60) 2.04 (0.48)
dents
Faculty members 75 3.16 (0.48) 15 2.39(0.58) 14 1.98 (0.50) 63
Professors 20 3.10 (0.50) 2.35(0.52) 1.92 (0.46)
Senior lecturers 30 3.25(0.47) 2.55 (0.53) 2.02 (0.44)
Readers 25 3.18(0.52) 2.45 (0.55) 2.00 (0.48)
Experience (y) 042 012 48
<5 62 3.68 (0.47) 3.10 (0.85) 1.95 (0.71)
5-10 50 3.42 (0.53) 2.75(0.82) 2.12 (0.52)
>10 63 3.18 (0.55) 2.62(0.90) 2.05 (0.60)
Age(y) 012 022 022
26-35 85 3.43 (0.48) 3.05 (0.62) 1.96 (0.58)
36-40 38 3.12(0.51) 2.75 (0.65) 2.22(0.57)
41-45 22 2.95 (0.55) 2.62 (0.68) 2.04 (0.53)
46-50 15 2.90 (0.60) 2.10(0.70) 1.87 (0.54)
51-55 15 3.43 (0.48) 2.83(0.64) 2.16 (0.42)

8Considered significant at P<.05.
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Correlation Between KAP and Demogr aphic Variables
of the Participants

Table 4 shows that the KAP scores of participants varied
negatively though weakly with age, years of experience, and
designation. In ather words, older participants, those with more
than 10 years of clinical experience, and professors obtained
relatively lower scores than younger individuals, those with
fewer years of experience, and postgraduate students. These
differences were satistically significant, particularly for

Hameed & Rauf

perception scores. However, on the other hand, designation and
years of experience showed a strong positive correlation with
age. This means that, as the participants age, they hold higher
academic positions and have alonger duration of professional
practice. Most importantly, the correlations among knowledge,
perception, and attitude scores were strongly positive; as
knowledge improved, the perception and attitudes regarding
the use of temporary anchorage devices (TADs) in orthodontics
also improved.

Table 4. Correlation between knowledge, attitude, and perception scores and age, academic designation, and years of experience of the participants

using the Spearman correlation coefficient test.

Variables Age Knowledge Perception Attitude Academicdesignation Experience
Age

r 1 -0.12 ~0.152 -0.08 0.42° 0.55°

P value _d .09 048 19 <.0018 <.0018
Knowledge score

r -0.12 1 0.74° 0.46° -0.10 -0.18%

P value .09 — <.001¢ 0048 24 03¢
Per ception score

r -0.15% 0.74° 1 051° -0.142 -0.20%

Pvalue 048 <.001° — .002¢ .03° 028
Attitude score

r -0.08 0.46" 0.51P 1 -0.11 -0.09

P value .19 0048 0028 — 21 16
Academic designation

r 0.42° -0.10 -0.142 -0.11 1 051°

P value <0018 24 03° 21 — <.001®
Experience

r 0.55° -0.18% -0.20% -0.09 051° 1

Pvalue <.001° 03° 02° 16 <.001° —

N egative r values indicate a negative correlation (r=0.10-0.29 indicates aweak correlation).

Br=0.30 to 0.49 indicates a moderate correlation.
%r>0.50 indicates a strong correlation.

dNot applicable.

€Considered significant at P<.05.

Discussion

Principal Findings

This study found that postgraduate trainees exhibited
significantly higher knowledge and perception scores than
faculty members, whereas attitudes were generally positive
across both groups. Younger participants and those with fewer
years of experience also showed more favorable views on mini
screw use. This study also offers valuable insights into the
awareness, perceptions, and clinical perspectives surrounding
the use of orthodontic mini screws (TADs) among postgraduate
trainees and academic faculty in the Kurdistan Region of Irag.

https:/oj phi jmir.org/2026/1/e86896
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The findings reflect a pattern consistent with that found in the
global literature, highlighting both notable progress and
persisting challenges in integrating mini screws into routine
orthodontic practice.

The comparative analysis revealed significant differences in
foundational knowledge and preferred clinical protocol s between
postgraduate trainees and faculty members. Postgraduatetrainees
achieved higher knowledge and perception scores and tended
to favor immediate loading, radiographic evaluation for safety,
and direct anchorage approaches. In contrast, faculty members
preferred delayed loading and placed greater emphasis on safe
insertion angulation. These variations have been well
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documented in previous research. For instance, Panaiteet al [5]
reported that both clinical experience and structured
postgraduate training strongly influence the successful adoption
and clinical mastery of mini screws. Nonetheless, the absence
of consistent, hands-on education remains a global barrier to
optimal application. Similarly, Al-Hammadi [13] identified
insufficient training as a primary obstacle to broader adoption
acrossthe Middle East and Asia, achallengethat extends beyond

Irag.

The barriers identified in this study (operator experience,
placement safety, and procedural cost) align closely with
findings from China, Saudi Arabia, Canada, and Europe. A
persistent training gap, compounded by perceived procedural
complications, continuesto slow widespread clinical integration.
Reviews by Ahmed et a [14] and Panaite et a [5] further
highlighted concerns regarding fracture resistance, optimal
insertion protocols, and management of mini screw failure.
However, recent evidence emphasizes that, when clinicians are
trained through evidence-based protocols, mini screws
consistently deliver predictable mechanical retention across a
range of orthodontic scenarios [15,16].

The data from this study revealed a strong positive correlation
among knowledge, perception, and attitude scores. In other
words, as educational exposure increased, so did awareness,
confidence, and willingness to incorporate mini screws into
clinical practice [17]. Younger clinicians generally exhibited
higher perception scores, reflecting their exposure to updated
curricula and modern training environments. Senior faculty
members, on the other hand, appeared more cautious, possibly
due to established clinical routines and limited early exposure
to TAD technology. This generational contrast underscores the
importance of structured, continuous education at all
professional levels[18].

Table 1 shows balanced participation between postgraduate
trainees and faculty members, as well as between male and
female respondents. Most (108/175, 61.7%) were aged 26 to
35 years, and nearly two-thirds (117/175, 66.9%) reported less
than 5 years of professional experience. This demographic
profile is consistent with similar regional and international
studies, supporting the representativeness and reliability of this
sample[5].

Table 2 compares the knowledge and clinical perceptions of
postgraduate students and faculty members. Postgraduate
students were more likely to attribute primary stability to bone
quality, whereas faculty members emphasized -cortical
engagement—reflecting distinct experiential perspectives.
Interestingly, faculty membersreported higher perceived success
rates (>90%), whereas postgraduate students estimated success
within the 80% to 90% range. Statistically significant differences
were found in preferred indications, safety protocols, loading
strategies, and frequency of TAD use (P<.05). These outcomes
align with existing literature indicating that accumulated
experience often leads clinicians to adopt more conservative
yet evidence-based techniques [19]. The general agreement
between both groups regarding operator responsibility and
anchorage principles suggests a shared understanding of
fundamental clinical concepts.
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Table 3 outlines the mean KAP scores across demographic
variables. Gender was not a significant factor in any domain.
Postgraduate students demonstrated significantly higher
knowledge and perception scores than faculty members,
although attitude scores were comparable between groups.
Participants with less than 5 years of experience achieved the
highest perception scores, whereas those with more than 10
yearsof practice recorded thelowest perception scores. Younger
professionals (aged 26-35 years) also scored higher in both
knowledge and perception. Thistrend aligns with international
evidence indicating that early-career practitioners often exhibit
greater enthusiasm and openness toward new technologies,
including TADs, largely due to their exposure to evolving
curriculaand training systems [20].

Table 4 presents the correl ations between demographic factors
and KAP scores. Both age and years of experience exhibited
weak but negative correl ations with knowledge, perception, and
attitude scores, meaning that older and more experienced
clinicians tended to score lower in these areas. While this may
seem counterintuitive, it is consistent with literature showing
that senior practitioners often resist altering long-standing
clinical approaches [21]. Nevertheless, the strong positive
interrelationships among knowledge, perception, and attitude
scores underscore that enhancing education and training can
meaningfully improve clinician confidence and acceptance of
mini screw use—an observation echoed across global research.

Overall, older participants, those with more than 10 years of
professional experience, or those with senior academic ranks
showed lower confidence, knowledge, and perceptionsregarding
mini screws than their younger counterparts. This generational
divide likely stems from differences in educational exposure:
senior cliniciansweretrained when skeletal anchorage concepts
were not yet standard, whereas newer graduates have benefited
from curricula and workshops incorporating TADs.
Consequently, senior practitioners may be less inclined to
modify established routines.

At the same time, differences in technological familiarity also
shape these perspectives. Younger clinicians, more accustomed
to digital resources and modernized learning platforms, tend to
approach innovations such as mini screwswith greater openness
and confidence [21]. Encouragingly, many senior respondents
expressed an interest in updating their skills and applying mini
screw techniquesin clinical practice. Thiswillingnessto engage
in professional development offers a promising opportunity for
improved uptake—particularly if supported through structured
continuing education programs, mentorship models, and
hands-on workshops tailored to different experience levels.

The findings of this study highlight a clear need to strengthen
the educational infrastructure supporting the use of mini screws
in orthodontic training and clinical practice. Integrating
structured, evidence-based modules on TAD biomechanics,
placement protocols, and complication management into
postgraduate curricula could substantialy improve clinician
confidence and treatment outcomes. Additionally, tailored
continuing education programs aimed at midcareer and senior
orthodontists would help bridge the generational gap in
knowledge and perception identified in this study.
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Future research should focus on longitudina assessments of
how enhanced training and exposure influence clinical adoption
and success rates of mini screws over time. Comparative studies
across different institutions and regions in Iraq and broader
Middle Eastern contexts could further elucidate contextual
barriers to and enablers of technology uptake. Finally, mixed
methods designs incorporating qualitative interviews may
providericher insightsinto clinicians motivations, hesitations,
and |learning experiencesrelated to skeletal anchorage systems.
Such efforts will not only advance clinical practice but aso
contribute to the global dialogue on innovation adoption and
educational reform in orthodontics.

Limitations

A review of the limitations of this study must include a note
about the possibility of agebias. More recent concepts discussed
inthe questionnaire, such as newer techniquesrelated tothe use
of mini screws, might not be known or attractive to older
clinicians. Thus, the online mode of survey distribution
(Typeform and other electronic platforms) may have contributed
to sampling bias by favoring younger participants, who are more
active on digital platforms. Our electronic survey tool, and
specifically its implementation through Typeform, probably
also favored more active younger professionals on digital
platforms, hence causing an overrepresentation of early-career
respondents.

The questionnaire was made in English as it is the language
normally used for dental education and practice in this region.
This posed a language barrier to those not very comfortable
with the use of English, which could also mean that some people
were left out. Likert scales were applied to closed-ended
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questions; although very easy to apply when collecting
guantitative data, they may restrict the expression of different
thoughts or detailed logic by respondents, hence introducing
the possibility of misreading or oversimplification of varied
attitudes and experiences. Reliance on electronic distribution
platforms (email and professional WhatsApp groups) may have
contributed to sampling bias by increasing participation among
younger, technology-oriented clinicians.

Recommendations

This study reveals that orthodontists have a positive perception
of mini screws and want to use them more often. To break the
barriers of limited experience and safety, it is proposed to
introduce focused training on mini screwsin the dental education
system and carry out targeted workshopsfor already established
clinicians. This may be implemented through annual regional
hands-on workshops, continuing professional development
courses, and collaborative training programs involving dental
colleges, teaching hospitals, and professional orthodontic
associations. Thiswill improve the skills and confidencein the
safe adoption of mini screw techniques at all stages of a career.

Conclusions

Most participants appreciated the clinical advantages of mini
screws and were ready to accept them as potential good
anchorage tools. This study inferred that improving the
availability of advanced technical resources in dental clinics
accompanied by oriented education at the undergraduate and
postgraduate levels can play a role in solving the existing
hindrances against the wider application of mini screw
techniques in orthodontic practice.

The datasets generated or analyzed during this study are available from the corresponding author on reasonable request.
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Abstract

Background: Public opinion, which may beinfluenced by personal experiences, news, and social media, can impact compliance
with public health measures (PHMs) during health emergencies. Artificial intelligence (Al) tools offer opportunities to analyze
public opinionin real time during health emergencies. However, their performancein accurately identifying sentiment and themes
in health-related online content remains unclear.

Objective: This study aimed to evaluate the performance of natural language processing—based and large language model
(LLM)—based Al tools when compared to human coding for sentiment analysis, topic modeling, and thematic analysis of public
health datasets. Tools were selected to reflect those avail able to public health analysts and decision-makers.

Methods: Datawere collected via Google Alerts (GA) and social media posts from X (formerly known as Twitter) relevant to
COVID-19 mitigation PHMsfrom December 2022 to February 2023. Following rel evance screening, the sentiment of the complete
datasets was analyzed by a human rater, with descriptive statistics used to summarize the overall sentiment profile. Subsets of
400 GA articles and 400 tweets were manually coded for sentiment by 2 human raters. Results were compared with outputs from
5 Al toals, including VADER (Vaence Aware Dictionary and Sentiment Reasoner), SentimentGl, SentimentQDAP, Mi crosoft
Azure, and OpenAl’s ChatGPT-4. Topic modeling of the GA and X datasets was conducted using latent Dirichlet allocation in
R and zero-shot prompting in ChatGPT-4 and compared with manual topic summaries. Thematic analysis of positive and negative
sentiment datasets was conducted by a human rater and ChatGPT-4, with outputs evaluated for proficiency and reasonableness.
The sentiment of the entire datasets was analyzed by a human rater, and descriptive statistics were calcul ated.

Results:. Of 2227 GA results and 3484 tweets, 58% (n=1238) and 71% (n=2473), respectively, were relevant to PHMs.
Human-coded sentiment analysis showed mostly neutral reporting in the news media, while social mediaexpressed more polarized
views. Across both datasets, Al tools demonstrated poor concordance with human-coded sentiment (Cohen k <0.5 for all tools
and sentiment categories). Topic modeling with ChatGPT-4 aligned more closaly with human-rated topics than latent Dirichlet
allocation, and of the 20 LLM-generated thematic outputs, 13 were rated proficient, and 7 were rated partially proficient. LLM
outputs provided coherent, high-level summariesbut lacked contextual insight. Human and LLM thematic analyses both identified
themes of vaccine effectiveness, debate regarding PHMs, and public trust.

Conclusions: Accessible Al tools demonstrate limited reliability for sentiment classification of health-related online text but
show promise for rapid thematic exploration when combined with human oversight. These tools could complement traditional
qualitative research in the context of health emergencies; however, they require human review to enhance the accuracy of
interpretation. Further research is needed for non-English datasets.

(Online J Public Health Inform 2026;18:e80824) doi:10.2196/80824
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public opinion; sentiment analysis; social media; artificial intelligence; Al; public health informatics; equity; COVID-19
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Introduction

In the context of health, public opinions can change over time,
vary across the population, and are often influenced by factors
such as personal experiences and media exposure [1]. Public
opinion can impact the course of an epidemic through impacting
levels of compliance with public health measures (PHMs) such
as vaccines, mask-wearing, and socia distancing [2]. For
example, Yu et al [3] used agent-based modeling to describe
the relationship between the spread of COVID-19 and opinion
dynamicsin 15 different countries and found that public opinion
on preventive interventions impacted the cumulative number
of cases, particularly in the early stages of an epidemic. The
World Health Organization has identified disinformation, the
intentional spread of misleading information, as a threat to
public health [4]. Thismay occur by changing the opinions and,
therefore, the behaviors of populations through the creation of
uncertainty about PHMs[4,5]. Therefore, the collection of public
opinion dataisimportant to measure public acceptance of PHMs
and to monitor changes over time, thereby serving as atool to
combat the impact of disinformation and promote compliance
with public health advice. There has been a proliferation of
published research using artificial intelligence (Al) tools to
analyze these data[6]. However, thereislimited understanding
of the accuracy of thesereadily available Al toolsin conducting
sentiment, topic, or thematic analysis on datasets of public
opinion in real-world scenarios.

Public opinion data provide an important feedback mechanism
during health emergencies such as the COVID-19 pandemic
[7]. Qualitative research methods, such as analysis of data
collected from focus groups and individual interviews, are
recommended to better understand community opinions about
disease perception and preventive behaviorsto inform response
efforts during health emergencies [8-10]. However, barriers to
rapid qualitative research in the context of an infectious disease
outbreak may include difficulties in conducting focus groups
and interviews due to exposure risks, and participants may be
reluctant to participate in the study due to the impact of the
disease or the public health response [8,10]. In emergency
situations, it isimportant to share findingsin almost real time;
therefore, the time taken to conduct qualitative research is a
barrier, particularly during health emergencies [8,10]. Rapid
data analysis techniques may deliver some time savings,
however, data collection, interpretation, and write-up of results
remain timeintensive[11], with the World Health Organization
European guidelines suggesting that the entire process takes 4
to 6 weeks, and Dong et a [12] classified rapid qualitative
methods as those taking less than 6 months from conception to
reporting of results [9,12]. Comparatively, data collection and
analysisusing Al cantake aslittle asafew minutes[13]. Other
barriers may include the capacity to form a research team of
avalable staff with the necessary expertise to undertake
qualitative analysis of community opinion to inform health
policy [8].

Health emergencies such as the COVID-19 pandemic have led
to the consideration of new methodologies for the collection

and use of evidence to inform policy decision-making [14].
Previous studies have proposed the use of Al tools, such as

https://ojphi.jmir.org/2026/1/e80824
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natural language processing (NLP) and large language models
(LLMs), to reduce the workload and provide real-time insights
to help inform public health decision-making [15-19]. Al tools
can be used to complement traditional qualitative dataanalysis
methods in public health through sentiment analysis, topic
modeling, and thematic analysis and have been shown to be
less time-consuming and resource-intensive for these tasks
[13,20-23]. Access to platforms to perform social media
analysis, as well asimproved training and capacity to conduct
this type of research, was identified as key areas for
improvement in a global survey of public health professionals
[24]. Our study has specifically chosen tools that are readily
available and do not requirein-depth training for apublic health
professional to use.

Despitethe proliferation of published research on public opinion
data, collected via surveys and social media, toward PHMs
during the COVID-19 pandemic, it is unclear whether these
data are used as part of evidence-based policy decision-making
[25].

This study adopted an applied informatics perspective, focusing
ontoolsand data pipelinesreadily availableto Australian public
health analysts. The study aimed to evaluate the feasibility and
performance of commonly available Al text analysis tools in
analyzing public health datasets from social media (X) and news
media (Google Alerts [GA]). Specifically, the study examined
how traditional NLP methods and LLM tools perform when
analyzing online public opinion data about PHMs during the
COVID-19 pandemic in Australia.

The study addressed two research questions:

1. How accurately and consistently do Al-based tools classify
sentiment and extract relevant topic and thematic content
from public health—related online text?

2. What role does human oversight play in ensuring the
validity and reliability of Al-driven sentiment and thematic
analysisin public health informatics workflows?

First, we hypothesized that Al toolswould demonstrate generally
limited accuracy for broad sentiment classification and that
LLMswould perform better than NL P-based text analysistools
in identifying and summarizing thematic content. Second, we
hypothesized that human review and interpretive oversight will
remain necessary to ensure data quality and contextual
understanding of online public health datasets, underscoring
the continuing importance of human oversight in public health
informatics workflows.

Methods

Data Sources and Sampling

This study used open-source online data to evaluate the
feasibility of automated methods for analyzing public opinion
about PHM s during the COVID-19 pandemicin Australia. Two
platformswere selected: GA and X (formerly known as Twitter),
representing traditional and social media sources, respectively,
and the most commonly used sourcesin infodemiology research
[26].
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GA is a change detection and notification system that
automatically monitors multiple websites for mentions of a
textual string and allows the user to select the frequency of
monitoring, the source, language, and region [27,28]. GA was
configured to retrieve Australian news articles that included
key COVID-19-related terms (Table 1) once daily [28]. Each

Table. Searchterms.

Hutchinson et al

alert provided the publication date, publisher, article title, and
2-line summary, which were collected and stored in aMicrosoft
Excel spreadsheet. Data collection occurred from December
19, 2022, to February 19, 2023, during the fourth Omicron
COVID-19 wavein Australia[29].

Public health measure

Search terms

Vaccination

Mask-wearing

Lockdown

| solation requirements
Mandates

Ventilation

Vaccine, booster, vax, jab, Pfizer, Moderna, Novavax, (kids OR children)
AND (Vaccine)

Mask, n95 OR respirator, school AND masks, (kids or children) AND
(mask or unmask), public transport AND mask

Lockdown
Isolation, iso
Mandate
Ventilation

The socia media platform X is one of the most widely used
platforms for health research and was freely available with an
academic license at the time of data collection [30,31].

A Python app was used to access the X academic application
programming interface (API) and to search for tweets geol ocated
in Australia using identical keyword combinations and date
ranges. Specifically, we used a custom script to handle query
construction, data collection, and filtering by keywords,
language, and location. Separate searches were conducted for
each keyword. All English-language tweets posted in Australia
on these days were retrieved and included in the relevance
assessment. Tweets with geolocation outside Australia and
non—-English-language tweets were excluded. Tweset ID and
date of publication, tweet content, region, and location were
collected and stored in a Microsoft Excel spreadsheet. User
information was not collected to maintain anonymity.

A random sampl e of 800 items (400 GA articles and 400 tweets)
was drawn using the RAND() function in Microsoft Excel
(version 2306; Microsoft 365) to produce a manageabl e dataset
for manual validation and automated analysis[32]. Thisdataset
size allowed comparison across multiple sentiment and thematic

analysis tools while maintaining a feasible human coding time
for the manually coded reference set.

Data Cleaning and Preprocessing

Text datafrom both platformswere preprocessed to standardize
the format and remove noise before analysis. Duplicates were
removed from the GA dataset by checking for duplicate URLS,
thereby retaining articles with similar content published across
different days or in different publications (eg, syndicated
articles). Within the X dataset, duplicate tweets were removed,
while quote tweets and retweets were preserved for analysis.
Thisalowed for analysis of the volume of publicinterest across
news media and social media regarding the topics of interest.
Data preprocessing included the removal of Twitter handles,
URLSs, stop words, and punctuation. Individual GA articlesand
tweets that discussed more than one PHM (eg, both
mask-wearing and vaccination) were disaggregated and analyzed
separately for each relevant PHM category.

All collected GA resultsand tweetswere assessed for relevance
to PHMs as per the inclusion and exclusion criteria (Textbox
1) by 1 reviewer (DH). A subset of 100 tweets and 100 news
articles was assessed by a second reviewer (HS), and interrater
reliability was assessed using the Cohen k coefficient [33].

Textbox 1. Inclusion and exclusion criteriafor relevance of articles to public health measures.

Inclusion criteria

«  Subjective (opinions, editorial, and commentary) or objective (information and policy announcements) discourse related to pharmacological
(vaccines or other) and nonpharmacological (masks, ventilation, physical distancing, stay-at-home orders or lockdowns, and school closures)

public health measures for communicable diseases (any).

«  General information about vaccines

Exclusion criteria
«  Scientific or medical journal papers or reports of the same
« Articles about case numbers or modeling

« Articles not relating to communicable disease

« Articles not relating to public health measures: pharmacological (vaccines or other) and nonpharmacological (masks, ventilation, physica

distancing, stay-at-home orders or lockdowns, and school closures)
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Human-Coded Sentiment Analysis

Human-coded sentiment analysisinvolvesindividuals manually
reviewing textual data and assigning a sentiment label to each
text based on its content [34]. A data subset comprising 400
GA and 400 tweets was randomly selected using the RAND()
function in Microsoft Excel and reviewed by 2 reviewers (DH
and LL). Asonly thefirst 2 sentences of the news article were
included in the GA dataset, the search term was a so provided
to assist the reviewer to determine sentiment. Sentiment toward
the PHM was assessed and assigned a positive, negative, or
neutral label based on the interpretation of the text. If the
sentiment toward the PHM was positive, but the sentiment of
the whol e tweet was negative, it was assigned a positive value.

The reviewers used a rule-based process with the devel opment
of annotation guidelines (Textbox 2) and met after the first 50
items to review the guidelines and discuss any clarifications
needed. Reviewers met again at the completion of the analysis
to address any ambiguous cases. Interrater reliability was
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calculated using the Cohen k coefficient [33]. Disagreements
between human raters were resolved through discussion and
consensusto ensure consistency in thefinal 1abeled dataset used
for Al comparison. Onereviewer (DH) completed the sentiment
annotation of the remaining relevant GA and X datasets. GA
results and tweets that did not contain sufficient information to
assign sentiment were removed from the datasets. GA results
and tweets that discussed more than one PHM were analyzed
separately for each relevant PHM category, alowing for
assessment of sentiment associated with specific PHMs within
the same source text. GA results and tweets labeled positive,
negative, and neutral were aggregated for analysis. Search terms
relating to vaccination and mask-wearing (Table 1) were
combined for further analysis; for example, theresultsfor “vax,”
“jab,” and “vaccine” were collapsed under the umbrella term
“vaccine” The proportion of sentiment, expressed as a
percentage of the total number of GA results and tweets, was
calculated with 95% Cls.

Textbox 2. Annotation guidelines for human-coded sentiment analysis of articles and tweets.

Positive sentiment

«  Positive words referencing the public health measure

Neutral sentiment

«  Neutral reporting of events and announcements

Negative Sentiment
«  Negative words referencing the public health measure

«  Criticism of opinions supporting the public health measure

«  Criticism of opinions against the public health measure (eg, criticism of antivaxxers was assigned a positive sentiment toward vaccines)

«  Maention of public health measures without expressed sentiment or opinion

Al Tools Evaluated for Sentiment Analysis Task

A total of 5 Al-based text analysis tools were evaluated to
compare the performance of traditional NLP techniques and
LLM-based methods, which were vaidated against
human-coded reference data. Toolswere selected based on their
accessibility for public sector analysts and compatibility with
existing Australian government data science infrastructure
[35-38]. R (version 4.3.1; R Foundation for Statistical
Computing) within RStudio (version 2023.06.1; Posit Software),
sentiment analysis tools (Vaence Aware Dictionary and
Sentiment Reasoner [VADER], SentimentGl, and
SentimentQDAP), Microsoft Azure Machine Learning, and
ChatGPT-4 represent platforms that are free, low cost, or
integrated within standard analytics environments used by public
health agencies [39-43]. Each text entry was assigned a
compound sentiment score ranging from —1 (most negative) to
+1 (most positive), which was then categorized as positive,
neutral, or negative using default thresholds (=0.05 positive;
<-0.05 negative).

https://ojphi.jmir.org/2026/1/e80824

NLP Toolsin R

R is used extensively in public health research and includes
packages specifically designed for cleaning and visualizing
large public health datasets [35].

VADER is a lexicon- and rule-based sentiment analysis tool
optimized for social mediatext. It wasimplemented in R using
the vader package [44].

The SentimentAnalysis package (SentimentGl and
SentimentQDAP) in R extends | exicon-based sentiment scoring
by incorporating valence shifters (eg, negators and amplifiers)
that adjust for linguistic nuance, which makes it particularly
suited to conversational or social media—style text [45].

Microsoft Azure

Microsoft Azure Machine Learning Text Analytics (version
3.1; 2023) was used to assess sentiment through integration into
the Microsoft Excel spreadsheet environment via the Power
Query function, with results returned as sentiment probabilities
for positive, neutral, and negative categories[46]. The Microsoft
suiteiswidely used across Australian government agenciesand
was therefore included in this study [38]. API version and date
of access were documented to ensure reproducibility.
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OpenAl ChatGPT (GPT-4)

ChatGPT was tested as an emerging LLM approach for
qualitative text classification. Using OpenAl's APl (March
2024) [47], each text item was submitted with a structured
zero-shot prompt (Table S1 in Multimedia Appendix 1).
Responses were parsed programmatically for sentiment and
theme. This approach reflects the real-world use of generative
Al in rapid public health analysis while maintaining
reproducibility through prompt documentation.

Topic and Thematic Analysis

To demonstrate how these data could be used in the public
health domain for decision-making and evaluation, topic
summary and thematic analyses were performed. Topic
summary analysis was performed on the entire dataset by
identifying key phrases and trends manually by highlighting
recurring words, phrases, or patterns that may represent shared
topicswithin the datasets [48]. For comparison, topic modeling
was conducted on the GA and X datasets using latent Dirichlet
alocation (LDA), a probabilistic modeling technique used to
identify topicsoccurring in atextual dataset [22]. Thiswas done
using the “topicmodels’ package in R [49], and the code is
included in Multimedia Appendix 2. ChatGPT-4 was used to
replicate the manual topic selection using azero-shot prompting
technique outlined in Table S1 in Multimedia Appendix 1 [50].
Results were collated, and the top 5 topics from each method
were compared.

For the thematic analysis, the positive and negative results in
the GA and X datasets were extracted from the entire annotated
dataset and put into 4 separate files. Neutral sentiment results
were excluded. A qualitative thematic analysis explored the
opinions expressed toward PHMs within the Australian news
media and among X users. This was done using Braun and
Clarke's [51] 6-step process, coding each data line prior to
identifying common themes across the dataset. Examplesfrom
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the datasets were collated, with paraphrasing of tweets to
maintain user anonymity. For comparison, ChatGPT-4 was used
to replicate the manual thematic analysis[52] on the 4 datasets
(GA positive, GA negative, X positive, and X negative results)
using the zero-shot prompting technique outlined in Table S1
in Multimedia Appendix 1 [50]. The thematic analysis results
were presented with subthemes and paraphrased representative
sentences for each dataset.

Statistical Analysis

Concordance of each Al tool with human sentiment analysis
was calculated by comparing the rating of a subset of tweets
and articleswith the human-rated sentiment analysis. Interrater
reliability was calculated using the Cohen k coefficient [33].
The k statistic was used to assess interrater agreement, and
results were classified as 0 to 0.5 weak, 0.51 to 0.8 moderate,
and 0.81 and above strong [33]. Statistical analysis was
performed using R, where a 2-sided P value of <.05 was
considered statistically significant [49].

Validation and Comparison

All tool outputs were compared against the manually coded
dataset. Descriptive and statistical analyses were performed on
the results of the sentiment analysis process using Microsoft
Excel [32]. For each sentiment (eg, “positive”), we identified
all cases where the human rater assigned that sentiment and
then calculated the percentage of those cases in which the Al
tool assigned the same sentiment (Table S2 in Multimedia
Appendix 1). This process was repeated for each sentiment
category (positive, neutral, and negative) and each tool.

All statistical analyses were performed using R [53].

The accuracy of the generative Al results for topic modeling
was cal culated using the number of agreementsin each dataset
[52]. Thiswas done using a cross-matching rubric (Table 2).
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Table. Cross-matching rubric for alignment of human and artificial intelligence topic modeling and thematic analysis results.

Tasks and score Label Definition
Topic modeling
2 Direct match Strong alignment with any manually generated
topic. Captures core meaning.
1 Partial match Alignswith arelated concept, but not the central
idea. May be too generalized.
0 No match Does not align with any manually generated
topic.
Thematic analysis: proficiency
a Proficient

— Partialy proficient

— Not proficient

Thematic analysis: reasonableness

TheLLM -generatedb themematched closely and
accurately with high relevance to the human
coding.

The theme matched moderately well, with some
relevance to the human coding.

The LLM theme matched poorly with little rele-
vance to the human coding.

2 Very reasonable The theme had high relevance to the dataset and
would likely be generated by human coding.
1 Reasonable Thetheme had some relevance to the dataset and
could be generated by human coding.
0 Not reasonable The LLM-generated theme had little relevance
to the dataset.
3N ot applicable.

BLLM: large language model.

A comparative analysis of the human and LLM thematic
analyses was conducted by 1 author (DH), who reviewed each
output of the LLM and assessed whether the theme matched
the human thematic analysis. A cross-matching rubric, similar
to the one used for topic analysis agreement, was developed to
classify the LLM-generated output as “proficient,” " partialy
proficient,” or "not proficient” in capturing themes from the
data that matched the human coding (Table 2) [50,52]. For all
LLM outputs, regardless of whether they matched the human
output, ascore for how “reasonable” it was to derive the theme
from the dataset was given, using ascale of 0to 2, as has been
used in similar studies [52]. The scoring was completed by 1
author, a subject matter expert (DH; Table 2).

Ethical Considerations

Nonidentifiable data from online news media and social media
were collected during this study. We did not analyze individual
accounts and have not published any identifiable information
or individual quotes. The LLM used in this study, ChatGPT-4,
wasused inadtrictly limited capacity for analyzing nonsensitive,
deidentified text. The research team ensured that no identifiable
data were shared with the Al platform, and all use complied
withinstitutional research integrity and data privacy guidelines.
All data were deidentified (including the removal of Twitter
handles) prior to input, and chat history was disabled to prevent
storage or reuse of content by the model provider. Chats were
deleted when the session was compl ete. The study was approved
by the UNSW Human Research Ethics Committee (approval
number HC230028).
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Results

Overview

The results of this study are presented as follows. First, a
description of the dataset is given. Second, the results of the
comparison of human-coded and machine-coded sentiment
analysis on the data subset are outlined. Third, a summary of
the sentiment analysis of the entire dataset is provided. Finally,
human-generated and machine-generated topic modeling and
thematic analysis results of the entire dataset are compared to
demonstrate the feasibility of using Al tools to assist public
health analysts in assessing public opinion during health
emergencies.

Description of the Dataset

Overdll, 2761 GA articlesand 3495 tweetswere collected during
the study period. Following removal of duplicates, 2227 GA
articles and 3484 tweets were included in the relevance
screening, with 57.6% (n=1283) of GA articles and 71%
(n=2473) of tweets assessed as relevant. There were moderate
(GA: 88% concordance, k=0.76) and strong (X: 94%
concordance, k=0.86) levels of agreement for relevance between
2 analystsin the data subsets of 100 (88%) GA articlesand 100
(100%) tweets.

During the sentiment analysis process, further GA articles
(n=154) and tweets (n=120) were removed from the dataset, as
therewas not enough information to determine sentiment (Figure
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1). There were moderate levels of agreement for sentiment
scores between the 2 reviewersin both the GA dataset (k=0.69;

Figure 1. Flow diagram of included Google Alerts and X results.
Google Alerts

| Becords collected: (n=2761) |

| Duplicates removed:(n=534) |

l

| Included in relevance screening: (n=2227) |

}

| Relevant articles: (n=1282) |

! !

Training dataset (n=400) |

| Remaining dataset (n=882)

}

Hutchinson et a

P<.001) and the X dataset (k=0.75; P<.001; Table S2 in
Multimedia Appendix 1).

X (fo rmerly Twitte r) | Records collected (n=3495) |

| Duplicates removed: (n=11) |

}

| Included in relevance screening: (n=3484) |

| Relevant articles:(n=2473) |

} }
Training dataset (n=400) | | Remaining dataset (n=2073)
} |

Insufficient data for
sentiment analysis (n=17)

Insufficient data for
sentiment analysis (n=137)

}

}

Insufficient data for
sentiment analysis (n=23)

Insufficient data for
sentiment analysis (n=97)

Included in 2-rater sentiment
analysis (n=383)

Included in 1-rater sentiment
analysis (n=745)

}

l

Included in 2-rater sentiment
analysis (n=377)

Included in 1-rater sentiment

analysis (n=1976)

Sentiment Classification Performance of Al Tools

Theresults of sentiment classification performance are presented
as proportion (%) of agreement with the human rater for each
tool and sentiment category (Figures 2 and 3). The performance
of the Al tools was generally low and varied across sentiment
categories and data sources. Agreement was highest for positive
sentiment and lowest for neutral sentiment across both platforms.
In the GA dataset, SentimentQDAP had the highest agreement
with the human rater for negative sentiment (n=28, 62.2%),
while SentimentGl had the highest agreement for positive

sentiment (n=36, 62.1%), and VADER performed best for
neutral sentiment in this dataset, with an agreement rate of
42.9% (n=120). In the X dataset, VADER achieved the highest
agreement for negative sentiment (n=78, 54.9%), while
ChatGPT-4 demonstrated the highest agreement for both neutral
(n=48, 38.2%) and positive (n=92, 55.1%) sentiments. An
interrater reliability analysis was performed between the
dependent samples of reviewer 1 and each Al tool. For this
purpose, Cohen k was calculated, andin all cases, no agreement
was found (Table S3 in Multimedia Appendix 1).

Figure 2. Comparison of human-rated sentiment score for a subset of Google Alerts articles (n=383) with 5 artificia intelligence tools.
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Figure 3. Comparison of human-rated sentiment score for a subset of tweets (n=377) with 5 artificial intelligence tools.
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Positive, negative, and neutral sentiment results were collated
(Table 3), with differences in the distribution of sentiment
observed between the 2 platforms. Although the relevant datasets
comprised 1283 (57.6%) GA articles and 2473 (%) twesets, a
higher number of text segments were analyzed due to articles
and tweets that referred to multiple PHMs. These were coded
and analyzed separately for each PHM to measure sentiment
patterns. In the analysis of the GA platform (n=1587), the
majority of the sentiment was neutral (n=1021, 64.3%, 95% ClI

m SentimentGl

m ChatGPT4

E SentimentQDAP

e Average

62% - 66.7%). Negative sentiments accounted for 18.1%
(n=287, 95% Cl 16.2% - 20%), while positive sentiments
accounted for 17.6% (n=279, 95% Cl 15.7% - 19.5%). In the
analysisof text segmentson the X platform (n=3124), sentiment
demonstrated a higher degree of polarity, with negative
sentiments comprising 40% (n=1248; 95% Cl 38.2% - 41.7%)
and positive sentiments comprising 39.5% (n=1233; 95% ClI
37.8% - 41.2%) of the total. In the X dataset, 20.6% (n=643;
95% Cl 19.2% - 22%) of sentimentswere neutral. Theseresults
indicate fewer opinions and more neutral reporting of eventsin
the GA dataset, while there was ahigher degree of both positive
and negative emotional expression found within the X dataset.

Table. Sentiment distribution across platformsin the entire datasets (Google Alerts[GA] and X).

Platform and sentiment Frequency (n) Proportion (95% ClI)
GA (n=1587)
Negative 287 18.1% (16.2% - 20%)
Neutral 1021 64.3% (62% - 66.7%)
Positive 279 17.6% (15.7% - 19.5%)
X (n=3124)
Negative 1248 40% (38.2% - 41.7%)
Neutral 643 20.6% (19.2% - 22%)
Positive 1233 39.5% (37.8% - 41.2%)

Sentiment Analysis of Each Search Term

Sentiment analysis results were collated for each search term
in each dataset (Table S4 in Multimedia Appendix 1) to
investigate sentiment expressed toward specific topics and
specific PHM. As described earlier, the various PHMs were
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discussed in different tones across the 2 platforms, with GA
results more likely to be classified as neutral sentiment, and X
resultsmorelikely to show polarity for each search term. Neutral
GA sentiments were expected due to the reporting of eventsin
the news media. For search terms relating to pharmaceutical
companies in the X dataset, reports on the search term
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“Moderna’ (n=30), sentiment was more evenly distributed
(negative: n=11, 36.7%; neutral: n=10, 33.3%; and positive:
n=9, 30%) when compared to sentiment for the search term
“Pfizer” (n=222), which was mostly negative (n=135, 60.8%),
30.6% neutral (n=68), and 8.6% positive (N=19). When
comparing the search term “booster” (n=187) in X dataset,
sentiment was broken down as 40.1% (n=75) negative, 16%
(n=30) neutral, and 43.9% (n=82) positive; however, sentiment
for the search term “vaccing” (n=860) was mostly negative
(n=378, 44%), 28.4% neutral (n=244), and 27.7% positive
(n=238). Search termsrelating to lockdown (n=23, 54.8%) and
mandates (n=85, 66.4%) were associated with negative
sentiment in the X dataset, while isolation was associated with
positive sentiment (n=17, 85%).

Sentiment Analysis of Vaccination and Mask Search
Terms

Results for search terms related to COVID-19 vaccination and
mask-wearing were combined (Table S5 in Multimedia
Appendix 1). Vaccine results were analyzed with and without
the inclusion of results of the search term “booster,” as it was
shown to have opposing polarity when compared to “vaccine’
(Table S5in MultimediaAppendix 1). Analysis of the combined
vaccine search terms continues to show the same pattern of

Hutchinson et al

distribution between the 2 datasets, with sentiment in the GA
dataset predominantly neutral (65.8%) and lower proportions
of negative (18.1%) and positive (16.1%) sentiment. In contrast,
the X dataset was more polarized and critical of vaccines, with
nearly half (49.5%) of all results expressing negative sentiment
and lower levels of neutral (26.9%) and positive (23.6%)
sentiment (Table S5 in Multimedia Appendix 1). When
booster-related results were included in the analysis, these
patterns were retained.

The pattern was markedly different for sentiment analysisresults
of reports collected viamask-related terms. The GA resultswere
also mostly neutral (61.4%), and 26.4% expressing positive
sentiment and only 12.3% expressing negative sentiment. In
the X dataset, there was a much higher proportion of positive
sentiment (66.8%) than negative (21.5%) or neutral (11.7%)
sentiments expressed.

Topic Summary Analysis

LDA topic modeling of the GA and X datasets (Tables S6 and
S7 in Multimedia Appendix 1) and the LLM results were
compared to the human rating of thetop 5 most discussed topics
and are presented in Tables 4 and 5, including alignment scores
from the cross-matching rubric (Table 2).

Table. Comparison of human-generated and machine-generated topic analysis of the Google Alerts dataset.

Manually generated topic  Rstudio L DA® output Machine score LLMP output LLM score
Prominent physicianreveals  Public attitudes toward vac- ¢ Public debateon COVID-19  qd
vaccineinjury cines and masks vaccines

Chinaallows travel after COVID-19mitigation: mask 1 Mask mandates and usage 1
lifting of COVID-19restric-  usage and vaccination

tions

Impact of vaccinerollouton COVID-19 protectionand 1 Economic and socia im- o€
economy boosters pacts of PHM

Easing of COVID-19restric-  Australian COVID-19re- 2 COVID-19 vaccine man- 1
tions sponse dates and compliance
India—wearing masksdue  Intentions regarding public 0 Global or local responsesto 2

to new COVID-19 wave health measures

COVID-19 variants

3_DA: latent Dirichlet allocation.
bLLM: large language model.

€0: no match.

dq; partial match.

©2: direct match.
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Table. Comparison of human-generated and machine-generated topic analysis of X dataset.

Manually generated topic  Rstudio L DA® output Machine score LLMP output LLM score
COVID-19 vaccines Discourse on mask-wearing  o¢ Vaccine safety and sideef-  ¢d
and COVID-19 vaccination fects
New isolationrules—5days Individual attitudestoward 2 Mask usage and effective- 2
with mask masks and vaccination ness
Wearing maskson aplane  COVID-19 choicesinclud- e Vaccination campaignsand 2
ing vaccine brands compliance
Wearing masks on public Intention to comply with 1 Public health measuresand 2
transport PHMf policy debate
China ceases zero-COVID-  Current perspectives on 1 Misinformationand distrust 0

19 policy mask-wearing and vaccina

tion

in authorities

3_DA: latent Dirichlet allocation.
bLLM: large language model.

€2: direct match.

dq; partial match.

€0: no match.

PHM: public health measure.

GA Dataset

Mask use and mask mandates, aswell as vaccine mandates, are
discussed in the GA dataset within the context of easing
COVID-19 resdtrictions (Table 4). Across the 5 cases, the
RStudio LDA output topics fully aligned with 1 of 5 cases and
partially aligned with the manual coding in 2 of 5 instances,
while the LLM output fully matched in 2 of 5 instances and
partially matched in 3 of 5 cases. The LLM outputs show a
deeper understanding of the context but are often too
generalized, while some of the machine-generated outputswere
related but not specific to the manually generated topics.

X Dataset

Topics discussed in the X dataset included announcements
concerning the easing of restrictions, and opinions both
supporting and opposing the dropping of mask mandates and
prolonged isolation following a positive COVID-19 test (Table

https://ojphi.jmir.org/2026/1/e80824

5). Vaccination campaigns and safety concerns were aso
discussed. Results from the cross-matching rubric of the X
dataset showed that the LLM output more closely aligned with
the manually generated topic, fully matching in 3 of 5 casesand
partially matching in 1 of 5 cases. The LDA output fully
matched in 2 of 5 instances and partially matched in 2 of 5. The
LLM output is more descriptive of the topics.

Human-Coded Thematic Analysis

Thematic analysis was performed on the positive- and
negative-assigned GA articles and tweets (Tables S8a-S8d in
Multimedia Appendix 1). Many tweets were of the account
owners reporting their choice to engage or not engage with
particular PHMs (eg, “My wife and | wear masks when we go
out unlesswe are eating or drinking or outside. Thereis no way
| am having that experimental vaccine”). Several other themes
emerged and are summarized in Table 6.
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Table. Summary of thematic analysis results by large language model (LLM).

Dataset

LLM summary

Positive GA? dataset

Negative GA dataset

Positive X dataset

Negative X dataset

“The thematic analysis reveals a comprehensive approach to managing
COVID-19, from vaccination campaigns and mask mandates to broader
societal adjustments. Public health measures, supported by clear commu-
nication, have beeninstrumental in mitigating theimpact of the pandemic.
Emerging variants and evolving immunity continueto challenge and shape
policies. Overall, the findings underscore theimportance of ongoing vigi-
lance and adaptability in public health.”

“The thematic analysis reveals ongoing tensions surrounding vaccine
mandates, including public resistance and concerns over safety. Mask
mandates evoke polarized opinions, with debates on their necessity and
effectiveness. Lockdowns have |eft lasting societal and psychological
impacts, fuelling protests and dissatisfaction. Public health messaging
faces challenges due to misinformation and varying adherence levels. The
emergence of new COVID-19 variants highlights the need for adaptive
vaccination strategies. These findings underscore the complex interplay
of public health policies, societa reactions, and individua behaviours.”

“The thematic analysis highlights an ongoing tension between public
health policies and individual behaviours. Masks and vaccines are central
to the discourse, with significant debate over their adoption and effective-
ness. Variants like Omicron continue to influence strategies, while com-
munity responsibility emerges asakey element in combating the pandemic.
These findings underline the complexity of managing public healthin a
rapidly evolving situation.”

“Thethematic analysisreveal s significant public resistance and scepticism
toward COV1D-19 measures. Vaccine safety and mask efficacy are hotly
debated, often linked with broader concerns about personal freedoms and
ethical mandates. Misinformation and alack of trust in authorities further
exacerbate theseissues. Public fatigue with ongoing health measuresindi-
catesaneed for transparent communication and adaptive strategies moving
forward.”

3GA: Google Alerts.

In the positive GA dataset, themes included masks being
recommended in particular contexts (eg, “..masks are
recommended in health care settings, on public transport, in
crowded indoor settings’) and encouraging vaccination in at-risk
groups (eg, “Aside from the government and GPs, family
members have an important role in encouraging senior citizens
to get vaccines or booster shots against COVID-19).

In the negative GA dataset, themes included reports of the
COVID-19vaccines causing injuries (eg, “ Dr [name] hasbroken
her silence about a ‘devastating’ COVID vaccine injury,
slamming regulators for ‘censoring’ public discussion, and
Thousands of Australians suffering from COVID-19 vaccine
injury feel they are ‘not being heard' or treated fairly by the
government”). Occupational vaccine mandates were also
discussed with negative sentiment expressed (eg, “Over 200
firefighters in New South Wales and Victoria are being forced
to ‘stay away from saving lives because of ongoing vaccine
mandates, and Colesisthe only major supermarket in Australia
that continues to use discriminatory COVID vaccination
mandates for workers”).

Inthe positive X dataset, these included masks being protective
for the wearer, with reasons of vulnerability or framing it as
“smart” behavior (eg, “ My daughter workswith COVID patients
and we wear a mask when she visits. My partner has cancer,
and Lots of people coughing on the train and I'm the only one
smart enough to wear a mask”). People also discussed the

https://ojphi.jmir.org/2026/1/e80824

wearing of masksto protect othersin the community (eg, “Itis
selfish not to wear a mask to protect the health of our most
vulnerable”). There were many posts expressing the opinion
that the benefits of vaccines outweigh the risks (eg, “I’m sorry
for people injured by the vaccine but the risk is insignificant
compared to complications from Covid”). When mentioning
boosters, the sentiment tended to be favorable, wanting access
to updated boosters (eg, “| saw on the news that we might get
5th jab in February — can’t come soon enough!™).

In the negative X dataset, a strong theme emerged about
COVID-19 vaccines causing injuries and deaths. Many tweets
included statistics regarding vaccine deaths and anecdotal reports
of peoplethey know or had heard of dying suddenly after being
vaccinated, or reporting lived experience of having a vaccine
injury (eg, “Vaccineinjury and deaths outnumber actual deaths
FROM Covid,” and “My neighbour told methat her son’sfriend
went down to the local shopping center to get vax, dies 15
minuteslater”). Therewas dso athemethat COVID-19 vaccines
are experimental, and people who take the vaccine are
“brainwashed” and “sheep,” positioning those who had not had
thevaccineas“ smart” (eg, “ Scientists came up with thisvaccine
in 10 weeks, and people still believe it's safe, talk about being
brainwashed, and The sheep arerolling up their sleevesfor their
5th jab, and | don’t inject poison into my body, unlike the vax
junkies’).
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Thematic Analysis ResultsFrom LLM

The LLM-generated summaries of the thematic analysis of the
positive- and negative-assigned GA and X datasets are presented
in Tables 7-10. Results of LLM thematic analysis, including
theme descriptions and the proficiency and reasonableness
scores benchmarked against human-coded thematic analysis,
are presented in Table 2. When compared to the human-coded
thematic analysis, the results for the LLM proficiency were 13

https://ojphi.jmir.org/2026/1/e80824
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of 20 proficient and 7 of 20 partialy proficient, showing that
the LLM produced themes that were relevant to the dataset and
closely matched with the human-coded themes. All themes,
whether  fully or partialy proficient a matching
human-generated themes, were rated “very reasonable” (the
themes had high relevance to the dataset and would likely be
generated by human coding), suggesting that the results may
be useful to support human coding of large datasets.
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Table . Results of the large language model (LLM)—coded thematic analysis of positive and negative Google Alert (GA) results and tweets. themes

from the positive GA dataset.

Theme

Description

Example of arepresentative  pyoficiency score®

GA result

Reasonableness score”

COVID-19 vaccination and

immunity

Mask-wearing policies

Economic and social effects

Emerging variants and
evolving strategies

Emphasis on vaccina-
tion rollouts, booster
campaigns, and their
impact on immunity
Subthemes:

Effectivenessand bene-
fits: vaccines reducing

ICU® admissions and
mortality

Booster campaigns:
urging booster shotsto
combat waning immu-
nity

Vaccination messag-
ing: efforts to dispel
misinformation and en-
courage uptake

Role of mask mandates
in mitigating viral
spread

Subthemes:

Mandates and compli-
ance: discussion on
mandatory versus vol-
untary mask use
Context-specific recom-
mendations: masksen-
couraged in hedlth care
and public transport

Evaluation of public
health measures on
economic stability and
daily life

Subthemes:

Economic savings:
prevention of lossesvia
vaccination and lock-
down measures

Socia changes: adapta
tions during and after
pandemic

Addressing new
COVID-19 strains and
their implications
Subthemes:

Variant-specific con-
cerns. Omicron and
immunity challenges
Hybrid immunity: inter-
play of natural and
vaccine-induced immu-
nity

“Vaccination against
COVID-19 disease
aimsto reduce the
severity of symptoms
and need for hospital-
izations.”

“A booster dose can
safeguard against se-
vereillness”
“Vaccination was also
found to be a cost-sav-
ing measure.”

“Masks should be
compulsory this
Christmasto quash a
fresh spikein Covid
Cases!
“Masksarerecommend-
ed in healthcare set-
tings and crowded in-
door spaces.”

”

“The vaccine rollout
saved the national
economy $181bnin
potential damage.”
“Australia’s hospitality
venues are recording a
boom in revenue aswe
enjoy post-Covid free-
doms.”

“Countries should con-
sider recommending
masks on long-haul
flights given the spread
of Omicron.”

“Hybrid immunity has
contributed to poor
vaccine booster up-
take”

Proficient 2

Proficient 2

Proficient 2

Proficient 2

(LLM explores variants and
immunity more comprehen-
sively than human coding)
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Theme Description Example of arepresentative  pyoficiency score® Reasonableness score®
GA result
Public health communica=  «  Messaging around « “Good ventilationas-  Proficient 2
tion guidelines and behav- sistsin reducing the (LLM explores messaging
ioral changes risk of spreading air- dal PHMS
e Subthemes: borne diseases” aroun chensivel Strr]norﬁ
Hvai d ventil “Health experts are compr d_ensv y than hu-
. .yg|enean_ ventila- warning Australians ~ ™an co ing)
tion: promoting preven- not to miss important
tive MEBSUIEs screeningsand vaccina
«  Community engage- tions”
; ions.
ment: tailored cam-
paigns for vulnerable
populations
8Proficiency score: proficient, partially proficient, not proficient. and not proficient.
bReasonableness score: 2=very reasonable, 1=reasonable, and 0=not reasonable.
ClCu: intensive care unit.
dPHM: public health measure.
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Table . Results of the large language model (LLM)—coded thematic analysis of positive and negative Google Alert (GA) results and tweets. themes

from the negative GA dataset.

Theme

Description

Example of arepresentative
GA result

Proficiency score Reasonableness score

Vaccinemandatesand resis-

tance

Mask mandates

Lockdowns and societal ef-

fects

Public health messaging

Explores public reac-
tions to vaccine man-
dates, including compli-
ance and opposition
Subthemes:

Compliance chal-
lenges: public debates
on mandates for essen-
tial workers and specif-
icindustries
Resistanceand injuries:
reports of adversereac-
tions and public resis-
tance

Discussion on theeffec-
tiveness, compliance,
and psychological ef-
fects of mask-wearing
Subthemes:

Effectivenessand com-
pliance: questioning
the effectiveness of
mask mandates
Public perception:
mixed reactionsto pro-
longed mask-wearing
requirements

Highlights the societal
consequences of lock-
downs, including
protests and mental
health issues
Subthemes:

Protests and backlash:
resistanceto prolonged
lockdowns

Mental health impacts:
isolation and its effects
on well-being

Examinestheeffective-
ness of communication
around health measures
Subthemes:

Misinformation and
clarity: confusion
around vaccine safety
and mandates
Behavioral recommen-
dations: promoting hy-
giene and mask use

“Colesisthe only ma-
jor supermarket in
Australiathat continues
to employ discriminato-
ry Covid vaccination
mandatesfor workers.”
“Dr (name) has spoken
out about her wife's
‘severe’ reaction to the
COVID jab”

“More embarrassing
for Team Mask, those
even more uncomfort-
able N95 masks made
little to no difference
either.”

“On lone mopeds,
driving their own cars,
on goes the mask.”

“Fairfield and other ar-
eas of western Sydney
were subject to strict
COVID-19 lock-
downs.”

“Most young Aus-
tralians have come
away feeling lonely
and left out”

“Covid frightbat GP
previously railed
against vaccine misin-
formation that scared
people awvay from be-
ing vaccinated.”
“Masks are no longer
suggested in public
spaces”

Proficient 2
Proficient 2
Proficient 2

Proficient (LLM explores 2
messaging around PHMs

more comprehensively than
human coding)
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Theme

Description

Example of arepresentative
GA result

Proficiency score Reasonableness score

Emerging variants and vacci-
nation strategies

Discusses adaptive re-
sponses to new
COVID-19 variants
Subthemes:

Variant-specific chal-
lenges. addressing im-
munity gaps

Booster campaigns:
advocacy for continued
vaccination efforts

“Waning immunity is
apparent amongst
many communities.”
“Booster doses contin-
ue to help the most
vulnerable even as
more contagious vari-
ants have popped up.”

Proficient (LLM explores 2
variant-specific issues and
immunity more comprehen-
sively than human coding)

proficiency score: proficient, partially proficient, not proficient. and not proficient.
bReasonableness score: 2=very reasonable, 1=reasonable, and O=not reasonable.
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Table . Results of the large language model (LLM)—coded thematic analysis of positive and negative Google Alert (GA) results and tweets. themes

from positive X dataset.

Theme

Description

Example of arepresentative  pyoficiency score®

tweet

Reasonableness score”

Mask usage and debate

Vaccination and public per-

ception

Policy and public health
strategies

Conversations about
the use of masksasa
public health tool
Subthemes:

Mandatory masking:
debates over govern-
ment-mandated mask
policies

Efficacy and prefer-
ences: discussions on
the effectiveness of
different types of
masks (eg, N95 vs
cloth)

Public compliance: ob-
servations on varying
levels of mask adop-
tion

Focuses on vaccination
campaigns, uptake, and
public attitudes
Subthemes:

Booster campaigns: ef-
fortsto encourage addi-
tional doses for im-
proved immunity
Safety and side effects:
concernsabout vaccine
sideeffectsand injuries
Resistance and advoca-
cy: voices both support-
ing and opposing vacci-
nation

Explores government
policiesand public dis-
course on their effec-
tiveness

Subthemes:

L ockdown measures:
reflections on theim-
pact and necessity of
lockdowns

Social distancing and
hygiene: recommenda-
tions for maintaining
distanceand promoting
hygiene

“Mandate masks on
planes would be the
bare minimum.”

“N95 masks are your
best line of defence.
Take care”

“Flew from Newcastle
to Brisbane today.
Apart from us, only
one other family wore
masks.”

“The public must get
the 4th vax and mask
up.”

“COVID vaccineshave
caused 14 deaths.
These deaths aretragic
but were expected.”
“Vax works!! Vaccines
are definitely a better
protection than masks.”

“We needed anuanced
COVID-19 policy that
included indoor
masks.”

“Masks and social dis-
tancing work. It was a
good run while it last-
ed”

Proficient 2

Partidly proficient (human 2
coding also focused on the
benefits of vaccines and ef-
fectiveness)

Proficient 2
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Theme

Description

Example of arepresentative

tweet

Proficiency score® Reasonableness score”

Emerging COVID-19 vari-
ants

Community behavior and
responsibility

o  Discussestheimpact of
new COVID-19 vari-
ants on public health
responses

«  Subthemes:

«  Omicron and immuni-
ty: challenges posed by
the Omicron variant

«  Evolving strategies:
adjusting public health
measures in response
to new variants

o Focus on individual
and collective adher-
ence to health mea-
sures

«  Subthemes:

« Risk awvareness. ac-
knowledging personal
and societal risks

«  Public responsibility:
encouragement for col-
lective action to miti-
gate risks

“Waning immunity is
apparent amongst
many communities.”
“Variants mean chang-
ing our habits”

“We wear masks to
save others’ lives as
well.”

“Masks are our only
weapon against
COVID. This method
has worked for us so
far”

Partidly proficient (human 2
coding also focused on
wanting access to boosters

due to new variants, and

PHM generally)

Proficient 2

proficiency score: proficient, partially proficient, and not proficient.
bReasonableness score: 2=very reasonable, 1=reasonable, and O=not reasonable.
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Table . Results of the large language model (LLM)—coded thematic analysis of positive and negative Google Alert (GA) results and tweets. themes

from the negative X dataset.

Theme Description Example of arepresentative  pyoficiency score® Reasonableness score®
tweet

Vaccine safety and side ef- Concerns about vac- e« “My 24-year-old Proficient 2
fects cine-induced side ef- nephew collapsed after

fects dominate the con- the Pfizer vaccine and

versation now suffers from my-

Subthemes: ocarditis”

e e, iy

scribing adverse events ol ough for safety.

. . The government must

Skeptici sm “,’W"’?rf’ acknowledge vaccine

safety t_estl ng- critiques injuries and help those

of vaccinetrial process- affected”

es

Call for accountability:

demands for recogni-

tion and compensation

for injuries
Mask effectivenessand resis- Heated debateonthe «  “Masksdon'twork to  Proficient 2
tance effectivenessand neces- reduce transmission at

sity of masks apopulation level”

Subthemes: o  “Stopforcingmaskson

Economic and socia misin-

formation and distrust

Efficacy questions:
disputesover the scien-
tific basis for masks
Resistance to man-
dates: opposition to
mask-wearing policies
Cultura and behaviora
aspects. comments on
individual mask-wear-
ing habits

Mistrust in authorities
and allegations of mis-
information
Subthemes:

Mediaand government
distrust: criticism of
public health messag-
ing

Manipulation allega-
tions: claims of hidden
agendas behind health
measures

Need for transparency:
calls for open sharing
of dataand studies

us. We deserve free-
dom of choice”

“ Peoplewearing masks
alonein their cars—
what's the point?”’

“Mainstream media
keeps spreading vac-
cine propaganda.”
“The pandemic was
planned to control us
through fear and man-
dates”

“We need real dataon
vaccineinjuries, not
censored narratives.”

Partidly proficient (human 2
coding also focused on the
role of pharmaceutical com-
panies, not just media and
government)
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Theme Description Example of arepresentative  pyoficiency score® Reasonableness score®
tweet
Ethical concerns about Ethical debatesaround «  “No one should be Partialy proficient (human 2
mandates the imposition of forcedtotakeavaccine coding also focused on the
health mandates against their will.” stereotyping of people fol-
Subthemes: « “Stopdividingusinto lowing government advice
Coercion and freedom: \é?())(l.)](ssj an dunvaxxed - as brainwashed)
mandatfessem ZIS\I/'Ibda- . “Mandates dispropor-
:lyons Ol personal froer- tionately affect those
ith i i
Social divisions: how ith medical exemp
ions.
mandates create ten-
sion and polarization
Impact on vulnerable
groups: concerns about
marginalized communi-
ties
Long-term public health Critical evaluationof «  “How many boosters  Proficient 2

strategies measures like boosters are we expected to
and lockdowns take? It's exhausting.”
Subthemes: « “Lockdownsdestroyed
. businesses and mental
Effectiveness of boost- health.”

ers. mixed reactions to
additional doses
Policy fatigue: frustra-

“Omicron shows we
need better vaccines,
not just boosters.”

tion with prolonged
measures

o  Variant-specific adapta
tions: adjustmentsin
strategy due to new
variants

8Proficiency score: proficient, partially proficient, not proficient. and not proficient.

bReasonableness score, 2=very reasonable, 1=reasonable, O=not reasonable.

Discussion

Principal Findings

Our study compared the results of Al analysis of PHM-related
datasets with human-coded analysis for common tasks used in
the context of health emergencies, such as sentiment analysis
(to explore public opinion of PHMs), topic modeling (to identify
what is being discussed in online news and social media), and
thematic analysis (for a more in-depth analysis of how PHMs
are being discussed in the public domain). Al tools were
deliberately selected to reflect those accessible to public health
professionals in Australia that require minimal technica
expertise.

Overal, Al tools performed inconsistently across tasks. All
models showed poor performance for sentiment analysis.
ChatGPT-4 was found to demonstrate stronger alignment with
human ratersfor both the topic modeling and thematic analysis
tasks. These findings highlight both the potential and the
limitations of Al tools to complement traditional methods of
analysis for public health professionals by providing rapid
insightswhile still requiring human interpretation and oversight
[26].

https://ojphi.jmir.org/2026/1/e80824

Sentiment Analysis Task

To evaluate the accuracy of accessible Al sentiment analysis
tools, a subset of Australian English-language GA and X
datasets was analyzed by 2 human raters and 5 Al tools.
Sentiment was poorly detected by all Al tools, with no
agreement between the human rater and either the GA or X
datasets (Table 3). In particular, accuracy was less than 30%
for neutral sentiment in the GA dataset and under 50% for
positive or negative sentiment in the X dataset. These findings
align with previous studies showing that off-the-shelf sentiment
analysis tools perform poorly when applied to complex,
health-related discourse [54,55].

The human-coded sentiment analysis showed that the GA dataset
had a majority of neutral sentiment in discussion about PHMs,
while the X dataset was evenly split between positive and
negative. These findings highlight differences between the data
sources, with the prevalence of neutral sentiment in the GA
dataset, suggesting predominantly neutral reporting of current
stories and eventsin online news media. The X dataset showed
greater polarity of sentiment, which may indicate that users of
X have stronger opinions and are more likely to express them
online. Our study demonstratesthat in Australiaduring the study
period, mask use and isolation were associated with more
positive sentiment, while vaccines, lockdowns, and mandates
attracted more negativity. These results indicate that sentiment
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analysis may give useful high-level insights regarding public
opinion for public health decision-makers while highlighting
the need for contextual interpretation by human analysts.

Topic Analysis Task

In our study, topic modeling identified overlapping areas of
discussion between datasets, with GA focusing on mask use
and vaccine mandates in the context of easing restrictions and
X focusing on vaccination campaigns, mask mandates, and
isolation requirements. LDA partially aligned with human-coded
topics, whilethe LLM output provided fuller contextualization
but was overly generalized. Recent advances in generative Al
have shown improved topic matching with human annotators
of health-related datasets using LLMs [52]. Thismay assist in
public health responses during health emergencies by improving
the understanding of topicsthat are being discussed in the news
and on sociad media and addressing misunderstandings or
concerns with public health messaging [56].

Thematic Analysis Task

Qualitative research methods are promoted as the most suitable
approach to gain an understanding of the experiences of
individuals during health emergencies, which can be used to
inform local public health policy decisionsand implementation
[10]. Manual interpretation of data, including thematic analyses,
presents an extensive time and resource burden [52]. Generative
LLMs can analyze and interpret vast amounts of text and have
shown good accuracy in generating themes when compared to
human analysts, with adequate depth of explanations of themes
and inclusion of appropriate quotations, with time savings of
several hours or even days [13,52,57]. Some studies have
suggested that thematic analysis results generated by LLMs
may be best used in collaboration with human coders with
domain-specific knowledge [14,58,59].

The human-coded thematic analysis of the GA dataset (Table
S8a-d in Multimedia Appendix 1) revealed the ways in which
PHM swere being discussed in the news media, including strong
support for vaccination of at-risk groups and the use of masks
in specific high-transmission contexts, while a so reporting on
vaccine injuries. Themes that emerged from the X dataset
revealed polarized views on the uptake of PHM, with the
positioning of compliance with vaccines and mask-wearing as
“smart” by supporters of those PHM. From the opposing view,
there was much discussion about vaccine harms, including
injuries and deaths, and the positioning of compliance with
PHMs as a result of “brainwashing.” There were also reports
of sudden death from the “experimental vaccine,” which is
useful for public health professionals to be aware of when
planning campaigns to combat misinformation [60].

In our study, the LLM-generated themes were relevant to the
dataset, and the majority were closely matched with the
human-coded themes. Even when the themeswere only partially
matched, they rated high on how reasonableit wasfor theLLM
to generate the theme from the dataset, suggesting that thematic
analysis may provide valuable input to inform public health
decision-making in atimely way. The summaries generated by
the LLM provided an overview of the Al-generated thematic
analysis; however, they lacked the specific insights and

https://ojphi.jmir.org/2026/1/e80824
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understanding of the social context of the human-generated
summaries.

Error and Bias Analysis

Errors in sentiment classification and theme generation were
consistent across tools and datasets in this study, reflecting
known limitations of NLP and LLM models when applied to
public health discourse [55,61,62]. Misclassification of neutral
sentiment was frequent, which may result from narrow sentiment
thresholds and training data that are not designed for
health-related news and social media [54]. Inability to detect
sarcasm is another known limitation of Al tools for sentiment
and thematic analysis tasks, when the textual data include
positive words to express negative sentiment, highlighting
another area where human oversight for contextual nuance is
important for accurate analysis [63,64]. While LLMs have
demonstrated superior accuracy over other Al tools for tasks
such as sentiment analysis, topic modeling, and thematic
analysis of public health datasets, they do not match human
raters for interpretation and depth of analysis [13,52,55,65].
Fine-tuned or domain-specific LLMs trained on health-related
text may improve accuracy, but these models are
underrepresented, and substantial annotation and validation
effortswill be required to develop appropriately trained models
for public health contexts [63-65].

LLM reproducibility presents another challenge, as outputs may
vary over time as model parameters and training data are
updated by developers. Thisisknown as“model drift” and may
complicate longitudinal comparisons and replication of results
[66]. Researchers should record model versions and exact
prompt wording (asin Table S1 in Multimedia Appendix 1) to
enhance transparency and allow future verification.

Manual analysis of online public opinion data may be open to
bias through the interpretation of the researcher [67]; however,
automated methods lack the capacity to clarify the results of
analysis, asmay be possible with moretraditional methods[66].
While social mediacan give voice to more marginalized groups,
health inequities can be amplified if unrepresentative data are
used for analysis [68]. Socia bots, which are computer
algorithms designed to mimic human interactions on social
media, can be used to manipulate public opinion and therefore
skew sentiment data [69].

Limitations

Therewere several limitations of our study. First, regarding the
data sources used, GA retrieved the first 2 sentences of the
article, which may not give an accurate representation of the
sentiment of the article. Whilethe anonymity of datafrom online
social networking sites may have benefits over qualitative or
survey data by reducing the impact of social desirability bias
[70,71], the awareness of the post being observed by others may
make the user less likely to publish unpopular opinions [72].
The anonymity of social media data also impacts the ability to
collect demographic information, which can impact how
generalizable the results of the analysis[73]. The use of social
media data for research is becoming increasingly challenging
due to restrictions on access by commercial owners of the
platform [74]. The use of untrained NLP sentiment analysis
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tools, which were unable to correctly identify both neutral
sentiment and sarcasm, was a further limitation of this study.
While Al can offer atimely way to provide real -time data, public
health professionals may be skeptical of the results without
understanding the process and how to interpret the output;
therefore, education on its effective use will be necessary for
future implementation [75]. Inequities and bias that are present
in the training data may be replicated in Al outputs [75]; for
example, LLMs trained primarily on content originating from
North America and the United Kingdom may misrepresent
Australian cultural and linguistic nuances, potentially skewing
thematic outputs in subtle ways [75]. As this study was
conducted on an English-language dataset, the results of this
analysis do not capture sentiment and thematic perspectives
from culturally and linguistically diverse communities[1]. This
limitation is particularly important in multicultural settings,
such as Australia, where attitudes toward PHMs may differ
across language groups[1]. For Al techniquesto inform public
health policiesin Australia, they must support an understanding
of the actual sentiment in diverse communities. While automatic
translation and multilingual models can be used for analysis of
text in multiple languages, there is a dearth of available data
for analysis in languages other than English in the Australian
context.

Conclusions

During health emergencies, there is a need to balance rapid
analysis of data with accuracy to support public health

Hutchinson et al

decision-making. This study examined the accuracy of 5 Al
tools in performing tasks designed to measure public opinion
in Australia toward PHMSs, such as vaccines, mask mandates,
and lockdowns. Al tools were chosen that are widely available
across government agencies in Australia. All Al tools were
found to perform poorly in a sentiment analysistask of the GA
and X datasets when compared to a human rater. Al-generated
topic modeling and thematic analysiswere conducted using the
LLM ChatGPT-4 and compared to human-generated responses.
The LLM topic modeling outputs showed a high level of
alignment with the human-generated topics, and while
understanding of the context of the resultswasindicated, it was
often overly generalized. The LLM output of the thematic
analysistask was found to be highly relevant and well matched
to the human-generated analysis. Even when the themes were
only partially matched to the human-generated themes, the
results were classified as reasonable, relevant to the data, and
likely to be generated by a human analyst. These findings
suggest that Al tools, particularly LLMs, may serve as arapid
triage tool to surface emergent themes from large-scale public
datasets, which could then be reviewed or refined by human
analysts in time-sensitive policy settings. It is unlikely that Al
tools will replace traditional research methods used to
investigate attitudes and opinions to epidemic PHMs in
Australia; however, there remains an opportunity to use this
technology to complement qualitative research techniquesused
by public health professionals in a cost-effective and timely
way in the context of health emergencies.
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Abstract

Background: Public health data integration and automation systems are crucial for effective health care delivery and public
health surveillance. However, the factors associated with hospitals' adoption and successful implementation remain inadequately
explored.

Objective: This study aimsto examine how hospital characteristics influence the adoption of public health data integration and
automation.

Methods: We analyzed 2277 hospital s from the 2023 American Hospital Association Annual Survey and its Health Information
Technology supplement, focusing on 6 public health reporting categories. Multivariable logistic regression models were used to
examine the association between hospital characteristics and the 2 primary outcomes: active electronic data submission and use
of automated transmission processes.

Results: System-affiliated and not-for-profit hospitals demonstrated significantly higher rates of electronic data submission and
automated reporting across most categories (odds ratio [OR] 1.70 - 2.27; P<.001). Rural hospitals showed lower adoption rates
in immunization registry (OR 0.77, 95% CI 0.61-0.97), public health registry (OR 0.67, 95% Cl 0.46-0.97), and clinical data
registry reporting (OR 0.77, 95% CI 0.60-0.98). Larger hospitalswere morelikely to implement electronic reporting, with medium
and large hospitals showing stronger engagement in syndromic surveillance reporting (OR 1.52, 95% CI 1.06-2.19 and OR 2.29,
95% Cl 1.17-4.46, respectively). Teaching status was significantly associated only with clinical dataregistry reporting (OR 2.66,
95% CI 1.56-4.52 for major teaching hospitals).

Conclusions: Hospital characteristics, particularly system affiliation, ownership type, and geographic location, are strongly
associated with public health data integration and automation capabilities. Findings suggest targeted interventions are needed to
address disparitiesin smaller and rural facilities to ensure equitable advancement of public health reporting infrastructure.

(Online J Public Health Inform 2026;18:€86263) doi:10.2196/86263

KEYWORDS
public health data; data reporting; automation; active reporting; hospitals

of the American Recovery and Reinvestment Act of 2009,
dramatically fueled computerization in health care through
reimbursement incentives to adopt electronic health records
(EHRs) as a method of standardizing and enhancing
interoperability of data[3,4]. These differences reiterated that
institutional resilience and organizational readiness were more
critical than technology availability to successful adoption.

Introduction

The integration and automation of public health data have
evolved from manual record-keeping to modern digital systems
that enhance real-time data sharing and interoperability.
Automated frameworks now combine structured and
unstructured health data, improving research capabilities and
public health responsiveness. Theimplementation of Findable,
Accessible, Interoperable, and Reusable data principles has

The 2020s have seen further advancements with artificial
intelligence (Al) and machine learning technologies extending

further enhanced data use for decision-making [1]. These
innovations highlight theimportance of technology-driven data
integration in optimizing health care delivery and public health
outcomes|[2]. The Health Information Technology for Economic
and Clinical Health Act of 2009, enacted into law by Title XI1I

https:/oj phi jmir.org/2026/1/e86263

automation capabilities. Al-based software now streamlines
tasks such as drug safety compliance reporting, reducing
administrative burdens and human error [5]. Despite
technological progress, persistent challenges remain:
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interoperability gaps prevent smooth data exchange between
institutions due to diverse standards and proprietary tools [6];
regulatory requirements often fail to address structural barriers
such as system upgrade costs or personnel training needs [5];
and workforce preparedness is frequently overlooked,
particularly inlow-resource settings where staff may lack proper
training to use new technologies effectively [7].

Public reporting of hospital data, such as patient outcomes,
infection rates, and readmission rates, can drive improvements
in heath care quality by promoting transparency and
accountability. Studies have shown that hospitals participating
in public reporting programs tend to engage in quality
improvement activities more actively [8,9]. For instance, the
American College of Cardiology’s voluntary public reporting
program revealed that hospitals with higher participation rates
demonstrated better performance in cardiac care [8,9].
Additionally, the COVID-19 pandemic highlighted the
importance of standardized and automated reporting systems
to ensure timely and accurate data exchange, which is essential
for effective public health responses and leads to better health
outcomes for patients[4].

The association between public health data integration,
automation, and hospital characteristics has become akey focus
in ng reporting system effectiveness, particularly during
the COVID-19 pandemic [10]. Beyond improving health care
delivery, data integration can enhance hospitals operational
efficiency, potentially leading to higher profits and increased
patient service capacity [11]. However, the most significant
barrier to integration remains the lack of standardization in
health data norms at local, national, and international levels.
Many health data systems cannot communicate effectively,
resulting in integration challenges when patients move between
health systems[12]. Through improved dataintegration, public
health systems can better address concerns like social
determinants of health and disease monitoring for future
pandemics while enhancing patient experiences through
personalized care. While prior research has examined EHR
adoption broadly, few studies have disaggregated public health
reporting into its component categories to identify differential
adoption patterns across hospital characteristics. This study
addresses this gap by simultaneoudly examining 6 distinct public
health reporting categories and analyzing both electronic
submission engagement and automation processes as separate
outcomes. This context situates the central question of this
research: What hospital characteristics are associated with the
adoption and success of automated health reporting systems?
By identifying factors associated with successful implementation
of automated health reporting systems, the findings can inform
strategies to address disparities and improve public health data
infrastructure across different health care settings. Thisresearch
is particularly significant in light of the COVID-19 pandemic,
which exposed weaknesses in current health data systems,
especiadly regarding integration and automation [10]. A
well-integrated, automated health data system will not only lead
to improved patient outcomes and more patient-focused care
but also enhance public health decision-making at both local
and national levels[13].
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Methods

Data Source

The primary data for this study were derived from the 2023
American Hospital Association (AHA) Annual Survey and its
supplemental Health Information Technology Survey [14]. The
AHA Annual Survey provides comprehensive information on
awiderange of hospital characteristicsincluding organizational
structure, service lines, saffing, finances, and patient
populations. The supplemental Health Information Technology
Survey specifically captures detailed information about
hospitals health information technology capabilities, EHR
implementation, and public health reporting practices.

Outcome Variables

Thefirst set of outcome variables assessed the hospital’s current
stage of active engagement towards electronically submitting
datafor public health reporting across 6 categories: syndromic
surveillance, immunization registry, electronic case reporting,
public health registry, clinical data registry, and electronic
reportable laboratory result reporting. For each category,
respondents selected one of five ordinal response options
representing implementation stages: (1) actively electronically
submitting production data, (2) in the process of testing and
validating electronic submission, (3) completed registration to
submit data, (4) have not completed registration, or (5) do not
know. This variable was operationalized as a dichotomous (yes
or no) measure, with “yes’ representing hospitals that reported
actively electronically submitting production data and those
that did not (yes or no). This dichotomization approach was
used to create a clear distinction between hospitals actively
engaged in electronic reporting versus those at earlier
implementation stages or nonparticipants, consi stent with prior
AHA survey analyses examining health IT adoption [15].

The second set of outcome variables assessed the specific
processes used to transmit health data, with respondents
identifying whether their hospital utilized automated, manual,
or mixed processes across 6 reporting categories. Response
options included: (1) fully or primarily automated, (2) mix of
automated and manual processes, (3) fully or primarily manual,
or (4) do not know. For analysis purposes, the automated
reporting variable was operationalized as a binary (yes or no)
measure for each of the seven reporting categories, with “yes’
representing hospitals using fully or primarily automated
processes.

Confounding Variables

The analysis also included several hospital characteristics and
market factors that may influence public health data reporting
practices. Hospital ownership type was categorized as
government (federal and nonfederal), not-for-profit (private
hospitals with Internal Revenue Service 501(c)(3) tax-exempt
status), or for-profit (investor-owned facilities operating as
taxable business entities). Geographic location was classified
as rural or nonrura (urban) based on the hospital’s physical
setting and Rural-Urban Commuting Area codes. Hospital size
was operationalized using the total staffed bed count and
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stratified into 3 categories: small (fewer than 100 beds), medium
(100 - 299 beds), and large (300 or more beds).

System affiliation was measured as abinary variable indicating
whether the hospital was part of a larger health care system
(system-affiliated) or operated independently. Teaching status
was classified using the AHA criteria into nonteaching or
teaching. Medicare percentage (proportion of total Medicare
inpatient days) and Medicaid percentage (proportion of total
Medicaid inpatient visits) were included to account for patient
population characteristicsthat may influence hospitals priorities
and resource alocation for heath IT investments. Market
competition was measured using the Herfindahl-Hirschman
Index (HHI), calculated based on the distribution of hospital
beds within each health care market area. Higher HHI values
indicate greater market concentration and less competition, with
values approaching 1.0 representing highly concentrated markets
[16]. This measure was included to control for the potential
influence of competitive pressures on hospitals public health
reporting practices and technology adoption decisions. These
variables were selected based on previous literature identifying
them as potential determinants of health care technology
adoption, organi zational innovation, and public health reporting
capabilities.

Statistical Analysis

This study used descriptive statistics and logistic regression
analyses. For categorical variables, we computed frequencies
and percentages. For continuous variables (Medicare percentage,
Medicaid percentage, and HHI), we cal culated meansand SDs.
We stratified these descriptive statistics by our two primary
outcome measures. (1) whether hospitals were actively
submitting data electronically and (2) whether hospitals used
automated processes for data transmission.

For our primary analysis, we developed a series of multivariable
logistic regression models to examine the adjusted associations
between hospital characteristics and public health reporting
practices. Separate models were constructed for each of the 6
reporting categories (syndromic surveillance, immunization
registry, electronic case reporting, public health registry, clinical
data registry, and electronic reportable laboratory result
reporting) and for both outcome measures (active electronic
submission and automated processes).

https:/oj phi jmir.org/2026/1/e86263
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Results from the logistic regression models are presented as
adjusted odds ratios (ORs). We conducted model diagnostics
to ensure that al logistic regression assumptions were met.
Theseincluded testsfor multicollinearity using varianceinflation
factors, examination of influential observations using the Cook
distance, and assessment of model fit using the
Hosmer-Lemeshow goodness-of-fit test. All analyses were
conducted using Stata (version 17.0; StataCorp), with statistical
significance set at P<.05 for all tests. Cases with missing data
on any study variables were excluded from the analysis using
listwise deletion.

Ethical Consider ations

In accordance with the policy of the university of North Florida,
the Institutional Review Board for the Protection of Human
Subjects categorized the research as exempt since the study
analyzed secondary datathat are publicly available.

Results

The results reveal patterns in electronic health data reporting
practices between health care facilities based on their patient
demographics, market concentration measures, and hospital
characteristics.

Actively Submitting Data Electronically

Table 1 reports hospital categorical characteristics across
hospitals that actively submit data electronically versus those
that do not.

Table 2 reports hospital and market continuous characteristics
across hospitals that actively submit data electronically versus
those that do not (51.87%-54.14%), while actively submitting
facilities demonstrate more consistent Medicare percentages
(53.51%-54.13%). The SDs for Medicare percentages are
generaly higher in nonactive facilities (up to SD 20.15)
compared to active facilities (up to SD 16.27). The HHI values
for actively submitting facilities (ranging from 0.53 to 0.56, all
with SD 0.36) are consistently lower than for nonactive facilities
(ranging from 0.59 to 0.67, mostly with SD 0.37). Medicaid
percentages are similar between active and nonactive facilities
across al reporting categories, with active facilities showing
dlightly more consistent values (19.28%-20.02%) compared to
nonactive facilities (18.6%-20.19%). SDs for Medicaid
percentages are also generally higher in nonactive facilities.
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Table. Hospital categorical characteristics across hospitals that actively submit data electronically versus those that do not.

Charac-  Actively electronically submitting production data (yes or no), n (%)

teristics
Syndromic surveil-  Immunization reg- Electronic case re- Public healthregistry Clinical dataregistry Electronic reportable
lance reporting istry reporting porting reporting reporting |aboratory result re-
porting
No Yes No Yes No Yes No Yes No Yes No Yes
Ownership
Gov- 59 236 36 261 184 111 148 135 170 121 74 219
ernment  (22.26) (11.77) (16.67) (12.66) (16.08)  (9.92) (19.65) (9.15) (17.07) (9.8 (25.61) (11.16)
For- 31(11.7) 287 36 281 139 177 129 184 267 44 (357) 38 279
profit (1431) (1667) (1363) (1215 (1582 (17.13) (1247) (26.81) (13.15) (14.21)
Not- 175 1482 144 1519 821 831 476 1157 559 1069 177 1465
for-profit (66.04) (73.92) (66.67) (73.7) (71.77)  (74.26) (63.21) (78.39) (56.12) (86.63) (61.25) (74.63)
Rurad
No 131 1295 104 1327 649 775 387 1010 574 828 134 1287
(49.43) (6459) (4815) (64.39) (56.73) (69.26) (51.39) (68.43) (57.63) (67.1) (46.37)  (65.56)
Yes 134 710 112 734 495 344 366 466 422 406 155 676
(50.57) (35.41) (51.85) (35.61) (4327) (30.74) (48.61) (3157) (4237) (329 (5363) (34.49)
Size
Small 167 887 135 923 585 463 437 600 517 512 190 850
(63.02) (44.24) (625) (44.78) (51.14) (41.38) (58.03) (40.65) (51.91) (4149) (65.74) (433
Medi- 81 819 66 836 425 475 245 637 373 514 78 818
um (30.57) (40.85) (30.56) (40.56) (37.15) (42.45) (3254) (43.16) (37.45) (4165 (26.99) (41.67)
Large 17(6.42) 299 15(6.94) 302 134 181 71(9.43) 239 106 208 21 (7.27) 295
(214.91) (214.65) (11.71) (16.18) (16.19) (10.64) (16.86) (15.03)
Part of a system
No 99 377 61 418 303 171 231 238 283 184 115 355
(37.36) (18.8) (28.24) (20.28) (26.49) (15.28) (30.68) (16.12) (2841) (1491) (39.79) (18.08)
Yes 166 1628 155 1643 841 948 522 1238 713 1050 174 1608
(62.64) (8L2) (71.76) (79.72) (7351 (84.72) (69.32) (83.88) (7159) (85.09) (60.21) (81.92)
Teaching
Not 163 905 127 942 582 483 430 621 524 520 180 872
teaching (61.51) (45.14) (58.8)  (45.71) (50.87) (43.16) (57.1)  (4207) (5261) (4214) (62.28) (44.42)
Minor 95 952 82 970 495 547 291 731 442 590 99 947
(35.85) (47.48) (37.96) (47.06) (43.27) (48.88) (38.65) (49.53) (44.38) (47.81) (34.26) (48.24)
Maor 7(2.64) 148 7(324) 149 67 (5.86) 89(7.95) 32(4.25) 124(84) 30(3.01) 124 10(3.46) 144
(7.38) (7.23) (10.05) (7.34)
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Table. Hospital continuous characteristics across hospitals that actively submit data electronically versus those that do not.

Characteristics Syndromicsurveil- Immunizationreg-  Electronic case Public healthreg-  Clinica datareg-  Electronic re-
lance (n=2270), istry (n=2277), (n=2263), mean istry (n=2229), istry (n=2230), portable [aboratory
mean (SD) mean (SD) (SD) mean (SD) mean (SD) results (n=2252),

mean (SD)

Not actively electronically submitting production data

Medicare Per- 51.87 (20.15) 53.41 (18.56) 54.14 (17.19) 54 (17.99) 53.62 (16.69) 53.97 (18.98)
centage

Medicaid Per- 20.19 (15.14) 18.6 (12.84) 20.1 (14.23) 19.6 (14.89) 19.29 (14.01) 18.76 (14.66)
centage

Herfindahl- 0.62 (0.37) 0.62 (0.37) 0.61 (0.37) 0.64 (0.37) 0.59 (0.37) 0.67 (0.36)
Hirschman Index
Actively electronically submitting production data

Medicare Per- 54.13 (15.87) 53.89 (16.26) 53.51 (15.65) 53.9 (15.56) 54.02 (16.27) 53.88 (16.02)
centage

Medicaid Per-  19.59 (13.15) 19.77 (13.46) 19.28 (12.52) 19.57 (12.37) 20.02 (12.85) 19.84 (13.15)
centage

Herfindahl- 0.56 (0.36) 0.56 (0.36) 0.53(0.36) 0.54 (0.36) 0.55 (0.36) 0.55 (0.36)
Hirschman Index
Total

Medicare Per- 53.86 (16.44) 53.85 (16.48) 53.83 (16.44) 53.94 (16.42) 53.84 (16.45) 53.89 (16.43)
centage

Medicaid Per- 19.66 (13.4) 19.66 (13.4) 19.69 (13.41) 19.58 (13.27) 19.69 (13.38) 19.7 (13.35)
centage

Herfindahl- 0.57 (0.36) 0.57 (0.36) 0.57 (0.36) 0.57 (0.36) 0.57 (0.36) 0.57 (0.36)

Hirschman Index

The gtatistical analysisusing logistic regression modelsisshown
in Table 3, which revealed severa significant predictors of
hospitals’ engagement in electronic health datareporting across
different reporting categories. For-profit hospitals show
significantly lower odds of engaging in clinical data registry
reporting compared to government hospitals (OR 0.15, 95% Cl
0.09-0.22; P<.001), but higher odds for immunization registry
reporting (OR 1.45, 95% Cl 1.02-2.07; P<.05). Not-for-profit
hospitals demonstrate significantly higher engagement in clinical
data registry reporting (OR 1.89, 95% CI 1.43-2.50; P<.001),
electronic case reporting (OR 1.76, 95% CI 1.25-2.48; P<.01),
and public health registry reporting (OR 1.88, 95% Cl 1.41-2.49;
P<.001) compared to government-owned facilities.

Rural hospitals show significantly reduced likelihood of
€lectronic reporting adoption acrossimmunization registry (OR
0.77, 95% CI 0.61-0.97; P<.05), public health registry (OR
0.67, 95% CI 0.46-0.97; P<.05), and clinical data registry
reporting (OR 0.77, 95% CI 0.60-0.98; P<.05) compared to
urban counterparts. Hospital size emergesasasignificant factor,
with medium-sized hospitals showing higher engagement in
electronic reportable laboratory results (OR 1.55, 95% CI
1.08-2.22; P<.05), public health registry (OR 1.51, 95% ClI
1.02-2.25; P<.05), clinical data registry (OR 1.35, 95% ClI
1.05-1.74; P<.05), and syndromic surveillance reporting (OR

https:/oj phi jmir.org/2026/1/e86263

1.52, 95% CI 1.06-2.19; P<.05) compared to small hospitals.
L arge hospitals demonstrate even stronger engagement in public
health registry (OR 2.13, 95% ClI 1.03-4.38; P<.05) and
syndromic surveillance reporting (OR 2.29, 95% CI 1.17-4.46;
P<.05).

System affiliation consistently emerges as one of the strongest
predictors, with system-affiliated hospital s showing significantly
higher odds of electronic reporting engagement across 5 of 6
categories: clinical data registry (OR 2.27, 95% Cl 1.80-2.88;
P<.001), immunization registry (OR 1.70, 95% Cl 1.35-2.14;
P<.001), electronic case reporting (OR 2.16, 95% Cl 1.61-2.90;
P<.001), public health registry (OR 1.78, 95% CI 1.42-2.25;
P<.001), and electronic reportable laboratory results (OR 1.91,
95% CI 1.41-2.59; P<.001). Among teaching status variables,
only major teaching hospitals show significantly higher odds
for clinical dataregistry reporting (OR 2.66, 95% Cl 1.56-4.52;
P<.001). Medicare percentage shows a small but significant
effect on syndromic surveillance reporting (OR 1.01, 95% CI
1.00-1.02; P<.05), while Medicaid percentage showsaminimal
significant effect on immunization registry reporting (OR 0.99,
95% Cl 0.98-1.00; P<.05). These small effect sizes for payer
mix variables (ORs close to 1.0) suggest limited practical
significance despite statistical significance, likely reflecting the
large sample size rather than meaningful clinical impact.
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Table. Logistic regression model of hospitals’ engagement in electronic health data reporting across different reporting categories.

Characteristics

Clinical datareg-

istry reporting, OR?
(95% Cl)

Electronic casere-
porting, OR (95%
Cl)

Electronic re-
portable laboratory
result, OR (95%
Cl)

Immunization reg-
istry reporting, OR

(95% Cl)

Public health reg-
istry reporting, OR
(95% CI)

Syndromic surveil-
lancereporting, OR
(95% CI)

Ownership (refer-
ence: government)

For-profit
Not-for-profit

Rural (reference:
no)

Yes

Size (reference:
small)

Medium

Large

0.15” (0.09-0.22)

1.89° (1.43-2.50)

0.8 (0.62-1.02)

1.22 (0.95-1.58)

1.12 (0.75-1.67)

1.45° (1.02-2.07)
1.31(0.99-1.72)

0.77° (0.61-0.97)

1.08 (0.85-1.37)

1.19 (0.83-1.71)

1.38 (0.86-2.22)

1.76% (1.25-2.48)

0.86 (0.62-1.19)

1.55° (1.08-2.22)
1.85 (0.97-3.53)

0.77 (0.45-1.33)

1.11 (0.72-1.69)

0.67° (0.46-0.97)

1.51°(1.02-2.25)

2.13%(1.03-4.38)

0.95 (0.66-1.36)

1.88° (1.41-2.49)

0.77° (0.60-0.98)

1.35° (1.05-1.74)
1.43(0.95-2.15)

1.45 (0.87-2.42)

1.42 (0.99-2.03)

0.89 (0.63-1.25)

1.52°(1.06-2.19)

2.29° (1.17-4.46)

Part of a system
(reference: no)

Yes

227°(1.80-2.88)  1.70°(1.35-2.14)

Teaching (refer-
ence: not teaching)

Minor teaching 1.04 (0.82-1.30) 1.01 (0.82-1.25)

Major teaching 2.66b (1.56-4.52) 1.1(0.71-1.70)

Medicare percent-  1.00 (1.00-1.01)
age

Medicaid percent-
age

Herfindahl -
Hirschman Index

0.99° (0.98-1.00)

1.00(0.99-1.01) 0,999 (0.98-1.00)

0.99(0.72-1.36)  0.82(0.61-1.10)

2.16" (1.61-2.90)

1.15 (0.84-1.58)
1.34(0.58-3.11)

1.00 (0.99-1.01)
1.00 (0.99-1.02)

0.74 (0.48-1.14)

1.23 (0.87-1.75)

1.78° (1.42-2.25)  1.91° (1.41-2.59)

1.07 (0.76-1.52)
1.26 (0.49-3.28)

1.14 (0.91-1.43)
1.46 (0.86-2.46)

1.22 (0.88-1.68)
2.04 (0.81-5.16)

1.01(1.00-1.02)  1.00(0.99-1.01)

1.01° (1.00-1.02)

1.01(0.99-1.02)  0.99(0.98-1.00)  1.00 (0.99-1.01)

117 (0.73-1.88)  0.76(0.56-1.04)  1.17 (0.76-1.81)

%0OR: odds ratio.
bp<.001.
p<.05.

dp<.01.

Automated Processesto Transmit Public Health Data

Table 4 reports hospital categorical characteristics across
hospital sthat have automated processesto transmit public health
data (71.55% - 87.03% of “yes’ responses), with particularly
strong adoption for clinical data registry reporting (87.03%).
Government hospitals show the lowest representation among
automated reporting adopters (8.10% - 11.45%), whilefor-profit
hospital s show moderate adoption that varies by reporting type,
with notably higher representation in electronic case reporting
(20.35%). The rural-urban divide is substantial, with nonrural
hospitals constituting the clear majority of facilities using
automated processes across all reporting categories
(64.83% - 71.72%). The imbalance is most pronounced for
clinical dataregistry reporting, where rural hospitals represent
only 28.28% of automated adopters despite making up 40.86%
of facilities not using automation for this purpose.

https:/oj phi jmir.org/2026/1/e86263

Hospital size shows a clear pattern where larger hospitals are
disproportionately represented among automated process
adopters. Medium and large hospitals together represent 55%
to 60% of facilities using automation across reporting categories,
despite making up only 40% to 47% of nonautomated facilities.
Small hospitals, while still numerous among automation
adopters (38.6% - 43.77%), are significantly under-represented
compared to their share among nonautomated facilities
(49.18% - 67.37%). System &ffiliation emerges as one of the
strongest predictors, with system-affiliated hospital srepresenting
81.22% to 86% of facilities using automated processes across
reporting categories. This contrasts sharply with their 62.84%
to 76.13% representation among nonautomated facilities.
Finaly, teaching status also shows consistent patterns, with
minor teaching and major teaching hospitals combined
representing 51.25% to 60.54% of automated adopters across
reporting categories, compared to 38.49% to 48.17% of
nonautomated facilities. Major teaching hospitals, despitetheir
small numbers overall, show consistently higher representation
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among automated facilities (6.63% - 10.5%) compared to
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nonautomated ones (3.63% - 10.5%).

Table. Hospital categorical characteristics across hospitals that have automated processes to transmit public health data versus those that do not.

Charac-  Automated processes to transmit the data (yes or no), n (%)
teristics
Syndromic surveil-  Immunization reg- Electronic casere- Public healthregistry Clinical dataregistry Electronic reportable
lance reporting istry reporting porting reporting reporting |aboratory result re-
porting
No Yes No Yes No Yes No Yes No Yes No Yes
Ownership
Gov- 85 207 75 217 197 88(8.1) 199 83(8.41) 221 60(8.75) 120 167
ernment  (20.38)  (11.27) (22.66) (11.45) (18.11) (18.27) (15.84) (23.35)  (10.07)
For- 36(8.63) 281 51 245 72(6.62) 221 69 (6.34) 158 198 29(4.23) 54 197
profit (15.3) (1541) (12.93) (20.35) (16.01) (1419 (1051) (11.87)
Not- 296 1349 205 1433 819 777 821 746 976 597 340 1295
for-profit (70.98)  (7343) (61.93) (75.62) (75.28) (7155) (75.39) (75.58) (69.96) (87.03) (66.15)  (78.06)
Rura
No 228 1191 152 1237 611 752 627 686 825 492 265 1119
(54.68) (64.83) (4592) (65.28) (56.16) (69.24) (57.58) (69.5) (59.14) (71.72) (51.56) (67.45)
Yes 189 646 179 658 477 334 462 301 570 194 249 540
(45.32) (35.17) (54.08) (34.72) (4384) (30.76) (4242) (30.5) (40.86) (28.28) (48.44) (32.55)
Size
Small 240 804 223 819 582 429 579 381 686 275 302 700
(57.55) (43.77) (67.37) (4322) (5349 (39.5) (53.17) (38.6) (49.18) (40.09) (58.75)  (42.19)
Medi- 133 765 83 788 355 500 363 447 515 300 153 706
um (31.89) (41.64) (25.08) (41.58) (32.63) (46.04) (3333) (45.29) (36.92) (43.73) (29.77) (42.56)
Large 44 268 25(7.55) 288 151 157 147 159 194 111 59 253
(1055)  (14.59) (15.2) (13.88) (14.46) (135) (16.11) (1391) (16.18) (11.48) (15.25)
Part of a system
No 125 345 123 351 301 152 (14) 299 154 333 117 171 295
(29.98) (18.78) (37.16) (1852) (27.67) (27.46) (15.6) (2387) (17.06) (33.27) (17.78)
Yes 292 1492 208 1544 787 934 (86) 790 833 1062 569 343 1364
(70.02) (81.22) (62.84) (8148) (7233 (7254) (84.9) (76.13) (82.94) (66.73) (82.22)
Teaching
Not 237 822 211 834 564 454 562 401 690 277 295 720
teaching (56.83) (44.75) (63.75) (44.01) (51.84) (41.8) (51.61) (40.63) (49.46) (40.38) (57.39) (4349
Minor 155 885 108 918 444 560 450 511 626 337 184 821
(37.17) (48.18) (32.63) (4844) (4081) (5157) (4132) (5L77) (4487) (4913) (3538 (49.49)
Major 25 (6) 130 12(3.63) 143 80(7.35) 72(6.63) 77(7.07) 75(7.6) 79(5.66) 72(10.5) 35(6.81) 118
(7.08) (7.55) (7.11)

Table 5 reports hospital and market continuous characteristics
across hospital sthat have automated processesto transmit public
health data versus those that do not.

The logistic regression analysis examined factors associated
with hospitals use of automated processes (EHR-generated
data sent electronically or automatically) to transmit data to
public health agencies across 6 reporting categories (Table 6).
Hospital ownership was shown to significantly impact automated
reporting practices. For-profit hospitals are 85% lesslikely than
government hospitals to use automated processes for clinical
data registry reporting (OR 0.15, 95% CI 0.09-0.22; P<.001),
but 45% more likely to automate immunization registry
reporting (OR 1.45, 95% CI 1.02-2.07; P<.05). Not-for-profit

https:/oj phi jmir.org/2026/1/e86263

hospitals show significantly higher automation adoption in
clinical data registry reporting (OR 1.89, 95% Cl 1.43-2.50;
P<.001), electronic case reporting (OR 1.76, 95% Cl 1.25-2.48;
P<.01), and public health registry reporting (OR 1.88, 95% ClI
1.41-2.49; P<.001) compared to government facilities.

Rural status negatively impacts automation adoption, with rural
hospitals showing significantly lower odds of automated data
transmission for immunization registries (OR 0.77, 95%
Cl0.61-0.97; P<.05), public health registries (OR 0.67, 95% CI
0.46-0.97; P<.05), and clinical data registries (OR 0.77, 95%
Cl 0.60-0.98; P<.05). Hospital size matters, with medium-sized
hospitals showing higher odds of automation across electronic
reportable laboratory results (OR 1.55, 95% CI 1.08-2.22;
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P<.05), immunization registries (OR 1.51, 95% CI 1.02-2.25;
P<.05), public health registries (OR 1.35, 95% CI 1.05-1.74;
P<.05), and syndromic surveillance (OR 1.52, 95% ClI
1.06-2.19; P<.05) compared to small hospitals. Large hospitals
show even stronger automation adoption in immunization
registries (OR 2.13, 95% Cl 1.03-4.38; P<.05) and syndromic
surveillance (OR 2.29, 95% Cl 1.17-4.46; P<.05).

System affiliation emerges as the most consistent predictor of
automation adoption, with system-affiliated hospitals showing
significantly higher odds of automated reporting across 5
categories: clinical data registry (OR 2.27, 95% CIl 1.80-2.88;

Hamadi et al

P<.001), immunization registry (OR 1.70, 95% Cl 1.35-2.14;
P<.001), electronic case reporting (OR 2.16, 95% CI 1.61-2.90;
P<.001), public health registry (OR 1.78, 95% CI 1.42-2.25;
P<.001), and electronic reportable laboratory results (OR 1.91,
95% Cl 1.41-2.59; P<.001). Major teaching status significantly
increases automation adoption for clinical dataregistry reporting
(OR 2.66, 95% CI 1.56-4.52; P<.001), while Medicare and
Medicaid percentages show minimal but significant effects on
syndromic surveillance and immunization registry reporting,
respectively. Market concentration (HHI) shows no significant
association with automation adoption across all reporting
categories.

Table. Hospital continuous characteristics across hospitals that have automated processes to transmit public health data versus those that do not.

Characteristics Syndromicsurveil- Immunizationreg-  Electronic case Public healthreg-  Clinica datareg-  Electronic re-
lance (n=2254), istry (n=2226), (n=2174), mean istry (n=2076), istry (n=2081), portable [aboratory
mean (SD) mean (SD) (Sb) mean (SD) mean (SD) results (n=2173),

mean (SD)

No automated processes to transmit the data

Medicare Per- 52.69 (19.31) 54.51 (19.31) 53.79 (18.02) 53.77 (17.71) 53.41 (17.26) 53.95 (19.03)
centage

Medicaid Per- 20.29 (15.27) 18.24 (14.59) 19.69 (14.45) 19.56 (14.42) 19.87 (13.98) 19.1 (14.57)
centage

Herfindahl- 0.6 (0.36) 0.64 (0.35) 0.59 (0.36) 0.59 (0.36) 0.59 (0.36) 0.61 (0.36)
Hirschman Index
Automated processes to transmit the data

Medicare Per- 54.23 (15.69) 53.83 (16.04) 54.04 (14.89) 53.68 (15.24) 54.57 (15.28) 53.75 (15.69)
centage

Medicaid Per- 19.43 (12.85) 19.8 (13.15) 19.33(12.1) 19.65 (12.04) 19.13 (12.08) 19.83 (12.96)
centage

Herfindahl- 0.56 (0.36) 0.56 (0.36) 0.56 (0.36) 0.53 (0.36) 0.52 (0.36) 0.55 (0.36)
Hirschman Index
Total

Medicare Per- 53.95 (16.43) 53.93 (16.56) 53.92 (16.52) 53.73 (16.58) 53.79 (16.64) 53.8 (16.54)
centage

Medicaid Per- 19.59 (13.33) 19.57 (13.39) 19.51 (13.33) 19.6 (13.34) 19.63 (13.39) 19.66 (13.36)
centage

Herfindahl- 0.57 (0.36) 0.58 (0.36) 0.57 (0.36) 0.56 (0.36) 0.57 (0.36) 0.56 (0.36)

Hirschman Index
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Table. Logistic regression analysis of factors associated with hospitals' use of automated processes (electronic health record [EHR]-generated data
sent electronically or automatically) to transmit data to public health agencies across 6 reporting categories.

Charac-
teristics

Clinical dataregistry Electronic casere-
reporting, OR? (95% Porting, OR (95%
o)) cn

Electronic reportable  Immunization reg- Public hedthregistry  Syndromic surveil-
laboratory result, OR istry reporting, OR  reporting, OR (95% lance reporting, OR
(95% Cl) (95% Cl) Cl) (95% CI)

Ownership (reference: government)

!iOI'—pI’Of- 0.15P (0.09-0.22) 1.45° (1.02-2.07) 1.38 (0.86-2.22) 0.77 (0.45-1.33) 0.95 (0.66-1.36) 1.45(0.87-2.42)
[

NOtf—.]j[OF— l.89b (1.43_2_50) 131 (0.99-1.72) 1.76d (1.25-2.48) 111 (0.72-1.69) 1.88b (1.41_2.49) 142 (0.99—2.03)
proti

Rural (reference: no)

Yes

0.8 (0.62-1.02)

Size (reference: small)

Medium

Large

1.22 (0.95-1.58)

1.12 (0.75-1.67)

0.77° (0.61-0.97)

1.08 (0.85-1.37)

1.19 (0.83-1.71)

0.86 (0.62-1.19)

1.55° (1.08-2.22)
1.85 (0.97-3.53)

0.67° (0.46-0.97)

1.51°(1.02-2.25)

2.13%(1.03-4.38)

0.77° (0.60-0.98)

1.35°(1.05-1.74)
1.43(0.95-2.15)

0.89 (0.63-1.25)

1.52°(1.06-2.19)

2.29° (1.17-4.46)

Part of a system (reference: no)

Yes

227°(1.80-288)  1.70°(1.35-2.14)  2.16" (1.61-2.90)

Teaching (reference: not teaching)

Minor 1.04 (0.82-1.30)

teaching

1.01 (0.82-1.25) 1.15 (0.84-1.58)

Major
teaching

1.1 (0.71-1.70) 1.34 (0.58-3.11)

2.66° (1.56-4.52)

Medicare
Percent-

age
Medicaid
Percent-
age
Herfind-
ahl-
Hirschmen
Index

1.00 (1.00-1.02) 1.00 (0.99-1.01)

0.99° (0.98-1.00)

1.00 (0.99-1.01) 1.00 (0.99-1.02)

0.99% (0.98-1.00)

0.99 (0.72-1.36) 0.82 (0.61-1.10) 0.74 (0.48-1.14)

1.23(0.87-1.75)

1.78° (1.42-2.25)  1.91° (1.41-2.59)

1.07 (0.76-1.52) 1.14 (0.91-1.43) 1.22 (0.88-1.68)

1.26 (0.49-3.28) 1.46 (0.86-2.46) 2.04 (0.81-5.16)

1.01 (1.00-1.02) 1.00 (0.99-1.01)

1.01° (1.00-1.02)

1.01 (0.99-1.02) 0.99 (0.98-1.00) 1.00 (0.99-1.01)

1.17 (0.73-1.88) 0.76 (0.56-1.04) 1.17 (0.76-1.81)

30OR: odds ratio.
bp<.001.
®p<.05.

dp<01.

Discussion

Principal Findings

Thisstudy identifies some of the main differencesin automation
and integrating public health information between US hospitals
driven by structural resourceinequalities, institutional practice,
and location. Rural, independent, and smaller hospitals lag far
behind urban, system-affiliated, and larger hospitals when it
comes to adopting automated reporting systems. Despite
national-level attempts to standardize health IT infrastructure,
these gaps underscore systemic obstacles based on financial
interests, organizational capacities, and market forces.

Rural hospitals continue to face significant challenges in
adopting electronic public health reporting despite national
progressin health I T adoption [15]. Limited financial resources

https:/oj phi jmir.org/2026/1/e86263
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and constrained operational capacity hinder their ability to invest
in the infrastructure required for automation. These facilities
often serve smaller patient populations and receive lower
reimbursement rates, which makesit difficult to justify the high
upfront costs of implementing advanced reporting systems.
Additionally, rural hospitals typically lack access to IT
specialists and foundational systems that support seamless
electronic data exchange, resulting in a greater reliance on
manual or mixed reporting methods. These barriers not only
restrict their compliance with public health reporting
requirements but also widen the digital divide between rural
and urban health care providers. Addressing these disparities
requires targeted policy support and financial investment to
ensure rural hospitals can fully participate in the public health
data ecosystem.
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The nonrural versus rural divide is stark in the results as both
the rates of actively submitting data electronically and the
adoption of automated processes to transmit that public health
data show low rates of submission and adoption by rural
hospitals in all reporting categories. There are many possible
reasons for this difference largely relating to the differing
economic environments of these hospitals. Rural hospitals often
face greater financial strain due to the poorer socioeconomic
conditions of their locals and thus do not have the financial
capital to invest in high-tech systems. As Younis [17] shared
that rural hospitals generate less revenue than urban hospitals
and are significantly disadvantaged in terms of performance.

Another avenueto look at isthe role of competition from other
hospitals that nonrural hospitals face. As discussed in
Garcia-Lacalle and Martin [18], hospitals in a market-driven
environment have akeen sense of where they sit in comparison
to their competition and therefore consider new strategies to
better focus on patients and users. Once one hospital in a
competitive environment adopts an electronic data submission
system or automates their pre-existing one, it encourages other
hospitals in that same environment to also adopt. Similarly,
Ghiasi et a [19] found, in their literature review, that hospitals
in a competitive market seek to differentiate themselves from
competitors through specific services. Some of these
differentiating services could be electronic data submission
systems.

In our study, larger hospitals benefit from centralized IT
infrastructure and specialized personnel, enabling consistent
compliancewith evolving standards. M edium and large hospitals
show 1.5 to 2.3 times higher odds of automation across
categorieslike syndromic surveillance and laboratory reporting.
These ingtitutions absorb upfront costs more effectively and
maintain robust EHR systems, whereas smaller facilities struggle
with limited staffing and budgetary flexibility. Particularly larger
hospitals within multihospital systems demonstrate higher
engagement in both active electronic data submission and
automated reporting due to greater resource availability. These
hospitals benefit from economies of scale that support
investment in centralized I T infrastructures and EHR systems.
In addition, system-affiliated hospitals are also more likely to
have internal health IT teams and established workflows for
public health communication because it reduces barriers to
implementation.

Not-for-profit hospitals lead in adoption due to mission-driven
commitments to population health and access to grant funding.
Their focus on community benefit aligns with public health
reporting goals, whereas for-profit hospitals prioritize
revenue-generating technologies (eg, billing systems).
Government hospitals, with the limitations of bureaucratic
procurement systems, fal behind despite regulatory
encouragement. The trends are indicative of findings by Tsai
et a [20] that financial restrictions and fragmented workflows
are the main barriers against EHR adoption in low-resource
Settings.

In our study, facilities not actively submitting dataelectronically
exhibit more variable Medicare percentages (51.87% - 54.14%)),
suggesting that markets with less competition (higher HHI

https:/oj phi jmir.org/2026/1/e86263
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values) reduce pressure to adopt reporting technologies. L ower
digital literacy among older Medicare populations may aso
deprioritize automation in regions serving these demographics.
Conversely, hospitalsin competitive, high-volume marketsaign
IT investments with performance metrics to meet patient and
regulatory expectations.

Policy Implications

A 2024 analysis by the Kaiser Family Foundation found that
nearly half of US metropolitan areas are dominated by just one
or two hospita systems, significantly reducing competition and,
consequently, the urgency for these institutions to adopt
advanced datareporting practices[21]. Thisaignswith findings
from the BMC Health Services Research, which revealed that
providersinrural or lesscompetitive regions demonstrate lower
EHR adoption and interoperability [22]. Moreover, patient
population characteristics, particularly among older adults on
Medicare, further influence reporting engagement. A systematic
review in the Archives of Public Health emphasized the digital
health literacy gap in thisgroup, suggesting that facilities serving
older or underserved populations may deprioritize electronic
data initiatives due to lower patient engagement with digital
platforms [23]. These studies underscore the multifactorial
barriers to robust public health data reporting, suggesting the
need for targeted policy incentives and infrastructure support
to promote broader and more equitable adoption.

Limitations

This study’s limitation lies in its reliance on secondary data
from the 2023 AHA Annual Survey. Hospital characteristics
are based on self-reported data which may affect accuracy. Our
cross-sectional design limits causal inference. This analysis
focused on US hospitals only, affecting generalizability to other
types of health organizations and countries. Finaly, the rural
or urban classification using Rural-Urban Commuting Area
codes may not fully capture rural-urban distinctions. Residual
confounding may exist due to unmeasured variablessuch as | T
staffing levels or leadership engagement.

Conclusions

The clear difference between nonrural and rural hospitals in
terms of electronic data submission and automation adoption
shows significant gaps caused by economic and competitive
factors. Nonrural hospitals, benefiting from higher revenue and
competitive pressures, are more likely to invest in advanced I T
systems and automated processes. On the other hand, rural
hospitals face financial constraints and lower patient volumes,
limiting their ability to adopt such technologies. Thisdivideis
further worsened by the centralized resource allocation and
organized workflowsin system-aligned hospitals, whichimprove
their reporting capabilities. Not-for-profit hospitalsalsolead in
electronic health data adoption due to their mission-driven
priorities and access to grant funding. Research highlights the
many barriersto strong public health data reporting, shaped by
market dynamics and patient demographics. Effective strategies
for improving electronic data submission may include tailored
incentives, strategic partnerships, and population-specific
approaches. Addressing these gaps is crucial for ensuring fair
access to advanced health care technologies and improving
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overal public health reporting. Targeted policy interventions overcome structural barriers and participate more fully in the
and financial support are essentia to help rural hospitals nation’s public health data system.
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Abstract

Background: Chinahasinitiated anational stroke program since 2011. Understanding the magnitude of stroke burden in China
iscrucial for modulating related policies.

Objective: This study aimed to analyze stroke status in China from the 2023 Global Burden of Disease study.

Methods: The 2023 Global Burden of Disease study was the source of the estimation of stroke burden. The data of deaths,
incidence, prevalence, disability-adjusted life years (DALY s), yearslived with disability (Y LDs), and yearsof lifelost attributable
to stroke and its subtypes from 1990 to 2023 were analyzed. The mortality-to-incidence ratio was calculated to quantify the
proportion of incident stroke casesthat result in deaths. DALY decomposition analysiswas applied to quantify how stroke burden
has shifted between mortality and long-term disability over time. Sex-specific characteristics were also compared.

Results: From 1990 to 2023, absolute stroke incidence (1.87-4.23 million) and prevalence (11.56-26.68 million) increased
substantially, with ischemic stroke asthe primary driver. Age-standardized incidence declined from 246.15 to 192.19 per 100,000
populations, while mortality significantly reduced from 302.72 to 92.83 per 100,000 populations. DALY s and years of life lost
decreased 9.3% and 11%, respectively, while Y L Dsincreased more than double. Mortality-to-incidence ratio fell for al subtypes
except subarachnoid hemorrhage, indicating improved survival. Maleindividual s bore aheavier burdenin total stroke and ischemic
stroke, while subarachnoid hemorrhage showed female predominance in prevalence and YLDs. DALY decomposition revealed
that Y LDs contribution rose from 5.8% to 14.5%.

Conclusions: From 1990 to 2023, despite declining age-standardized rates, stroke burden in China grew due to ischemic stroke
and population changes. The shifting burden toward disability and persistent sex disparities highlights the need for tailored

prevention, rehabilitation, and gender-specific interventions.

(Online J Public Health Inform 2026;18:€86225) doi:10.2196/86225

KEYWORDS

stroke; ischemic stroke; intracerebral hemorrhage; subarachnoid hemorrhage; burden of disease

Introduction

Stroke, encompassing ischemic stroke (1S), intracerebral
hemorrhage, and subarachnoid hemorrhage (SAH), constitutes
one of the leading causes of mortality, disability, and
socioeconomic burden globally [1]. Characterized by acute
onset, high morbidity, and long-term sequelae, stroke imposes
profound challenges to health care systems and public health
strategies worldwide [2]. In China, demographic transitions
such as population aging; epidemiological shifts such asrising
prevalence of hypertension, diabetes, and obesity; and changes
in lifestyle factors have collectively shaped the landscape of
stroke burden over the past three decades [3-5]. Understanding
the temporal trends, subtype-specific patterns, and sex or age
disparities in stroke incidence, mortality, prevalence, and
disability-adjusted lifeyears (DALY s) iscritical for optimizing

https://ojphi.jmir.org/2026/1/e86225

resource alocation, guiding preventive interventions, and
evaluating the effectiveness of health care policies.

Over the past decades, China has experienced remarkable
advancementsin stroke prevention, acute care, and rehabilitation
[4]. However, the absolute burden of stroke remains substantial
due to population growth and aging [6]. Previous studies based
on earlier iterations of the Globa Burden of Disease (GBD)
study have reported declining age-standardized mortality rates
(ASMRs) for stroke in China, but the trends in incidence,
prevalence, and DALY s—particularly across different stroke
subtypes—remain incompletely characterized [7]. Moreover,
the relative contributions of mortality-related burden (years of
lifelost [YLLS]) and disability-related burden (yearslived with
disability [YLDs]) to tota DALYs have not been fully
elucidated, which is essential for prioritizing interventions
targeting either acute survival or long-term functional recovery.
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The GBD Study 2021 provides the latest and most
comprehensive estimates of global disease burden, incorporating
updated data sources, improved statistical modeling, and
expanded geographic coverage [8]. Leveraging this dataset, this
study aims to (1) analyze the tempora trends in incidence,
mortality, prevalence, DALY's, YLLs, and YLDs of total stroke
and its major subtypesin Chinafrom 1990 to 2023; (2) explore
sex-specific disparities in stroke burden; (3) evaluate changes
in mortality-to-incidence ratio (MIR) to assess survival
improvements; and (4) decompose DALYs to quantify the
shifting contributions of YLLsand YLDs over time.

Methods

Data Source

This study was based on the GBD Study 2023, the latest version
of GBD report [9]. Definitions of the diseases included by the
GBD study are based on the International Classification of
Diseases [10]. The details of data source and methodology of
the GBD study can be accessible at the official website [11].
Data were extracted from the Globa Health Data Exchange
database established by the Ingtitute for Health Metrics and
Evaluation of America. Options in the search panel on this
website were set up as follows. (1) GBD estimate: causes of
death or injury; (2) measures. deaths, incidence, prevalence,
DALYS, YLDs, and YLLs; (3) metric: number; (4) cause: stroke
(IS, intracerebral hemorrhage, and SAH); (5) location: Ching;
(6) age: al ages; (7) sex: both, male and female; and (8) year:
years from 1990 to 2023. In addition, the age-standardized rate
for incidence and death in 1990, 2021, and 2023 were also
extracted.

Data Processing

Data were presented as mean (95% uncertainty interval). The
uncertainty levels were determined by the GBD modeling
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process as previously reported [12]. Values of lower and upper
uncertainty can be extracted from the data source.

Burden of stroke, IS, intracerebral hemorrhage, and SAH were
first analyzed. Sex-specific trends of the disease burden were
consequently displayed respectively. The MIR was further
calculated to quantify the proportion of incident stroke cases
that result in death, avoiding complex population denominator
dependencies. Lower MIR represents better survival (reflecting
improved acute care, rehabilitation, or treatment efficacy).

DALY decomposition analysis was applied to decompose
DALYs into its 2 core components—Y LLs (mortality-related
burden) and Y L Ds (disability-related burden)—to quantify how
stroke burden has shifted between mortality and long-term
disability over time.

Ethical Consider ations

This study did not include human or animal participants;
therefore, ethics approval was not required for this study. For
this type of study, formal consent was also not required.

Results

Disease Burden of Strokein China From 1990 to 2023

The absolute number of new stroke cases increased from 1.87
million in 1990 to 4.23 million in 2023 (+126%; Figure 1A).
The age-standardized incidence rate (ASIR) declined from
246.15 per 100,000 population in 1990 to 192.19 per 100,000
in 2023 (—22%; Table 1). Total stroke deaths remained little
changed from 1990 to in 2023 (Figure 1B), but the ASMR
declined from 302.72 per 100,000 in 1990 to 92.83 per 100,000
in 2023 (—69%; Table 1). The total number of stroke patients
dramatically increased from 11.56 million in 1990 to 26.68
million in 2023 (+131%,; Figure 1C). From 1990 to 2023, the
DALYsand YLLsdecreased, but YLDslargely increased from
22.14 million to 51.33 million (Figure 2A-2C).
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Figurel. Thetrendsof incidence (A), deaths (B), and prevalence (C) for stroke, ischemic stroke, intracerebral hemorrhage, and subarachnoid hemorrhage

from 1990 to 2023.

https://ojphi.jmir.org/2026/1/e86225

XSL-FO

RenderX

sk

Number of incidence (million)
L]
T

[
T

g
o

=
w

o
w

bl
o

Numher._c_of deaths (million)
o

M

hJ
wn
T

e (million)
S

of pre
=
w
T

h
=
(=]

T

N
w
T

(1] =1
1990

1
1995

1
2000

1
2005

Year

1
2010

1
2015

1
2020

Stroke
Ischemic stroke
Intracerebral hemorrhage

Subarachnoid hemorrhage

Stroke
Ischemic stroke
Intracerebral hemorrhage

Subarachnoid hemorrhage

Stroke
Ischemic stroke
Intracerebral hemorrhage

Subarachnoid hemorrhage

Online J Public Health Inform 2026 | vol. 18 | e86225 | p.162
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

ONLINE JOURNAL OF PUBLIC HEALTH INFORMATICS

Fuetd

Table. The age-standardized rate of incidence and death for stroke, ischemic stroke, intracerebral hemorrhage, and subarachnoid in 1990, 2021, and

2023.
Age-standardized incidence rate per 100,000 (95% U1)? Age-standardized desth rate per 100,000 (95% UI)
1990 2021 2023 1990 2021 2023
Stroke 246.15 193.54 192.19 302.72 97.48 92.83
(216.42-280.69)  (172.89-221.59)  (172.08-219.81)  (252.74-357.05)  (85.00-106.85) (79.01-106.61)
Ischemic stroke  112.33 119.89 118.40 94.12 41.33 39.02
(93.74-135.06) (100.86-143.77)  (100.04-141.31)  (74.19-116.98) (35.21-45.99) (32.35-46.75)
Intracerebral hemor-  114.44 64.01 64.16 181.68 51.96 49.72
rhage (94.13-132.56) (53.96-73.80) (54.47-74.08) (148.08-225.91)  (44.58-58.00) (42.03-57.36)
Subarachnoid hem-  19.39 9.63 9.63 5.69 419 4.10
orrhage (16.44-22.37) (8.38-10.93) (8.38-10.91) (4.52-6.64) (2.99-5.13) (2.81-5.27)

8U1: uncertainty interval.
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Figure 2. The trends of disability-adjusted life years (DALY, A), years lived with disability (YLDs; B), and years of lifelost (YLLSs; C) for stroke,
ischemic stroke, intracerebral hemorrhage, and subarachnoid hemorrhage from 1990 to 2023.
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A consistent male predominancein stroke burden was observed
across all metrics throughout the study period, though the
magnitude and trajectory of the gender gap varied by outcome
(Figure 3A-3F). From 1990 to 2023, male stroke deaths slightly
increased, while female deaths reduced (Figure 3A). Although
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the incidence, prevalence, and YLDs of both male and female
increased, male individuals showed a larger increase in
amplitude (Figure 3B, 3C, and 3E). DALYsand YLLsof mae
individuals dlightly decreased, while female individuals had a
significant reduction (Figure 3D and 3F).
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Figure 3. Gender-specific trends of stroke burden in China. DALY: disability-adjusted life year; YLD: years lived with disability; YLL: years of life

lost.
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Disease Burden of ISin China From 1990 to 2023

The absolute number of new IS cases rose substantially from
0.88 million in 1990 to 2.66 million in 2023 (+202%; Figure
1A). Align with the growth in absolute incidence, the ASIR of
IS aso increased from 112.33 per 100,000 population in 1990
to 118.40 per 100,000 in 2023 (Table 1). Tota IS deaths
exhibited a rise over the study period (Figure 1B), but a
significant ASMR plummeted from 94.12 per 100,000 in 1990

https://ojphi.jmir.org/2026/1/e86225

RenderX
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to 39.02 per 100,000 in 2023 (Table 1). The total number of
peopleliving with IS surged from 7.44 million in 1990 to 21.23
million in 2023 (Figure 1C). DALY-related metrics of IS all
increased from 1990 to 2023, with YLDs showing a marked
increase (Figure 2A-2C).

Male predominance in IS burden was consistently increased
across all metrics, though the size and tragjectory of the gender
gap differed by outcome (Figure 4A-4F).
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Figure4. Gender-specific trends of ischemic stroke burden in China. DALY: disability-adjusted lifeyear; YLD: yearslived with disability; YLL: years

of lifelost.
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Disease Burden of I ntracerebral Hemorrhagein China
From 1990 to 2023

Theincidence of intracerebral hemorrhage increased moderately
from0.83 millionin 1990to 1.38 million in 2023 (+66%; Figure
1A). In contrast to the rise in absolute incidence, the ASIR of
intracerebral hemorrhage declined notably, falling from 114.44
per 100,000 population in 1990 to 64.16 per 100,000 in 2023
(—44%,; Table 1). Total intracerebral hemorrhage deaths dlightly
decreased from 1990 to 2023 (Figure 1B), but ASMR showed
adramatic downward trend—dropping from 181.68 per 100,000
in 1990 to 49.72 per 100,000 in 2023 (-73%; Table 1).
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Benefiting from improved survival alongside mild incidence
growth, the prevalence number rose from 2.89 million in 1990
to 3.72 million in 2023 (+29%; Figure 1C). Among
DALY-related metrics, intracerebral hemorrhage DALY s and
Y LLs(mortality burden) both decreased, while Y L Ds (disability
burden) increased moderately (Figure 2A-2C).

Male predominance in intracerebral hemorrhage burden was
consistent across all core metricsexcept YLDs (Figure 5A-5F).
The YLDs of intracerebral hemorrhage in female individuals
were higher than that in male individuals before 2007, while
YLDs in male individuals have surpassed since 2008 (Figure
5E).
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Figure 5. Gender-specific trends of intracerebral hemorrhage burden in China. DALY: disability-adjusted life year; YLD: years lived with disability;

YLL: yearsof lifelost.
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Disease Burden of SAH in China From 1990 to 2023

The absolute number of new SAH casesincreased slightly from
0.17 million in 1990 to 0.19 million in 2023 (Figure 1A). In
contrast to the rise in absolute incidence, the ASIR of SAH
showed a downward trend, faling from 19.39 per 100,000
population in 1990 to 9.63 per 100,000 in 2023 (-50%; Table
1). Total SAH desaths increased from 0.20 million in 1990 to
0.91 million in 2023 (+355%; Figure 1B), while the ASMR
dropped dlightly from 5.69 per 100,000 in 1990 to 4.10 per
100,000 in 2023 (-28%; Table 1). The total number of people
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living with SAH rose from 1.31 millionin 1990 to 1.91 million
in 2023 (Figure 1C). Among DALY-related metrics, SAH
DALYs and YLLs both decreased notably, while YLDs
increased moderately, expanding from 0.25 million in 1990 to
0.37 million in 2023 (Figure 2A-2C).

Unlike other subtypes of stroke, the prevalence and YLDs of
femalewerelarger than that of maleindividual s during the study
period (Figure 6C and 6E). Theincidence, deaths, DALY 's, and
Y LLsof female individual s were once higher than that of male
individuals but have been surpassed (Figure 6A, 6B, 6D, and

6F).
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Figure 6. Gender-specific trends of subarachnoid hemorrhage burden in China. DALY: disability-adjusted life year; YLD: years lived with disability;
YLL: yearsof lifelost.

A Deaths B Incidence

r 130K
—o— Male —o— Male

175K —o= Female —o— Female
b 120K

150K
110K

125K
100K

100K

u 90K
w o
£ g
LS ©
& g K
0K
0K
25K
60K
1990 1995 2000 2005 2010 2015 2020 1990 1995 2000 2005 2010 2015 2020
Year Year
C Prevalence D DALYs
-0 Male —0= Male
1200K A
—o— Female —o— Female
1100k o4
1000K oM

900K

@ 800K
)
2
g
5 )
S 700k 3
2 =
£ =]
800K
500K
400K
1990 1995 2000 2005 2010 2015 2020 1390 1995 2000 2005 2010 2005 2020
Year Year
E YLDs F YLLs
300K r
—o— Male —o— Male
—o— Female =o— Female

250K

. W\/
150K
100K wﬂiﬂm@/

501

YLDs
Ylis

K.
1990 1995 2000 2005 2010 2015 2020 1990 1995 2000 2005 2010 2015 2020

Analvsisof MIR MIR in both years, while IS showed a largest reduction rate
nalysiso (Table 2). In 1990, maleindividualshad higher MIR than female

All stroke types except SAH showed reduced MIR from 1990  individualsfor all subtypes, whilethe MIR in 2023 was opposite
to 2023 (Table 2). Intracerebral hemorrhage had the highest  except SAH (Table 2).
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Table. Mortality-to-incidence ratio of stroke and its subtypesin 1990 and 2023.

Fuetd

Total (95% UI)2

Male (95% Ul)

Female (95% UlI)

Stroke
1990 1.23(1.07 - 1.42)
2023 0.48 (0.42 - 0.56)

Ischemic stroke
1990
2023

Intracerebral hemorrhage

0.84 (0.69 - 1.03)
0.33(0.28 - 0.40)

1990 1.59 (1.34 - 1.89)
2023 0.77 (0.66 - 0.91)
Subarachnoid hemorrhage
1990 0.29 (0.23 - 0.37)
2023 0.43(0.33 - 0.57)

1.27 (1.09 - 1.48)
0.46 (0.40 - 0.53)

0.87 (0.71 - 1.07)
0.31(0.26 - 0.38)

1.64 (1.37 - 1.96)
0.74 (0.63 - 0.88)

0.31(0.24 - 0.40)
0.45 (0.34 - 0.60)

1.19 (1.02 - 1.39)
0.51 (0.4 - 0.59)

0.81 (0.65 - 1.01)
0.35(0.29 - 0.43)

154 (1.28 - 1.85)
0.80 (0.68 - 0.95)

0.28 (0.21 - 0.36)
0.41 (0.31 - 0.55)

8U1: uncertainty interval.

Decomposition Analysis of Stroke DALY's

Decomposition of stroke DALY s is shown in Table 3. For the
total population, DALY composition shifted uniformly from
mortality to disability between 1990 and 2023: YLLs
contribution declined across all subtypes while YLDs
contribution nearly tripled for total stroke (5.8%-14.5%) and
doubled for SAH (8.3%-17.1%), with 1S becoming the most
disability-heavy subtype. Male individuals consistently had

higher YLLs contribution and lower YLDs contribution than
female individuals. Female individuals, by contrast, had the
steepest YLLs decline and fastest YLDs growth, driving the
total population’s disability shift and widening the sex gap in
YLDs contribution from 2% to 6.7% for total stroke.
Intracerebral hemorrhage remained mortality-dominant (YLLs
>95.5% in 2023) across al groups, though female individuals
till had dlightly higher Y L Ds contribution than maleindividuals
for this subtype.

Table. Decomposition of stroke disability-adjusted life yearsinto years of life lost (YLLs) and years lived with disability (YLDs) by sex in 1990 and

2023.

Total population Male

Female

YLLscontribution, YLDscontribution, YLLscontribution, YLDscontribution, YLLscontribution, YLDscontribution,

% (95% UI)? % (95% Ul)

% (95% U1)

% (95% UI) % (95% UI) % (95% U1)

Stroke
1990 94.2(935-95.0) 58(5.0-6.5 95.1(94.3-958) 4.9(4.2-5.7) 93.1(922-94.0) 6.9(6.0-7.8)
2023 855(84.3-86.7) 145(133-157) 88.8(87.5-90.0) 11.2(100-125) 821(80.6-83.6) 17.9(16.4-19.4)

Ischemic stroke

1990 92.6(91.7-935) 7.4(65-8.3) 935(925-94.4) 6.5(5.6 - 7.5) 915(90.3-927) 85(7.3-9.7)
2023 77(75.6 - 78.4)  23(21.6 - 24.4) 79.7(78.0- 81.4) 203(18.6-22.0) 74.1(72.2-76.0) 259 (24.0- 27.8)
Intracerebral hemorrhage
1990 97.1(96.4-97.8) 29(2.2-3.6) 97.5(96.8-98.1) 25(19-3.2) 96.7(95.9- 97.5) 3.3(25-4.1)
2023 96.2(95.4 - 97.0) 3.8(3.0- 4.6) 96.8(96.0 - 97.5) 3.2(25 - 4.0) 95.5(94.5-965) 4.5(35 - 5.5)
Subarachnoid hemorrhage
1990 91.7(90.2-93.1) 8.3(6.9-9.8) 92.4(90.7 - 94.0) 7.6(6.0 - 9.3) 90.9(89.0-92.7) 9.1(7.3-11.0)
2023 82.9(80.8-85.0) 17.1(150-19.2) '853(82.8-87.8) 14.7(122-17.2) 804(77.8-830) 19.6(17.0-22.2)

8UI: uncertainty interval.

Discussion

In general, the burden of stroke increased from 1990 to 2023
in China, despite the decline of ASIR and mortality rate. Our
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study showed that the overall deaths, incidence, and prevalence
increased by 11.8%, 38.2%, and 130.8%, respectively, while
DALYs and YLLs decreased by 9.3% and 11%, respectively.
Our results were based on the estimated number, which is
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different from the previous study [ 13]. The reason why we chose
the estimated number asthe metric isthat the increasing number
of stroke patients is generally associated with increasing
financial burden and consumption of medical resources. Thus,
the increase of stroke-related burden should be attached much
more attention.

Specifically, the increase mainly came from 1S, though the
burden of intracerebral hemorrhage and subarachnoid also
dightly increased. IS, primarily caused by embolism and arterial
atherosclerotic disease, often presents as sudden-onset unilateral
limb paralysis, facial asymmetry, abnormal speaking, confusion,
changes of consciousness, unbalance or incoordination, and
visual impairment [14,15]. As well recognized, hypertension,
smoking, hyperlipemia, diabetes, transient ischemic attacks,
and atrial fibrillation are the common risk factors for I1S. A
previous study based on 15 nationwide surveys pointed out that
the prevalence of hypertension in China was 18% to 44.7%
[16]. A secondary study from a national cross-sectional study
showed that 2.31% of the enrolled 0.7 million participants had
atrial fibrillation [17]. Moreover, metabolic factors were more
severe, with an estimated morbidity of 31% and 38% for
hyperlipemia and diabetes, respectively [18,19]. In addition, as
the largest producer and consumer of cigarettes in the world,
the smoking rate was estimated to be over 20% in China [20].
All these risks contributed to the increased incidence of |IS.
However, the mortality of IS has declined significantly over the
past 30 years.

Progresses have been made to improve the survival of IS,
including the treatment and prevention strategies. Of most
importance, initiation of thrombolysis within 4.5 hours and
endovascular thrombectomy within 24 hours after symptom
onset are considered to improve neural outcomes and are
recommended by the guidelines [21-23]. The composition of
thrombolytic drugs (Tenecteplase, etc) and anesthesia methods
(procedural sedation and general anesthesia) have also been
investigated and applied to acute IS [24,25]. The whole cycle
management of 1S advocates early detection and reperfusion,
and a multidisciplinary care in hospital and out of hospital. In
this study, the MIR significantly decreased from 1990 to 2023,
indicating great improvement in stroke care. All these advances,

Fuetd

consequently, augment the burden of DALYs and YLDs. Our
results of DALYs and YLDs follow this rule. Another vital
policy of Chinaisto establish stroke centers, where the stroke
patients can be treated as soon as possible in a standardized
procedure[26]. Stroke centers are correlated to better outcomes
of patients with acute 1S [27,28].

These 34-year data on stroke burden in China reveal notable
sex-specific patterns acrosstotal stroke and its subtypes, driven
by biological differences, gendered risk factor exposure, and
health care access, which warrant targeted public health
attention. A notable point is the widening gaps between male
and femaleindividuasin the burden of stroke—adisease highly
related to lifestyle [29,30]. In China, maleindividuals had higher
rates of smoking and heavy alcohol use [31,32].

When interpreting the results, we should first understand the
intrinsic limitations of the GBD study. As described, the
estimated disease burden is based on the availability of original
data and calculation models, which makes it difficult to fully
represent the actual situation [12]. The inherent uncertainties
in GBD estimations and potential reliance on limited or
low-quality data for certain inputs should also be noticed.
Nevertheless, the GBD study isthe most reliabletool to evaluate
global health issues. Secondly, the GBD study does not provide
province-level data, which is important to understand the
regional characteristics. Finally, the study does not account for
the impact of potential confounding factors on stroke burden
trends, such as the contributions of specific modifiable risk
factors (eg, regional variations in hypertension control rates,
smoking prevalence, or dietary patterns) or nonmodifiable
factors (eg, genetic susceptibility) to the observed trends.

In conclusion, from 1990 to 2023, stroke burden in China saw
growing absolute numbers despite declining ASIRs and
mortality rates, driven primarily by IS. The burden shifted
toward disability as evidenced by the decreased MIR and
increased YLDS contribution to DALYs. Male individuals
faced heavier stroke burden. These trends call for tailored
strategies: |S prevention, enhanced rehabilitation for disability,
and gender-specific interventions alongside sustained investment
in stroke care systems.
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Abstract

Background: Situational awarenessisthe accurate and timely perception of factors in the environment, comprehension of their
meanings, and projection of their future states.

Objective: We aimed to develop a cloud-based Situational Awareness and L earning Tool (SALT) that generates near-rea -time
analytic content from multimoda health care, government, community, and environmental data, enabling public health and
hospital professionals to make informed decisions during complex population health challenges.

Methods: Several focus groups were conducted with representatives from local health departments, hospitals, and emergency
agencies. The first round identified data needs and requirements to inform SALT’s design. SALT was developed as a secure,
cloud-based platform featuring automated deployment, role-based access, and version-controlled content publishing. The second
round of focus groups evaluated the SALT prototype’s utility and gathered feedback for improvements.

Results: Participants highlighted the need for integrated data from multiple sources, tailored dashboards for specific audiences,
and legal frameworks to guide timely data sharing. SALT met these requirements by providing interactive visuals, secure access
levels, and a collaborative content management system. The second focus groups affirmed SALT's effectiveness in enhancing
decision-making and strategic planning, suggesting enhancements such as clearer data labeling, expanded data coverage, and
forecasting capabilities.

Conclusions: SALT addresses limitations exposed by the COVID-19 pandemic in public health data systems by offering a
scalable platform for data sharing, rapid analysis, and situational awareness. It fulfills user needs for integrated, timely data, and
customized analytic products. SALT represents a viable solution for enhancing public health data systems in preparation for
future pandemics and other complex, multisector population health challenges.

(Online J Public Health Inform 2026;18:e77379) doi:10.2196/77379

KEYWORDS
data systems; public health informatics; evaluation study; public health; infectious disease

timely perception of factors affecting public heath and
well-being, comprehension of their meanings, and projection
of key factors into the future [1]. The COVID-19 pandemic
exposed the limitations and gaps in existing data systems at
local, state, national, and global levels for providing adequate
situational awareness. For example, in the early waves of

Introduction

Public hedth data systems are essential for monitoring,
preventing, and responding to infectious diseases, especially
those with pandemic potential. To be effective, systems should
support comprehensive situational awareness. accurate and
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COVID-19, many hospitals and public health agencies faced
challenges in collecting, integrating, analyzing, and sharing
timely and accurate data on testing, cases, hospitalizations,
deaths, vaccinations, and other indicators of COVID-19
transmission and impact [2]. These challenges are broad and
can berelated to (1) technology and interoperability of systems,
(2) access and privacy concerns, and (3) alack of reproducible
and scientific data reporting pipelines [3-5]. Such difficulties
persist, placing our public health and health care systems at a
significant disadvantage [6]. M oreover, many data systemslack
the capacity to incorporate information on the social and
environmental determinants of health. Indeed, factors such as
poverty, housing, air quality, and mobility affect the
vulnerability and resilience of populations to COVID-19 and
other heath threats [7]. As a result, public health
decison-makers and partners often lack the situational
awareness and learning tools needed to effectively plan,
implement, and evaluate evidence-based and equity-oriented
interventions to mitigate and prevent COVID-19 and future
pandemics[8].

Recent work further emphasizes that these limitations extend
beyond outbreak surveillance alone. Inadequate integration of
social, demographic, and environmental determinants of health,
including housing conditions, poverty, air quality, and mobility
patterns, has constrained the ability of public health agencies
to identify vulnerable populations and deploy equity-oriented
interventions in real time [5,7]. National reviews of pandemic
datainfrastructures highlight that delays and inconsistenciesin
reporting materially affected operational decision-making and
resource alocation, reinforcing cals for modernized,
interoperable, and policy-aligned public health data ecosystems
[4-6].

In response to these calls, federal agencies and public health
leaders have increasingly emphasized investments in data
modernization, cloud-based infrastructure, and interoperable
surveillance architectures capable of supporting near-real-time
analytics across clinical, community, and environmental
domains[6]. Automated, reproducible platformsthat harmonize
multimodal data sources and disseminate tailored analytic
productsthrough role-based permissions have therefore emerged
as acentral component of pandemic preparedness and disaster
response strategies[6,8,9].

With this backdrop, our objective was to create a situational
awareness and learning tool (SALT) capable of generating
near-real -time analytic content using multimodal data. We also
sought to make SALT as useful as possible for frontline public
health and hospital professionals, optimized in waysthat allowed
them to make informed decisions tuned to on-the-ground
conditions.

Methods

Overview

SALT development drew upon our experience in the southwest
Ohio COVID-19 response beginning in February 2020. During
that time, we worked collaboratively with major interest holders,
including hospital systems, public health, and the congregate
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care community, to identify data needs and then rapidly build
an ad hoc situational awareness system [6-8]. When the public
health emergency ended in May 2023, local interest holders
expressed the need to perpetuate and expand the functionality
of the legacy system beyond COVID-19.

Design Focus Groups

A qualitative methodology [10,11] using focus groups was
selected to capture nuanced, context-specific insights from
stakeholdersinvolved inthe COVID-19 response. Thisapproach
facilitated interactive discussion, allowing participants to
collectively reflect on data challenges and inform the
user-centered design and refinement of SALT.

We conducted 2 iterative rounds of focus groups, one centered
on design and the second on the evaluation of SALT, in
collaboration with anonprofit partner, The Health Collaborative.
For the first round, we purposively [12] sampled leaders from
various agencies and organizations involved in the pandemic
response in counties within the Ohio Hospital Association’s
COVID-19 Zone 6, including city and county public health
departments, hospitals, and emergency management agencies
(EMAS), using targeted email outreach.

Focus groups were held virtually on a video conferencing
platform (Microsoft Teams) and used asemistructured interview
format, with open-ended questions and prompts to guide
discussion. Sessions lasted approximately 60 minutes. Each
focus group was attended by at least three members of The
Health Collaborative, who moderated and took field notes
throughout. Sessions were audio recorded and transcribed.
Following each session, the research team collaboratively
reviewed notes and transcripts to discuss emergent ideas and
prioritize themes. Multiple authors reviewed the outputs from
the focus groups to summarize responses to specific questions
and interpret similarities across different group discussions.
Data were collected until no new ideas were mentioned by
participants.

The first round of focus groups occurred in November 2023
and consisted of 3 sessions. The goal of these sessions was to
identify data elements, sources, and information of potential
benefit to ongoing COVID-19 phases and future pandemic
preparedness. A standard agendaand interview guide were used
for all sessions(Multimedia Appendix 1). The questionsfocused
on organizational data access, data-informed decisions,
frustrations with available data, and visions for an ideal data
tool during future emergencies.

Themes from these focus groups were used to inform theinitial
design and functionality of SALT, with particular attention to
desired data types, visualization needs, and system usability. In
parallel, we compiled a list of data sources mentioned by
participants and assessed each for availability, accessibility,
and quality as potential inputs for the toal.

Initial SALT Build

Thefirst set of focus groups, and our experience during various
phases of the COVID-19 pandemic [2,8,9,13-16], informed the
initial SALT build. We designed the SALT architecture to
automatically deploy onto a cloud infrastructure provider as a
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virtual private cloud (VPC). VPC offers advantages over
on-premises hosting, including security, backup and failover,
and extensible compute capability. To ensure high availability,
we deployed SALT in 2 geographical data center regions and
with fully automatic database failover in the event of a vendor
hardware failure. Cloud-based computing resources are
abundantly available and are dynamicaly allocated to the
rendering or serving of content based on real-time demand.
Heavily accessed items automatically receive additional
resources to maintain functionality.

Accesslevelsfor SALT products include “public” (no account
required), “ authenticated” (account required), and “ authorized”
(account with product-specific permissions required).
Authentication is achieved through federation with InCommon,
and accounts are created by a SALT administrator after
agreement to SALT policies. Content is created by SALT
publishers, who create the code-based content for SALT users
to consume. Authorization for specific content is managed by
the content publisher and audited by SALT administrators.

To enhance the efficiency, security, and integrity of content
publishing, a detailed procedure has been established for
publishers. Initially, potential publishers engage with SALT
administrators to evaluate the compatibility of their content for
inclusion. Upon approval, publishers are required to complete
a brief survey and agree to an acceptable use policy available
onthe SALT landing page. Following this, SALT administrators
configure a user account, marking the entry into the publishing
workflow.

For integration into SALT, all code used to generate content is
housed within aversion-controlled Git repository. Contributors
without existing version control are supported in setting up a
new repository within the SALT organization on GitHub. For
contributors with a preexisting repository, that repository is
forked into the SALT organization to ensure that any updates
follow the established review and integration protocols.

Publishers initiate content deployment by logging into SALT
and navigating the step-by-step deployment process. Initially,
content is uploaded in a private, developmental state and
subjected to a thorough review process involving automated
deployment tests and code reviews by SALT administrators.
Thisensuresthat only high-quality, fully vetted content reaches
production status. Following the approval, the content is made
live, and the developmental version is archived, preserving the
integrity and history of updates through the version-controlled
repository.

Adjustments to specific content settings, such as access levels,
URL customization, and scheduling of content rendering or
emailing, are collaboratively managed by the publisher and
SALT administrators. This meticulous process ensures that
SALT continuously offers accurate, up-to-date situational
awareness through a scal able and transparent system.

To deliberately uphold data privacy, SALT was designed not
to store protected health information or other sensitive data
within its system. Instead, it accesses necessary data sources
only at the precise moment a report is generated. Processing
sensitive or private datain real-time prevents the need to retain
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it, minimizing the risk of unauthorized access. By performing
“just in time” automated data retrieval and analysis, SALT
prevents human interaction with raw sensitive data. The tool
exclusively shares derived analytical content, enabling informed
decision-making with shared datawhile maintaining strict data
confidentiality and compliance with privacy regulations.

Evaluation Focus Groups

The second round of focus groups aimed to evaluate the SALT
prototype and included 2 sessions held in June 2024.
Recruitment followed the same procedures as the first round.
The interview guide included screenshots to demonstrate
features of SALT and questions on how the current tool could
inform decisions, potential improvements in visualization or
explanation, and additions to support better decision-making
(Multimedia Appendix 1). Sessions were conducted, and data
were analyzed using the methods described earlier.

Insights generated from these focus groups were used to
summarize the usability and effectiveness of SALT. We aso
compiled and summarized general suggestions for future
development of SALT.

Ethical Considerations

This work did not involve engagement with human subjects
research by the academic investigators as defined under US
federal regulations (45 CFR 46). Participant recruitment, focus
group facilitation, and qualitative data analysis were conducted
by aprofessional research firm. The academic investigatorsdid
not participate in recruitment, did not interact with participants
in the context of the focus groups, and did not have access to
identifiable or raw qualitative data, receiving only anonymized,
aggregated thematic findings. Although the study population
comprised professional swith whom the investigators may have
had prior or concurrent professional interactions unrelated to
this study, no investigator-participant interaction occurred for
the purposes of data collection or analysis. Accordingly,
ingtitutional review board approval for the academic
investigators was not required.

Results

Design Focus Groups

We engaged approximately 20 individuals from 9 Greater
Cincinnati public health and EMAs (Cincinnati Health
Department, Hamilton County Public Health, Butler County
Public Health, Clermont County Public Health, Highland County
Public Health, Hamilton County Emergency Management,
Butler County Emergency Management, Clinton County
Emergency Management, and Warren County Emergency
Management) in guided question-and-answer discussions to
guide the development of SALT. Those participating in these
initial design focus groups identified several themes related to
data elements, sources, and information that they used or would
find useful for situational awarenessand learningin future public
health events (Table 1). The groups emphasized that multiple
individuals and organizations received various data forms,
necessitating the need for multiple dashboards tailored to
specific audiences and uses. Effective datamanagement required
integrating data from diverse sources, such as health information
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exchanges, state vaccine registries, and local health care
facilities, which highlighted the need for preestablished legal
and infrastructure frameworks to facilitate timely data sharing.
This need became especially evident as many of the emergency
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data connections established during the pandemic dissolved
once the emergency declarations ended, leading to delays in
responsive actions due to the time required to secure new data
sources and legal agreements.

Table. Designrequirementsfor the situational awareness|earning tool (SALT), distilled from feedback generated during design focus groups of leaders
from various agencies and organi zations involved in the pandemic response in counties contained in the Ohio Hospital Association’s COVID-19 Zone
6, including city and county public health departments, hospitals, and emergency management agencies.

Requirement

Description

Data compilation

Legal framework

Non-health care data

Tools and dashboards

Update frequency

Surveillance measures

Disaggregation

Accessibility

Data should be compiled from multiple sources across the health care
spectrum and beyond and submitted to a centralized host where data can
be matched, geocoded, aggregated, and analyzed.

The legal framework for sharing data through SALT should reflect use
cases and appropriate security and enable the wider use of sensitive, pro-
prietary, or nonopen data.

Data from regional non-health care organizations, such as schools and
wastewater surveillance, are needed for informed decision-making.

Tools and dashboards should be tailored to specific roles and audiences,
with at least 2 levels: high level for community- or region-based action
and detail view for person-, neighborhood-, or censustract—based interven-
tion.

Updates should be made at | east weekly for high-level reporting and more
frequently for detailed reporting.

Surveillance measuresto include and trend over time should cover infection
rates, testing counts and rates, hospitalization counts and rates, mortality
countsand rates, long-term care facility infection counts and rates, students
in quarantine counts and rates, viral shed from wastewater surveillance
rates, hospital staffing counts, and vaccination rates.

The ability to disaggregate regiona measures by demographics and social
determinants of health would be beneficial for targeting resources and
understanding potentially inequitable outcome distributions.

Electronic media and dashboards should be 508 compliant and accessible
to users with disabilities.

The discussions also addressed the application of data in
decision-making, underscoring the importance of having clear,
timely, and geographically relevant data to guide the allocation
of scarce resources such as persona protective equipment,
laboratory kits, and human resources. Visualizations that
included trend forecasting and clear action thresholds proved
vital for planning and resource alocation, helping to define
when and where to deploy resources based on set criteria
Moreover, the need for a centralized data hub became apparent,
with frustrations voiced over the labor-intensive nature of data
compilation and the inefficiency of the existing disparate
systems. Participants described the ideal data tool as intuitive,
tailored to specific user needs, and capable of providing
real-time, actionable insights with minimal user manipulation
required, ensuring rapid response capabilities in future
emergencies.

One theme underscored that the perceived relevance and
usefulness of dataand information depend on the audience and
the purpose of thetool or dashboard that displaysthem. Another
themewasthat accessto datafrom multiple sourcesis essential,
but it requiresalegal and infrastructure framework that supports
data sharing and integration before a crisis occurs. The
participants also emphasized that data and information should
inform decision-making and resource allocation based on
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identified needs, trends, forecasts, and thresholds. Furthermore,
participants highlighted the importance of data visualizations
that are clear, intuitive, and actionable, with definitions and
annotations to avoid misinterpretation. Additionally, they
stressed the need for data sharing among different groups (eg,
schools and hospitals) for coordinated and effective response.
Moreover, they expressed the challenge of compiling and
interpreting data, which can be resource intensive and time
consuming, and suggested the need for a singular, trustworthy
data feed that reduces the burden and complexity of data
analysis. Finally, they pointed out the gap between datareceived
and action to take, which was often lagging and inefficient, even
as events on the ground called for timely and near-real-time
data

Focus group participants identified many sources of data used
during the COVID-19 pandemic. All group sessions
independently identified that additional data sources may have
been used; however, some sources could not immediately be
recalled during the focus group sessions as they may have been
used for short-term analysis or transitioned to alternate sources.
Among the data sources cited were health information exchanges
for COVID-19 laboratory testing, admission, and discharge
data; publicly available data sources such as the Centers for
Disease Control and Prevention, World Health Organization,
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and the New York Times; water treatment facilities and sewage
datawith COVID-19 viral testing; and public school reporting
with quarantine and isol ation status. Datawere also drawn from
personal protective equipment inventories, including hospitals,
health care providers, community organizations, and EMAS,
long-term care facilities; skilled nursing facilities; Ohio
Department of Health; Ohio Hospital Association; Greater
Dayton Area Hospital Association; Ohio Disease Reporting
System; Empower Data, which identifies residents dependent
or homebound with medical devices,; and vaccination registries.

Platform Development

To optimize the flexibility and real-time capabilities of our
system, we chose to use a commercial platform designed for
code-based analytical content sharing and management. This
platform supports the development of interactive, data-driven
solutions using R (R Foundation) or Python (Python Software
Foundation), integrating these applications within a
version-controlled environment (Git) to facilitate continuous
integration and testing.

SALT has been effectively implemented within aVPC, and the
methodology for content publication has demonstrated its
effectivenessviaitsusein regular briefingsin the state response
structure, including the regional Hospital Steering Committee
and theregiona Multi-Agency Coalition (health commissioners,
hospital leaders, and state EMAS). It is aso used in regular
meetings of state health-related professional societies and in
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local and regional meetings of informal physician and nursing
groups, including the Skilled Nursing Facility and Hospital
Discharge Group. Additionally, SALT hasreplaced the manual,
weekly process of posting a readable document to a website
with an automated process.

The SALT landing page serves to introduce the tool and serve
as aportal for future collaborations between potential partners
and the SALT team. Upon signing in, publishers can manage
their version-controlled content and adjust access settings, while
authorized viewers can access permitted content.

For user management, we developed an internal dashboard to
monitor usage metrics around specific items and publisher
activities. This dashboard provides weekly updates on user
accounts, content views, and resource use. The data collected
are used in a charge-back system designed to offset computing
and licensing costs effectively.

Respiratory IlIness Situational Awareness

A notablefeature availableto the public isthe Greater Cincinnati
COVID-19 dashboard (Figure 1). Previously a collection of
static files and images, this publicly available dashboard is now
hosted online [17], featuring interactive visuals and a
contemporary tabbed layout. It has become an instrumental
resourcefor regional hospital executivesand senior public health
administrators, aiding in effective resource management and
enhancing care delivery across the region.
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Figure 1. A screen capture of the publicly available SALT respiratory situational awareness dashboard [17]. The currently displayed tab highlights
data specific to COVID-19 in southwestern Ohio. SALT: situational awareness and learning tool.
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The regional Hospital Steering Committee, founded early in
the COVID-19 pandemic, continues to meet virtualy
periodicaly and uses SALT for situationa awareness of
community respiratory disease. The Hospital Steering
Committee dashboard is offered as a distinct and separate area
on SALT because it is purpose designed to provide this user
group with specific information according to a standardized
narrative structure. The committee selected this narrative
structurefor briefings early in the COVID-19 pandemicinwhich
a sequence of data was presented first at the national level,
followed by state-level data, followed by regiona- and
local-level data. In this way, users gain both a sense of
awareness of disease activity locally and of threats in other
places that may materialize in the local region of interest.
Authorization restricts viewership of data that cannot, due to
sensitivity or regulatory reasons, be shared with non-Steering
Committee SALT users. Thisareaisfrequently used to present
brief updatesin virtual meetings, committee members can also
check the dashboard for updates between committee meetings.
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Evaluation Focus Groups

The aggregated discussion themes and key elements from the
focus groups highlight the perceived utility and areas for
improvement of the SALT (Table 2). Participants affirmed
SALT's potential effectiveness in managing new respiratory
illness pandemics, noting its role as a reliable, consistent, and
timely information source that could enhance decision-making
and strategic planning, particularly with its ability to track
infection rates and hospital occupancy rates, and identify
vulnerable populations. Key feedback emphasized the need for
more efficient resource allocation, with suggestions to include
more specific analytics, such as medical equipment data, to
improve actionable outcomes. Moreover, the focus groups
suggested enhancements to the tool’s usability through better
visualization clarity, narrative explanations, and the
incorporation of additional dataelements, such astheavailability
of personal protective equipment and more granular geographic
details. Recommendations also covered the integration of
predictive anal ytics and sector-specific datato broaden SALT's
applicahility and enhanceits utility in public health management.
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Table. Improvements for the situational awareness learning tool, distilled from feedback generated during design evaluation focus groups of leaders
from various agencies and organi zations involved in the pandemic response in counties contained in the Ohio Hospital Association’s COVID-19 Zone
6, including city and county public health departments, hospitals, and emergency management agencies.

Improvement

Description

Clearer datalabeling and improved visual design

Expanded data coverage

Narrative explanations

Forecasting capabilities

Legal framework for secure data sharing

Add more descriptivetitles, axeslabels, and consistent naming conventions
for data elements.

Incorporate PPE® and vaccine inventory data and allow for more granular
geographic reporting (eg, ZIP code or census tract level).

Include short narrative descriptions to accompany key graphs and charts
for nontechnical users.

Add short-term predictive models for health system strain, particularly
for 1ICUP and emergency department usage.

Ensuretheinfrastructureisin place for real-time, multisector dataintegra-
tion before acrisis arises.

3PPE: personal protective equipment.
BICU: intensive care unit.

Discussion

Principal Findings

Overall, we achieved our objective to build and maintain a
capability that enables data sharing, rapid analysis, and
situational awareness in support of the health and well-being
of theregional population, both at present and in potential future
pandemicsor related crises. Thisisembodied in the cloud-based
SALT, which is capable of rapidly and flexibly supporting
collaboration, receiving and sharing data, anayses, and
communications with and between partners at different levels
of security and access.

The relevance of these core ideas was vetted with a diverse set
of potential end users, who collectively expressed the need for
such a system. These users described a set of system
requirements that SALT designers used to select the technical
solutions described in this report. For example, as described in
Table 1, the user focus groups found that it is useful if datacan
be compiled from multiple sources; dashboards and analytic
products can be tailored to specific audiences in accordance
with appropriate levels of security; and updatesto products can
be made when datachange. SALT supportsthese and other user
requirements.

Situational awareness using appropriate, multisource datais a
critical component in managing public health emergencies such
as pandemics[13]. It involves the perception of environmental
elements, comprehension of their meaning, and projection of
their statusin the near future[18]. Experienceinthe COVID-19
pandemic illustrated that situational awareness is essential for
effective, timely public health decision-making and responses
[2,8,9,19].

Moreover, SALT uses open-source scripting languages (R and
Python), so that scripts generating specific analytic products
can easily be shared. Over time, SALT will accumulate alibrary
of scripts that will reduce future product development time.
Similarly, user-requested revisions to analytic products can
easily be accommodated at the script level, which isnot always
possible using commercial, proprietary visualization software.

https://ojphi.jmir.org/2026/1/€77379

Centralized deployment of analytic content using script-based
sources and processes also facilitates the monitoring of the
SALT to collect and analyze usage datato continuously improve
user experiences.

The ability to segment access to data according to SALT user
credentialsallows datato be shared easily and rapidly with those
who have a validated need and permission. Nevertheless, data
use agreements are still needed to access and share protected
data. Given recent instabilitiesin the federal public health and
demographic data ecosystems [20,21], it is critica for
jurisdictionsto begin establishing data sharing agreements across
multiple health and social sector actors so that tools such as
SALT can be used for situational awareness.

While SALT is till in the early stages of use and engagement,
asuccessful launch, feedback gathering, and content deployment
have been achieved. These benchmarks comprise the foundation
that SALT will continue to build upon. The technical
architecture and systems developed here have proven to be
capable of accomplishing the objective of SALT itself, that
being an effective and efficient situational awareness and
learning system presenting near-real-time analytic content
available to public health professionals.

A potential limitation of our broader contribution isthat SALT
was developed for Southwest Ohio, although the challenges it
addresses are not unique to our region. The COVID-19
pandemic revealed limitations in how public health data are
collected, integrated, and shared across the nation [9]. For
example, local communitiesfaced, and continueto face, similar
barriers in accessing timely, multisource data; managing legal
and privacy frameworks; and tailoring dashboards to different
audiences. Our work demonstrates how we overcame such
barriers. While the SALT pilot work occurred in Ohio, these
insights are widely applicable and provide aroadmap for other
jurisdictions and organizations to strengthen situational
awareness and preparedness for pandemics and complex health
challenges.
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Conclusions

While an upcoming period of expansion and scaling will
continue to evaluate the effectiveness of the tool, the systems
and architecture are established and ready for widespread
adoption, implementation, and success. Beyond the application
described in thisreport related to pandemics, SALT isapplicable
to other health-related and health care—related domains. Learning
health networks, which collect and transform multisource data

Brokamp et al

into situational awareness for a range of users, including
clinicians, patients, and caregivers, are but one example. A range
of community health issues require comprehensive situational
awareness for decision-making, such as programs improving
child and maternal health equity and projectsaimed at reducing
asthma-related hospitalizations. It is our hope that the work
described herein can and will be applied to the spectrum of
health-related applications requiring shared situational
awareness.
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Abstract

Background: Personas, fictional profiles representing user segments, play an important role in human-centered design, ensuring
tools are tailored to the needs of users. Although public health organizations often develop information systems to promote
population health, human-centered design methods and personas are generally underused in public health informatics projects.

Objective: This study aims to present a novel, mixed methods approach to developing data-driven personas for use in public
health information system design, leveraging 2 statewide surveys conducted in Washington State. Theaim isto produce realistic,
representative, and actionable personas that reflect the diversity of a state population and support user-centered design in public
health initiatives.

Methods: Quantitative (cluster analysis) and qualitative (thematic review and quote extraction) methods were applied to 2
statewide survey datasets: (1) astatewide knowledge, attitudes, and practices survey (N=1103) which used random, address-based
sampling, and (2) asubset of the knowledge, attitudes, and practices respondents (N=143), which included more targeted questions
on opinions and preferences related to public health information systems. Characteristics examined included demographics,
technological readiness, opinions about public health policies, and experience using online health tools.

Results:  K-prototype clustering resulted in 5 clusters. These 5 clusters were studied using both quantitative and qualitative
analysis of key factors of the Washington State population to build 13 personas. Each persona represents a different population
demographic, varying levels of technological readiness and attitudes toward public health policies, and differing experienceswith
online health tools. Persona descriptions are further elucidated with a short profile and 2-3 quotes.

Conclusions: This study offers a scalable and adaptable framework for persona development in public health, demonstrating
how existing datasets can be transformed into effective design tools. Through a mixed methods approach, personas that reflect
the diverse needs, preferences, and behaviors of Washington State residents were created. These personas can enhance the design,
development, and evaluation of public health information systems by centering on user experience. Persona development and
the methods described here can be used in future public health informatics projects to assist in formative research, guide design
and development, inform usability testing, and shape communication strategies. By bridging the gap between large-scale data
and user-centered design, this approach provides a practical model for making public health technologies more aligned with
community needs.

(Online J Public Health Inform 2026;18:€75422) doi:10.2196/75422
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Introduction

Public health informatics projects face the challenge of
designing tools that resonate with diverse populations while
being applied universaly [1,2]. Due to time pressures and
limited resources of public health work, it is often difficult to
gather sufficient user input to gain a nuanced understanding of
the needs of the population being served. Further, surveys and
population summaries may not adequately capture the
complexity and variability in public attitudes and behaviors
[3,4]. User-centered approaches can help bridge this gap by
focusing on the specific needs of individuals [5]. One such
user-centered design (UCD) tool, personas, can assist in
representing individual needs [6]. This study focuses on the
creation of detailed personas using a rich dataset, offering a
novel approach to public health informatics design work that
balances empirical data with granular insights.

Personas are fictional representations of individual users and
may be best known for their usein marketing; however, personas
are also used by informaticians, designers, and developers to
better understand the needs, behaviors, and preferences of
potential users of their products, systems, or services [7].
Generally, personas may include demographic information and
behavioral patterns derived from user research. As part of a
UCD approach, personasfoster empathy with users, generating
valuableinsightsfor product design, development, and strategy
[6]. Essentially, personas can provide a more concrete and
actionable representation of both unstructured and complex user
data, making it easier to interpret.

Although personas are widely used in information systems
design, their application in health IT and public health
informatics remains limited [8-11]. Public health efforts, in
particular, could benefit from the use of personas, especialy in
contextswhere resourcesto support direct user engagement and
data collection are constrained. In public health, personas may
be useful in various processes: the design and evaluation of
products, recruiting for usability testing activities [12], and
facilitating communication across stakeholder groups during
development and decision-making processes[13]. In particular,
personas can be an innovative strategy for public health teams
by offering relatable, data-driven representations of target
populations. This approach can enhance the reach and
effectiveness of public health initiatives by keeping user needs
at the forefront of design and implementation. Additionally,
personas can support stronger communication and marketing
efforts, making public health campaigns more engaging and
accessibleto diverse audiences. By integrating personas, teams
may create more responsive, user-centered solutions that can
improve public health outcomes.

Traditional methods of personadevel opment often rely on small
sample sizes or limited information, leading to less accurate
and less representative user profiles[14]. Additionally, thereis
no standardized methodology, resulting in inconsistencies and
differing priorities in the development process [15]. Some

https://ojphi.jmir.org/2026/1/€75422

approaches prioritize rich qualitative data, obtaining the data
from a very limited sample of the population. While these
processes are designed to capture detailed individua experiences
and perspectives, they may miss insights from unsampled
portions of the population or key overarching trends [16]. In
contrast, development processesfocused on quantitative methods
may uselarger poolsof user data, but generaizations may occur,
and subtleties can be lost [17,18]. Mixed methods approaches
seek to find a balance between these 2 [6]. This study
emphasizes the importance of a comprehensive approach that
integrates both robust quantitative metrics and detailed
qualitative insights to create a more extensive and nuanced
understanding of user experiences and needs.

The objective of this study is to develop a set of personas for
use in public hedlth informatics initiatives using a mixed
methods approach. By synthesizing quantitative and qualitative
data from representative datasets, this study aims to create
realistic and representative personas that can inform the design
and implementation of public health technologies. These
personas areintended to support various project stages, including
formative research, usability testing, and communication
strategies, ensuring that public health technologies are tailored
to meet the specific needs, preferences, and barriers faced by
diverse population segments. This study demonstrates the
efficacy of integrating quantitative and qualitative data in
persona development, leveraging an approach that combines
statistical rigor with contextual insights. The resulting approach
provides a versatile template adaptable for other public health
initiatives.

Methods

Context

WA Verify, developed by the Washington State Department of
Health, isasmartphone-based tool launched in November 2021
that provides Washington residents with digital accessto their
COVID-19 vaccine records. To evaluate it, a statewide survey
assessed knowledge, attitudes, and practices regarding public
health technologies. Findings highlighted both high rates of
internet and smartphone access and concerns about privacy and
record reliability (Multimedia Appendix 1).

As pandemic restrictions eased, a second-phase survey was
conducted in April 2023 to explore potential expanded usesfor
WA Verify and its underlying technology. This survey examined
preferences and concerns related to privacy and security.
Findings revealed that participants generaly trusted public
health tools but worried about the security of their personal
health data. Neverthel ess, many participants acknowledged the
societal benefits of these tools, ultimately weighing the
advantages over perceived risks.

The 2 rich datasets described above offered a unique opportunity
to understand the Washington State population as awhole and
capture some of the specific concerns and opinions of
Washington residentsin their own words. In public health, time
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and resource limitations may hinder optimal user input during
the planning and design of informatics projects. To addressthis
gap, personas emerged as 1 way to leverage the available data
in order to represent users and succinctly communicate their
needs and preferences. A persona is a fictitious individual
created to represent a user group, providing designers with
personal stories that offer insights into motivations and
behaviors. While traditional UCD efforts often rely on small
sample sizes and qualitative data, the 2 evaluation survey
datasets with rich representative data, as well as focused
qualitative data on informaticstopics, presented an opportunity
to create aset of data-derived personas. The goal wasto design
personas that exhibit the following attributes:

1. Simple and relatable: provide a collection of distinct
individuals who can be understood at an intuitive and
personal level to help with product design.

2. Accurate: as much as possible, accurately represent the
relationship between demographic characteristics and
technology-related tendencies.

3. Diverse: represent a range of characteristics. While not
capturing every individua, the set of personas should
encapsulate diverse attributes, encouraging consideration
of various population segments.

4. Actionable: provide insights that can inform decisions and
strategies in public health informatics projects.

5. Comprehensive: elucidate motivations, intentions, and
needs, not just demographics.

In the devel opment process, these persona attributes may be at
odds with one another. For example, the goals of relatability
and actionability may conflict with complete statistical accuracy.
This approach seeks to find a balance among these goals in
order to create a data-driven and useful set of personas.

Data Collection

The WA Verify evaluation project conducted 1 statewide survey
and later a second-phase survey; datafrom these 2 surveyswere
used for personadevel opment. Survey methods are summarized
below and are described in detail elsawhere[19].

Theinitia statewide survey was mailed to arandom sample of
5000 Washington households between September 2022 and
September 2023, with 1491 responses (32% response rate). It
assessed technology use, digital literacy, internet access,
experiences with COVID-19 verification, and attitudes toward
public health tools.

The second-phase survey targeted a smaller sasmple but aimed
to gather more specific information about barriersto technology
use in the public health context. The survey focused on digital
literacy, internet safety perceptions, digital privacy and security,
confidence in public hedth initiatives, and opinions on
hypothetical public health tools, including some space for free
responses from participants to elaborate on their views. The
complete second-phase survey instrument is included in
Multimedia Appendix 2. The survey sample consisted of 321
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respondents from the statewide survey who expressed interest
in future studies, approximately 20% of all initial respondents.
Data collection took place in April 2023, yielding responses
from 143 individuals (44.5% response rate).

Data Analysis

Personas were developed from the 2 survey datasets using a
mixed methods approach, combining quantitative and qualitative
analyses. While cluster analysis provided astatistical foundation,
ensuring that the final product was aligned with the survey data,
this method alone did not alow for comprehensive personas.
The mixed methods approach allowed for refinement of the
initial clusters into distinct groups with specific demographic
characteristics, aiming to capture the specific needs of diverse
user groups. The processinvolved 5 main steps. cluster analysis,
cluster ssgmentation, persona profile devel opment, personacard
creation, and validation. Figure 1 provides a graphical
representation of this process, and each step is summarized
below.

1. Cluster anadysis. cluster anaysis identified 5 primary
clusters based on 14 key variables, including demographic,
technological, and policy opinion characteristics from the
State of Washington survey data. An additional cluster was
created to represent nonbinary and transgender individuals
who did not have sufficient representation to be included
in the primary cluster anaysis.

2. Cluster segmentation: quantitative methods expanded the
5 primary clustersinto 14 subclusters or cluster segments.
Joint distributions of age, sex, and race and ethnicity were
examined to create distinct cluster segments within each
cluster. Outcome variables were then summarized and
assigned to these segments, creating personas. Race and
ethnicity were combined into a single variable, which
categorized individuals into one of five groups. All
individuals who indicated they were Hispanic were
categorized as “Hispanic” Among those who did not
indicate they were Hispanic, individualswho indicated they
were only White, only Black, or only Asian were
categorized as“White,” “Black,” and “Asian,” respectively.
All other individuals (including individuals who selected
multiple races) were categorized as “ Other.”

3. Persona profile development: qualitative data integration
enriched personas with quotes and themes extracted from
both survey datasets. This process added depth and nuance
to personas with additional characteristics and narrative
descriptions. Redundant personas were consolidated,
resulting in afinal set of 13 personas.

4. Personacard creation: after defining the personas, persona
cards were developed to visually represent each persona’s
characteristics, needs, and motivations.

5. Validation: a validation process ensured that the personas
accurately reflected the demographic and attitudinal
diversity observed in the Washington datasets. Team review
and quantitative comparison methods were used to
iteratively refine and validate each persona.
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Figure 1. Steps of the persona development process.
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with numerical and categorical variables [21,22]. A distance
function was defined to create clusters based on variables of
Cluster Analysis interest, producing a “distance” value indicating similarity

. . _— I between respondents, with smaller values denoting greater
To identify distinct groups within the dataset, K-prototype ~ 7. . S :
clustering with Gower’s distances [20] was used. K-prototype S|m|I§\r|ty_and Iarger values IEBS. Similarity. The 14 variables
clustering isan extension of K-meansthat is suitable for datasets used in this analysis can be seen in Table 1.

Quantitative M ethods
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Table 1. Cluster analysis variables.
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Variables Description Cluster analysis categories
Demographics
Age(years) What isyour age? 18-39; 40-59; 60+
Sex Areyou ? Female; male; transgender; nonbinary and nonconform-
ing; Prefer not to respond
Race and How would you describe your race and ethnicity? Non-Hispanic White (White); Non-Hispanic Black
ethnicity (Black); Hispanic any race (Hispanic); Non-Hispanic
Asian (Asian); Non-Hispanic of another race or ethnic-
ity (Other)
Geographic  Federal Information Processing Standard Code Eastern Washington; Western Washington
region
Englishonly Do you speak alanguage other than English at home? Only English; language other than English
at home
Parental sta=  Areyou a parent or guardian to a child under 18 years old? Parent or guardian to <18-year-old; Not a parent or
tus guardian to <18-year-old
Education What is your highest level of education? No high school degree; high school graduate; Some

Technological and nondemographic variables

college or 2-year degree; 4-year degree or more

Technologi- Calculated variable: overall, how confident, if at al, do you feel using Higher technological readiness; lower technological
cal readiness computers, smartphones, or other electronic devices to do the thingsyou  readiness
need to do online? How true is the following statement? “When | get a
new electronic device, or need to do a new task on it, | usually need
someone elseto set it up, show me how to useit, or help me.”
eHealthtool Have you ever used any electronic health tools? Used eHealth tool; did not use eHealth tool
usage
Method of How did you first hear about WA Verify? Health care; never heard; news; other; referral
learning of
WA Verify
WA Verify  Calculated Variable: Do you use WA Verify? How willing would you be  Yes; willing; not willing
usage to use a portable electronic COVID-19 vaccine record?
COVID poli- How do you feel about policies that require proof of vaccination or a Support; oppose
cy opinion  negative COVID-19 test result to enter spacesthat are high risk of COVID-
19 spread?
Hedthportal Haveyou ever used any electronic health tools? An online patient medical  Yes; no
usage record or health portal (eg, MyChart).
WA Notify ~ Have you ever used any electronic heath tools?. WA Notify (WA's Yes; no
usage COVID-19 Exposure Notification Toal).
Tracking Have you ever used any electronic health tools?: A tool for keeping track  Yes; no
appsusage  of my activitieslike diet and exercise (eg, Fitbit, Strava, or MyFitnessPal)
(tracking)

Since the personas were specifically developed in the context
of informing the design and implementation of digital public
health tools, it was crucial to differentiate between groups based
on technol ogy-related factors. To ensurethat the cluster reflected
a range in technology adoption, technology-related variables
were weighted more heavily (5:1 relative to demographic
variables). Exploratory testing with alternative weights (eg, 3
and 10) yielded similar results, with 5:1 providing a balanced
emphasis on them.

Construction of the clusters was carried out by maximizing the
50-fold cross-validated silhouette score [23]. The silhouette
score, ranging from —1 to 1, measures how similar each data
point istoitsown cluster compared to other clusters, with higher

https://ojphi.jmir.org/2026/1/€75422

scoresindicating better-defined clusters. Thisapproach enhances
the reliability and accuracy of the results by allowing for the
assessment of clustering performance on data not used in its
construction, reducing overfitting risk, improving cluster
stability, and enhancing generalizability across different data
subsets. The optimal number of clusters was determined to be
5, balancing granularity and meaningful segmentation within
the dataset.

Addition of a Supplemental Cluster

Special methods were used to ensure the inclusion of
demographic groups with limited presence in the sample,
particularly nonbinary and transgender individuals. Due to the
small number of survey respondents identifying as nonbinary
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or transgender, the primary cluster analysisfocused exclusively
on respondents identifying as male or female. To address this
limitation and ensure representation of the gender diversity
present in Washington State, an additional, supplemental cluster
(supplemental gender cluster) was created, including only
respondents who identified as nonbinary or transgender. The
cluster's summary characteristics were defined using an
aggregate of the characteristics from the 8 respondents who
comprised this group.

Cluster Segmentation

Becausetheinitia clusters still contained substantial diversity,
they werefurther ssgmented by age, race and ethnicity, and sex,

Garciaet d

which are factors that are known to influence behaviors and
attitudes toward heath tools [24-29]. Overrepresented
demographics within clusters were split into additional
subgroups, yielding 13 personas.

An example of the segmentation process can be seen in Table
2, which compares the distribution of the entire sample to that
of Cluster 1. Cluster 1 had a higher proportion of White, male,
40- to 59-year-olds as well as Asian, female, 40-59-years
prompting division into 2 subclusters, each representing one of
these identified groups (White, male, 40-59 years and Asian,
female, 40-59 years).

Table 2. Three-way table of age, sex, and race and ethnicity among the total survey sample (n=1103) and Cluster 1 (n=272) with observed/expected

for cluster categories.

Ageandsex All White Black Hispanic Asian Other
Survey, Cluster Survey, n Cluster Survey, Cluster Survey, Cluster Survey, Cluster Survey, Cluster
n 1(O/E), 1(O/E), n 1(O/E), n 1(O/E), n 1(O/E), n 1(O/E),
n (%) n (%) n (%) n (%) n (%) n (%)
18-39 years
Female 182 46(102) 106 27(103) 8 2(101) 25 5(@1) 18 6097 25 6 (97)
Mae 110 22(81) 67 12(73) 2 0(0) 6 2(135) 19 5(107) 16 3(76)
40-59 years
Female 208 74 (144) 155 53(139) 5 0(0) 16 4(101) 19 11 13 6 (187)
(235)2
Male 136 59 (176) 106 49 5 181 2 1(203) 11 4(147) 12 4 (135)
(187)2
60+ years
Female 259 43(67) 225 38(68) 1 0(0) 7 0(0) 4 1(101) 22 4(74)
Male 208 28(55) 173 220552 7 0(0) 1 0(0) 11 3(111) 16 3(76)

8Results were larger than expected if clusters were assigned at random across race and age.

This segmentation process, applied to each of the 5
quantitatively derived clusters, resulted in 13 distinct personas.
When combined with the Supplemental Gender Cluster, which
remained a standalone persona without further subdivision, a
total of 14 personaswere created. Outcome variables of interest
(eg, technological readiness, WA Verify usage, etc.) were
identified for each persona. Most subclusters were defined by
the demographic characteristics determined during cluster
segmentation and the most frequently observed values of the
outcome variables of interest within that subcluster.

Additionally, some personas were modified to better capture
the diversity of demographics and outcome variables in the
population. The distribution of variables in subclusters was
compared to the overall statewide population to ensure
representativeness. Since each persona can only reflect 1 value
per variable, it is challenging to establish actionable, diverse,
and representative personas. To address this, less common
subcluster characteristics were sometimes selected over more
common characteristicsto improve diversity and representation.
Further modifications are detailed in the Validation section,
ensuring that the personas are data-driven and representative of
Washington State's popul ation.

https://ojphi.jmir.org/2026/1/€75422

Qualitative Methods

Analysis Goals

Qualitative analysis added depth to the personas by
incorporating participant quotes and themes to capture user
perspectives, needs, and experiences. Thematic anaysis
identified recurring themes across responses, revealing common
sentiments. This process added qualitative depth and real-world
context to each persona.

Persona Profile Devel opment

Personas were then synthesized and refined to ensure realistic,
data-grounded representations of individuals. Key aspectscrucia
for constructing comprehensive personas [30] were identified
and aligned with best practicesfor personadevelopment [31,32],
then tailored to incorporate information specifically relevant to
public health information system efforts. These aspectsincluded
pertinent demographic information, public health opinions,
quotes, and drivers (including needs and motivations).

Persona devel opment and refinement took place as an iterative
process with 3 University of Washington (UW) team members
reviewing personas, examining quantitative and qualitative data,
and reviewing and revisiting personas. The following additions
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and adjustments were made to personas during the iterative
refinement process (not necessarily in this order):

1. Additional storieswere built around the personas based on
qualitative survey data from individuals with matching or
similar characteristics to the persona.

Personas were given exact ages, marital statuses, and
occupations;

Garciaet d

3. Quotes and variations on quotes were assigned to personas
from survey respondents with similar characteristics.

4. New quotes were created where only partia ideas existed
in the qualitative data.

5. Personas were given names and pictures.

6.  One personawas removed (cluster 2, persona7) asseenin

Table3

Table 3. Primary personalist derived from expansion of cluster analysis groupings.

Persona Cluster Age  Sex Raceor Re- En- Par- Educa= Tech WA WA Opinion Headth WA Track-
number number  group ethnici- gion  glish ent tion readi- Verify Verify COVID portal Notify ing
(y) ty only ness refer  usage policies usage
1 1 40-59 Mae White 2 Yes No 4year High Refer- Yes Support  Yes Yes Yes
ral
2 1 40-59 Fe Asian w No Yes 4-year High Refer- Yes Support  Yes Yes Yes
male ral
3 2 18-39 Fe White W Yes No 4-year High Refer- Will- Support Yes Yes Yes
male ral ing
4 2 18-39 Made White W Yes No 4-year High Never Will- Support Yes Yes Yes
heard ing
5 2 18-39 Made Black w Yes No 4-year High Never Will- Support Yes Yes Yes
heard ing
6 2 18-39 Fe Hispan- W Yes No <2year High Never Will- Support Yes Yes Yes
male ic heard ing
7 2 18-39 Made Asan w Yes No 4-year High Never Will- Support Yes Yes Yes
heard ing
8 3 60+ Fe- White W Yes No <2-year Lower Never Not Support  Yes No No
male heard  Will-
ing
9 3 60+ Made White W Yes No  <2-year Lower Never Will- Support Yes No No
heard ing
10 4 60+ Fe- White W Yes No 4-year Lower News Will- Support Yes Yes Yes
male ing
11 5 18-39 Mae White W Yes No 4year High Never Will- Oppose Yes Yes Yes
heard ing
12 5 40-59 Fe- Black W Yes No 4year High Refer- Will- Support Yes No Yes
male ral ing
13 5 18-39 Fe- Hispan- b No Yes <2year High Never Will- Oppose Yes No Yes
male ic heard ing
14 Supp. 18-39 Nonbi- White W Yes No 4-year High Never Will- Support Yes Yes Yes
nary, heard ing
Trans-
gender

AN: Western Washington.
bE: Eastern Washi ngton.

During the refinement process, representative quotes and key
motivations (drivers) were added to each persona. Quotes were
selected during the qualitative analysis and matched to
demographically similar personas, with minor adjustments for
clarity and brevity. Driversemerged from thematic analysisand
weregrounded in survey data. Additionally, as mentioned above,
1 persona was removed because it reflected too small a
respondent group and overlapped considerably with othersfrom
the same cluster. In line with our refinement criteria, we kept
only personas that were both supported by sufficient data and
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represented distinct needs and motivations. Throughout this
process, the balance between sufficient detail and making
realistic personas while avoiding stereotypes and
oversimplification was carefully considered.

Persona Card Creation

Following the devel opment of the demographic profiles, persona
cardswere created to serve asvisual and textual representations
of the personas. The information about each persona derived
from the steps previously outlined wastranslated into aconcise
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format to facilitate their use in design and decision-making
processes. First, a standard template was identified to outline
the sections for demographics, public health opinions, quotes,
and drivers. The personademographic profilesweretransferred
into this template. Each persona card aso included a
representative image, which was selected to be demographically
appropriate and aligned with the persona’s profile. After the
card drafts were established, they were reviewed by UW team
members, looking for redundancies and inconsistencies. This
process resulted in 13 persona cards.

Validation

Because the process by which the personas were devel oped was
novel, and in some cases ad hoc, a validation step was used to
confirm that the final persona characteristics were reflective of
the observed data. Each persona was validated using the
following steps:

1. A group of respondentswas created for each personawhere
each record matched the following characteristics exactly:
age group, sex, race and ethnicity, geographic region,
language at home, parental status, and level of education.

2. In some cases, when this group of respondents was small
or non-existent, asecond, larger subset was also considered
that included both exact matches and individuas that
matched on &l but 1 of the 7 characteristics mentioned in
Step 1.

3. The distributions of technological readiness, opinions on
COVID-19 policies, use of digital health portals, and use
of health tracking software were tabulated and compared
to the characteristics assigned to the given persona.

4. In cases where a mismatch between the persona
characteristic and the respondent summary was observed,
the personas team discussed and came to a collaborative
decision on whether to make a change to the persona
characteristic.

In total, 4 mgjor discrepancies were identified through this
process, and each prompted a discussion among the team. In 2
cases, the group determined the persona’s characteristics should
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reflect the demographic groupings, and changes were made to
reflect this. However, in 2 cases, the discrepancy was retained.
For both affected personas, a thoughtful decision was made to
retain groups who are generaly less represented, likely have
unique needs, and are not well understood with respect to habits
and preferences regarding public health information systems
(ie, low technol ogical readiness and | ess experience with online
health tools). These decisions reflect the belief that athough
some characteristics arelesscommonin the generally tech-savvy
population of Washington State, it is important to take less
common needs and traitsinto consideration to design accessible
toolsfor al Washington residents.

Ethical Consider ations

In June 2022, the UW Human Subjects Division reviewed the
WA Verify evaluation project (IRB ID: STUDY 00015786) and
determined it did not qualify asresearch under federal and state
regulations, thus exempting it from UW Institutional Review
Board review. The Washington State University/Social and
Economic Sciences Research Center Ingtitutional Review Board
subsequently confirmed this exempt status. Survey participants
were asked to confirm their agreement to participate in the
survey before starting the survey. No secondary data was used
inthisanalysis.

Results

Overview

Overall, 13 personas emerged through the devel opment process,
12 derived from the quantitative clustering and expansion
process, and 1 Supplemental Gender Cluster.

Clusters

Cluster anaysis identified 5 clusters. Additionaly, a
supplemental cluster was defined to identify a segment of the
survey population not considered in the analysis. Table 4
displays these 6 clusters. Additional summary tables of the
sample for related questions from the survey are provided in
Multimedia Appendix 3.
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Table 4. Five quantitatively identified clusters and one supplemental gender cluster with summary characteristics.
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Characteristics All (N=1103) Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5 Supplemental
(n=272) (n=223) (n=302) (n=57) (n=249) (n=8)

Age (years), n (%)

18-39 292 (26) 68 (25) 97 (432 7(2.3) 0(0) 120482  5(63°

40-59 344 (31) 133 (49)2 68 (30) 36 (12) 17 (30) 90 (36) 1(13)

60+ 467 (42) 71(26) 58 (26) 259 (86) 40 (70) 39 (16) 2(25)
Sex, n (%)

Female 649 (59) 163 (60) 128 (57) 164 (54) 44 (772 150 (60) 0(0)

Mae 454 (41) 109 (40) 95 (43) 138 (46)° 13 (23) 99 (40) 0(0)

Nonbinary 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 5(63)

Transgender 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 3(38)
Race and ethnicity, n (%)

White 832 (75) 201 (74) 156 (70) 251 (83)2 48 (84)2 176 (71) 5 (63)

Black 28(2.5) 3(L1) 8(3.6)2 5(1.7) 1(1.8) 11442 00

Hispanic 57 (5.2) 12 (4.4) 18 (8.1)2 8(2.6) 0(0) 19762 1(13)

Asian 82 (7.4) 30 (11)2 21 (9.4) 13 (4.3) 4(7) 14 (5.6) 1(13)

Others 104 (9.4) 26 (9.6) 20 (9) 25 (8.3) 4(7) 29 (12) 1(13)
Region, n (%)

Eastern 205 (19) 37 (14) 35 (16) 69 (23 9 (16) 55 (22)° 1(13)

Western 898 (81) 235 (86) 188 (84) 233(77) a3(802 1948  7(sgp
English, n (%)

Only English 969 (88) 230 (85) 191 (86) 281 (93)2 53(932  214(86)  g(1002

Other language 134 (12) 42 (15) 32 (14) 21(7) 4(7) 35 (14) 0(0)
Parent to child <18, n (%)

Yes 271 (25) 83 (31)° 60 (27) 23(7.6) 7(12) 98 (392 0(0)

No 832 (75) 189 (69) 163 (73) 279 (92) s0(s9)?  151(61) 8 (100)
Education, n (%)

4-year degree or more 657 (60) 207 (76)2 146 (65)2 123 (41) 38 (67)2 143 (57) 6 (75)

2-year or some college 290 (26) 53 (19) 58 (26) 101 (33)2 15 (26) 63 (25) 1(13)2

High school graduate 123 (11) 11 (4) 18 (8.1) 58 (19) 4(7) 32 (13)° 1(13)?

Less than high school 333 1(0.4) 1(0.4) 20 (6.6) 0(0) 11 (4.4)2 0(0)2
Technological readiness, n (%)

Higher 826 (75) 256 (94)2 219 (98)2 97 (32) 13(23) 241 (972  8(100)

Lower 277 (25) 15(5.9) 4(18) 205 (68) a7 832 0(0)
Method of learning of WA Verify, n (%)

Referral 223 (20) 136 (50)2 26 (12) 17 (5.6) 10 (18) 34(14) 1(13)

News 144 (13) 53 (192 11 (4.9) 31 (10) 27 (472 22(8.8) 0(0)

Health care 117 (11) 62 (23 19 (8.5) 19 (6.3) 3(53) 14 (5.6) 0(0)

Others 47 (4.3) 17 (6.3) 11 (4.9) 8(2.6) 3(5.3) 8(3.2) 1(13)
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Characteristics All (N=1103) Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5 Supplemental
(n=272) (n=223) (n=302) (n=57) (n=249) (n=8)

Never heard 572 (52) 4(15) 156 (70)2 227 (75)2 14 (25) 171 (69)2 6 (75)2
WA Verify usage, n (%)

Yes 276 (25) 234 (86) 5(2.2) 21(7) 7(12) 9(36) 1(13)

Willing 560 (51) 17(63) 193 (87)2 150 (50) 38 (67) 162 (65)%  6(75)°

Not willing 267 (24) 21(7.7) 25(11) 131 (43) 12 (21) 78 (31)2 1(13)
COVID palicies, n (%)

Oppose 226 (20) 26 (9.6) 27 (12) 69 (23) 8(14) %692 00

Support 877 (80) 246 (90)2 196 (88) 233(77) 49 (86)2 153 (61) 8 (100)2
Health portl, n (%) 949 (86) 262 (96)2 212 (95)2 199 (66) 57(1002  219(88)%  7(88)°
WA Notify usage, n (%) 535 (49) 235(86)%  223(100%  28(9.3)7° 49862 00 2 (292
Tracking, n (%) 660 (60) 209 (77)2 181 (81) 24(7.97 45(79%  201(8)%  6(75)°

@Results were larger than expected based on the full sample.

Per sona Segments

From the 5 calculated clusters and the supplemental gender
cluster, 14 personas were identified to represent distinct
segments of the population based on race and ethnicity, age,
and sex. By identifying overrepresentation of these demographic
characteristics, personas were defined within each cluster. This
expanded cluster-derived personalist is displayed in Table 3.

Table 5. Final personalist with demographic information.

Per sona Profiles

To enhance the initial persona profiles derived from cluster
analysis and segmentation, qualitative analysis was conducted.
This process incorporated demographic data and qualitative
responses from both surveysto identify the needs, preferences,
and experiences of each persona. This approach allowed usto
humanize the personas. Tables 5 and 6 present the additional
attributes devel oped through this qualitative analysis, providing
aricher, more nuanced description of each persona.

Persona Cluster num- Age Sex Race and Region Englishonly Parent Education Tech readi-
number ber (years) ethnicity ness
1 1 40-59 Male White Western Yes Yes 4-year High
2 1 40-59 Female Asian Western No Yes 4-year High
3 2 18-39 Female White Western Yes No 4-year High
4 2 40-59 Male White Western Yes No 4-year Lower
5 2 18-39 Male Black Western Yes No 4-year High
6 2 18-39 Female Hispanic Eastern Yes No < 2-year High
7 3 60+ Female White Western Yes No < 2-year Lower
8 3 60+ Mae White Western Yes No < 2-year L ower
9 4 60+ Female White Western Yes No 4-year High
10 5 18-39 Mae White Eastern Yes Yes 4-year High
11 5 40-59 Female Black Western Yes Yes 4-year High
12 5 18-39 Female Hispanic Western No No < 2-year High
13 Supp. 18-39 Nonbinary ~ White Western Yes No 4-year High
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Table 6. Final personalist with profiles and names.

Personanum-  Cluster number Name Age (years) Marital status Occupation

ber

1 1 David 43 Divorced Software Engineer
2 1 Yuki 40 Married PT Assistant

3 2 Emily 32 Single Socia Services

4 2 Ryan 52 Single Grocery Stocker

5 2 Desmond 37 Married Banking

6 2 Maria 35 Married Human Resources
7 3 Linda 66 Married Retired

8 3 Richard 60 Divorced Appliance Repair
9 4 Peatricia 67 Married Retired

10 5 Kyle 31 Married Firefighter

11 5 Alicia 46 Re-married Teacher

12 5 | sabel 21 Single Premedical student
13 Supplemental  Riley 26 In arelationship Graduate Student

(Personas 5 from Table 5). Quotes and drivers were also added

Persona Cards to the personas at this stage.

Thefina 13 personas were formatted into graphic single-page

summaries or persona cards. Figure 2 depicts 1 persona card
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Figure 2. Persona5: Desmond.

Desmond

Technically savvy and embraces the convenience technology offers

I:"::| Occupation: Banking @' Region: Western WA
é Agre: 37 = Education: 4-vear
#2% Race/Ethnicity: Black Has Minor Child: No
¢ Engish Only Home: Yes 2 Gender: Male
Public Health & Tech Characteristics Drivers
T High Lewel of Suppaort for PH Policies * Believes technology makes  everything

" Ciwns a Smarshone convenient but is wary of sharing data online

[ _ * Has witnessed malicious use of stolen
Sl e b information through his work
G Uses Oioline Elealth Tools ¢  Values personal safety and uses tools that will
support his own and his family's safeny
* Axeare of the danger of algorithms perpetuating
bias

Quotes

“Data and technology can be so helpful and really help make things faster and more convenient
in everyday life. The problem is that there are aways people with malicious intent ocut there who
can use any information they get their hands on to cause harm.”

“I only have one dedicated credit card that I use online and I track it re rly. I am hesitant to
create new accounts and share health or other personal information online. T weigh the
potental risks with the benefits to make a decision about any new app or account.”

“I am often out and about and since my wife has an autoimmune disease, I really value the
security of knowing that there is some level of safeguard around us. To us, downloading and
using online public health tools are usually worth it.™

Aspectsof the persona cardswereincluded based on their ability  the derivation and relevance of each section is provided in
to provide a practical and user-friendly tool to bridge the gap  Figure 3.
between data and actionable insights. A detailed description of
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Figure 3. Sample persona with section descriptions.

The demographic
section offers basic
information about the
persona. The

information provides A YUK' N
background for -
5 A — Eu«upﬂim PT Assistant % Regio
designers working on &
" N = + 41 %= Education:
tailored solutions and a i i
75" Race/ Ethnicity: Asan Il Fas M

starting point for
recruitment for
interviews or focus
groups.

~L) English Only Home: No

Public Health & Tech Characteristics

T High Level of Suppost for PH Policies
" Crams & Smarphane
| Bl 1tigh Tech Readiness

| S Uses Online Health Tools

Public heaith and tech
characteristics refer to
specific traits, behaviors,
and aftitudes related to
an individual’s
engagement with public
healith initiatives and

“Convenience is a hig deal when it cot

“T appreciate when health tools have &
casily usc them.”

records.”

technology. These
characteristics provide
insights into how a
person interacts with
health-related

information, services,
and technologies.

The full set of 13 persona cards can be found in Multimedia
Appendix 4 andisavailablefor download, allowing researchers
and practitioners to use and adapt them for their own work.

Discussion

Principal Findings

The development of these personas leveraged a uniquely rich
dataset, enabling anuanced representation of diverse population
segments. The mixed methods approach combined a rigorous
data-driven process with the depth of individual stories,
behaviors, and needs. This synthesis achieved a deeper
understanding of the dataset and allows for quickly gleanable
insights, balancing the key priorities for the persona creation,
which could not be accomplished with quantitative or qualitative
methods alone.

The approach focused on creating personas that were simple
and relatable, accurate, diverse, actionable, and comprehensive.
At times, decisionsin the methodology had to be madeto ensure
effectiveness by finding a balance among these guiding
principles. The aim was to define a collection of distinct
individuals who could be intuitively understood. The personas
reflect the breadth of demographic diversity in Washington
State, representing a range of characteristics rather than
matching exact population proportions, ensuring actionable
insights for public health informatics projects.

Cluster analysis served as a starting point, ensuring the final
personaswere guided by the survey data. While cluster analysis
alone was the most statistically accurate process, these clusters
did not establish a set of personas that upheld the other key

https://ojphi.jmir.org/2026/1/€75422
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1 Gender: Female

Quotes
mes to health tools. Tt can be a game-changer for keeping
us informed and safe — both personally and as a community.”
5 50 that my parents, who speak Japanese, can

“Convenience is key for me, and I find online tools helpful for tracking my and the kids' health

‘] value having easy access to my parents' medical records in Japanese,
“I value having easy o my pa ! medical d: -
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Drivers refer to the key
motivations, needs, and
factors that influence an
individual's behavior,
preferences, and
decision-making.
Including drivers in
personas is crucial

| because they can

il provide deeper insights
into the psychological
and emotional aspects
that shape a person's
interactions with a

WA
A-year

Child: Yes

Drivers

product, service, or
technology.

Quotes are excerpis or
direct statements
aftributed to the fictional

M individual represented

N by the personas.
Quotes were derived
from survey responses
and are intended to
capture authentic voices
and perspectives.

priorities. Through a mixed methods approach, distinct groups
with more gspecific demographic characteristics were
constructed. Thistechnique hel ps highlight various user groups
who might have more specific needs. For example, some of the
personas can help understand challenges for those who have
lower technological readiness that could benefit from targeted
strategies regarding technology adoption and usage. While this
is a minority of the population, individuals with these needs
must still be considered in design, development, and
communication.

This methodology aimed to mitigate potential biases from both
human-driven and purely quantitative approaches to persona
development. Traditional persona creation often relies heavily
on individual interpretation, which can introduce unconscious
human biases and assumptions. Conversely, purely data-driven
approaches can amplify existing biasesin the source data, which
can result in further marginalizing groups underrepresented in
the dataset. The mixed methods approach used in this study
leverages the strengths of both while working to mitigate their
weaknesses. The cluster analysis provided a foundation that
reduced subjective biases in the initial grouping, while the
qualitative analysis preserved a human perspective, alowing
for the creation of authentic and relatable personas that
addressed gapsin the quantitative results. Thisapproach ensures
statistically grounded and representative personas.

This development process considered a wide range of
demographic and outcome variables, ensuring the inclusion of
diverse population segments. This comprehensive approach is
crucial in public heathinitiatives, where effortsimpact abroad
population in highly personal and individual ways. While
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resource-intensive, this approach offers auseful framework for
creating representative and realistic personas. Thetemplate may
be used and adapted to meet the specific needs of various
projects.

This methodology demonstrates the value of a mixed methods
approach in capturing the complexity of public health user
groups and provides an adaptable template for futureinitiatives.

Use of Personasin Public Health I nfor matics Projects

The personas developed through this process may serve as a
tool to inform and guide public health informaticsinitiativesin
the following ways:

1. Facilitate formative work: prior to embarking on a
development project, personas can be used to understand
potential usersand recruit for interviews and focus groups,
during which tailored information needs and user
requirements data can be collected and analyzed.

2. Design and development: the design and development
process can be aded by personas, providing an
understanding of user preferences and behaviors.
Decision-making can be aided by considering the impact
of atool or change on all target personas.

3. Usability testing: personas can be used to either simulate
user interactions during usability testing or assist in the
recruitment of diverse and appropriate usability testers.

4. Communications: personas can be used to facilitateinternal
communications (ie, development team decision-making)
and external communications (eg, deciding on targets and
strategies for education and information campaigns).

These personas can be used directly in practice. For example,
a campaign focused on changing the health behaviors of
Washingtonians could use these personas to consider how to
tailor information to individuals with varying priorities and
levels of digital comfort. Application of these personas can
bring in considerations of real user opinions.

Implications for Public Health Initiatives

Understanding the needs and motivations behind different
personas can enhance the effectiveness of public health
interventions. Strategies can be tailored to specific personas,
and more targeted and impactful campaigns and technologies
can beimplemented. A user-centered design processthat is still
based on comprehensive data enhances usability and ensures
that interventions resonate with distinct segments of the
population. This may result in higher engagement and better
outcomes.

Further, as new data become available or as public health
priorities shift, personas can be updated or added to reflect these
changes, ensuring that the technology remains relevant and
responsive to current needs. This adaptability is particularly
valuable in the rapidly evolving landscape of public health,
where timely and accurate information is crucial.

Moreover, the iterative and flexible nature of persona
development allows for continuous refinement and adaptation.
The personas developed in this study can serve as a template
that other public healthinitiatives can modify according to their
specific needs and avail able resources. Even without access to

https://ojphi.jmir.org/2026/1/€75422

Garciaet d

extensive datasets, personas can be developed using smaller
datasets, targeted surveys, focus groups, or stakeholder
interviews. This process and the final product can be adapted
to whatever resources are available and relevant to the effort.
This adaptive approach ensures that initiatives remain timely
and responsive and allows for ameaningful tool across varying
resource availability and project scales.

Limitations

There are several important limitations to consider regarding
both the devel opment and potential use of these personas. Most
importantly, while personas are valuable tools for design and
devel opment, they are not substitutesfor direct user engagement
and feedback. These personas should ideally be used in
conjunction with, rather than in place of, real user data and
testing. They are meant to serve as practical tools when user
engagement is challenging or impossible due to resource
constraints, but they should not be seen as comprehensive
replacements for actual user research.

Additional limitations stem from the survey data on which these
personas are based. First, relying on survey data introduces
sampling bias, particularly in the case of the second-phase
survey data, as survey respondents may not be representative
of the diverse population of Washington State. Second, survey
data were collected in the context of the COVID-19 pandemic,
a moment in time. Public opinions rapidly evolve, and the
sentiments expressed in the surveys and subsequently used to
develop the personas may only reflect that context and not be
applicable to a new context. In particular, survey participation
during the pandemic may have been lower among certain
groups, such as lower-income populations [33], and public
attitudes at the time reflected heightened concern about health
and strong adherence to public health guidelines compared to
non-pandemic periods [34]. These factors may limit the
generalizability of the personas to future public health
informatics topics. Third, the surveys focused on capturing
opinions regarding WA Verify and its potential expanded use
cases, so generalizing to other public health tools will depend
on each tool and its context.

The methodology used presents additional limitations. Cluster
analysis requires incorporating assumptions and parameter
choices that may impact their interpretation, reliability, and
generalization outside the context of the analysis. The
development of personas may inherently oversimplify the
complexity of each individual represented. In addition, bias
may be introduced into the personas by including demographic
and other characteristics in their development.

The addition of the supplemental gender cluster, whileintended
toincludeindividuals who identify asaminority gender group,
presents another limitation. Personas are not meant to be
statistically representative of the population, but their value is
in simplifying acomplex population into asmall set of fictional
individuals that can be connected with. However, this
simplification comes with the cost of not capturing the breadth
of experiences across the population. While the representation
of gender-diverseindividualsin this study does not fully capture
the range of identities in Washington State and oversimplifies,
it offersan important point of visibility and inclusion, ensuring
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these perspectives are considered within the broader set of
personas.

Future Work

The overall usefulness of these personas would benefit from an
iterative process of feedback with stakeholders, including
developers, designers, communication teams, and any other
potential users of the personas. Stakeholders who are
experienced with using personas, aswell asthose hew to using
personas, would provide valuable feedback. This process can
help to ensure the relevance and applicability of these tools.

In particular, 1 question to be addressed is the appropriate level
of detail that is useful for these personas. In UCD, there are
differing opinions on the optimal level of detail in personas.
Emerging ways of thinking promote more pared-down personas
where there is no image and fewer personal details, focusing
instead on only the practical elements that directly affect
usability [35,36]. Others advocate for more life-like personas
with carefully considered details [37,38]. Some details added
to a persona may make the fictitious person more tangible, but
some argue that these details could be irrelevant, extraneous,
or distracting, potentialy even introducing unnecessary bias.
In this study, we used a more complete level of detail,
incorporating demographic characteristics as well as opinions
related to the topic at hand. The aim was to provide enough
context to support empathy, design decisions, and
communication strategies when access to user interviews was
minimal. Future work should explore the impact of different
levels of detail in personas on the tool’s effectivenessin public
health informatics projects.

Funding

Garciaet d

While evaluating the personas and their use within live public
health informatics projects was beyond the scope of this study,
evaluation is an important step. Future work should include
pilot testing with designers, developers, and public health
practitionersto assessthe personas’ usefulnessand their impact.

Additionally, more can be done to ensure the inclusiveness of
personas. This can be accomplished with further user inquiry
focusing on historically marginalized groups. Persona Cards
could also be iteratively reviewed with groups of people whom
they presumeto represent to check for validity and identify any
constructed biases. Without additional resources to conduct
focus groups or user research, other processes can be
implemented to better represent these communities, such as a
backwards user journey [30].

Conclusions

This study describes the process of developing personas from
existing survey datasets. The mixed methods approach,
combining quantitative cluster analysis with qualitative data
integration, resulted in 13 detailed personas. These personas
may be helpful in various stages of public health technology
initiatives, including needs assessment, design, roll-out, and
evaluation. By bridging the gap between large-scale data and
actionable insights, these personas offer a powerful tool for
creating more user-centered and effective public health
information systems. The methodol ogy presented here provides
a flexible framework that can be adapted to meet the specific
needs of various public health initiatives, potentially enhancing
the use of UCD principles and thus the user-centeredness and
effectiveness of public health technologies.
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of Washington School of Public Health (HED contract 25742).
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Multimedia Appendix 1

Statewide survey instrument. The complete 32-question survey instrument used for statewide data collection.
[PDF File (Adobe PDF File), 462 KB - ojphi_v18i1e75422_appl.pdf ]

Multimedia Appendix 2

Second phase survey instrument. The compl ete 53-question survey instrument used for the second phase of data collection.
[PDE File (Adobe PDF File), 70 KB - ojphi_v18i1e75422_app2.pdf ]

Multimedia Appendix 3
Additional descriptives.
[DOCX File, 31 KB - ojphi_v18i1e75422 app3.docx ]

Multimedia Appendix 4

Persona cards. The complete set of 13 persona cards devel oped through this research.

[PDF File (Adobe PDF File), 691 KB - ojphi_v18i1e75422_appd.pdf ]
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Abstract

Background: Oral nicotine pouches (ONPs), such as Zyn, have gained popul arity among young people; however, their portrayal
on socia media remains under-studied. Instagram memes, a widely shared form of digital communication, may shape young
peopl€'s perceptions about ONPs and contribute to the widespread acceptance of ONP use.

Objective: This study examines the thematic content of Instagram memes related to ONPs to understand how these products
are represented online.

Methods: The content of Instagram memes tagged with ONP-related hashtags—+#oral nicotinepouch, #zyn, #on, #velo, and
#ni cotinepouch—was systematically analyzed. After screening, atotal of 244 photo- and text-based memes were included in the
final dataset. Using a structured coding framework, 3 researchers categorized the memesinto key themes using NVivo software.

Results. Three dominant themes emerged: (1) the Zyn community (35.6%)—memes fostered a sense of belonging among users;
(2) marketing and branding (27.8%)—humorous critiques of product advertising and accessibility; and (3) perceived consequences
of use (13.9%)—memes highlighted perceived positive or negative consegquences of ONP use. Engagement metricsrevealed high
levels of interaction, with the Zyn community theme garnering the most user engagement.

Conclusions: ONP-related Instagram memes are primarily focused on community identity, humor, and marketing, with
community-centered content receiving the highest engagement. These findings indicate that socia belonging and humor are

central to the online representation of ONPs.

(Online J Public Health Inform 2026;18:e84025) doi:10.2196/84025

KEYWORDS

I nstagram; memes; nicotine; oral nicotine pouches; tobacco; Zyn

Introduction

Oral nicotine pouches (ONPs) are anew type of tobacco product
that, unliketraditional smokelesstobacco, use powdered nicotine
rather than tobacco leaves[1]. They aretypically used by placing
them between thelip and gum, wherethey are held in the mouth
to release nicotine [1]. The rising popularity of ONPs,
particularly among young people, hasdrawn increasing attention
from public health researchers and regulatory bodies[2]. Unlike
traditional smokelesstobacco products, ONPssuch asZyn, On!,
and Velo are marketed as tobacco-free alternatives that deliver
nicotine without combustion, making them appealing to users
seeking a discreet and convenient method of consumption [3].
However, short-term effects such as nausea, vomiting, bloating,
and heartburn, along with long-term risks including nicotine
addiction and potential oral health consequences, highlight the
importance of understanding how these products are perceived
in online environments [4,5]. These concerns are further

https:/oj phi jmir.org/2026/1/e84025

amplified by the widespread perceptions of low harm of ONPs,
influenced by their smokeless format and “tobacco-free”
marketing [6]. Among various ONP brands, Zyn stands out as
the most popular, widely recognized for its market dominance
and consumer preference [7]. Despite the growing market
presence of ONPs, at present, limited research has explored
how ONPs are perceived and discussed within digital spaces,
particularly through user-generated content on socia media
[7.8].

Most existing studies on ONPs have focused on marketing,
branding, or sponsored content rather than user-generated
discussions, leaving agap in understanding how everyday users
perceive and share these products online. On Reddit, prior
research examined perceptions of ONPs through observational
analysis of posts, revealing users experiences and attitudes
toward these products [9]. On TikTok, studies have analyzed
ONP-related videos, highlighting their growing popularity, the
promotional strategies used, and patterns of user engagement
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[10-12]. Instagram (Meta Platforms, Inc), which has 3 billion
monthly active users as of late 2025, serves as akey hub for the
exchange of user-generated content, including nicotine
consumption [13-16]. On Instagram, research has primarily
focused on brand-marketed content, including visua
advertisements and influencer postsillustrating how ONPs are
promoted to large audiences [17]. Additional studies have
examined ONP brand promotion through sponsorships and
reward campaigns that encourage users to collect points for
prizes; online retail tactics that leverage appealing product
attributes such as flavors and brand reputation; and large-scale
marketing campaigns across radio, television, and digital
platforms, illustrating the diverse ways the ONP industry
engages and interacts with consumers [18-20].

Research on Instagram posts more broadly shows how
user-generated content can influence perceptions and social
norms. Selfie-based portrayal s on Instagram have demonstrated
how smoking behaviors among young women can be glamorized
through user-generated content, contributing to the normalization
of tobacco use [15]. Similarly, Instagram posts related to
e-cigarettes reveaed that these products are framed as either
harmful or socially acceptable [16]. Although prior research
has examined ONP marketing content on Instagram [17],
Instagram posts created by users, including memes, remain
largely under-studied, representing an important gap in
understanding peer-to-peer perceptions and social normsaround
ONP use.

Contents shared on Instagram as memes may especialy
influence perceptions and behavior related to nicotine products
[21]. Memes are a widely shared and culturally relevant form
of digital communication that usually uses wit and humor to
further their content [22]. Young people often share tobacco-
and marijuana-related memes with their friends, particularly
memes that have received substantial attention in termsof likes
and shares on socia media [21]. However, how ONPs are
depicted on Instagram memes remains unclear. As memes are
an under-studied form of user-to-user communication, they can
shape social norms, influence perceptions of product risk and
acceptability, and provide early signals of emerging narratives
that may inform prevention messages and policy-relevant
communication strategies. Better understanding how the
ONP-related content is represented in Instagram memes may
provide valuable insights into the nature of the information
about ONPs circulating on social media as well as potential
social norms related to ONPs. To this end, this study seeks to
conduct a systematic thematic content analysis of Instagram
memes related to ONPs.

Methods

Ethical Considerations

This study was exempt from ethics review board approval
because it involved the analysis of publicly available,
anonymized data that did not include any identifiable private
or sensitive personal information [23], consistent with previous
tobacco-related social media research that has also been
exempted from ethics approval for using public data[24,25].

https:/oj phi jmir.org/2026/1/e84025
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A systematic search was conducted on Instagram in September
2024 using the hashtags #oral nicotinepouch, #zyn, #on, #velo,
and #nicotinepouch. We selected Instagram because it is one
of the most commonly used social media platforms by young
people, and memes are a prominent and widely shared content
type on Instagram [22,26]. All data included were publicly
accessible through Instagram’'s web interface. No private
accounts or nonpublic postswere collected, ensuring compliance
with Instagram’s user agreement. Datawere extracted manually
through systematic searches on the Instagram platform; no
application programming interface was used. Each post was
documented and stored in a secure database with screenshots
and URL s to ensure reproducibility.

Approximately 1800 posts across 8 Instagram accounts
associated with #oralnicotinepouch, #zyn, #on, #velo, and
#ni cotinepouch were screened by the second and third authors.
The inclusion criteria required the memes to be photo based
and text based and originate from specific Instagram accounts
associated with ONP-related hashtags. Posts were reviewed
independently by the 2 coauthorsto identify the eligible memes.
Duplicate posts (n=47), videos (n=1086), posts from deleted
accounts (n=396), or posts from accounts without meme content
(n=27) were excluded. A total of 244 photo- and text-based
memes met the inclusion criteria and were incorporated into
the final database for analysis. We selected both photo- and
text-based memes for analysis because doing so would enable
us to examine both visual and textual elements, which was
expected to provide a comprehensive understanding of how the
message was communicated in terms of language, tone, and
impact.

Codebook Development

The coding team consisted of 3 coauthors (YW, SB, and SA).
Before coding commenced, the research team developed a
detailed codebook. The team conducted a preparatory review
of 10 randomly selected memes to familiarize themselves with
the dataset and identify preliminary themes, visual styles, and
recurring elements. The coding team collaborated using a
structured approach to ensure consistency and accuracy in the
analysis process.

For the development of the coding framework, the research
team assigned each of the 3 coders (YW, SB, and SA) a subset
of 30 randomly selected memes from the dataset. Each coder
independently generated codes based on the primary themes
and messages conveyed in the memes. Following thisindividual
coding process, the team convened for a series of collaborative
meetingsto identify the most salient codesthat aligned with the
research objectives and grouped them into broader categories.
Minor refinements were made to expand and remove a few
codes based on team consensus, and all revisions were
documented in an updated codebook to ensure transparency and
auditability. The final codebook was organized into 3 major
themes (Zyn community, marketing and branding, and perceived
consequences of use), along with several additional but less
prominent themes. A coding tree accompanied the codebook
to ensure consi stent application acrossthe dataset. The codebook
was developed primarily using an inductive approach; based
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on acareful review of asample of memes, no deductive coding
based on existing frameworks was applied [27,28]. The unit of
analysiswas each individual |nstagram post containing memes.
For carousel posts, the entire carousel wastreated as 1 post, and
only thefirst memeimage was coded, asit isthe primary visual
content displayed to users. The complete codebook with
operational definitionsfor each codeis provided asMultimedia
Appendix 1.

Theteam used qualitative analysis software (NVivo; Lumivero)
to code the memes systematically, with 2 team members (YW
and SB) independently coding each meme. Team meetingswere
conducted regularly, both virtually and in person, to discuss
progress and refine the codebook. Shared resources, including
the dataset and coding materials, were organized and stored on
Google Drive for seamless access and collaboration.
Discrepancies were addressed through group discussions. Once
consensus was reached, the codes were finalized and stored in
a centralized repository for review and further analysis. The
final codebook was used to systematically codethe 244 memes.

Reliability and Validity

To ensure reliability, intercoder agreement using Cohen K was
periodically assessed throughout the coding process[29]. During
pilot coding, Cohen k ranged from 0.82 to 0.88 across all
individual codes, and the mean k of 0.85 (SD 0.02) was
calculated for overall coding agreement, which demonstrated
a high level of consistency and reproducibility in data
categorization among al coders.

To maintain high construct validity, we ensured that the codes
and categories accurately reflected the underlying concepts of
health messaging, product promotion, and nicotine pouch use.
This was done by obtaining continuous feedback from the
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research team and refining the codes based on the feedback
[30].

Engagement Metrics Analysis

Engagement metrics were extracted for the 3 most prominent
themes (Zyn community, marketing and branding, and perceived
consequences of use) by collecting the total number of likes,
comments, and shares associated with posts in each theme.
Cumulative engagement values were calculated to quantify
overall user interaction across themes.

Results

The majority of memes analyzed in this study were
predominantly about Zyn, reflecting its strong presence on the
Instagram platform. The analysis revealed a variety of themes
with differing frequencies, reflecting the multifaceted nature of
discussions surrounding ONP use.

Engagement Metricsfor the Top 3 Prominent Themes

The engagement metrics revealed that the top 3 themes driving
interaction were Zyn community, marketing and branding, and
perceived consequences of use. The Zyn community category
garnered significant interaction, with 650,000 likes, 1600
comments, and 696,000 shares. Similarly, the marketing and
branding category achieved 585,000 likes, 738 comments, and
497,000 shares. In comparison, the perceived consequences of
use category recorded 215,000 likes, 224,000 comments, and
422 shares.

Top 3 Prominent Themes

The most common meme category was Zyn community (87/244,
35.6%), followed by marketing and branding (68/244, 27.8%)
and perceived consequences of use (34/244, 13.9%). Figure 1
shows a sample of memes that reflected these top 3 themes.
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Figure 1. Memes that reflected these top 3 themes. (A) Sample memes illustrating the theme of Zyn community. (B) Sample memes illustrating the
theme of marketing and branding. (C) Sample memes illustrating the theme of perceived consegquences of use. Memes were posted by the following
Instagram accounts, from left to right: (A), enhanced.snus [31], lippillowmaxxer [32], and the_zyn_head [33] (B), zyn_fluencers [34], zynbabweclub
[35], zyncentral [36] (C), zynternet [37], enhanced.snus [31], zynfulmoments [38].

Washington D.C. tomorrow when you ban Zyns

BILLION DOLLAR IDEA: Sephora, but it's
just different Zyn flavors, dry and wet
pouches. Costco-like sample stations.

Yo these zyns are starting to make me
feel happy and stable again!

My depression & anxiety:

CTNBANY;

>
%37WVH@T’4¢£§

Theme 1. Zyn Community

Thetheme Zyn community highlighted the social aspect of Zyn
use, where users devel oped group identity through their shared
enthusiasm for the product. The memes in this category often
combined humor with relatability to build a sense of belonging,
allowing individuals to connect over their mutual use of Zyn.
For example, a meme depicting people protesting in
Washington, DC, after the Zyn ban tapped into the idea of
collective defiance and solidarity within the Zyn user
community. Another meme of a group of people staring at a
man walking into the office bathroom after his first Zyn and
coffee of the day highlights a sense of belonging among users

https://ojphi.jmir.org/2026/1/e84025
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*Walking into the office bathroom after
my first Zyn and coffee of the day*

The transition of a boy
turning into a man:

7 Eleven cashier: “You're up early”

Me: “l just need Zyns”

Mini heart attack when you /4
can't find these in your pocket:
& A

¥ Men’s mental

health

who recognize and relate to the humorous scenario. Yet another
meme showed a group of people facing Zyn and included the
following text: “Declaration of Zyndependence” This meme
seemed to highlight a sense of unity and shared pride among
Zyn users. In sum, these memes appeared to foster bonding
among Zyn users by highlighting shared experiences and
in-group jokes related to Zyn.

Theme 2: Marketing and Branding

The marketing and branding theme primarily focused on how
Zyn and other nicotine pouch brands positioned themselvesin
the market. Memes often humorously highlighted the flashy
advertising strategies, product packaging, and brand slogans
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used to appeal to consumers. For example, a meme stated,
“Billion-dollar idea: Sephora, but it's just a different Zyn
flavor—dry and wet pouches. Costco sample station vibes,”
thus humorously pointing out that Zyn’s marketing mimicked
the aspirational branding strategies of high-end consumer goods.
Another meme humorously showcased the transition from
childhood to adulthood: “Big league chew to Zyn.” This meme
reflects a generational shift from childhood to
adulthood—referring to “Big League Chew,” a gum designed
to mimic chewing Zyn, and portrays the transition to Zyn as a
natural or expected part of growing up, potentialy trivializing
the shift to nicotine products. Other memes emphasized the ease
of accessing Zyn and/or glorified the addiction to Zyn, for
example, “ 7-Eleven cashier: You up early?Me: | just need Zyn.”
Thus, these examples reflect how Zyn memes use humor to
brand Zyn as an appealing product, glamorize Zyn use, and
glorify the dependence on the product.

Theme 3: Perceived Consequences of Use

Several memes discussed the perceived consequences of using
nicotine pouches, particularly in relation to mental health. One
meme humorously stated, “Zyn are starting my day happy and
stable again,” accompanied by an image of an animated
character displaying afearful, agitated expression, with the text

https:/oj phi jmir.org/2026/1/e84025
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“my depression and anxiety” displayed. Another meme
humorously suggested that forgetting Zyn in one's pocket—just
like a phone or wallet—could cause a “mini heart attack,”
emphasizing the intensity of dependence on the Zyn product.
This exaggeration highlights how users may jokingly
acknowledge their reliance on ONP products while continuing
to engage with them.

Finally, ameme portrayed aman labeled as“ Zyn” lifting alarge
boulder representing stress or negative affect. This meme
seemed to communicate that the use of Zyn helped cope with
high levels of stressor negative affect. Alternatively, the boulder
may be interpreted to indicate high levels of dependence on
Zyn. In sum, these memes reflect a mix of perceived positive
and negative consequences associated with ONP use.

Additional Themes

Other themes identified in the analysis included nicotine
strength, flavor varieties, first-time user experiences, and
comparisons between Zyn and other tobacco product. When
combined, these themes represent aminor portion of the overall
dataset, contributing approximately 22.5% (55/244) of thetotal
samples. Figure 2 shows asample of memesthat reflected these
additional themes. Engagement metrics for other themes were
not reported due to lower levels of interaction.
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Figure 2. Memes that reflected additional themes. (A) Memes related to nicotine strength. (B) Memes related to flavor varieties. (C) Memes related
to first-time user experiences. (D) Memes related to comparisons between Zyn and other tobacco products. Memes were posted by the following
Instagram accounts: (A) lippillowmaxxer [32], (B) the_zyn_head [33], (C) zyncentral [36], and (D) zynternet [37].
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Discussion

Principal Findings

This study explored ONP-related memes on the social media
platform Instagram. The analysis revealed 3 prominent themes
across the memes: Zyn community, marketing and branding,
and perceived consequences of use. Memes in the Zyn
community theme highlighted social bonding and shared
experiences among users, while marketing and branding
evaluated the potential appeal of ONPs. The perceived
consequences of use theme captured the mixed perceptions of
potential consequences of ONP use, such as stress or affect
regulation and dependence. Additional themes, including
nicotine strength, flavor varieties, first-time user experiences,
and comparisons between Zyn and other tobacco products, were
less prevalent.

Emerging tobacco products such ase-cigarettes areincreasingly
shaped by digital culture, where social mediacommunities play
acritical rolein influencing how these products are perceived,
shared, and normalized. Prior research on vaping and
ONP-related social media content closely aligns with the Zyn
community theme in this study, demonstrating how humor,
shared narratives, and visually engaging posts foster a sense of
belonging and normalize product use. Humor-driven content
has been shown to strengthen community connections [39],
whilein-group communication and youth-friendly imagery help
promote shared identity and normalize vaping behaviors [40].
Similarly, visually appealing posts such as selfies and product
photos reinforce community bonds [41]. This pattern extends
to ONPs, with Reddit discussions framing ONPs as lifestyle
enhancers and TikTok content portraying them as trendy and
youth-oriented through humorous, relatable narratives [9-11].
Our findings show that Instagram memes replicate these
mechanisms, positioning ONPs as productsthat facilitate social
connection and identity formation.

Advertisement, brand promotion, and marketing of e-cigarettes
on social media have become prevalent practices [42-44)].
Emerging evidence shows that ONPs are promoted on social
media in ways similar to other tobacco products, such as
e-cigarettes, with content framing them as socially acceptable,
lifestyle-oriented, and often humorous, appealing to younger
audiences [9-11]. Studies have shown that images depicting
vaping activities tend to generate high engagement and that
platforms such as Instagram and Pinterest are effective channels
for e-cigarette product displays [11,42]. These findings align
with our study’s marketing and branding theme, which
highlights Zyn's marketing strategies, particularly through
memes that humorously position the brand as aspirational and
ubiquitous, while also suggesting that Zyn use is a grown-up
behavior. Research studies also indicate that ONPs are marketed
for noncessation purposes and commonly use youth-targeted
cues, lifestyle imagery, and implicit health messaging [12,17].
Collectively, these findings reinforce that ONP marketing on
social media, much like e-cigarette marketing, leverages visual
storytelling, humor, and lifestyle branding to broaden appeal,
particularly among younger and digitally engaged audiences.
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The perceived consequences of use theme reflects the mixed
beliefs surrounding ONP use. Consistent with recent TikTok
and Reddit studies, our findings show that users often frame
ONPs as tools for stress relief or affect regulation, despite
contradictory evidence[9,10]. Memesin this category frequently
portray Zyn as a coping mechanism for stress, affect, or poor
mental health symptoms (eg, anxiety and depression) [11] or a
humorous dependency (eg, the“ mini heart attack” when apouch
ismissing). These portrayals align with findings from nicotine
research indicating that users often perceive nicotine as stress
reducing, although nicotine can exacerbate stress and withdrawel
symptoms [45]. The humorous framing in memes may obscure
these harms, reinforcing the normalization and trivialization of
dependence.

The findings from this study highlight significant implications
for public health strategies targeting ONP use. First, given the
widespread use of humor and relatability in memes, public
health campaigns could consider adopting similar strategiesto
effectively communicate the health risks associated with ONPs.
By leveraging humor, these campaigns may better engage
younger and more digitally connected audiences, potentially
reshaping the cultural narratives surrounding nicotine use.
Second, the study emphasizesthe need for policiesthat address
the normalization of these productsin online spaces. Regulatory
agencies should recognize memes and other user-generated
content asinfluential promotional toolsand consider monitoring
these platforms, as understanding how memes reinforce
marketing tactics and community identities can inform
regulatory frameworks aimed at controlling the promotion and
accessibility of these products, particularly on youth-oriented
digital platforms. At the sametime, public health professionals
have an opportunity to engage with active communities, such
asthe online Zyn community on Instagram, using their language
and humor to provide accurate, balanced, and reliable
information about nicotine, including both addiction risks and
potential harm-reduction aspects of honcombustible products.
Third, policies should also target indirect marketing practices,
including influencer partnerships, trend-based content, and
meme-driven brand symbolism, which often escape traditional
advertising oversight. By combining engaging public health
messaging with updated regul atory measures, it may be possible
to reduce the appeal of ONPs among adolescents and young
adults.

Strengths, Limitations, and Future Directions

This study has several strengths that enhance its relevance to
tobacco research. First, it investigates the growing online
community of ONP users, using memes that capture the social
dynamics and cultural narratives surrounding these products.
Theanalysisalso examines how memes blend humor and social
commentary, offering insights into user perceptions and
behaviors. This is particularly relevant to young people—a
group especially vulnerable to nicotine initiation and
addiction—as such content may reinforce interest in and
normalize nicotine pouch use. By focusing on the popular social
media platform Instagram, this study highlights the need for
innovative public health interventions that resonate with digital
communities. Furthermore, the research sheds light on the
influence of user-generated content in shaping product
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perceptions and cultural identities, contributing to the broader
conversation about how digital platforms impact health
behaviors.

While our study offers valuable insights into the social and
cultural dimensions of ONP use, there are several limitations
to consider. The analysis was limited to Instagram, which was
selected due to its popularity among young adults and its
prominence in visua memebased content. However,
nicotine-related messaging also appears on platforms such as
TikTok, X (formerly Twitter), and Reddit, which were not
examined here. Thereliance on memesasaprimary datasource
may also have introduced skewed perceptions, as memes often
exaggerate or trivialize experiences for comedic effect and may
not fully capture the complexities of user experiencesor broader
attitudes. The hashtag-based sampling strategy may have
excluded relevant content outsi de those parameters and increased
thelikelihood of including posts from nonhuman accounts, such
as automated promotional profiles. Additionally, posts were
manually screened, and lower-engagement content was removed,
which limits reproducibility and generalizability and may have
omitted important perspectives. Finally, the engagement matrix
was reported as cumulative totals per theme, which may limit
variation at the individual post level.

Future research should explore cross-platform differences in
nicotine-related discourse to develop a more comprehensive
understanding of how ONPs are represented and circulated
online. Combining meme analysis with traditional qualitative
methods, such as focus groups or in-depth interviews with
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membersof digital communities, could provide amore nuanced
understanding of how ONP use is perceived across different
demographic groups. Incorporating bot detection tools and
broader sampling strategies could help improve the rigor of
future analyses. Studies using post-level engagement data and
applying descriptive or inferential statistical techniques may
more accurately characterize patterns of user interaction.
Additionally, longitudinal designs could help track evolving
cultural perceptions of nicotine products as they become more
mainstream, and future work may also examine how memes
contribute to the adoption of other emerging nicotine products,
such as smokeless and heated tobacco products.

Conclusions

Our study illustrates how memes reflect the perceptions of
ONPs, emphasizing key themes of community, marketing, and
consequences of use. The findings highlight the importance of
understanding the digital culture surrounding these products,
particularly as they gain popularity among younger, more
digitally connected populations. By recognizing the role of
humor, relatability, and branding in influencing attitudes, public
health campaigns can be better tailored to address the cultural
appeal of ONPsand mitigatetheir potential harm and understand
their potential as substitutes for cigarettes. The study lays the
groundwork for future research that can explore theintersection
of digital culture, substance use, and public health, offering
valuable insights for designing more effective, culturaly
relevant health interventions and providing reliable, balanced,
and evidence-based information on nicotine and tobacco
products.
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Abstract

Background: Prior studies have identified key factors contributing to COVID-19 vaccine hesitancy, including concerns over
vaccine safety, potential side effects, and mistrust in the health care system. According to the World Health Organization, vaccine
hesitancy isamong the top 10 threatsto global public health. Previous research has suggested that vaccine hesitancy isasignificant
barrier within the Hispanic population, particularly in Texas.

Objective: This longitudina study examined the relationships of daily stance, misinformation, and topics in vaccine-related
English and Spanish Facebook posts with daily vaccination rates in Tarrant County, Texas, during 2021 and 2022. The goa was
to identify the predictors associated with vaccination uptake and inform targeted social media interventions, with particular
attention to the Hispanic population.

Methods: COVID-19 vaccine-related English and Spanish Facebook posts from Tarrant County were collected for 2021 and
2022. The study analyzed 12,395 English posts and 1123 Spanish posts. Posts were annotated using GPT-4 for stance,
misinformation, and relevant topics, including vaccine availability, safety, and side effects. Category prevalence was compared
across English and Spanish posts and across years. Linear regression models were used to examine associations between post
characteristics and daily vaccination rates in the total and Hispanic populations.

Results: Regression analysis identified distinct predictors of Hispanic vaccination uptake, including encouraging posts (P=.02)
and religion-related posts (P=.007), which were not significant predictors for vaccination uptake in the general population. A
substantial proportion of Spanish discouraging posts focused on vaccine side effects (13/70, 19%) and health system distrust
(24/70, 34%), suggesting concerns that may be especially relevant within the Hispanic community. Predictors associated with
higher uptake in both the Hispanic and total populations included posts related to vaccine availability (P=.01), vaccine safety
(P=.006), and misinformation debunking (P<.001).

Conclusions; Posts related to vaccine availability, vaccine safety, and debunking misinformation were associated with higher
vaccination uptake. Encouraging posts and religion-related posts were associated with higher vaccination uptake in the Hispanic
population, suggesting meaningful cultural nuances. These findings support the value of culturally tailored social mediamessaging
in public health campaigns.

(Online J Public Health Inform 2026;18:€72465) doi:10.2196/72465

KEYWORDS

social media; COVID-19 vaccine hesitancy; cultural nuances; Hispanic population; misinformation; public health interventions;
vaccination acceptance

control the spread of the virus[1]. Vaccination has historically
been one of the most effective interventions in preventing
infectious diseases and protecting population health [2]. Despite
the availability and widespread administration of COVID-19
vaccines, many individuals remain hesitant to receive them,
raising serious public health concerns [3]. WHO identified
vaccine hesitancy as one of the top 10 global health threatsin

Introduction

Background

In March 2020, the World Health Organi zation (WHO) declared
COVID-19 a pandemic, underscoring the critical need for
effective public health measures, including vaccination, to
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2019, even before the onset of COVID-19 [4]. This persistent
hesitancy has been driven by factors, including vaccine safety
concerns, fears of side effects [1], mistrust in the health care
system, various socioeconomic and demographic influences
[5,6], and the usage of socia media platforms for gathering
information [7,8].

These factors do not affect all communities equally. Prior
research has shown higher vaccine hesitancy in some ethnic
minority populations [9]. Studies examining racial and ethnic
disparities in COVID-19 vaccination found that people with
lower income or education, women, and some minority groups,
including Black and Hispanic populations, were more likely to
delay or avoid vaccination [10,11]. Such findings underscore
the importance of localized analysis, since state- and
national-level patterns may mask community-specific concerns.

Thisisparticularly relevant in Texas. During the 2021 legidlative
on, vaccine hesitancy discussionsreflected concerns about
medical freedom, vaccine effectiveness, and vaccine safety [12].
While these concerns overlap with national patterns, they may
not fully capture barriers affecting smaller communities,
including Hispanic populations. National-level data have shown
that Hispanic individualswerelesslikely than Whiteindividuals
to receive an initial vaccine dose [13]. Other research has
suggested that messaging emphasizing family protection and
directly addressing mistrust may be more effective for Latino
communities [14]. Together, these findings suggest that
interventions may need to be tailored to not only demographic
groups but also local settings.

Social mediahas been widely used to study COVID-19 vaccine
hesitancy [15-18]. Some studies focused on sentiment [19-25],
whereas others examined misinformation [ 16,26,27]. Prior work
has analyzed English-only [28,29], Spanish-only [30-33], and
multilingual datasets[34-37]. For example, one study examined
vaccine misinformation in English and Spanish [34], and another
showed that multilingual discussion around AstraZeneca and
Omicron underscored the need for culturally informed public
messaging [35]. However, prior research has rarely linked
bilingual social mediadiscourseto real-world vaccination uptake
at the county level.

This study addressesthat gap by analyzing English and Spanish
Facebook postsfrom public pagesand groupsin Tarrant County,
Texas, across 2021 and 2022. Tarrant County isalarge, diverse
urban county with a substantial Hispanic population (30.5%)
[38], making it auseful setting for examining cultural influences
on vaccine uptake. By combining bilingual social media data
with vaccination data disaggregated by time and ethnicity, this
study provides a more granular view of how online discourse
relates to population-level vaccination behavior.

The study addresses three research questions:

1. How did stance, misinformation, and topics differ between
English and Spanish sociad media posts regarding
COVID-19 vaccines in Tarrant County?

2. How did these differences in stance, misinformation, and
topics change over time from 2021 to 20227

https://ojphi.jmir.org/2026/1/e72465

Aleksandric et d

3. What associations existed between the characteristics of
these posts and daily vaccination rates among the total and
Hispanic populations?

This analysis is informed by two complementary frameworks:
(2) the health belief model [39] and (2) the agenda-setting theory
[40]. The health belief model suggeststhat health behaviorsare
shaped by perceived risk, benefits, barriers, and cues to action
[39]. Inthiscontext, social mediaposts may act as cuesto action
by shaping how peopl e think about vaccine safety, effectiveness,
and accessibility. The agenda-setting theory emphasizes the
role of mediain influencing which issues are seen asimportant
[40]. Applied here, it suggeststhat frequent discussion of issues,
such asside effects, mandates, and misinformation, may increase
their salience and thereby shape public attitudes and behaviors.
Together, these frameworks provide a useful basis for
understanding how vaccine-related discourse on Facebook may
be associated with vaccine uptake.

In collaboration with the Tarrant County Public Health
Department, this study used monthly vaccination records that
included ethnicity, enabling the analysis of both total and
Hispanic vaccination uptake. The study aso introduced a
scalable approach for annotating vaccine-related posts using
GPT-4. Post-level variables were defined through iterative
manual coding of 200 English and 200 Spanish posts, and these
werethen used to construct promptsfor labeling the full dataset
across 16 variables. By examining stance, misinformation, and
awide range of vaccine-related topics, this study hasidentified
message types associated with higher vaccination uptake and
highlighted cultural differencesthat may help guide future public
health communication.

Variables

Overview

The analysis included dependent, independent, and control
variables. Because Facebook posts may contain more than one
relevant characteristic, independent variables were not mutually
exclusive,

Dependent Variables

Vaccination data from January 2021 to December 2022 were
obtained from the Tarrant County Public Health Department.
The data were anonymized. Each data point represented an
individual who got vaccinated and contained information such
as the total number of doses received, race, ethnicity, gender,
date of birth, and the date of thelast dose. It isimportant to note
that these data are not publicly available, and merging these
data with social media posts made this research possible. The
data were received monthly, where new individuals and doses
were added to the record. Such data allowed for the calculation
of the total new daily vaccinations at the county level and the
new daily vaccinations of the Hispanic population at the county
level. New daily vaccinations represent new individuals who
have received their first dose that day. Thus, the analysis used
new vaccinations per day as adependent variable. In summary,
we defined the dependent variables new Hispanic vaccinations
and new total vaccinations as newly vaccinated Hispanic
individuals per day and newly vaccinated individuas in total
per day, respectively. Separating the total vaccination rate from
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the vaccination rate of the Hispanic population was a crucia
step in understanding cultural nuances in vaccination uptake,
as it alowed the examination of which factors are significant
predictors compared with total vaccination uptake. It is
important to note that the dependent variables (ie, new Hispanic
vaccinations and new total vaccinations) were calculated by
dividing the daily number of first-dose COVID-19 vaccinations
by the corresponding population groups in Tarrant County,
Texas. Specifically, new Hispanic vaccinationswere normalized
using the county’s Hispanic population, while new total
vaccinations were normalized using the county’s tota
population. This standardization (ie, vaccinations per capita)
accounts for differences in population size and enables more
accurate comparisons over time and between demographic
groups.

I ndependent Variables

In the literature, stanceis defined as an individual's standpoint
toward a proposition or topic (eg, abortion, feminism, climate
change, and others), where the viewpoint can be supporting,
opposing, or neutral toward the object [41]. Therefore, the
concept of stance could be applied as the users’ standpoint
toward vaccination, formulating the first independent variable.

According to multiple research studies, becoming acquainted
with antivaccination views and false information on Twitter
contributed to vaccine reluctance and denial aswell asan overall
decrease in the number of individuals receiving the vaccine
[42-44]. Thus, vaccination stance was used as an independent
variableto examine its possible association with the vaccination
rate. Encouraging and discouraging posts were included, while
neutral postswere not considered. As a neutral stance does not
provide any specific insights and does not reflect users' views
toward vaccination, itsexclusion alowsfor aclearer comparison
of the associations of encouraging and discouraging posts with
the vaccination rate. In more detail, encouraging posts are posts
that explicitly support vaccination and aim to motivate others
to get vaccinated, while discouraging posts express a negative
standpoint toward vaccination and aim to prevent vaccination.

Prior work defined misinformation as unintentionally shared
information that isfake or misleading [45]. According to related
research, misinformation propagated online hurts COVID-19
vaccine acceptance [46-50]. Some of the most common
conspiracy theories regarding COVID-19 vaccines were that
they do not work and that they may cause autism or infertility
[46]. In addition, with many social media platforms nowadays,
there is greater exposure to vaccine misinformation [51],
potentially slowing progress toward reaching herd immunity
[26]. However, individuals with higher vaccine literacy areless
likely to believe in such theories [52,53]. Hence, statistical
models used vaccine misinformation as an independent variable.
Similar to the approach used for stance, only debunking and
misinformation posts were included, while posts without
relevant content were not considered, as they do not provide
useful insights.

Previous research measuring the effectiveness of interventions
aiming to reduce vaccine hesitancy toward influenza, human
papillomavirus, tetanus, polio, and other vaccines concluded
that most interventions included multiple aspects that focus on
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raising knowledge and vaccine awareness [54]. Many recent
studies have proposed the use of social media platforms for
targeted messaging to educate the population and enhance
awareness in order to reduce vaccine hesitancy [29,46].
Therefore, it is evident that spreading accurate information
regarding vaccination can increase vaccination acceptance, and
social media could aid in outreach. Thus, it is important to
consider which social media posts provide factual information
regarding vaccination. Whether a post is informative was used
as abinary independent variable in the models.

There are several post topics/categories. The literature has
highlighted multiple reasons behind vaccine hesitancy, such as
potential vaccine side effects, mistrust toward the government
or health system, doubts about vaccine benefits/efficacy and
safety, and dissati sfaction with vaccination mandates[1,5,6,55].
Thus, topics, such as vaccine side effects, government, health
system, vaccine safety, policies'mandates, and vaccine
benefits/efficacy, wereincluded asindependent binary variables
in the statistical models. Furthermore, prior work has shown
that study participants who knew someone who contracted
COVID-19 or died because of it were morelikely to receive the
vaccine [56]. Therefore, the variable indicating whether a post
discusses a COVID-19 illness experience was included as an
independent variable. Research has al so suggested that religious
beliefs play a significant role in vaccine hesitancy, where
religiosity is negatively associated with COVID-19 vaccine
uptake [57]. Thus, whether apost mentionsany religious beliefs
was used asabinary independent variablein the models. Finally,
vaccine hesitancy ismore preval ent across minority populations
[14,58]. Therefore, community-specific advice variables
indicating whether a post includes information specific to any
minority population were included as binary variables in the
analysis.

While certain variables were identified as independent based
on previousliterature, otherswere defined through open-coding
techniques during the data labeling process. During the
annotation of Facebook posts, annotators identified several
frequently occurring categories that were subsequently added
asindependent variablesin the models owing to their potential
influence on vaccine uptake. These categories—vaccine
availability, education, postvaccination advice, and
statistics—represent critical aspects of public discourse that
address practical, emotional, and informational barriers to
vaccination. Vaccine availability posts provide essential details
on where, when, and how to get vaccinated, eliminating
logistical uncertainties hindering vaccine uptake. Posts related
to education discuss school policies and vaccination
requirements, which are particularly relevant for parents and
students navigating the return to in-person learning.
Postvaccination advice posts offer guidance on managing side
effects and follow-up doses, addressing anxieties, and
simplifying the vaccination process. Finaly, posts sharing
statistics present concrete data on vaccination rates and
COVID-19 cases, serving as powerful motivators by reinforcing
the urgency and benefits of vaccination. Including these
variables in the models allowed for a more comprehensive
analysis of how different types of messaging influence
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vaccination behavior, providing actionableinsightsfor designing
effective, targeted public health interventions.

Control Variables

The analysisincluded a measure of the population available to
vaccinate, calculated asthe share of the relevant population that
has not yet received a vaccine. Separate measures were used
for the total and Hispanic populations. This variable accounts
for the declining pool of eligible first-dose recipients over time.

Language was aso included as a control variable coded as
English or Spanish. This alowed the analysis to test whether

Figurel. Study framework.

Facebook data collection Data filtering
4 ™\ / Manually tabel 1000 "\
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Tarrant County. titer ou’ the posts

containing these
keywords.

N AN

Facebook Data Collection

Many studies have leveraged social media platforms to assess
vaccine hesitancy and vaccination acceptance. For example,
studies have examined sentiments and misinformation about
vaccines on platforms like Twitter, Facebook, YouTube, and
WhatsApp [29,59-61]. This study collected data from one of
the most widely used socia media platforms, Facebook [62].
Facebook was considered a suitable platform for this study, as
a previous study has reported that 66% of the Hispanic
population uses this platform [63]. CrowdTangle application
programming interface [64], asocia medialistening tool from
Meta, was leveraged to query the data based on the selected
keywords, location (Tarrant County), and period (January 1,
2021, to December 31, 2022). It is important to note that the
data provided by CrowdTangl e originate from public pagesand
public groups, not individual users, while the selected location
yields posts relevant to that region based on the location
distribution of page/group followers or participants. The
keywords used for collecting the English dataset were adopted
from the CoVaxxy dataset [65], which isan extensive collection
of COVID-19 vaccine-related tweets collected with a unique
keyword list created by using the snowballing technique. Some
exampl esinclude pfizervaccine, covax, and getvaccinated. The
keywordsfor collecting the Spanish dataset were adopted from
another related study analyzing Spanish Facebook postsin Texas
[30], where the keyword list was also created by incorporating
a snowballing technique to identify relevant keywords specific
to Spanish COVID-19 vaccine-related posts. Some examples
include vacuna covid, segunda dosis, and efecto secundario
covid. Finally, 21,737 English posts and 1596 Spanish posts
were collected. There may be a few reasons for the lower
number of Spanish posts. First, the percentage of the Hispanic
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post language was associated with differential vaccination
uptake while recognizing that language does not map perfectly
onto ethnicity.

Methods

Overview

Figure 1 presents the study framework, which included the
following 4 stages: Facebook data collection, datafiltering, post
classification, and statistical analysis.

Post classification Statistical analysis
Calculate new daily

vaccinations.

perform iterative manual

labeling of 16 variables,
such as stance,

misinformation, vaccine
side effects, etc.

Perform multivariate
linear regression
analysis where
standard errors are
clustered per day and
vaccination is used as

the dependent
- /

variable.

population in Tarrant County is around 30%. Therefore, the
percentage of Spanish versus English posts is expected to be
lower. Second, some Hispanic users might still post in English.
Whilethis study aimed to compare social media post categories
between Hispanic and non-Hispanic populations, a key
limitation isthe inability to definitively determine the ethnicity
of users based on post language. The assumption that
Spanish-language posts originate from Hispanic individualsand
English-language posts originate from non-Hispanic users may
not always be accurate. This introduces potential biasesin the
analysis, as users may post in alanguage that does not reflect
their ethnicity. This limitation affects the validity of the
conclusions drawn about how different demographic groups
express attitudes toward vaccination. Despite this, the findings
remain relevant because they identify key post categories
associated with vaccination uptake in each language group.
These insights suggest that the sample is still broadly
representative, even if individual user ethnicity cannot be
verified with certainty.

Ethical Consider ations

The study wasreviewed by the University of Texasat Arlington
Ingtitutional Review Board (protocol #2022 - 0072), which
determined that it did not meet the definition of human subjects
research under 45 CFR 46.104 (d)(2i), Revised 2018 [66]. As
such, the study was classified as non—human subjects research
and did not require Institutional Review Board approval. The
project used publicly available data and was consistent with
public health surveillance activities, asit involved the systematic
collection and anaysis of population-level information to
monitor health-related behaviors and information patterns,
without interaction with individuals or access to identifiable
private information, which has been outlined in Centers for

Test GPT-4 in annotation,
annotate the whole dataset,
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Disease Control and Prevention Policy 557 [67]. All Facebook
dataanalyzed in this study were obtained from public Facebook
pages and groups only. No private or identifiable user
information was collected, and datawere analyzed in aggregate
and were fully deidentified prior to analysis, ensuring the
protection of user privacy and compliance with ethical research
standards for the secondary use of data.

Data Filtering

Although querying based on vaccine-related keywords yielded
many Facebook posts, an essential step before further data
processing involved ensuring that the posts obtained wererelated
to COVID-19 vaccines. Initidly, a random sample of 1000
English posts and 500 Spanish posts was extracted from the
whole dataset. Then, 2 pairs of annotators (2 annotators for the
English posts and 2 for the Spanish posts) manually labeled the
samples by indicating whether each post was related to
COVID-19 vaccines. Theannotatorslabeling the English dataset
were English speakers, with one annotator having a computer
science background and the other having a public health
background. The annotators labeling the Spanish dataset were
Spanish and English speakers, with one annotator having a
computer science background and the other having a public
health background. The annotators provided a simple binary
label for each post, with “1" used to indicate a relation with
COVID-19 vaccinesand “0” used to indicate no relation. Once
the labeling was compl eted, the annotators met to discuss and
resolve any disagreementsin labeling. The Cohen k scores for
the labeling of the English and Spanish datasets were 0.76
(substantial agreement) and 0.14 (dlight agreement),
respectively. The disagreements in the Spanish sample were
manually checked, and thelow Cohen k wasfound to be mainly
dueto one of the annotators suggesting that posts of job postings
mentioning vacci nation requirementsin the application process
should be considered vaccine-related. However, the other
annotators did not agree, as these posts did not provide any
further discussion regarding the vaccines. Hence, the annotators

Figure 2. Description of the variables used to annotate the posts.
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decided that these posts should not be classified as
vaccine-related. In the English dataset, 60.5% (605/1000) of
posts wererelated to COVID-19 vaccines, whilein the Spanish
dataset, 83.2% (416/500) of posts were related to the vaccines.
By manually examining non—vaccine-related posts, lists of
keywords relevant to such posts were created.

Some manualy identified keywords specific to
non—vaccine-related posts were dog, heartworm, hiring, music,
etc, corresponding to posts related to animals, events that
required COVID-19 vaccination, job openings, or document
services. After ssemming thetexts of the posts and the keywords,
posts containing any of the keywords from the corresponding
lists were classified as non—vaccine-related. Using this
methodology, the percentages of misclassified posts when
comparing the obtained labels to the ground-truth dataset were
5.9% (59/1000) and 5.6% (28/500) for the English and Spanish
datasets, respectively. Therefore, we filtered the whole dataset
using these keywords (ie, discarded posts irrelevant to
COVID-19 vaccination). We eventualy classified 13,819
English posts and 1249 Spanish posts as relevant.

Post Classification Ground-Truth Dataset

Previous literature has suggested many reasons for vaccine
hesitancy, such as the fear of potential vaccine side effects,
efficacy issues, mistrust toward the government or health
system, misinformation spread, and others[11,14,26,68]. Thus,
this study assessed English and Spanish Facebook posts to
investigate how stance, misinformation, informative versus
noninformative posts, and post categories/topics (such asvaccine
side effects, government, health system, and others) were
associated with vaccination ratesin Tarrant County in 2021 and
2022. In more detail, the goal was to identify the potential
reasons behind vaccine hesitancy in socia media posts and
examine the association between online activity and actual
vaccination uptake. A summary of relevant variablesrelated to
socia media postsisillustrated in Figure 2.

[ Vaccine-related posts J

L

Stance Misinformation

Indicates whether the
post encourages or
discourages vaccination
or is neutral toward
vaccination.

Indicates whether the
post contains
misinformation or
whether it debunks it.

This study attempted to cover al the reasons for vaccine
hesitancy and label them in Facebook posts. However, it is
important to note that direct measurement of vaccine trust is
challenging, despite its significant role in vaccine reluctance
[11]. Therefore, the most prevalent reasonsfor vaccine hesitancy
were incorporated as topics in this study.

Additional classifierswere required to annotate each post with
the correct labels for each variable. Initially, random samples
of 200 posts were extracted from both the English and Spanish

https://ojphi.jmir.org/2026/1/e72465

Informative Category/topic

Indicates whether the
post provides
information related to
the vaccine.

Indicates whether the
post mentions any of the
categories/topics.

datasets. Then, 2 English speakers labeled the English sample
(one with a computer science background and the other with a
background in statistics), while 2 Spanish speakers (with public
health and computer science backgrounds) and 1 English speaker
(with acomputer science background), who translated the posts,
labeled the Spanish sample using the variables described in
Figure 2. The labeling codebook is provided in Multimedia
Appendix 1. It was used to train the annotators in performing
thelabeling. The codebook wasinitially created by incorporating
the knowledge from previous literature, which also helped in
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defining variablesin the Variables section. Manual labeling and
defining the codebook wereiterative processes. Definitions had
to be adjusted multiple times to ensure accuracy and
interannotator consistency, and some categories were added by
open coding, as discussed in the Independent Variables section.
The following are 2 examples from the codebook, including
variable definitions and, where applicable, representative
examples or supplementary materials:

- Side effects: if the post mentions specific vaccine-related
side effects (fever, chills, vomiting, etc; see more here:
[69])

- Vaccine availability: if the post mentions anything related
to whether vaccinations are available, and where, when,
and how. An example post would be “There is a shortage
of doses of Pfizer vaccine in Tarrant County.”

If the post was irrelevant to COVID-19 vaccination (as some
posts remained after keyword filtering), the annotators did not

Aleksandric et d

annotate the post. In someinstances, annotators had to open the
post. They read the title of the article shared within the post, as
sometimes the text of the post did not explicitly mention the
vaccine, but it still commented on the article about it. Such posts
were considered rel evant. After thelabeling was completed, the
annotators met to resolve any conflicts that were raised in the
labeling processto createfinal labels. However, as 3 annotators
|abeled the Spanish dataset, the final values were computed by
amajority vote.

As the goal of this study was to provide an understanding of
the differences in COVID-19 vaccine hesitancy between the
English and Spanish datasets, the differences in the observed
categories found in these datasets have been further discussed.
The percentage of posts in each variable category is reported
in Table 1. Moreover, examples of posts in each category can
be found in Multimedia Appendix 2.

Table. Posts containing each of the relevant labels in the manually labeled sample.

Variable English (n=185), n (%) Spanish (n=189), n (%)
Stance
Encouraging 41 (22.2) 14 (7.4)
Discouraging 6(3.2) 1(0.5)
Neither 138 (74.6) 174 (92.1)
Category
Side effects 3(1.6) 10(5.3)
Vaccine availability 89 (48.1) 68 (35.9)
Vaccine safety 7(3.8) 15(7.9)
Vaccine benefitgefficacy 22 (11.9) 15(7.9)
COVID-19 illness experience 6(3.2) 5(2.6)
Government 32(17.3) 23(12.2)
Education 18(9.7) 5(2.6)
Health system 52 (28.1) 20 (10.1)
Religion 3(1.6) 1(0.5)
Postvaccination advice 4(2.2) 5(2.6)
Community-specific advice 8(4.3) 13(6.9)
Policiessmandates 50 (27.0) 47 (24.9)
Statistics 23 (12.4) 8(4.2)
Informative 150 (81.1) 166 (89.2)
Misinformation
Contains misinformation 0(0) 0(0)
Debunks misinformation 4(2.2) 1(0.5)

Interestingly, statistics suggested asubstantially greater number
of postsin the English manually label ed dataset than the Spanish
dataset that either encouraged (41/185, 22.2% vs 14/189, 7.4%)
or discouraged (6/185, 3.2% vs 1/189, 0.5%) vaccination. This
indicates that the majority of posts in the Spanish manually
annotated ground-truth dataset were neutral in their stance
toward vaccination, which is aso implied by the larger
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percentage of informative posts in this dataset. Furthermore, a
larger percentage of Spanish posts discussed vaccine side effects
and safety compared with English posts, which tended to discuss
matters related to the educational system, government, policy,
and health system. This potentially indicates that the Spanish
dataset included posts that mainly focused on the vaccine and
its relevant information, while the English dataset included
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many posts relevant to the vaccine but also had posts on other
aspects connected to its administration. An additional analysis
is required to understand how these relevant categories have
been discussed over time and what their associations are with
vaccination rates in Tarrant County.

ChatGPT Labeling

Once the ground-truth dataset was created, the next step
involved obtaining labelsfor the entire dataset. Large language
models (LLMs) have been widely used in the natural language
processing literaturefor text classification tasks, while ChatGPT
(OpenAl) has been used for dataannotation [ 70-73]. Moreover,
GPT-4 has been shown to be a great choice for detecting
COVID-19 vaccine self-report and vaccine chatter [ 74], reaching
accuracies of approximately 81% and 93%, respectively, without
any additional prompting or fine-tuning. Therefore, it was a
suitable candidate for annotating the vaccine-related dataset,
considering its powerful ability to understand the context of the
provided input and generate correct labels. Thus, the first step
involved formulating aprompt that provided adetailed definition
of each variable and corresponding examples, which would
enable the model to accurately classify each post. Prompt
formulation required severa iterations, and the initial prompts
were modified so that GPT-4 (OpenAl Azure endpoint was
used) could better understand the task and generate labels that
aligned more with the ground-truth dataset. By adopting a
chain-of-thought [75] approach, larger prompts were broken
down into multiple smaller, focused prompts, enabling the model
to process each variable in steps. Hence, the labeling codebook
was used as a starting point, and the same human thought
processwas followed to create the promptsthat could accurately
label the data. In more detail, each prompt included the
definition of the variable, an example post belonging to the
positive class, and a task to classify the post as related to that
variable or not, without explanation. In some cases, the prompt
had to explicitly tell the model which posts should not fall under
the positive class. For example, the following prompt asked
GPT-4 to classify a post as policy/mandate-related or not (the
post included adefinition of the variable, examples of poststhat
should be labeled as belonging to the positive class, and
exceptions, ie, posts that were previously labeled as belonging
to the positive class but should belong to the negative class):

Label the text with “ Policy related” or “ Not policy
related” “ Policy related” should be used if the post
mentions vaccination mandates and requirements,
authorizations, recommendations, or other COVID-19
policiesmandates issued by health governmental
agencies like the CDC or FDA. This includes
empl oyee vaccination requirements, vaccine schedul e,
travel vaccination mandates, mask mandates, vaccine
eigibility, vaccine authorizations, social distancing
policies, or public health recommendations such as
CDC guidelinesfor vaccination. Poststhat primarily
mention where vaccines are available for
administration or thelogistics of vaccine distribution
without discussing mandates, requirements, or
authorizations should be labeled as “ Not policy
related” Respond only with the labels “Policy
related” or “ Not policy related” Hereisthe post:
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This example illustrates the need to provide a very specific
prompt to the model to obtain annotations that closely match
human label s and do not alternate over multipleiterations. Thus,
it was necessary to present the model with asimpletask (ie, to
provide binary labels) and explain the reasoning aspects that
should lead the model to the correct class inference. This
sequential breakdown improved accuracy (from 81% to 90%
in the case of the policy/mandate variable), as the model could
more effectively reason through each part of thetask to produce
consistent labels. Thelist of final prompts used to obtain labels
for each post in the ground-truth dataset can be found in
Multimedia Appendix 3. It is important to acknowledge that
this annotation task was not simple even for human annotators,
and it required multiple discussions and changes in the
codebook. This showstheimportance of providing very detailed
and precise guidelines to both human annotators and LLMsto
obtain highly accurate labels.

Once again, GPT-4 was asked to classify posts as “related” or
“not related” to the COVID-19 vaccine asan additional filtering
step to remove any noise remaining after the initial keyword
filtering. In addition to the post text, the titles of the websites
shared in the posts were passed to the prompt along with
article/site descriptions to provide additional context that
annotators could see during the labeling process. Thisapproach
was amore accurate method to detect vaccine-related posts, as
in some instances, the post text did not directly mention the
COVID-19 vaccine but rather commented on an article about
the vaccine. Therefore, such posts were also labeled by
annotators as vaccine-related. By providing these inputs, GPT-4
could detect such posts with higher accuracy. The accuracies
for detecting vaccine-related and non—vaccine-related postsin
the English and Spanish datasets were 99% and 96%,
respectively. Before calculating the accuracies for other
variables, detected non—vaccine-related posts were removed
from the English and Spanish ground-truth datasets, and they
remained with 185 and 189 posts, respectively. In addition,
some posts that were not accurately detected by the classifier
asnon-vaccine-related (1 post in the English dataset and 3 posts
in the Spanish dataset) were also removed when computing the
final model accuracy for the rest of the variables, as such posts
were not annotated in the manual 1abeling process. Moreover,
the process of obtaining GPT-4 labels for all variables was
repeated thrice to ensure that the labels were consistent, asthe
“hallucination” of LLMs (generating plausible yet nonfactual
content) isaknown problem intheliterature [ 76]. The majority
vote of 3 labelswas used to computethefinal labels, asthe goal
was to check how consistent the output was across multiple
iterations. The highest percentages of postsin the English dataset
that received different labels in these iterations were found to
belong to the vaccine availability (16/200, 8.0%) and
government (13/200, 6.5%) categories, while for all the other
labels, the value did not exceed 6%, with the lowest being
around 1% for COVID-19 illness experience, side effects, and
religion. On the other hand, for all the variablesin the Spanish
dataset, the value did not exceed 6%. When obtaining the labels
for the entire datasets, the labels were obtained only once, asa
limited number of posts received different labels in multiple
iterations.
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M odel Evaluation

After thefinal labels were computed, they were compared with
the manually labeled sample. As demonstrated in Table 2,
GPT-4 performed very well in labeling the data with the
discussed variables. In the English dataset, the highest accuracy
of 99% was obtained for detecting vaccine side effect posts,
while the lowest accuracy of 89% was obtained for detecting
health system-related posts. However, the classification
accuraciesin the Spanish dataset were dightly different. In some
instances, GPT-4 performed better in the Spanish dataset than
in the English dataset (eg, education and statistics), but it did
not perform aswell in detecting vaccine avail ability. A possible

Aleksandric et d

reason for these resultsisthat the Spanish dataset did not contain
as many categories as the English dataset. In some cases, this
made the categories harder to detect, whilein certain instances,
the model could easily recognize the absence of categories,
yielding a higher accuracy. It isimportant to acknowledge that
most state-of-the-art classifiers for different text classification
tasks have certain limitations; hence, it is not surprising that
this classifier performs differently in detecting different
categories. As the study’s goal did not involve enhancing the
state-of -the-art model in detecting the mentioned variables, the
classifier's performance will need to be improved in future
work.

Table. Accuracy of GPT-4 labels for detecting relevant classes in both English and Spanish datasets.

Variable Accuracy in the English dataset, % Accuracy in the Spanish dataset, %
Stance 91 89
Category
Side effects 99 98
Vaccine availability 90 85
Vaccine safety 97 94
Vaccine benefits/efficacy 95 95
COVID-19 illness experience 98 97
Government 93 90
Education 96 98
Health system 89 86
Religion 97 98
Postvaccination advice 97 96
Community-specific advice 95 93
Policiessmandates 90 88
Statistics 91 98
Informative 90 86
Misinformation 93 93

After label swere obtained for the entire dataset, a small number
of posts did not have the expected output, and the model could
not infer the corresponding label. This issue mainly occurred
for very short posts or postsonly containing URL s. These posts
were discarded from the datasets (62 posts from the English
dataset and 23 from the Spanish dataset).

In generating labels for the entire dataset, the English dataset
involved 35.2 million input tokens (prompts and posts) and
307,000 output tokens, while the Spanish dataset involved 2.3
million input tokens (prompts and posts) and 37,000 output
tokens. The estimated cost of obtaining the annotations for the
entire English dataset was US $1074.8, while the cost for the
Spanish dataset was US $71.5. The rate limit allowed sending
10 requests per minute; thus, 14,400 prompts could be sent a
day. Considering that 11 different prompts were used in this
study (with approximately 15,000 posts), approximately 12 days
wererequired to obtain all the annotations. Considering that the
posts were collected over a 2-year period, the cost could be
considered acceptable in emergency scenarios where a better
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understanding of reluctance toward interventions could
potentially prevent apublic health crisis. Moreover, GPT-4 was
the latest model released at the time of this study. However,
other open-source models could be explored if enough dataare
available, and this remains a promising area for future work.

Additional Manual Verification

As noted in Table 1, the distribution of posts for each variable
was highly imbalanced. In more detail, most of the time, posts
belonging to a negative class for each variable were preval ent
in the dataset, which could have led to the misleading accuracies
in Table 2. Thus, after completion of labeling of the entire
dataset using GPT-4, a random sample of 25 posts belonging
to each positive class and 25 posts belonging to each negative
class was extracted to verify the accuracy of the annotations. A
single annotator labeled 50 posts for each variable (where each
class of a multicategorical variable was treated as a hinary
variable) and compared the labels with the annotations from
GPT-4. The results suggested that for most of the variables,
GPT-4 annotated 40 or more postswith the accurate |abel when,
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in certain cases, GPT-4 labeled al 50 posts correctly
(COVID-19 illness experience and religion in the Spanish
dataset). In the Spanish dataset, GPT-4 had low accuracy in
detecting misinformation (0.70), postvaccination advice (0.60),
and discouraging, informative, and community-specific advice
(0.76). In the English dataset, the model had high accuracy in
detecting religion (0.98), debunking (0.96), statistics (0.96),
and vaccine safety (0.94), and had low accuracy in detecting
postvaccination advice (0.62), misinformation (0.74),
encouraging advice (0.78), and community-specific advice
(0.80). For the remaining variables, the model had accuracies
higher than 0.80. Therefore, future work should aim to improve
the performance of the classifier for these specific annotations.
While the use of GPT-4 for annotating the dataset is highly
innovative, the lower accuracies observed for some categories
suggest room for improvement, which can be addressed in future
work. The performances reported in this study are similar to
those reported in related work [74], where for detecting
COVID-19 vaccine chatter and self-reported vaccination using
GPT-4, the accuracies were nearly 93% and 81%, respectively.

Furthermore, another recent study reported that GPT-4 had an
average accuracy of 79.2% in various manually labeled datasets
[70]. Hence, it is evident that the model performs better for
certain variables than others, where fine-tuning might be
required. Further labeling of high-quality datasets and ensuring
congistency in the labeling process through prompt tuning might
be needed to enhance model performance.

Descriptive Statistics

Overview

This section details the number of posts belonging to each
category over the time frame of the data collection. The goal
was to compare the prevalence of each post category between
2021 and 2022, and between English and Spanish. Finally,
combining some of the categories could provide additional
insights into the reasons for vaccine hesitancy and how these
have changed over time. It is important to note that the posts
classified as unrelated by the model were discarded before the
analysis. The cleaned English and Spanish datasets consisted
of 12,395 and 1123 posts, respectively.

English Dataset

The majority of posts in the English dataset were from 2021.
In more detail, of the 12,395 posts, 11,088 (89.5%) were shared
in 2021 and 1307 (10.5%) were shared in 2022. Thisdeclinein
2022 may be attributed to theinitial surgein vaccine discussions
during theroll-out phase in 2021, when uncertainty and debate
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were more prominent. By 2022, vaccineswerewidely available,
and public attention may have shifted to other topics. The
proportion of posts encouraging vaccination was higher in 2021
than in 2022 (2005/11,088, 18.1% vs 154/1307, 11.8%), while
the proportion of discouraging posts was lower in 2021 than in
2022 (624/11,088, 5.6% vs 113/1307, 8.6%). Thismight indicate
that at the beginning of vaccine administration in 2021, there
was agreater need to encourage vaccination, and thus, a higher
percentage of the population decided to receive the vaccine. On
the other hand, in 2022, many people had already received the
vaccine, and there was no need for a large encouragement.
Similarly, the proportion of informative posts was higher in
2021 than in 2022 (8482/11,088, 76.5% vs 943/1307, 72.1%),
which might support the earlier assumption. Finally, the
proportion of posts containing misinformation was lower in
2021 than in 2022 (414/11,088, 3.7% vs 79/1307, 6.0%).

Table 3 presentsthe proportion of encouraging and discouraging
postsfor each category in 2021 and 2022 in the English dataset.
Asdemonstrated in Table 3, the categories of encouraging and
discouraging posts were very different. For instance, the
majority of encouraging posts in both 2021 and 2022 were
informative, and they mostly discussed vaccine availability and
vaccine benefitg/efficacy. These posts also promoted the health
system, offered advice to specific communities and minorities,
and provided useful statistics to encourage vaccination. The
topic of education was more common among encouraging posts,
which might be due to the high support provided for student
vaccination to allow them to continue regular studying activities
and in-person classes. On the other hand, discouraging postsin
both 2021 and 2022 mostly discussed the government and
policiesymandates regarding vaccination, suggesting that the
population was hesitant toward the measures taken to mitigate
the pandemic, such as vaccination requirements, vaccination
passports, and mask mandates. A large proportion of
discouraging posts involved misinformation in 2021 (273/624,
43.8%) and 2022 (57/113, 50.4%). A dlightly lower proportion
of discouraging posts discussed the health system and vaccine
safety, and they rarely offered advice or debunked
misinformation. Despite these proportions being relatively low,
the proportion of posts regarding religion and side effects was
higher among discouraging posts than among encouraging posts,
suggesting that these factors might still play significant roles
in vaccine hesitancy.

The data suggested that misinformation and concerns about
government policies were major contributors to vaccine
hesitancy, whileinformative posts and discussions about vaccine
availability played critical rolesin promoting vaccination.
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Table. Proportion of posts containing each relevant category among encouraging and discouraging posts in 2021 and 2022 in the English dataset.

Variable 2021 2022

Encouraging posts Discouraging posts (n=624), Encouraging posts (n=154), Discouraging posts(n=113),

(n=2005), n (%) n (%) n (%) n (%)
Side effects 40 (2.0) 36 (5.8) 1(0.6) 5(4.4)
Vaccine availability 809 (40.3) 16 (2.6) 77 (50.0) 4(3.5)
Vaccine safety 130 (6.5) 73(11.7) 2(L3) 13 (11.5)
Vaccine benefitg/efficacy 740 (36.9) 26 (4.2) 77 (50.0) 3(27)
COVID-19illness experi- 49 (2.3) 2(0.3) 1(0.6) 0(0)
ence
Government 150 (7.5) 287 (46.0) 14(9.1) 59 (52.2)
Education 116 (5.8) 25 (4.0) 14 (9.2) 1(0.8)
Health system 714 (35.6) 132 (21.2) 61 (39.6) 28 (24.8)
Religion 49 (2.4) 32(5.1) 1(0.6) 3(27)
Vaccination advice 156 (7.8) 4(0.6) 10 (6.5) 0(0)
Community-specific advice 39 (1.9) 10 (1.6) 3(1.9) 0(0)
Policies/mandates 361 (18.0) 334 (53.5) 38(24.7) 70 (61.9)
Statistics 184 (9.2) 18 (2.9) 17 (11.0) 2(1.8)
Informative 1766 (88.1) 209 (33.5) 148 (96.1) 33(29.2)
Contains misinformation 10 (0.5) 273(43.8) 1(0.6) 57 (50.4)
Debunks misinformation 32(15) 9(1.4) 1(0.6) 0(0)

Spanish Dataset

Thetotal number of postswas|ower in the Spanish dataset than
in the English dataset. Of the 1123 posts, 984 (87.6%) were
shared in 2021 and 139 (12.4%) were shared in 2022. The
proportion of posts encouraging vaccination was higher in 2021
than in 2022 (158/984, 16.1% vs 14/139, 10.1%), while the
proportion of discouraging postswaslower in 2021 than in 2022
(58/984, 5.9% vs 12/139, 8.6%). The proportion of informative
posts was higher in 2021 than in 2022 (830/984, 84.3% vs
111/139, 79.9%), while the proportion of posts containing
misinformation was lower in 2021 than in 2022 (44/984, 4.5%
vs 14/139, 10.1%).

Asillustrated in Table 4, encouraging posts in both 2021 and
2022 discussed vaccine availability, benefits/efficacy, the
government, and policies, and offered community-specific
advice. Interestingly, the topic of the government was more
prevalent among encouraging posts than among discouraging
postsin both 2021 and 2022, potentially suggesting that mistrust
toward the government was not a major cause of vaccine
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hesitancy in the Hispanic population in Tarrant County. A larger
proportion of discouraging posts mentioned policies/mandates
compared with encouraging posts. Moreover, alarge proportion
of discouraging posts discussed vaccine side effects and vaccine
safety, reveadling additional potential reasons for vaccine
hesitancy, which differ from the statistics found in the English
dataset, where discouraging posts focused on the government
and mandates. Given the smaller dataset, these findings should
be interpreted with caution. However, they reveal that vaccine
safety and side effects might be significant concerns for the
Hispanic population, distinct from the focus on government
policiesin the English dataset. The health system wasacommon
topic among both encouraging and discouraging Spanish posts;
thus, an additional analysisisrequired to understand the actual
relationship between vaccine hesitancy and this topic. Similar
to the English dataset, most discouraging posts in the Spanish
dataset contained some misinformation. These descriptive
insights set the stage for a statistical analysis, which could
further explore the relationship between these categories and
vaccination rates.
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Table. Proportion of posts containing each relevant category among encouraging and discouraging posts in 2021 and 2022 in the Spanish dataset.

Variable 2021 2022

Encouraging posts (n=158), Discouraging posts (n=58), Encouraging posts (n=14),  Discouraging posts (n=12),

n (%) n (%) n (%) n (%)
Side effects 6(3.9) 11 (19.0) 0(0) 2(16.7)
Vaccine availability 67 (42.4) 1(1.7) 6 (42.9) 0(0)
Vaccine safety 8(5.1) 14 (24.1) 0(0) 1(8.3)
Vaccine benefitg/efficacy 32(20.3) 2(3.9) 3(21.9) 0(0)
COVID-19illness experi- 1 (0.6) 2(3.4) 0(0) 0(0)
ence
Government 17 (10.8) 5(8.6) 2(14.3) 1(8.3)
Education 11 (7.0) 1(1.8) 1(7.1) 0(0)
Health system 41 (26.0) 22(37.9) 5(35.7) 2(16.7)
Religion 5(3.2) 2(34) 0(0) 0(0)
Vaccination advice 3(1.9) 0(0) 0(0) 0(0)
Community-specific advice 16 (10.1) 0(0) 1(7.1) 0(0)
Policies/mandates 23 (14.6) 17 (29.3) 4(28.6) 4(33.3)
Statistics 6(3.8) 4(6.9) 0(0) 0(0)
Informative 143 (90.1) 33(56.9) 14 (100) 5(41.7)
Contains misinformation 1(0.6) 26 (44.8) 0(0) 8(66.7)
Debunks misinformation 3(1.9) 0(0) 0(0) 0(0)

Statistical Analysis

This study aimed to explore how different characteristics of
social media posts are associated with vaccination rates in
Tarrant County and compare the trends observed in total
vaccination rates and Hispanic vaccination rates. In more detail,
the analysisfocused on the rel ationship between different social
media post features in English and Spanish and vaccination
rates at the daily level throughout 2021 and 2022.

For the analysis, English and Spanish posts were merged into
a single dataset (containing a total of 13,518 data points), as
there might be Hispanic individuals who post in English rather
than Spanish. Merging the English and Spanish datasetsrequired
careful attention to both linguistic and cultural nuances in
vaccine-related discourse. While the same annotation framework
and prompts were applied to both datasets using GPT-4, the
way topics are framed can differ significantly across languages
and communities. For example, the expression of vaccine
skepticism in Spanish posts might often include religious or
familial referencesthat could be less common in English posts,
requiring more context-aware labeling. Additionally, certain
categories, such as government trust or perception of the health
care system, may carry different connotations based on cultural
background, which could influence how posts are interpreted
and categorized. To mitigate these challenges, bilingual
annotators reviewed posts and labels in both languages to
account for this contextual variation. Nevertheless, we
acknowledge that achieving complete semantic and cultural
equivalenceis challenging, and residual biasin cross-language
classification remains a limitation. The dataset was then split
into posts originating in 2021 and 2022. For each year, 2 linear
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regression model s corresponding to 2 dependent variableswere
used by clustering SEs per day, as posts shared on the same day
might not be independent of each other. Linear regression was
selected for this analysis because the outcome variables (ie,
daily total vaccinations and daily Hispanic vaccinations) are
continuous, alowing us to estimate the linear relationship
between social media content features and vaccination uptake.
Since each post is assighed the same vaccination count for its
corresponding day, multiple posts share the same value for the
dependent variable. Thiscreates“within-day clustering,” where
residuals of observations from the same day may be correl ated,
violating the independence assumption of standard linear
regression. To address this, we used “clustered SEs at the day
level,” which provide robust inference by correcting for
intracluster correlation and ensuring more accurate Cls and P
values. This approach allows for a valid statistical inference
even when the number of postsvaries substantially acrossdays.

Furthermore, each data point represented a Facebook post and
included the binary categorical variables describing the post.
Other variablesincluded in each observation were the date when
the post was shared, new Hispanic vaccinations, new total
vaccinations on that particular day, and the language of the post.
All 4 models included all the independent and corresponding
control variables.
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Results

Regression Analysis of Social Media Content and
Vaccination Outcomes

This section presents the findings of the 4 linear regression
models where SEs were clustered per day. It is important to
note that similar models were leveraged, but they used the
weekly vaccination datarather than the daily data, and SEswere

Table. Results of the linear regression models.

Aleksandric et d

clustered per week. Theresults of thisanalysisclosely resemble
the findings discussed in this section, showing the robustness
of the models. Moreover, the models were tested by using a
dependent variable, where new vaccinations per day and week
were divided by the population available to vaccinate, and the
resultsremained similar. Table 5 presentsthe significant results
of the 4 models in the analysis (variables with nonsignificant
findings have been excluded for readability). Complete dataare
provided in Multimedia Appendix 4.

Variable® Estimate seP P vaue
Model 1¢ (dependent variable: new total vaccinationsin 2021)
Vaccine safety - true 4.00 x 1074 1.46 x 1074 .006
Government - true —144x 1074 6.81 x 1078 .04
Vaccine availability - true 158 x 1074 6.19 x 107 .01
Population available 310x 1073 500 x 1074 <.001
Model 29 (dependent variable: new Hispanic vaccinationsin 2021)
Encouraging - true 9.88x 107° 4.25x% 107 .02
Vaccine safety - true 527 x 1074 170x 1074 .002
Government - true -1.80x 1074 537x 107 <.001
Religion - true 2.42x107% 891x107° .007
Vaccine availability - true 1.01x 1074 4.89x 1072 04
Hispanic population available 1.03x 1073 4.40 x 1074 .02
Model 3° (dependent variable: new total vaccinationsin 2022)
Statistics - true 569 % 107° 1.69x% 107° <.001
Postvaccination advice - true 7.07 x 1072 3.64 x 1072 .046
Debunking - true 201x 1074 536 x 107 <.001
Population available 1.84x 1072 136x 1073 <.001
Model 4' (dependent variable: new Hispanic vaccinations in 2022)
Statistics - true -6.98x 107° 209 x 107° <.001
Debunking - true 1.94 x 1074 956 x 1072 .04
Hispanic population available 1 g7 x 1072 160x 1073 <.001

3Models 1 and 2 used data from 2021, while models 3 and 4 used data from 2022.

bSEs were clustered per day.
°R?=0.13.
9R?=0.04.
®R?=0.70.
"RP=0.68.

Trendsin 2021

Regression analysis yielded multiple relevant findings. As
demonstrated for models 1 and 2 in Table 5, posts discussing
vaccine safety were associated with a higher daily increase in
total vaccination (P=.006) and vaccination of the Hispanic
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population (P=.002). This might indicate that demonstration of
vaccine saf ety once vaccine administration beginsis crucial for
ensuring a successful intervention. Furthermore, posts
mentioning the government were associated with alower daily
increase in both total (P=.04) and Hispanic vaccinations
(P<.001), potentially suggesting mistrust toward the government
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at that time. In addition, posts providing details about vaccine
availability increased thelikelihood of ahigher number of newly
vaccinated individuals (P=.01) and Hispanic individuals (P=.04).
Interestingly, posts about religion showed a statistically
significant positive rel ationship with new Hispanic vaccinations
(P=.007), indicating that such posts might increase the
probability of new Hispanic individuals obtaining the vaccine.
It is important to note that when running the models where
vaccination increase was cal cul ated per week, all variablesthat
showed statistical significance at the daily level remained
significant. However, postsregarding the health system showed
anegative statistically significant correlation with weekly new
total vaccinations (P=.04) and new Hispanic vaccinations
(P=.03), suggesting potential mistrust toward the health system
in this period. Additionally, posts shared in Spanish showed a
positive statistically significant correlation with weekly new
Hispanic vaccinations (P=.02), illustrating that posts shared in
Spanish were associated with a higher vaccination increase in
the Hispanic popul ation compared with posts shared in English.

Trendsin 2022

Models 3 and 4 (Table 5) from 2022 had different results
compared with the models from 2021. For example, posts
debunking misinformation showed a statisticaly significant
relationship with both new total vaccinations (P<.001) and new
Hispanic vaccinations (P=.04), demonstrating that such posts
are associated with a higher number of new vaccinations
compared with nondebunking posts. It isimportant to note that
the difference in findings could be due to the size of the dataset
in 2022 compared with the dataset in 2021. In summary, the
results (Table 5) indicate that the stance of social media posts,
posts debunking misinformation, and some other informational
categories, such as vaccine availability and safety, play
significant rolesin influencing the number of newly vaccinated
individuals.

Discussion

Principal Findings

This study examined bilingual Facebook discourse about
COVID-19 vaccines in Tarrant County and linked it to daily
vaccination uptake in the total and Hispanic populations. Three
main findings stand out.

First, vaccinerelated discourse differed substantially by
language and year. English and Spanish posts did not emphasize
the same concerns, and the mix of topics shifted from 2021 to
2022. English discouraging posts were dominated by
government and policy concerns, whereas Spanish discouraging
posts more often emphasized side effects, safety, and the health
system. This suggests that vaccine hesitancy was not uniform
across language groups and that communication strategies
should not assume the same drivers across populations.

Second, some predictors of uptake were common across groups.
Posts discussing vaccine availability and vaccine safety were
positively associated with vaccination in 2021, and posts
debunking misinformation were positively associated with
vaccination in 2022. Thesefindings are consistent with the view
that practical access information, trust-building content, and
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correction of false claimsareimportant components of effective
vaccine communication.

Third, some predictors were specific to Hispanic vaccination
uptake. Encouraging posts and religion-related posts were
positively associated with new Hispanic vaccinations in 2021,
but not with total vaccinations in the same way. This is
particularly important because it suggests that culturally
grounded content may matter above and beyond general
informational messaging.

Thesignificance of religion-related postsis consistent with prior
literature showing that religiosity can shape health behavior
[57]. In some communities, faith leaders and faith-based
ingtitutions serve as highly trusted intermediaries. In such
Settings, messages framed around protecting family, stewardship,
and community responsibility may resonate more strongly than
messages framed only in technical or institutional terms. These
findings suggest that partnershipswith churches and faith-based
organizations may be especially valuable in public health
outreach to Hispanic communities.

The findings of this study provide several actionable
recommendations for public health officials. Social media
interventionstargeting vaccine-hesitant popul ations, particularly
in the Hispanic community, should be designed with cultural
sensitivity in mind [58]. For example, incorporating bilingual
content and collaborating with trusted community figures—such
as religious leaders or local health care providers—could
enhance the credibility and reach of these interventions.
Furthermore, poststhat emphasize family protection, community
well-being, and the dispelling of mythsrelated to vaccine safety
and efficacy have been shown to resonate well with Hispanic
audiences[77]. By focusing on culturally appropriate messaging
and leveraging trusted networks within these communities,
public health efforts can more effectively counter vaccine
misinformation and build confidence in the vaccination process.

In summary, the results underscore the importance of bilingual
communication. Because language may shape how health
information is understood and trusted, simply translating
English-language messages may not be sufficient. Effective
outreach may require culturaly aligned framing, not just
linguistic conversion.

Limitations

This study has several limitations. First, the dataset included
only posts from public Facebook pages and groups, which may
not represent the views of people using private groups, other
platforms, or no social media at all. Second, language is not a
perfect proxy for ethnicity, and thus, it cannot be assumed that
Spanish-language posts come only from Hispanic users or
English-language posts come only from non-Hispanic users.
Third, because multiple posts shared the same daily vaccination
outcome, the observational structure limits causal interpretation
even though clustered SEswere used. Fourth, GPT-4 annotation,
while strong overall, was not perfect and may have introduced
measurement errorsin some categories. Finally, the models did
not fully capture broader cultural, structurd, or offlineinfluences
on vaccine behavior.
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Conclusions

This study examined how stance, misinformation, and topic
content in English and Spanish Facebook postswere associated
with new daily vaccinations in Tarrant County, Texas, during
2021 and 2022. Thefindings showed that social mediadiscourse
differed meaningfully across languages and over time and that
some message types were associated with higher vaccination
uptake. Across both populations, posts addressing vaccine
availability, safety, and misinformation debunking were

Aleksandric et d

associated with higher uptake. For the Hispanic population
specifically, encouraging posts and religion-related posts were
also significant predictors, suggesting culturally specific
dynamics.

Taken together, these findings support the use of targeted,
culturally responsive, and bilingual public health messaging in
future emergencies, and they suggest that social mediaanalysis
can help identify which kinds of messages may be most useful
for reaching specific communities.
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Abstract

Background: User experience has a significant impact on pharmaceutical drug effectiveness. Socia media platforms like X
(formerly Twitter) have become prominent spaces where individuals share their medication-related experiences, especially with
widely marketed drugs such as semaglutide. Despite the large volume of conversation, a comprehensive understanding of how
various user subpopulations engage with semaglutide-related discussions remains underdevel oped.

Objective: Thisstudy aims to explore how semaglutide is perceived and discussed across different X user groups. Within these
user groups, we investigate (1) the evolution of sentiment patterns toward semaglutide and (2) the evolution and prevalence of
semagll utide-related discussion topics.

Methods: We prepared a dataset consisting of 859,751 X posts (tweets) pertaining to semaglutide, along with related metadata,
that were posted between July 2021 and April 2024. We apply sentiment analysis and topic modeling to the collected posts and
analyze the sentiment patterns and topics within specific user subpopulations and time periods.

Results: Our analysis reveals a mean sentiment score of —0.24 (SD 0.669) across all posts, with all user subpopulations
experiencing a decline in sentiment during the study period. User discussions focus on semaglutide’s applications in weight loss
and potential side effects, along with economic factors and cel ebrity/political influence. We also uncover differencesin sentiment
and discussion topics across user subpopulations. Notably, organizational accounts consistently express less negative sentiment
(mean —0.04, SD 0.542) than individuals (mean —0.28, SD 0.605), with astatistically significant difference (P<.001), particularly
in discussions related to drug efficacy and regulatory concerns. Interrupted time-series analysis shows a marked decrease in
sentiment during the November 2022-January 2023 period, coinciding with regulatory announcements about potential adverse
effects. In addition, we observe gender-based variations, such as a greater prevalence of discussions involving celebrities and
politicians within female user posts (8368/39,786, 21%) compared to male user posts (8087/46,133, 17.5%), and male users
expressing more positive sentiment.

Conclusions: This study helps advance the understanding of how diverse user groups perceive and discuss widely marketed
drugs like semaglutide. Although we observe a general negativity, there are nuanced differences among the subpopulations. Our
results offer valuable implications for health communication strategies and pharmacovigilance.

(Online J Public Health Inform 2026;18:e80660) doi:10.2196/80660
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Introduction

Background

Semaglutide, also known by brand names such as Ozempic and
Wegovy, has surged in popularity in recent years[1]. Originally
developed as a diabetes medication, semaglutide has recently
shown effectiveness in off-label use for weight-loss treatment
[2]. Semagl utide wasthe fourth-highest drug expenditurein the
United Statesin 2021, with US $10.8 hillion spent on the drug
[3]. Socia media platforms like X (formerly Twitter) have
become key venues for the public to share experiences and
express opinions about semaglutide [4]. Celebrities or public
figures, such as Elon Musk, have shared persona weight-loss
stories and endorsed the drug, further amplifying conversations
[1,5]. Thewidespread advertising, endorsements by high-profile
figures, and increased consumer interest have made semaglutide
atrending topic in medications[6]. Assuch, social mediaoffers
a unique lens to examine how it is perceived and discussed,
shedding light on public sentiment, misconceptions, and
concerns [4,7].

Understanding public perceptions is essential, as user
experiences significantly influence the evauation of
pharmaceutical drugs' effectiveness[8,9]. Positive experiences
not only enhance user satisfaction but also contribute to
improved adherence and overall well-being [10]. Mining social
media data allows policymakers and pharmaceutical providers
to tap into a vast repository of real-time data pertaining to user
experiences [11]. In addition, by analyzing user-generated
content, researchers can uncover nuanced insights into the
concerns, preferences, and challenges faced by specific
subpopulations by gender, location, or other demographic
attributes. This granular analysis provides an opportunity to
identify unmet needs, tailor interventions, and ensure more
equitable health care outcomes.

In addition to obtaining information from social media, recent
research has focused on applying natural language processing
(NLP) techniques due to their ability to quickly process
large-scale and unstructured information [12,13]. NLP hasbeen
leveraged to extract chemical-diseaserelations[14], build health
knowledge graphs [15], and ease the process of documentation
in electronic health records [16] (which often use unstructured
and nonstandardized formats) [17]. Text anaytics approaches
such as named entity recognition, topic modeling, and sentiment
analysis have been applied within the health context [18-20].

Although mining drug-related user experienceson social media
has been widely explored [21,22], few studies have focused
specifically on semaglutide-related discourse. Our  study
combines large-scale sentiment analysis and topic modeling
with user subgroup analysis, offering agranular view of public
engagement with semaglutide. Prior work has primarily
leveraged social media to identify adverse reactions to
semag| utide that were not detected during clinical trials[7,23].
The study by Alvarez-Mon [4] includes a manua analysis of
2045 poststo determine user interests, beliefs, and experiences
pertaining to semaglutide and other antiobesity drugs. However,
the public discourse including the sentiments and prevalent
topics within specific user groups has been underexplored. To

https:/oj phi jmir.org/2026/1/e80660
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uncover patternsin how different user subpopulations experience
and discuss semaglutide on X, we investigate the following
research questions (RQs).

RQ1 (Sentiment Analysis): What underlying factorsexplain
how sentiment toward semagl utide evolves over time and
across different user subpopulations, and what insights can
be drawn about public concerns and motivations?

RQ2 (Topic Modeling): Which topics of discussion are
most prevalent in positive and negative semaglutide-rel ated
posts across different user subpopulations, how do their
prevalence patterns change over time, and what do these
patterns reveal about group-specific attitudes, priorities,
and health communication needs?

The first research question aims to explore differences in
engagement patterns and sentiment expressions across user
subpopulations and over time. The second question aims to
identify the various discussion topics emphasized by distinct
user subpopulations, exploring the prevalence of these topics
among the subpopulations. Addressing these two research
guestions, our study provides a comprehensive discourse
analysis across user subgroups, along with an identification of
external events that influence the evolution of these patterns.
This insight into the real-world user experience is crucial for
tail oring public health communication and improving medicine
support strategies for diverse communities.

Related Work

Exploring User Experiencesvia Social Media

Crowdsourcing, originaly defined as the act of a company or
institution taking a function once performed by employees and
outsourcing it to an undefined (and generally large) network of
people in the form of an open call, has revolutionized how
researchers gather and analyze public opinion [24]. Similar
methodol ogical approaches have been applied in other domains
to understand public perceptions of urban accessibility and
inclusion through crowdsourced online reviews [25]. While
conventional methods like polls and surveys remain valuable,
crowdsourcing through social media platforms enables
researchers to collect and analyze large-scale, near-rea-time
data about user experiences and perspectives [26].

In the health care domain, crowdsourcing via social media has
become particularly valuable for understanding public opinions
about medical treatments and pharmaceutical drugs [27,28].
First, socia media data have shown invaluable potentia in
pharmacovigilance due to the tendency of users to share their
opinions or experiences such as adverse drug reactions [29].
Researchers have leveraged social media data to track topic
trends[30], estimate disease prevalence[31], and analyze public
response to health policies [32]. Second, crowdsourcing has
proven effectiveness in capturing user experiences that might
not be readily available through traditional clinical studies or
surveys [33]. In particular, socia media platforms provide
researchers with access to diverse user populations and their
real-world experiences with pharmaceutical drugs, such as
off-label use [9] and adverse reactions [34].
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Analyzing User Experiencesvia NLP Techniques

Our work makes use of sentiment analysis and topic modeling
to uncover patterns in user experiences with semaglutide.
Sentiment analysis, aso called opinion mining, is a branch of
NL Pthat focuses on classifying peopl€’sopinionsinto positive,
negative, or neutral associated with data[35]. Research in this
domain spans various levels of granularity, from assigning a
single sentiment to an entire document or individual sentences
to analyzing distinct aspects linked to specific entities [36].
After the COVID-19 pandemic, there has been increasing
interest in using sentiment analysis to evaluate the attitudes,
perceptions, and emotions expressed by socia media users
[37-39]. Numerous studies have focused on platforms such as
X, Reddit, and Facebook, which have become prominent spaces
for sharing public opinions related to COVID-19 [40Q].

Topic modeling techniques, such as latent Dirichlet allocation
[41] and BERTopic [42], seek to discover the key themes present
in a corpus of documents [43]. Topic models can summarize
large datasets by capturing the topics (ie, the major discourse)
that appear most commonly in the text. Numerous works have
used topic modelsto study health-related discussions on social
media. For example, Asghari [44] identifies trending topics

Momeni €t d

pertaining to health care on X. Topic analysis has provided
insights into news reports surrounding COVID-19 [45] and
public opinion regarding blood donation [46]. Another study
trains an aspect-based topic model to characterize the health
topics and then estimates the prevalence of influenza and
allergies over time by observing the number of mentions of
each topic during different time periods [47]. In addition, prior
work has analyzed semaglutide-related discussions on Reddit
via topic modeling [48-50]. Our study focuses on exploring
how public discourse and sentiment differ across user
subpopulations. Analyzing specific subpopulations enables a
nuanced understanding of user concerns, such as accessibility,
side effects, and insurance coverage, guiding targeted strategies
for addressing subpopulation-specific needs.

Methods

Overview

Figure 1 provides an overview of our research design. We
compile a dataset consisting of semaglutide-related X posts
(stage 1) and perform sentiment analysis and topic modeling
on these posts (stage 2). We analyze the results to address our
two research questions (stage 3).

Figure 1. Overview of the designed framework to implement the research. BERT: bidirectional encoder representations from transformers; c-TF-IDF:
class-based term frequency-inverse document frequency; I TS: interrupted time series; RQ: research question; UMAP: uniform manifold approximation
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Data Preparation and User Attributes

We use Brandwatch [51], a social media analytics platform, to
collect data from X. Brandwatch uses the X application
programming interface to obtain posts from prior periods,
offering arepresentative sample of X’s entire dataset. Our data
collection targets X posts posted between July 1, 2021—when
the US Food and Drug Administration (FDA) approved
semaglutide for chronic weight management [52]—and April
30, 2024. Thisnearly 3-year timeframe enables our longitudinal
discourse analysis surrounding semaglutide within different
user communities.

To collect the data, we use several key search terms, including
“semaglutide” and its branded names “Ozempic,” “Wegovy,”
and “Rybelsus” We chose these search terms to ensure
comprehensive coverage of discussions related to semaglutide
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and its marketed variants. To maintain consistency, we limit
the dataset to English-language X posts containing these terms.
The final dataset consists of 859,751 posts, including original
posts, replies, reposts (retweets), and quotes.

The user attributes we study are gender, US region, interests,
account type, and verification status. These attributes are
inferred by the data provider, Brandwatch. According to their
documentation, the methodology for this inference varies by
attribute; for instance, location is primarily determined from
explicit, user-provided information in their X public profiles,
whereas attributes like gender and interests are classified using
machine learning models that analyze public data such as first
names and biographical text [53]. We acknowledge that the
specific algorithms used for this demographic inference are
proprietary to Brandwatch, and as such, the details of their
methods are not publicly available [53].
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We choose these attributes for their relevance in capturing
diverse user perspectives and behaviors. For example, gender
and region can revea variations in heath care access and
cultural attitudes [54,55] and have been identified as factors
associated with semaglutide initiation [56]. Account type and
verification status help differentiate individual users from
organizations. Interests reflect personal activities. It should be
noted that users may have multiple interests or none, placing
them in zero or more interest-based subpopul ations.

Sinceindividual users may post multiple posts, we measurethe
size of each subpopulation by the number of users and by the
number of posts. When grouping each post by its respective
user, we assign aggregated valuesfor attributes (gender, region,
interests, account type, and verification) using the most
frequently observed values across that user's posts. This
aggregation ensures that each user is represented by a single
record while preserving their attributes. The dataset contains
436,551 unique users. Tables S1 and S2 in Multimedia A ppendix
1 summarize the user subpopulations.

Ethical Consider ations

The University of South Florida Institutional Review Board
reviewed this study and determined it to be exempt
(STUDY009222). To remain compliant with X’s policies, we
adhere to all application programming interface rate limits and
do not collect deleted posts. All the code used to generate our
resultsisavailable from our GitHub repository [57]. To protect
user privacy, our full dataset containing identifiers such as
usernames is not available for public access [58]. An
anonymized version can be accessed from Multimedia A ppendix
1 or requested from the corresponding author. Lastly, wefollow
standard guidelines [59] to mitigate potentiadl harms from
sensitive content contained in our dataset (eg, suicide mentions).

RoBERTa Sentiment Analysis

To classify the sentiment of X posts, we use the
cardiffnlp/twitter-roberta-base-sentiment-latest model from
Hugging Face [60], which is pretrained on X data and widely
recognized for its state-of-the-art performance in sentiment
classification tasks [61], particularly in handling X posts [62].
We apply the RoBERTa (Robustly Optimized BERT Pretraining
Approach) model to each post, obtaining a set of values
representing the likelihood of the post having negative, neutral,
or positive sentiment. The model outputs these valuesin alist
format, with the elements at indices 0, 1, and 2 corresponding
to the negative, neutral, and positive probabilities, respectively
[6Q]. The final sentiment label is determined by the argmax
function; no additional calibration or thresholding is performed
on the sentiment scores. After that, we assign each post a
sentiment label, that is, —1 for negative, O for neutral, and 1 for
positive. As a result, of the 859,751 total posts, 116,091,
429,074, and 314,586 are classified as positive, neutral, and
negative sentiment, respectively.

We calculate mean sentiment scores within each of the user
subpopulations (gender, US region, account type, verification
status, and interests). To measure sentiment per user, we first
group each post by its respective user. We then calculate the
mean sentiment score for each user by averaging their per-post
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sentiment scores, resulting in a continuous value between —1
and 1. This grouping alows us to analyze the aggregated
averages of user-level sentiments across the subpopulations.
Since the volume of posts varies by subpopulation (eg,
individual user accounts create 1.9 posts on average, compared
to 4.4 from organizational users), we also calculate average
sentiment per post. In addition, to assess the robustness of our
sentiment findings, we conduct a repost-excluding sensitivity
analysis, in which we measure average sentiment within each
subpopulation while excluding reposts (resulting in 411,747
posts for sensitivity check).

Interrupted Time-Series Regression

To examine how sentiment evolves over time, we group the
dataset and cal cul ate the average sentiment bimonthly spanning
from July 2021 to April 2024. This procedure yields a
time-series of average sentiment scores. Our longitudinal
analysis is performed per post, as a user can publish multiple
posts at different times. To determine whether the observed
sentiment shifts exceed baseline trends, we apply an interrupted
time-series (ITS) regression. Using bimonthly sentiment
averages, we model (1) the baselinetimetrend, (2) animmediate
level change at the intervention point, and (3) a slope change
after the event. This approach allows us to separate long-term
temporal patterns from abrupt discontinuities. Given the large
dataset and multiple comparisons, wetreat results as exploratory
and emphasi ze effect sizesand Clsover strict hypothesistesting.
Our ITSregression is modeled as follows:

]

where Y, represents the mean sentiment score during the
bimonthly period, Time, is the continuous time index, Event; is
a binary indicator coded O before the intervention and 1
afterward, and TimeEvent, captures the postevent slope. Here,
3 estimates the baseline level at the beginning of the series, 3,
captures the pre-event trend, 3, reflects the immediate level
change at theintervention, and 35 represents the postevent slope
change.

BERTopic Modeling

After performing sentiment anaysis, we use the BERTopic
model [42] to discover the commonly discussed topics in the
dataset. We divide the dataset into posts with a positive
RoBERTa sentiment label and posts with a negative sentiment
label; posts with neutral sentiment are excluded to focus on
identifying the topicsthat contribute to positivity and negativity.
We perform topic modeling for the positive and negative tweets
separately. To create the positive and negative document corpora
from our dataset, we first clean the text of each post. This
cleaning process involves steps such as removing emojis,
punctuation, and stop words, normalizing whitespace, and
converting all text to lowercase. Cleaning thetext isan important
step due to the unstructured nature of social media posts [63].
Note that these cleaning steps are not performed prior to
obtai ning the sentiment of each post, asthey may have affected
the sentiment results. For example, emojis[64] and punctuation
[65] can impact sentiment scores. Our topic modeling exercise
focuses solely on the themes present in the text, as opposed to
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the sentiment of the text. After cleaning each post’s text, we
remove duplicated reposts to avoid situations in which distinct
reposts of a given post are mapped to different topics. The
positive and negative document corpora are lists consisting of
the snippets of each of the positive and negative cleaned X posts,
respectively.

After performing the cleaning steps, we initialize a BERTopic
model with default values for al hyperparameters. We run the
BERTopic model on our document corporato generate alist of
topics and then extract the sentence/document embeddings for
those topics. We use k-means clustering [66] with the Elbow
method to determine the optimal number of topics. Figures S1
and S2 in Multimedia Appendix 1 show the k-means clustering
results for the positive and negative document corpora,
respectively. We then run the BERTopic model on our document
corpora using 100 clusters.

BERTopic outputs a topic representation and a document
representation. In our case, the documents are cleaned X posts.
For each topic, the topic representation lists its representative
keywords, representative documents, and document count. The
BERTopic document representation maps each document in
the corpusto itstopic number. After reviewing the 100 positive
and 100 negative topics produced by BERTopic, we observe
that many of the topics shared similar topics. We therefore
manually annotate the 200 topicsinto 10 umbrellatopics. These
topic groupings consist of all the topics that share a common
theme. For instance, umbrellatopic 0 consists of topicsrelevant
to weight loss.

We perform the manual annotation by reviewing the
representative keywords and documents. For example, one of
the most common positive topicsis represented by the following
list of keywords: [semaglutide, semaglutides, weightloss, diet,
appetite, medication, eat, treatment, craving, fda]. A
representative document (X post after cleaning) for this topic
is: “ready lose weight gain confidence say hello semaglutide
gamechanging prescription medication hel p achieve significant
weight loss with semaglutide take control craving appetite
finally reach weight loss goa.” These keywords and the
document are associated with themes of weight |oss, so we map
thistopic to umbrellatopic O (weight loss). Asanother example,
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one of the most common negative topicsisrepresented by these
keywords: [nausea, diarrhea, vomiting, nauseous, constipation,
vomit, nauseate, constipate, diarrhoea, stomach]. One of the
representative documents for this topic is: “hausea diarrhea
stomach abdominal pain vomiting constipation side affect
ozempic.” Thistopic pertains to adverse reactions experienced
after taking semaglutide; therefore, we map it to umbrellatopic
8 (acute harm/adverse drug reactions). The mapping of al 200
initial topicsto the 10 umbrellatopicsisavailablein Multimedia
Appendix 2. Additionally, to verify that the umbrella topic
shares do not change significantly under different cluster counts,
we conduct stability checksusing 50 and 25 clusters. Theresults
are described in the Umbrella Topic Stability Checks section
in Multimedia Appendix 1.

Two of the authors (PM and GL) independently map theinitial
200 topicsto the 10 umbrellatopics. We cal culate the intercoder
agreement between the annotators using Krippendorff a [67],
as described by the following equation, where D, isthe observed

disagreement between the annotators and D, is the expected
random disagreement:
E

The intercoder agreement is 0.806, indicating a satisfactory
level of agreement between the annotators. Each X post is
mapped to one of the clustered 200 topics using BERTopic, and
each of the clustered 200 topics is mapped to one of the 10
umbrella topics based on manual annotation. We can therefore
map each post to its umbrella topic. Table 1 shows the 10
umbrellatopics, examples of their representative keywords, and
the number of posts mapped to each topic. In addition, Table
S3in Multimedia Appendix 1 provides example representative
documents (posts) for the 10 umbrella topics. During the
annotation, the topics are mapped to umbrellatopic T9 (“ other™)
if the topic does not clearly match any of the other 9 umbrella
topics. We observe various subtopics that appear within T9,
such as drug marketing/news, other nonsemaglutide drugs, and
health/beauty. With the labeled umbrella topics, we group the
data by user attributes to discover the prevalence of each
umbrellatopic among user subpopulations.
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Table 1. Number, name, and representative keywords for each of the 10 umbrella topics.

Topic no. Topic name Posts, n Example representative keywords

TO Weight loss 50,542 exercise, workout, eat, diet, appetite, skinny, obesity, craving

T1 Celebritiesd/paliticians 40,120 nikkifried, erikajayne, oliviawilde, rhianna, tuckercarlson, oprah, elonmusk,
trump

T2 Obtaining the drug 22,724 prescription, medication, walgreens, walmart, coupon, insurance, coverage,
supply, ordered, appointment, affordable, shot, injection

T3 Drug indicators 16,948 diabetes, inflammation, treatment

T4 Drug authorities 23,783 pharma, novo, nordisk, doctor, physician, fda, goldman, economy, gdp, market

T5 General and profane negativity 9488 [swear words]

T6 Suicide risk 1486 suicide, autopsy, death, overdose

T7 Chronic harm 3075 addiction, cancer, tumor, alocepia, hair, hairline, diaysis

T8 Acute harm/adverse drug reac- 10,208 nausea, diarrhea, constipation, pain, effect

tions
T9 Other 29,475 [anything that does not fit in with the other topics]
Results Overall Sentiment Declines

RQ1 (Sentiment Across User Subpopulations)

Addressing RQ1, we find that the overall sentiment toward
semaglutide during the study period (July 2021 to April 2024)
is dlightly negative, with a mean sentiment score of —0.24 (SD
0.669) across al posts and —0.28 (SD 0.605) across al users.
Within all user subpopulations, we observe a decline in
sentiment over time, but the trend varies across different
subpopulations, as discussed in the following subsections.
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Our longitudinal sentiment analysis results are displayed in
Figure 2. To illustrate uncertainty, we include 95% Cl s for key
categorical attributes as shaded bands. Thetemporal progression
of sentiment can be divided into four phases: (1) initial positive
sentiment across categories (2021 to mid-2022), (2) universal
decline (November 2022 to January 2023), (3) variablerecovery
rates through 2023, and (4) eventua stabilization at slightly
negative levels by early 2024. Three notable periods of universal
decline are present: the largest from November 2022 to January
2023, the second from September to November 2023, and the
final from January to March 2024. Our repost-excluding
sensitivity analysis yields similar trends, supporting the
robustness of these temporal trends.
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Figure 2. Time series plots showing bimonthly sentiment analysis categorized by gender (A), verified status (B), account type (C), interest (D), and
region (E). To improve readability, we limit the interest visualization to the top 5 most popular of the 21 user interests. Shaded areas represent 95%

Cls.
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. During this same period, the FDA approved Wegovy for
Connection With External Events adol escent patients, intensifying public debate around expanded
The sentiment changes are associated with external events(some  clinical use [69]. Moreover, there is a pronounced decline in
key eventsare highlighted in Figure 3). Thefirst clear sentiment  sentiment within all user subpopulations during November
decline starting in mid-2022 coincideswith the national shortage  2022-January 2023, which coincides with reports of adverse
of glucagon-like peptide 1 medications, which ledtoincreased  gastrointestinal reaction, suggesting a public concern about
reliance on compounded semaglutide formulations and raised  potential side effects[70]. Following this decline, a temporary
concerns about access, safety, and regulatory oversight [68].
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spike in positive sentiment, particularly among verified users,
emerges between January 2023 and March 2023. However, the
wide ClI for verified usersindicates a high standard error likely
resulting from the limited number of verified-user posts within
that bimonthly window. This increase in sentiment coincides

Momeni €t d

with heightened media attention and cel ebrity endorsements of
semaglutide asa*“ Hollywood weight lossdrug” [ 71], suggesting
that promotional activity and influencer-driven narratives could
temporarily reverse prevailing sentiment patterns.

Figure 3. Interrupted time series analysis of average sentiment over time with external events. The dashed red line indicates the start of the intervention
window. CROI: Conference on Retroviruses and Opportunistic Infections; CV: cardiovascular; FDA: US Food and Drug Administration; SELECT:
Semagl utide Effects on Cardiovascular Outcomes in People With Overweight or Obesity.
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Following the second dip between September and November
2023, sentiment increases across al user attributes. This
recovery aligns with the release of positive cardiovascular
outcomes from the SELECT (Semaglutide Effects on
Cardiovascular Outcomes in People With Overweight or
Obesity) trial, which was presented at the American Heart
Association Scientific Sessions and published in the New
England Journal of Medicine in November 2023 [72]. The
results show that Wegovy (semaglutide 2.4 mg) can significantly
reduce major cardiovascular events in adults with overweight
or obesity and established cardiovascular disease, potentially
improving public perceptions of the drug’s efficacy and safety.
Following thethird dip in sentiment between January and March
2024, we observe a rebound across nearly all subpopulations.
Thisrecovery coincideswith two major announcementsin early
March 2024 (1) aNational Institutes of Health—sponsored study
presented at the 2024 Conference on Retroviruses and
Opportunistic Infections showed semaglutide significantly
reduces liver fat in people with HIV and MASLD (metabolic
dysfunction-associated steatotic liver disease) [73] and (2) the
FDA approved a label expansion for Wegovy to include
cardiovascular risk reduction based on long-term SELECT trial
data [74]. These developments likely contributed to renewed
optimism about semaglutide’s broader therapeutic value.

However, the sentiment patterns among user groups vary. For
example, we observe that organizational accounts and verified
users have consistently more positive sentiment scores than
individual accounts and unverified users. Users who are
interested in “business’ exhibit moderate sentiment scores,
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reflecting the professional nature of corporate communications.
Users interested in “politics’ exhibit the most negative and
volatile sentiment, whereas the “beauty/health” category
maintains the most positive sentiment among all groups
throughout the timeline. Users with an interest in “books’
maintained the most stable sentiment pattern. These patterns
highlight how different user communities process health-rel ated
information through their respective contextual frameworks,
with users valuing family and personal health showing the
highest sentiment variation.

The Impact of Semaglutide Shortage and Side Effect
Reports

In addition, we observe a significant downturn in sentiment
across all user subpopulations during November 2022—January
2023. This universal decline aigns temporally with reports of
semaglutide shortages [75-77] and reports of adverse drug
reactions[70], suggesting apublic concern regarding the drug's
availability and potential side effects. We apply an ITS
regression to assess theimpact of these shortages and determine
whether the sharp declinein sentiment exceeds baseline trends,
asdisplayed in Table 2. The baseline sentiment is significantly
positive (3,=0.172, P=.003), with a modest but significant
negative trend prior to the event (3,=—0.027, P=.03). At the
intervention point, an immediate and statistically significant
drop occurs (3,=—0.430, P=.004). While the postintervention
slopeshowsadlight positive trend (8;=0.029, P=.07), this effect
does not reach conventional significance thresholds.
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Table 2. Interrupted time-series regression of average sentiment. The intervention point is set at November 2022—January 2023; post time indicates

the slope change thereafter.
Variable BB coefficient (95% CI) SE P vaue
Constant 0.172 (0.070 to 0.274) 0.047 .003
Time —-0.027 (-0.051 to —0.003) 0.011 .03
Event —0.430 (-0.700 to 0.160) 0.125 .004
Post time 0.029 (—0.00 to 0.06) 0.015 .07

Figure 3 visualizes the ITS regression, displaying observed
mean sentiment across bimonthly intervals. A vertical dashed
line marksthe November 2022 intervention, illustrating changes
in level and slope. As shown in Figure 3, sentiment remains
relatively stable and slightly positive throughout 2021 and most
of 2022. A clear decline emergesin the November 2022-January
2023 period, after which sentiment consistently remains bel ow
zero, indicating a sustained downturn in public discourse. The
ITS results suggest that the intervention period coincides with
a significant immediate downturn in sentiment, followed by a
dlight, nonsignificant recovery trend thereafter.

Sentiment Patterns Across Subpopulations

We observe that the per-user and per-post sentiment scores are
similar; therefore, to avoid duplicated explanation and focus on
user experience, we solely discuss per-user scoresin thissection
(per-post scores and repost-excluded scores are available in
Table S5in MultimediaAppendix 1). The sentiment distribution
among user subpopulations varies significantly, as illustrated
in Figure 4. In addition, Table 3 presents 95% Cls for the
estimated mean sentiment differences across key user groups.
All comparisonsyield statistically significant results (P<.001),
providing strong evidence that the observed differences are not
due to random variation.

Figure4. Sentiment patterns across user subpopulations, measured per user and per post (the sentiment of a post can only be the value from -1, 0, and

1).
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Table 3. Estimated differences in sentiment across key subgroups, with 95% Cls.
Comparison and levels Mean 1 Mean 2 Mean difference (95% ClI) P value
Malevsfemae
Per post 017 -0.29 0.12 (0.121-0.129) <.001
Per user -0.20 -0.32 0.12 (0.117-0.128) <.001
Verified vs nonverified
Per post -0.14 -0.24 0.10 (0.092-0.102) <.001
Per user 017 -0.28 0.11 (0.101-0.116) <.001
Organizational vsindividual
Per post -0.01 —-0.24 0.23 (0.222-0.235) <.001
Per user —0.04 -0.28 0.24 (0.232-0.256) <.001

Based on Figure 4, male users exhibit more positive sentiment
(averaged sentiment —0.20) than female users (averaged
sentiment —0.32). Verified users, typically public figures or
organizations with confirmed identities, expressed less negative
sentiment (averaged sentiment —0.17) toward semagl utide than
nonverified users (averaged sentiment —0.28). This contrast
highlights how identity and accountability influence sentiment
expression online. Organizational accounts expressed less
negative sentiment compared to individual users. Thesefindings
suggest that organizations tend to frame their discussions about
semaglutide in a more positive manner, possibly due to
pharmaceutical marketing, professional communication
standards, or endorsement practices. Within the United States,
regional variationsin sentiment toward semaglutide are evident
in the analysis. Users in the Southeast region express the most
negativity (averaged sentiment —0.29), while users from the
Northeast are less negative.

Lastly, Figure 5 presents the average sentiment scores for each
combination of account type and user interest, measured per
user and per post. Overall, individual userstend to expressmore
negative sentiment than organizational accounts. For example,
inthe“travel” category, individual sentiment isclearly negative
(-0.24), while organizational sentiment is positive (0.12),
yielding one of the largest absolute gaps between the two
account types. This figure highlights that user sentiment varies
widely across domains of interest. Health-related categories,
particularly those tied to “beauty/health and fitness,” generate
a higher level of positivity, while “business’ discussions are
closer to neutral, reflecting a more corporate and less personal
orientation. These findings underscore the importance of
considering both account type and user interest when analyzing
public sentiment.

Figure 5. Combined heatmap of mean sentiment scores by account type and interest.
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RQ2 (Topic Results Across User Subpopulations)

For thetopic analysis, wefocuson original posts by successfully
assigning umbrella topics to 207,849 out of 859,751 posts. Not
all posts in the dataset receive topic assignments because we
exclude duplicated reposts (to avoid counting the same content
multiple times) and neutral-sentiment posts from the topic
modeling process. We conduct topic modeling analysis by post
rather than aggregating by user, which preserves the complete
topic distribution for prolific users.
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Topic Prevalence Across Subpopulations

Figure 6 shows the prevalence of each topic within each user
subpopulation, highlighting the variations in each topic’'s
prevalence across subpopulations. The most common topic
among subpopulations was TO (weight loss). However, the
popularity of the other topics is less consistent across the
subpopulations. We present a descriptive analysis of the topic
prevalence results in the following paragraphs; Cls and effect
sizes (calculated via Cramér V [78]) for these results are given
in Table S7 in Multimedia Appendix 1.
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Figure 6. Prevalence of each topic within each user subpopulation. The bars and left axes measure the number of posts pertaining to each topic, and
the lines and right axes measure the percentage of each subpopulation’s posts that pertain to each topic.
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T1 (celebrities/politicians) is noticeably more popular among
female users compared to male users, comprising 21%
(8368/39,786) of posts from femae users and 17.5%
(8087/46,133) of posts from male users. Although there are
more overall posts originating from male users, female users
post more T1 posts. In addition, 13.4% (6200/46,133) of male
user posts pertained to T4 (drug authorities), compared to 9.1%
(3630/39,786) of posts from female users.

Verified users are less likely to post profane posts, with TS
(general and profane negativity) comprising 3.2% (748/23,549)
of their posts, compared to 4.9% (8318/170,279) of posts from
unverified users. However, verified users are about twice as
likely to post about T6 (suicide risk) than unverified users. They
are aso more likely to create posts pertaining to T4 (drug
authorities); 19.2% (4525/23,549) of verified user posts belong
to T4, compared to 10.3% (17,460/170,279) from unverified
users.

Examining the most prevalent topicsamong individual accounts
and organizational accounts, the most striking differenceisthe
very low number of profane posts within the organizational
account subpopulation. T5 comprises just 0.8% (117/14,711)
of organizationa posts, compared to 4.9% (9371/193,138) of
posts from individual users. As companies and organizations
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Topic explanations:

TO Weight loss

T2 Obtaining the drug
T4 Drug authorities T5 General and profane negativity
T6 Suicide risk T7 Chronic harm

T8 Acute harm/adverse drug reactions T9 Other

T1 Celebrities/politicians
T3 Drug indicators

likely do not want to damage their reputation by posting profane
content, thisresult isin line with our expectations. On the other
hand, organizations are about 4 times more likely than
individuals to create posts pertaining to T6 (suicide risk),
perhaps due to medical organizations posting warnings about
potential side effects of semaglutide. T4 is far more common
among organizational accounts, with 25.7% (3774/14,711) of
organizational posts belonging to T4 compared to 10.4%
(20,009/193,138) from individual users.

Dividing the users by interest reveals severa differences in
topics of discussion. Notably, the subpopulation consisting of
usersinterested in “business” isthe only subpopulation in which
TOisnot the most preval ent topic. T4 isthe most common topic
among users interested in “business.” Users in the “business’
subpopulation appear to be more interested in the economic
impact of semaglutide, as opposed to its usage in weight loss
treatment. As expected, TO is by far the most popular topic
among usersinterested in “ beauty/health.” Lastly, the prevalence
of each topicismostly consistent across different US geographic
regions. However, there are some variations; for example, T4
is noticeably more popular in the Northeast compared to other
regions.
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Topic Prevalence Over Time

Figure 7 shows the number of posts pertaining to each umbrella
topic posted during each bimonthly period from July 2021 to
April 2024. To assess the evolution of topic prevalence over
time, wefirst present an exploratory analysis of external events
that may have influenced the topic trends. All topics rose in
popularity from July 2021 to April 2024. Thisresult is consistent
with the general increasein popularity of semaglutide. T3 surged

Momeni €t d

in popularity during November 2022-January 2023. This trend
alignswith theinitial FDA approval of Wegovy for adol escents
[69], which occurred on December 23, 2022. During September
2023-November 2023, TO (weight loss) increasesin prevalence,
while T8 (acute harm/adverse drug reactions) and T6 (suicide
risk) decline. These changes align with the release of positive
cardiovascular outcomes for Wegovy from the SELECT trial
[72].

Figure7. Thennumber of posts pertaining to each topic over time. TO: weight loss; T1: celebrities/politicians; T2: obtaining the drug; T3: drug indicators;
T4 drug authorities; T5: general and profane negativity; T6: suiciderisk; T7: chronic harm; T8: acute harm/adverse drug reactions; T9: other.
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Starting in July 2023-September 2023, there is a noticeable
uptick in the number of postspertaining to T6 (suiciderisk) and
T8 (acute harm/adverse drug reactions). To determine whether
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this change exceeds baseline trends, we apply an I TSregression.
The ITS results are visuaized in Figure 8 (full results are
availablein Table S6in Multimedia Appendix 1). A statistically
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significant (B,=449.51, P<.001) increase occurs at the

intervention point, followed by a significant downward trend
(B3=383.10, P=.02). The I TSresults suggest that theintervention

window coincides with a sharp increase in the prevalence of

Momeni €t d

T6. The surge in the popularity of T6 may have been caused by
a statement released by the European Medicines Agency on
July 11, 2023, acknowledging “about 150 reports of possible
cases of self-injury and suicidal thoughts’ from “people using
liraglutide and semaglutide medicines’ [79].

Figure 8. Interrupted time series analysis of T6 (suicide risk). The intervention window is July 2023-September 2023. EMA: European Medicines

Agency.

—&— (Observed

Preinterruption trend

Number of posts (bimonthly)

200 -
Statement on suicide risk
041 e—>-¢---8-—3——a0- € -2 :
721 1121 322 722 122 323 723 1123 324

Breakdown of Topics by Sentiment

Figure 9 shows the breakdown of sentiment scores within each
topic, within the gender, verification status, and account type
subpopulations. This figure connects our sentiment and topic

Date

analyses and provides insights into potential sources of user
negativity and positivity. For example, topics T5 (general and
profane negativity), T6 (suicide risk), T7 (chronic harm), and
T8 (acute harm/adverse drug reactions) are almost entirely
negative.

Figure9. Breakdown of sentiment scores by topic number, within various user subpopulations. TO: weight loss; T1: celebrities/politicians; T2: obtaining
the drug; T3: drug indicators; T4: drug authorities; T5: general and profane negativity; T6: suiciderisk; T7: chronic harm; T8: acute harm/adverse drug

reactions; T9: other.
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The breakdown also reveals notable differences in sentiment
within topics. In T4, for instance, male-identified accounts
contribute a significant volume of positive posts, whereas
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female-identified accounts are amost exclusively negative
(Figure9A). A similar, though less pronounced, patternisvisible
in T9, where male accounts again show alarger share of positive
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sentiment. Furthermore, in TO, organizational accounts exhibit
a much higher proportion of positive sentiment compared to
individual accounts, whose postsin that topic are predominantly
negative (Figure 9C).

Discussion

Key Findings

The primary takeaway from our results is that, athough
semaglutide has generated considerable attention, its reception
from individual X usersis generally negative. This negativity
suggests an overall public skepticism regarding the drug’s
efficacy, accessibility, and potential side effects, which are
consistently highlighted in user discussions. Such negative
sentiment is particularly notable in individual accounts as
compared to the positive or neutral sentiment found more often
in organizational accounts.

The tempora analysis demonstrates a general decrease in
sentiment over time. In addition, we observe a notable shift in
sentiment during late 2022, when regulatory announcements
related to adverse effects and safety warnings surfaced [70].
This period sees a sharp increase in negative sentiment, which
alignswith concernsraised about the drug’s safety. The general
throughline of negativity beginning in mid-2022 aligns
temporally with FDA confirmation that Wegovy (semaglutide)
is in shortage as well as heightened media coverage of
semaglutide’s off-label use for weight loss. The observed
negativity likely reflects public concern about limited access
and fairness, as shortages reported by the FDA were
simultaneoudly amplified in professional and mainstream outlets.
These shortages and their subseguent resolution are noted in
multiple sources, including the FDA Drug Shortages Database
and trade publications documenting semaglutide’sremoval from
the shortage list and its ongoing legal and ethical implications
[76,77].

On asimilar note, discussions concerning a seriousimpact spike
following the European Medicines Agency’sreport on suicides
on July 11, 2023 [79]. These findings underscore the impact
that regulatory decisions and public health announcements can
have on shaping public perceptions, particularly when safety
and efficacy concernsare at the forefront of the discussion. The
ITS analyses reinforce our interpretation that the drop in
sentiment and uptick in T6 exceed baselinetrends, likely having
been influenced by external events. Given the temporal
alignment and the magnitude of the changes, it is likely that
public sentiment is shaped in response to reports of adverse
effects and that the European Medicines Agency statement on
self-harm reports influenced public discussions.

In addition, user subpopulations show variance in sentiment
andtopic discussion. Userswho areinterested in “ beauty/heal th”
have the most positive sentiment and the highest prevalence of
TO (weight loss). Male users are dlightly more positive than
female users, though they appear less interested in T1
(celebrities/paliticians). The observed gender differences may
be influenced by the increased media attention surrounding
celebrities endorsing the drug, which is more prominently
featured in female-driven narratives about weight loss and
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beauty [80,81]. On the whole, verified users and organizations
aremore positive than their counterparts. Additionally, T4 (drug
authorities) is more prevalent among verified users and
organizations, while T1 (cel ebrities/politicians) and T5 (general
and profane negativity) are more prevalent among unverified
users. These differences suggest that verified users (often public
figures or organizations) tend to use a more conservative tone.
On the other hand, nonverified users (often individual s) tend to
emphasize personal concerns, particularly regarding side effects
and affordability. This difference highlights how the identity
and motivations of the speaker can influence sentiments, with
verified accounts potentially downplaying issuesfor commercial
or reputational reasons, whileindividual users are more candid
about their negative experiences.

Practical Implications

Our findings have severa practical implicationsfor stakeholders,
particularly health care providers and pharmaceutical companies.
Overdl, our results underscore the need for transparent
communication strategies. These strategies should prioritize
addressing concernsraised by users, including issuesrelated to
accessibility, side effects, and the drug's overall safety. Clear
communication can help bridge the gap between public
perception and medical realitieswhile fostering trustworthy and
informed decision-making.

For pharmaceutical companies, transparency in messaging about
the use and effects of semaglutideis critical. Our observations
highlight a gap in sentiment between individua and
organizational accounts. One potential contributing factor isthe
societal emphasis on beauty and weight loss, which can be
amplified by advertising and endorsements from influential
figures [6]. This phenomenon often skews public perception
and drives expectations. Given that regulatory announcements
and safety warnings significantly shape public sentiment [79],
pharmaceutical companies should adopt proactive approaches
to build credibility. This includes consistent and timely
communication that addresses misconceptions and reinforces
the drug’s benefits and limitations.

Limitations

While this study offers comprehensive insights into public
perceptions of semaglutide on X, some limitations must be
acknowledged. First, our dataset islimited to English-language
posts, and our regional sentiment analysis is limited to the
United States. While this constraint is necessary for linguistic
consistency in sentiment and topic modeling, it may exclude
important perspectives from non-English-speaking users,
introducing a potential source of bias. Second, gender
classification in our dataset is limited to 3 categories: male,
female, and unknown. We recognize that gender is not binary
and includes a spectrum of identities. However, the Brandwatch
data source only provides these limited groupings. As aresult,
our analysis may not capture the experiences of gender-diverse
users, representing a gap in inclusivity. Third, our study only
makes use of datafrom the X platform, potentially limiting the
generalizability of the resultsto different platforms (eg, Reddit
and clinical forums). Future work may study additional
platforms to build a broader understanding of user experience.
Lastly, although our work identifies numerous trends in public
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attitudes toward semaglutide, we do not interpret it as a causal
impact of real-world reports (eg, semagl utide usage and adverse
events) on online discourse.

Conclusions

Public interest in semaglutide has greatly increased in recent
years. Thisstudy explores X users’ experienceswith semaglutide
viaan analysis of 859,751 X posts created between July 2021
and April 2024. We observe a general decrease in sentiment
across most user subpopulations over time, with a particularly
noteworthy decrease occurring in November 2022. Our research

Data Availability

Momeni €t d

highlights the complex dynamics of user experiences with
semaglutide, driven by a combination of user demographics,
regional factors, and external events such as regulatory
announcements. The practical implications of these findings
are crucial for health care communicators and pharmaceutical
companies seeking to engage with the publicin amoreinformed,
responsive, and regionally targeted manner. Future research
should focus on further unraveling the role of side effects in
shaping public opinion and exploring how sentiment changes
in response to evolving health-related information.

Information about accessing an anonymized version of the dataset generated and analyzed during this study is available in

Multimedia Appendix 1.

Authors Contributions

Conceptualization: LL, JL

Data curation: LL, PM, GL

Formal analysis. PM, GL
Investigation: PM, GL
Methodology: PM, GL, LL

Project administration: LL, JL
Software: PM, GL, LL

Supervision: LL, JL

Visualization: PM, GL, LL

Writing — original draft: PM, GL, LL
Writing —review & editing: PM, GL, LL

Conflictsof Interest
None declared.

Multimedia Appendix 1
Additional dataset results.
[DOCX File, 1080 KB - ojphi_v18i1e80660 appl.docx ]

Multimedia Appendix 2

The complete mapping of al 200 initia clusters to the 10 umbrella topics.
[XLSX File (Microsoft Excel File), 41 KB - ojphi_v18i1e80660 app2.xIsx ]

References

1. HanSH, Safeek R, Ockerman K, Trieu N, Mars P, Klenke A, et al. Public interest in the off-label use of glucagon-like
peptide 1 agonists (Ozempic) for cosmetic weight loss: a Google Trends analysis. Aesthet Surg J 2023;44(1):60-67. [doi:

10.1093/a5j/5ad211] [Medline: 37402640]

2. Mailhac A, Pedersen L, Pottegard A, Sgndergaard J, Mogensen T, Sgrensen HT, et al. Semaglutide (Ozempic) usein
Denmark 2018 through 2023 user trends and off-label prescribing for weight loss. Clin Epidemiol 2024;16:307-318 [FREE
Full text] [doi: 10.2147/CL EP.$456170] [Medline: 38685990]

3. Tichy EM, Hoffman JM, SudaKJ, Rim MH, Tadrous M, Cuellar S, et a. National trendsin prescription drug expenditures
and projections for 2022. Am J Health Syst Pharm 2022;79(14):1158-1172 [FREE Full text] [doi: 10.1093/ajhp/zxac102]

[Medline: 35385103]

4.  Alvarez-Mon MA, Llavero-Valero M, Asunsolo Del Barco A, Zaragozé C, Ortega MA, Lahera G, et a. Areas of interest
and attitudes toward antiobesity drugs. hematic and quantitative analysis using Twitter. JMed Internet Res
2021;23(10):e24336 [FREE Full text] [doi: 10.2196/24336] [Medline: 34698653]

5. Raubenheimer JE, Myburgh PH, Bhagavathula AS. Sweetening the deal: an infodemiological study of worldwide interest
in semaglutide using Google Trends extended for health application programming interface. BMC Glob Public Health
2024;2(1):63. [doi: 10.1186/s44263-024-00095-w] [Medline: 39681910]

https:/oj phi jmir.org/2026/1/e80660

Online J Public Health Inform 2026 | vol. 18 | eB0660 | p.242
(page number not for citation purposes)


https://jmir.org/api/download?alt_name=ojphi_v18i1e80660_app1.docx&filename=0b512cfd8900439e1f40eb742f7c385e.docx
https://jmir.org/api/download?alt_name=ojphi_v18i1e80660_app1.docx&filename=0b512cfd8900439e1f40eb742f7c385e.docx
https://jmir.org/api/download?alt_name=ojphi_v18i1e80660_app2.xlsx&filename=a712d7363c65ec4cee3906adaf5044da.xlsx
https://jmir.org/api/download?alt_name=ojphi_v18i1e80660_app2.xlsx&filename=a712d7363c65ec4cee3906adaf5044da.xlsx
http://dx.doi.org/10.1093/asj/sjad211
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37402640&dopt=Abstract
https://www.tandfonline.com/doi/10.2147/CLEP.S456170?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
https://www.tandfonline.com/doi/10.2147/CLEP.S456170?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.2147/CLEP.S456170
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38685990&dopt=Abstract
https://europepmc.org/abstract/MED/35385103
http://dx.doi.org/10.1093/ajhp/zxac102
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35385103&dopt=Abstract
https://www.jmir.org/2021/10/e24336/
http://dx.doi.org/10.2196/24336
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34698653&dopt=Abstract
http://dx.doi.org/10.1186/s44263-024-00095-w
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39681910&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

ONLINE JOURNAL OF PUBLIC HEALTH INFORMATICS Momeni et &

6.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

Rad J, Melendez-Torres GJ. Critical discourse analysis of social media advertisements for GLP-1 receptor agonist weight
loss drugs: implications for public perceptions and health communication. BMC Public Health 2025;25(1):2996 [FREE
Full text] [doi: 10.1186/s12889-025-24197-8] [Medline: 40890660]

Bremmer MP, Hendershot CS. Social media as pharmacovigilance: the potential for patient reports to inform clinical
research on glucagon-like peptide 1 (GLP-1) receptor agonists for substance use disorders. J Stud Alcohol Drugs
2024;85(1):5-11. [doi: 10.15288/jsad.23-00318] [Medline: 37917019]

Olsen AK, Whalen MD. Public perceptions of the pharmaceutical industry and drug safety: implications for the
pharmacovigilance professional and the culture of safety. Drug Saf 2009;32(10):805-810. [doi:
10.2165/11316620-000000000-00000] [Medline: 19722724]

HuaY, JangH, Lin S, Yang J, Plasek JM, BatesDW, et al. Using Twitter datato understand public perceptions of approved
versus off-label use for COVID-19-related medications. JAm Med Inform Assoc 2022;29(10):1668-1678 [ FREE Full text]
[doi: 10.1093/jamialocac114] [Medline: 35775946]

Rathert C, Wyrwich MD, Boren SA. Patient-centered care and outcomes: a systematic review of the literature. Med Care
Res Rev 2013;70(4):351-379. [doi: 10.1177/1077558712465774] [Medline: 23169897]

Farsi D. Social mediaand health care, Part I: Literature review of social media use by health care providers. JMed Internet
Res 2021;23(4):€23205 [FREE Full text] [doi: 10.2196/23205] [Medline: 33664014]

Hao T, Huang Z, Liang L, Weng H, Tang B. Health natural language processing: methodol ogy devel opment and applications.
JMIR Med Inform 2021;9(10):e23898 [FREE Full text] [doi: 10.2196/23898] [Medline: 34673533]

Zhou B, Yang G, Shi Z, MaS. Natural language processing for smart healthcare. IEEE Rev Biomed Eng 2024;17:4-18.
[doi: 10.1109/RBME.2022.3210270] [Medline: 36170385]

Wang E, Wang F, Yang Z, Wang L, Zhang Y, Lin H, et al. A graph convolutional network-based method for chemical-protein
interaction extraction: algorithm development. IMIR Med Inform 2020;8(5):€17643 [FREE Full text] [doi: 10.2196/17643]
[Medline: 32348257]

Li L, Wang P, Wang Y, Wang S, Yan J, Jiang J, et al. A method to learn embedding of a probabilistic medical knowledge
graph: algorithm development. IMIR Med Inform 2020;8(5):€17645 [FREE Full text] [doi: 10.2196/17645] [Medline:
32436854]

Kaufman DR, Sheehan B, Stetson P, Bhatt AR, Field Al, Patel C, et al. Natural language processing—enabled and conventional
data capture methods for input to electronic health records: acomparative usability study. IMIR Med Inform 2016;4(4):e35
[EREE Full text] [doi: 10.2196/medinform.5544] [Medline: 27793791]

Iroju OG, Olaleke JO. A systematic review of natural language processing in healthcare. J Inf Technol Comput Sci
2015;7(8):44-50. [doi: 10.5815/ijitcs.2015.08.07]

Elbattah M, Arnaud E, Gignon M, Dequen G. Therole of text analyticsin healthcare: areview of recent developments and
applications. In: Proceedings of the 14th International Joint Conference on Biomedical Engineering Systems and Technologies
(BIOSTEC 2021). Setuibal, Portugal: SciTePress; 2021:825-832.

YuY, Guan Y, Hu Y. Natural language processing applicationsin social network analysis: a data mining approach. J Phys
Conf Ser 2024;2813(1):012009. [doi: 10.1088/1742-6596/2813/1/012009]

Sandu A, Cotfas L, Stanescu A, Delcea C. A bibliometric analysis of text mining: exploring the use of natural language
processing in social mediaresearch. Appl Sci 2024;14(8):3144. [doi: 10.3390/app14083144]

Sarker A, DeRoos A, Perrone J. Mining social mediafor prescription medication abuse monitoring: areview and proposal
for a data-centric framework. JAm Med Inform Assoc 2020;27(2):315-329 [FREE Full text] [doi: 10.1093/jamia/ocz162]
[Medline: 31584645]

Nasralah T, El-Gayar O, Wang Y. Social media text mining framework for drug abuse: devel opment and validation study
with an opioid crisiscase analysis. JMed Internet Res 2020;22(8):e18350 [ FREE Full text] [doi: 10.2196/18350] [Medline:
32788147)

Zhang J, Wang X, Zhou Y. Comparative analysis of semaglutide induced adverse reactions: insights from FAERS database
and social media reviews with afocus on oral vs subcutaneous administration. Front Pharmacol 2024;15:1471615 [FREE
Full text] [doi: 10.3389/fphar.2024.1471615] [Medline: 39502525]

Cricelli L, Grimaldi M, Vermicelli S. Crowdsourcing and open innovation: a systematic literature review, an integrated
framework and aresearch agenda. Rev Manag Sci 2021;16(5):1269-1310. [doi: 10.1007/s11846-021-00482-9]

Li L, Hu S, Da Y, Deng M, Momeni P, Laverghetta G, et al. Toward satisfactory public accessibility: a crowdsourcing
approach through online reviews to inclusive urban design. Comput Environ Urban Syst 2025;122:102329. [doi:
10.1016/j.compenvurbsys.2025.102329]

Certoma C, Corsini F, Rizzi F. Crowdsourcing urban sustainability: data, people and technol ogiesin participatory governance.
Futures 2015;74:93-106. [doi: 10.1016/j.futures.2014.11.006]

Alvaro N, Conway M, Doan S, Lofi C, Overington J, Collier N. Crowdsourcing Twitter annotations to identify first-hand
experiences of prescription drug use. J Biomed Inform 2015;58:280-287 [FREE Full text] [doi: 10.1016/].jbi.2015.11.004]
[Medline: 26556646]

https://ojphi.jmir.org/2026/1/e80660 Online J Public Health Inform 2026 | vol. 18 | eB0660 | p.243

(page number not for citation purposes)


https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-025-24197-8
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-025-24197-8
http://dx.doi.org/10.1186/s12889-025-24197-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=40890660&dopt=Abstract
http://dx.doi.org/10.15288/jsad.23-00318
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37917019&dopt=Abstract
http://dx.doi.org/10.2165/11316620-000000000-00000
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19722724&dopt=Abstract
https://europepmc.org/abstract/MED/35775946
http://dx.doi.org/10.1093/jamia/ocac114
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35775946&dopt=Abstract
http://dx.doi.org/10.1177/1077558712465774
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23169897&dopt=Abstract
https://www.jmir.org/2021/4/e23205/
http://dx.doi.org/10.2196/23205
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33664014&dopt=Abstract
https://medinform.jmir.org/2021/10/e23898/
http://dx.doi.org/10.2196/23898
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34673533&dopt=Abstract
http://dx.doi.org/10.1109/RBME.2022.3210270
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36170385&dopt=Abstract
https://medinform.jmir.org/2020/5/e17643/
http://dx.doi.org/10.2196/17643
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32348257&dopt=Abstract
https://medinform.jmir.org/2020/5/e17645/
http://dx.doi.org/10.2196/17645
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32436854&dopt=Abstract
https://medinform.jmir.org/2016/4/e35/
http://dx.doi.org/10.2196/medinform.5544
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27793791&dopt=Abstract
http://dx.doi.org/10.5815/ijitcs.2015.08.07
http://dx.doi.org/10.1088/1742-6596/2813/1/012009
http://dx.doi.org/10.3390/app14083144
https://europepmc.org/abstract/MED/31584645
http://dx.doi.org/10.1093/jamia/ocz162
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31584645&dopt=Abstract
https://www.jmir.org/2020/8/e18350/
http://dx.doi.org/10.2196/18350
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32788147&dopt=Abstract
https://doi.org/10.3389/fphar.2024.1471615
https://doi.org/10.3389/fphar.2024.1471615
http://dx.doi.org/10.3389/fphar.2024.1471615
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39502525&dopt=Abstract
http://dx.doi.org/10.1007/s11846-021-00482-9
http://dx.doi.org/10.1016/j.compenvurbsys.2025.102329
http://dx.doi.org/10.1016/j.futures.2014.11.006
https://linkinghub.elsevier.com/retrieve/pii/S1532-0464(15)00241-5
http://dx.doi.org/10.1016/j.jbi.2015.11.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26556646&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

ONLINE JOURNAL OF PUBLIC HEALTH INFORMATICS Momeni et &

28.

29.

30.

31.

32.

33.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45,

46.

47.

48.

49,

50.

51.

Cascini F, Pantovic A, Al-Ajlouni YA, FaillaG, Puleo V, Melnyk A, et a. Social mediaand attitudes towards a COVID-19
vaccination: a systematic review of the literature. eClinicaMedicine 2022;48:101454 [FREE Full text] [doi:
10.1016/j.eclinm.2022.101454] [Medline: 35611343]

Sarker A, Ginn R, Nikfarjam A, O'Connor K, Smith K, Jayaraman S, et al. Utilizing social mediadatafor pharmacovigilance:
areview. J Biomed Inform 2015;54:202-212 [FREE Full text] [doi: 10.1016/j.jbi.2015.02.004] [Medline: 25720841]
Miller MM, Salathé M. Crowdbreaks: tracking health trends using public social media data and crowdsourcing. Front
Public Health 2019;7:81 [FREE Full text] [doi: 10.3389/fpubh.2019.00081] [Medline: 31037238]

Signorini A, Segre AM, Polgreen PM. The use of Twitter to track levels of disease activity and public concern in the U.S.
during theinfluenza A H1N1 pandemic. PLoS One 2011;6(5):e19467 [FREE Full text] [doi: 10.1371/journal .pone.0019467]
[Medline: 21573238]

Boucher JC, Cornelson K, Benham JL, Fullerton MM, Tang T, Constantinescu C, et al. Analyzing social mediato explore
the attitudes and behaviorsfoll owing the announcement of successful COVID-19 vaccinetrials; infodemiol ogy study. IMIR
Infodemiology 2021;1(1):e28800 [FREE Full text] [doi: 10.2196/28800] [Medline: 34447924]

Buntain C, McGrath E, Golbeck J, LaFree G. Comparing social mediaand traditional surveys around the Boston Marathon
Bombing. In: Proceedings of the 6th Workshop on 'Making Sense of Microposts' co-located with the 25th International
World Wide Web Conference (WWW 2016). Montréal, Canada: CEUR-WS.org; 2016:34-41.

Lardon J, Abdellaoui R, Bellet F, Asfari H, Souvignet J, Texier N, et al. Adverse drug reaction identification and extraction
in social media: ascoping review. JMed Internet Res 2015;17(7):e171 [FREE Full text] [doi: 10.2196/jmir.4304] [Medline:
26163365]

Birjali M, Kasri M, Beni-Hssane A. A comprehensive survey on sentiment analysis: approaches, challenges and trends.
Knowl Based Syst 2021;226:107134. [doi: 10.1016/j.knosys.2021.107134]

Feldman R. Techniques and applications for sentiment analysis. Commun ACM 2013;56(4):82-89. [doi:
10.1145/2436256.2436274]

Tsao SF, Chen H, Tisseverasinghe T, Yang Y, Li L, Butt ZA. What social mediatold usin the time of COVID-19: a scoping
review. Lancet Digit Health 2021;3(3):e175-e194 [ FREE Full text] [doi: 10.1016/S2589-7500(20)30315-0] [Medline:
33518503]

Alamoodi AH, Zaidan BB, Zaidan AA, Albahri OS, Mohammed K1, Malik RQ, et a. Sentiment analysisand its applications
in fighting COVID-19 and infectious diseases: a systematic review. Expert Syst Appl 2021;167:114155 [FREE Full text]
[doi: 10.1016/j.eswa.2020.114155] [Medline: 33139966]

Andhale S, Mane P, Vaingankar M, Karia D, Talele KT. Twitter sentiment analysis for COVID-19. In: 2021 International
Conference on Communication information and Computing Technology (ICCICT). New York: |IEEE; 2021:1-12.

Hel, HeC, Reynolds TL, Bai Q, Huang Y, Li C, et al. Why do people oppose mask wearing? A comprehensive analysis
of U.S. tweets during the COVID-19 pandemic. JAm Med Inform Assoc 2021;28(7):1564-1573 [FREE Full text] [doi:
10.1093/jamia/ocab047] [Medline: 33690794]

Jelodar H, Wang Y, Yuan C, Feng X, Jiang X, Li Y, et a. Latent dirichlet allocation (LDA) and topic modeling: models,
applications, a survey. Multimed Tools Appl 2018;78(11):15169-15211. [doi: 10.1007/s11042-018-6894-4]

Grootendorst M. BERTopic: neural topic modeling with a class-based TF-IDF procedure. arXiv. Preprint posted online
2022 Mar 11 [FREE Full text] [doi: 10.48550/arXiv.2203.05794]

Churchill R, Singh L. The evolution of topic modeling. ACM Comput Surv 2022;54(10s):1-35. [doi: 10.1145/3507900]
Asghari M, Sierra-Sosa D, ElImaghraby A. Trends on health in social media: analysis using Twitter topic modeling. In:
2018 |EEE International Symposium on Signal Processing and Information Technology (ISSPIT). New York: |EEE;
2018:558-563.

Liu Q, Zheng Z, Zheng J, Chen Q, Liu G, Chen S, et al. Health communi cation through news media during the early stage
of the COVID-19 outbreak in China: digital topic modeling approach. JMed Internet Res 2020;22(4):€19118 [FREE Full
text] [doi: 10.2196/19118] [Medline: 32302966]

Ramondt S, Kerkhof P, Merz E. Blood donation narratives on social media: atopic modeling study. Transfus Med Rev
2022;36(1):58-65 [FREE Full text] [doi: 10.1016/j.tmrv.2021.10.001] [Medline: 34810071]

Paul MJ, Dredze M. Discovering health topics in social media using topic models. PLoS One 2014;9(8):€103408 [FREE
Full text] [doi: 10.1371/journal.pone.0103408] [Medline: 25084530]

Fong S, Carollo A, Lazuras L, Corazza O, Esposito G. Ozempic (glucagon-like peptide 1 receptor agonist) in social media
posts: unveiling user perspectives through Reddit topic modeling. Emerg Trends Drugs Addict Health 2024;4:100157. [doi:
10.1016/j.etdah.2024.100157]

Javaid A, Baviriseaty S, Javaid R, Zirikly A, KukrgjaH, Kim CH, et al. Trendsin glucagon-like peptide-1 receptor agonist
social media posts using artificia intelligence. JACC Adv 2024;3(9):101182 [EREE Full text] [doi:
10.1016/j.jacadv.2024.101182] [Medline: 39372460]

Somani S, Jain SS, Sarrgju A, Sandhu AT, Hernandez-Boussard T, Rodriguez F. Using large language models to assess
public perceptions around glucagon-like peptide-1 receptor agonists on social media. Commun Med (Lond) 2024;4(1):137.
[doi: 10.1038/s43856-024-00566-z] [Medline: 38987347]

The most intelligent social suite. Brandwatch. URL: https://www.brandwatch.com/ [accessed 2026-01-29]

https://ojphi.jmir.org/2026/1/e80660 Online J Public Health Inform 2026 | vol. 18 | eB0660 | p.244

(page number not for citation purposes)


https://linkinghub.elsevier.com/retrieve/pii/S2589-5370(22)00184-5
http://dx.doi.org/10.1016/j.eclinm.2022.101454
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35611343&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1532-0464(15)00036-2
http://dx.doi.org/10.1016/j.jbi.2015.02.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25720841&dopt=Abstract
https://europepmc.org/abstract/MED/31037238
http://dx.doi.org/10.3389/fpubh.2019.00081
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31037238&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0019467
http://dx.doi.org/10.1371/journal.pone.0019467
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21573238&dopt=Abstract
https://infodemiology.jmir.org/2021/1/e28800/
http://dx.doi.org/10.2196/28800
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34447924&dopt=Abstract
https://www.jmir.org/2015/7/e171/
http://dx.doi.org/10.2196/jmir.4304
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26163365&dopt=Abstract
http://dx.doi.org/10.1016/j.knosys.2021.107134
http://dx.doi.org/10.1145/2436256.2436274
https://linkinghub.elsevier.com/retrieve/pii/S2589-7500(20)30315-0
http://dx.doi.org/10.1016/S2589-7500(20)30315-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33518503&dopt=Abstract
https://europepmc.org/abstract/MED/33139966
http://dx.doi.org/10.1016/j.eswa.2020.114155
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33139966&dopt=Abstract
https://europepmc.org/abstract/MED/33690794
http://dx.doi.org/10.1093/jamia/ocab047
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33690794&dopt=Abstract
http://dx.doi.org/10.1007/s11042-018-6894-4
https://arxiv.org/abs/2203.05794
http://dx.doi.org/10.48550/arXiv.2203.05794
http://dx.doi.org/10.1145/3507900
https://www.jmir.org/2020/4/e19118/
https://www.jmir.org/2020/4/e19118/
http://dx.doi.org/10.2196/19118
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32302966&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0887-7963(21)00057-2
http://dx.doi.org/10.1016/j.tmrv.2021.10.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34810071&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0103408
https://dx.plos.org/10.1371/journal.pone.0103408
http://dx.doi.org/10.1371/journal.pone.0103408
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25084530&dopt=Abstract
http://dx.doi.org/10.1016/j.etdah.2024.100157
https://linkinghub.elsevier.com/retrieve/pii/S2772-963X(24)00413-7
http://dx.doi.org/10.1016/j.jacadv.2024.101182
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39372460&dopt=Abstract
http://dx.doi.org/10.1038/s43856-024-00566-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38987347&dopt=Abstract
https://www.brandwatch.com/
http://www.w3.org/Style/XSL
http://www.renderx.com/

ONLINE JOURNAL OF PUBLIC HEALTH INFORMATICS Momeni et &

52.

53.

55.

56.

57.

58.

59.

60.

61.

62.

63.

65.

66.

67.

68.

69.

70.

71.

72.

Amaro A, Sugimoto D, Wharton S. Efficacy and safety of semaglutide for weight management: evidence from the STEP
program. Postgrad Med 2022;134(Suppl 1):5-17 [FREE Full text] [doi: 10.1080/00325481.2022.2147326] [Medline:
36691309]

Jaume J. Understanding your market with new demographic insights. Brandwatch. 2014 Feb 13. URL : https:.//www.
brandwatch.com/bl og/demographic-insights/ [accessed 2026-01-29]

Brabete AC, Greaves L, Maximos M, Huber E, Li A, L& ML. A sex- and gender-based analysis of adverse drug reactions:
ascoping review of pharmacovigilance databases. Pharmaceuticals (Basel) 2022;15(3):298 [EREE Full text] [doi:
10.3390/ph15030298] [Medline: 35337096]

Furman JL. Location and organizing strategy: exploring the influence of location on the organization of pharmaceutical
research. In: Baum JAC, Sorenson O, editors. Geography and Strategy. Australia, Malaysia: Emerald Group Publishing
Limited; 2003:49-87.

Podolsky M1, Raquib R, Shafer PR, Hempstead K, Ellis RP, Stokes AC. Factors associated with semaglutide initiation
among adults with obesity. JAMA Netw Open 2025;8(1):e2455222 [FREE Full text] [doi:
10.1001/jamanetworkopen.2024.55222] [Medline: 39836425]

Momeni P, Laverghetta G. OJPHI__twitter_semaglutide_clean. GitHub. URL : https://github.com/ParisaM omeni/
OJPHI_twitter semaglutide clean [accessed 2026-01-29]

Williams ML, Burnap P, Sloan L. Towards an ethical framework for publishing Twitter datain social research: taking into
account users' views, online context and algorithmic estimation. Sociology 2017;51(6):1149-1168 [ FREE Full text] [doi:
10.1177/0038038517708140] [Medline: 29276313]

Skinner T, Brance K, Halligan S, Tsang E, Girling H. Coping with emotionally challenging research: developing a strategic
approach to researcher wellbeing. J Acad Ethics 2025;23(4):2559-2583. [doi: 10.1007/s10805-025-09665-5] [Medline:
41001435]

Twitter-roBERTa-base for sentiment analysis. Hugging Face. URL : https://huggingface.co/cardiffnlp/
twitter-roberta-base-sentiment-latest [accessed 2026-01-29]

Loureiro D, Barbieri F, NevesL, Espinosa AL, Camacho-collados J. TimeL Ms: diachronic language models from Twitter.
In: Proceedings of the 60th Annual Meeting of the Association for Computational Linguistics: System Demonstrations.
Dublin, Ireland: Association for Computational Linguistics; 2022:251-260.

Liao W, Zeng B, Yin X, Wei P. An improved aspect-category sentiment analysis model for text sentiment analysis based
on RoBERTa. Appl Intell 2020;51(6):3522-3533. [doi: 10.1007/s10489-020-01964-1]

MaZ, LiL,MaoY, Wang Y, Patsy OG, Bensi MT, et a. Surveying the use of social media data and natural language
processing techniques to investigate natural disasters. Nat Hazards Rev 2024;25(4):03124003. [doi:

10.106 UNHREFO.NHENG-2047]

LouY, ZhangY, Li F, Qian T, Ji D. Emoji-based sentiment analysis using attention networks. ACM Trans Asian L ow-Resour
Lang Inf Process 2020;19(5):1-13. [doi: 10.1145/3389035]

Cureg MQ, DeLaCruz JAD, Solomon JCA, Saharkhiz AT, Balan AKD, Samonte MJC. Sentiment analysis on tweets with
punctuations, emoticons, and negations. In: ICISS '19: Proceedings of the 2nd International Conference on Information
Science and Systems. New York: Association for Computing Machinery; 2019:266-270.

Ikotun AM, Ezugwu AE, Abualigah L, Abuhaija B, Heming J. K-means clustering algorithms: a comprehensive review,
variants analysis, and advancesin the era of big data. Inf Sci 2023;622:178-210. [doi: 10.1016/j.ins.2022.11.139]

Marzi G, Balzano M, Marchiori D. K-Alpha Calcul ator-Krippendorff's Alpha Cal cul ator: auser-friendly tool for computing
Krippendorff's Alphainter-rater reliability coefficient. MethodsX 2024;12:102545. [doi: 10.1016/j.mex.2023.102545]
[Medline: 39669968]

FDA clarifies policies for compounders as national GLP-1 supply beginsto stabilize. U.S. Food and Drug Administration.
URL: https.//www.fda.gov/drugs/drug-safety-and-availability/

fda-clarifies-policies-compounders-national -gl p-1-suppl y-begins-stabilize [accessed 2026-01-29]

FDA approves once-weekly Wegovy injection for the treatment of obesity in teens aged 12 years and older. Drugs.com.
2022 Dec. URL: https.//www.drugs.com/newdrugs/
fda-approves-once-weekly-wegovy-obesity-teens-aged-12-years-older-5949.html [accessed 2026-01-29]

ShuY, He X, Wu P, LiuY, Ding Y, Zhang Q. Gastrointestinal adverse events associated with semaglutide: a
pharmacovigilance study based on FDA adverse event reporting system. Front Public Health 2022;10:996179 [FREE Full
text] [doi: 10.3389/fpubh.2022.996179] [Medline: 36339230]

Jayanthi R. The demedicalization of GLP-1 receptor agonists: an analysis of TikTok influencer endorsement of Ozempic-like
medications for cosmetic weight loss[Thesis]. University of North Carolinaat Chapel Hill. 2025 Mar 26. URL : https.//cdr.
lib.unc.edu/concern/honors theses/8c97m561s [accessed 2026-01-29]

Wegovy (semaglutide) injection 2.4 mg cardiovascular outcomes data presented at the American Heart Association Scientific
Sessions and simultaneously published in the New England Journal of Medicine. Drugs.com. 2023 Nov 23. URL: https:/
/www.drugs.com/clinical_trials/

wegovy-semaglutide-2-4-mg-cardiovascul ar-outcomes-data-presented-american-heart-association-21170.html [accessed
2026-01-29]

https://ojphi.jmir.org/2026/1/e80660 Online J Public Health Inform 2026 | vol. 18 | eB0660 | p.245

(page number not for citation purposes)


https://www.tandfonline.com/doi/10.1080/00325481.2022.2147326?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1080/00325481.2022.2147326
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36691309&dopt=Abstract
https://www.brandwatch.com/blog/demographic-insights/
https://www.brandwatch.com/blog/demographic-insights/
https://www.mdpi.com/resolver?pii=ph15030298
http://dx.doi.org/10.3390/ph15030298
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35337096&dopt=Abstract
https://jamanetwork.com/journals/jamanetworkopen/fullarticle/10.1001/jamanetworkopen.2024.55222
http://dx.doi.org/10.1001/jamanetworkopen.2024.55222
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39836425&dopt=Abstract
https://github.com/ParisaMomeni/OJPHI_twitter_semaglutide_clean
https://github.com/ParisaMomeni/OJPHI_twitter_semaglutide_clean
https://journals.sagepub.com/doi/10.1177/0038038517708140?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1177/0038038517708140
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29276313&dopt=Abstract
http://dx.doi.org/10.1007/s10805-025-09665-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=41001435&dopt=Abstract
https://huggingface.co/cardiffnlp/twitter-roberta-base-sentiment-latest
https://huggingface.co/cardiffnlp/twitter-roberta-base-sentiment-latest
http://dx.doi.org/10.1007/s10489-020-01964-1
http://dx.doi.org/10.1061/NHREFO.NHENG-2047
http://dx.doi.org/10.1145/3389035
http://dx.doi.org/10.1016/j.ins.2022.11.139
http://dx.doi.org/10.1016/j.mex.2023.102545
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39669968&dopt=Abstract
https://www.fda.gov/drugs/drug-safety-and-availability/fda-clarifies-policies-compounders-national-glp-1-supply-begins-stabilize
https://www.fda.gov/drugs/drug-safety-and-availability/fda-clarifies-policies-compounders-national-glp-1-supply-begins-stabilize
https://www.drugs.com/newdrugs/fda-approves-once-weekly-wegovy-obesity-teens-aged-12-years-older-5949.html
https://www.drugs.com/newdrugs/fda-approves-once-weekly-wegovy-obesity-teens-aged-12-years-older-5949.html
https://europepmc.org/abstract/MED/36339230
https://europepmc.org/abstract/MED/36339230
http://dx.doi.org/10.3389/fpubh.2022.996179
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36339230&dopt=Abstract
https://cdr.lib.unc.edu/concern/honors_theses/8c97m561s
https://cdr.lib.unc.edu/concern/honors_theses/8c97m561s
https://www.drugs.com/clinical_trials/wegovy-semaglutide-2-4-mg-cardiovascular-outcomes-data-presented-american-heart-association-21170.html
https://www.drugs.com/clinical_trials/wegovy-semaglutide-2-4-mg-cardiovascular-outcomes-data-presented-american-heart-association-21170.html
https://www.drugs.com/clinical_trials/wegovy-semaglutide-2-4-mg-cardiovascular-outcomes-data-presented-american-heart-association-21170.html
http://www.w3.org/Style/XSL
http://www.renderx.com/

ONLINE JOURNAL OF PUBLIC HEALTH INFORMATICS Momeni et &

73. Semaglutide reduces severity of common liver disease in people with HIV. Drugs.com. 2024 Mar 5. URL: https://www.
drugs.com/clinical _trial s/'semaglutide-reduces-severity-common-liver-hiv-21374.html [accessed 2026-01-29]

74. \Wegovy approved in the US for cardiovascular risk reduction in people with overweight or obesity and established
cardiovascular disease. Drugs.com. 2024 Mar 8. URL: https://www.drugs.com/newdrugs/
wegovy-approved-us-cardiovascul ar-risk-reducti on-overwei ght-obesity-established-cardiovascul ar-6212.html [accessed
2026-01-29]

75. FDA drug shortages: semaglutide injection (Wegovy). U.S. Food and Drug Administration. URL: https://www.
accessdata.fda.gov/scripts/drugshortages/dsp Activel ngredientDetails.cfm?A 1 =Semagl utide%20I njection& st=c [accessed
2026-01-29]

76. Ghiam A, Heba D. Semaglutide’s removal from the FDA shortages list sets the stage for more Novo Nordisk lawsuits.
Medical Economics. 2025 Aug 18. URL : https.//www.medical economics.com/view/
semaglutide-s-removal -from-the-fda-shortages-li st-sets-the-stage-for-more-novo-nordisk-lawsuits [accessed 2026-01-29]

77. FerruggiaK. FDA ends semaglutide shortage listing, contributing to ongoing legal challenges. Pharmacy Times. 2025 Feb
27. URL: https://www.pharmacytimes.com/view/
fda-ends-semagl utide-shortage-listing-contributing-to-ongoing-legal -challenges [ accessed 2026-01-29]

78. Cramér H. Mathematical Methods of Statistics. Princeton, NJ: Princeton University Press; 1946.

79. EMA statement on ongoing review of GLP-1 receptor agonists. European Medicines Agency. 2023 Jul 11. URL: https:/
Iwww.ema.europa.eu/en/news/ema-statement-ongoi ng-review-gl p-1-receptor-agonists [accessed 2026-01-29]

80. Faw MH, Davidson K, Hogan L, Thomas K. Corumination, diet culture, intuitive eating, and body dissatisfaction among
young adult women. Pers Relat 2020;28(2):406-426. [doi: 10.1111/pere.12364]

81. MillsJ, Fuller-Tyszkiewicz M. Fat talk and body image disturbance: a systematic review and meta-analysis. Psychol Women
Q 2016;41(1):114-129. [doi: 10.1177/0361684316675317]

Abbreviations

FDA: US Food and Drug Administration

ITS: interrupted time-series

MASL D: metabolic dysfunction-associated steatotic liver disease

NL P: natural language processing

RoBERTa: Robustly Optimized BERT Pretraining Approach

RQ: research question

SELECT: Semaglutide Effects on Cardiovascular Outcomesin People With Overweight or Obesity

Edited by J Krive; submitted 14.Jul.2025; peer-reviewed by A Alabi, M Elbattah; comments to author 01.Sep.2025; accepted
10.Dec.2025; published 24.Feb.2026.

Please cite as:

Momeni P, Laverghetta G, Ligatti J, Li L

Topic and Sentiment Trends in Semaglutide Discussions on X: Subpopulation-Based Longitudinal Analysis
Online J Public Health Inform 2026; 18: 80660

URL: https://ojphi.jmir.org/2026/1/e80660

doi: 10.2196/80660

PMID:

©Parisa Momeni, Gabriel Laverghetta, Jay Ligatti, Lingyao Li. Originally published in the Online Journal of Public Health
Informatics (https://ojphi.jmir.org/), 24.Feb.2026. This is an open-access article distributed under the terms of the Creative
Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work, first published in the Online Journal of Public Health Informatics, is
properly cited. The complete bibliographic information, alink to the original publication on https://ojphi.jmir.org/, aswell asthis
copyright and license information must be included.

https://ojphi.jmir.org/2026/1/e80660 Online J Public Health Inform 2026 | vol. 18 | eB0660 | p.246
(page number not for citation purposes)

RenderX


https://www.drugs.com/clinical_trials/semaglutide-reduces-severity-common-liver-hiv-21374.html
https://www.drugs.com/clinical_trials/semaglutide-reduces-severity-common-liver-hiv-21374.html
https://www.drugs.com/newdrugs/wegovy-approved-us-cardiovascular-risk-reduction-overweight-obesity-established-cardiovascular-6212.html
https://www.drugs.com/newdrugs/wegovy-approved-us-cardiovascular-risk-reduction-overweight-obesity-established-cardiovascular-6212.html
https://www.accessdata.fda.gov/scripts/drugshortages/dsp_ActiveIngredientDetails.cfm?AI=Semaglutide%20Injection&st=c
https://www.accessdata.fda.gov/scripts/drugshortages/dsp_ActiveIngredientDetails.cfm?AI=Semaglutide%20Injection&st=c
https://www.medicaleconomics.com/view/semaglutide-s-removal-from-the-fda-shortages-list-sets-the-stage-for-more-novo-nordisk-lawsuits
https://www.medicaleconomics.com/view/semaglutide-s-removal-from-the-fda-shortages-list-sets-the-stage-for-more-novo-nordisk-lawsuits
https://www.pharmacytimes.com/view/fda-ends-semaglutide-shortage-listing-contributing-to-ongoing-legal-challenges
https://www.pharmacytimes.com/view/fda-ends-semaglutide-shortage-listing-contributing-to-ongoing-legal-challenges
https://www.ema.europa.eu/en/news/ema-statement-ongoing-review-glp-1-receptor-agonists
https://www.ema.europa.eu/en/news/ema-statement-ongoing-review-glp-1-receptor-agonists
http://dx.doi.org/10.1111/pere.12364
http://dx.doi.org/10.1177/0361684316675317
https://ojphi.jmir.org/2026/1/e80660
http://dx.doi.org/10.2196/80660
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

ONLINE JOURNAL OF PUBLIC HEALTH INFORMATICS Barreto et al

The Use of Tomographs in Brazil’s National Health System: Case
Study on the Efficiency of the Public Network in Rio Grande do
Norte

Tiago de Oliveira Barreto', PhD; Elinaldo Bernardo de Oliveira Jinior', BSc; Israel José dos Santos Felipe', PhD;
Jordana Crislayne de Lima Paiva', MD; Nicolas Vinicius Rodrigues Veras', PhD; Lorena de Macedo Silva', BSc;
Jodo MariaMacedo da Costa', BSc; Erika Santos de Aragio?, PhD; Thaisa Gois Farias de Moura Santos Lima’, PhD;
Célio da Costa Barros®, MD; Rafael Silveira e Silva®, PhD; Fernando Rocha de Andrade®, MD; Pablo Holanda
Cardoso®, PhD; Andréa Santos Pinheiro®, MD; Guilherme M edeiros Machado®, PhD; ClaudiaMariaMiranda Vel oso’,
PhD; Luciana Simdes Camara Lefio®, MSc; Karilany Dantas Coutinho®, PhD; Ricardo Alexsandro de Medeiros
Valentim®, PhD

lLaboratory of Technological Innovation in Health (LAIS), Federal University of Rio Grande do Norte (UFRN), Av. Nilo Peganha, 620 - Petropalis,
Natal, Brazil

2Institute of Public Health (ISC), Federa University of Bahia (UFBA), Salvador, Brazil

3Specialized Health Audit Unit, Federal Court of Auditors, Natal, Brazil

“4Brazilian Ingtitute of Education, Development and Research (IDP), Federal Court of Auditors, Brasilia, Brazil
SPublic Prosecutor's Office in Rio Grande do Norte (PGR), Federal Public Ministry, Natal, Brazil

6LyRIDS, ECE-Engineering School, Paris, France

"Research Unit in Governance, Competitiveness and Public Polices (GOVCOPP), University of Aveiro, Center for Global Studies (ESTGA), Aveiro,
Portugal

8secretariat of Science, Technology and Innovation, Ministry of Health, Brasilia, Brazil

Corresponding Author:

Tiago de Oliveira Barreto, PhD

Laboratory of Technological Innovation in Health (LAIS), Federal University of Rio Grande do Norte (UFRN), Av. Nilo Pecanha,
620 - Petropolis, Natal, Brazil

Abstract

Background: The evaluation of health technologiesisfundamental to the sustainability of the Brazilian National Health System
(SUS), especidly in highly complex and costly procedures such as computed tomography (CT).

Objective: This study analyzed the financial efficiency of CT scanner use in the SUS in the state of Rio Grande do Norte
(Brazil), considering the distribution of supply, the profile of providers, and the idle capacity of the public network.

Methods: A tota of 49,061 CT scan requests registered in the state system “RegulaRN Ambulatorial” between October 2023
and January 2025 were examined. Subsequently, data cleaning and grouping were performed.

Results: The resultsindicated that 66.8% (24,769/37,089) of requests were from patients with cancer, 61.2% (22,703/37,089)
were women, predominantly from municipalities with higher population densities, such as Natal and Mossord, with an average
waiting time of 44.86 (SD 88.43) days. More than 36,000 (99%) requests for the examinations were performed by private and
philanthropic hospitals contracted by SUS, while public units with CT scanners accounted for less than 1% of production,
evidencing significant underutilization.

Conclusions: Thefindings suggest that strategically shifting demand to the public health system can increase efficiency, reduce
costs and waiting times, and promote greater equity in access, contributing empirical evidence for more rational public policies
on the use of diagnostic technologies.

(Online J Public Health Inform 2026;18:€83494) doi:10.2196/83494
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Introduction

Health Economicsin the Context of Tomographsin
Rio Grande do Norte

Efficiency in public health management is a central and
recurring themein discussions about the sustainability of health
systems and the quality of services offered to the population.
InBrazil, the Brazilian National Health System (SUS) represents
auniversal and free model, designed to ensure the constitutional
right to health. However, this system faces significant challenges
dueto the scarcity of financial resources and the constant growth
in demand for services, circumstances that intensify the need
for rational and efficient allocation of available resources to
ensure equity in access and the quality of care provided [1-5].

Within the context of health economics, analyzing the costs
related to the state apparatus, as well as monitoring the
investment scenario, is essential to promoting efficiency in
access to public health [6]. Due to Brazil's continental size
(approximately 8,510,000 km?) and significant population (more
than 212 million inhabitants), the country invests billions of
Brazilian reais in public health, approximately 3.88% of the
federal budget, which leads us to question whether the amount
ispoorly distributed [7]. In the context of Latin American health
systems, Brazil faces persistent challenges in financing public
health, with a significant portion of the population depending
on services provided by the private sector, despite the universal
coverage proposed by SUS[7-9].

Promoting health monitoring through digital health systemscan
help to address the greatest weaknesses in the public health
system [10,11]. One of the important topics for monitoring is
the performance of consultations and examinations, especially
highly complex examinations. In this sense, computed
tomography (CT) is a fundamental clinical procedure for the
diagnosis of various diseases, constituting an essential step in
many care flows [12]. However, the uneven distribution of this
equipment and the variation in the degree of utilization among
service providers can compromise both access and the efficiency
of the system. To this end, health systems increasingly need
timely and efficient regulatory systems.

Recent Brazilian studies highlight regional disparities in the
supply and the use of CT scanners in the SUS, as well as
pointing out challenges related to production capacity and the
alocation of technological resources. Research such as that
conducted by Santos [13] and dos Santos et al [14] discusses
the availability and degree of the use of CT scanners, whereas
investigations carried out by Dovales et a [15] and Viacava et
al [16] address issues related to the distribution of resources
and the quality of services, which reinforce the urgent need to
optimize the use of this equipment in the face of budget
constraints and constantly increasing demand.

RegulaRN Ambulatorial is the current system responsible for
managing outpatient health care services in Rio Grande do
Norte. Thisdigital health system isresponsiblefor coordinating
and systematizing requestsfor tests, while organizing the queues
for procedures offered by the SUS. The RegulaRN Ambulatory
system incorporates an ecosystem of digital health solutions,

https:/oj phi jmir.org/2026/1/e83494
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unlike other health regulation platforms such as SISREG
(National Regulation System) and SIGUS (Outpatient
Regulation System), which present problems of interoperability
and transparency of information. This paper analyzes requests
for CT exams, investigating the execution of this type of
procedurefor the eval uation of the efficiency of public resource
use, in addition to identifying possible regional disparities,
efficiency, and effectiveness in the procedures and services
provided [17-19].

In the field of health economics, efficiency refersto the ability
of a health system to maximize the use of available resources
to deliver the greatest possible volume of services and health
outcomes. In this context, cost-efficiency is related to the
capacity to provide services at lower public expenditure, while
maintaining adequate access and quality of care. Evaluating
these aspects becomes particularly relevant in the case of
high-cost diagnostic technologies such as CT, which require
significant financial investment and specialized infrastructure

[1].

Given this scenario, the study begins with the following
question: what does the analysis of CT scanner utilization and
associated public expenditure in the SUS in Rio Grande do
Norte reveal: efficiency or waste? In this context, efficiency is
understood as the use of equipment to maximize access and
clinical outcomeswith available resources. Waste, on the other
hand, occurs when there is underutilization or inadequate
allocation of equipment and resources. The objective is to
analyze the use of CT scanners in the public health system of
Rio Grande do Norte and to assess the effectiveness of the
service, the distribution of supply, the profile of providers, and
the adequacy of allocated resources. The relevance of the
research liesin providing support for improving the efficiency
of public health management in the state of Rio Grande do Norte
and proposing strategies that can be replicated in other national
or international contexts.

Sociodemogr aphics and Regional Health M apping of
Rio Grande do Norte

Rio Grande do Norte is a state located in the Northeast region
of Brazil, characterized by its socioeconomic and demographic
diversity. According to data from the Brazilian Ingtitute of
Geography and Statistics[20], this state has approximately 3.3
million inhabitants spread across 167 municipalities and
occupies aland area of 52,811 km?2. The capital, Natal, stands
out as the most populous municipality, with over 750,000
inhabitants, followed by Mossord, with around 264,000
inhabitants, and Parnamirim, with approximately 252,000
residents. Theurbanization ratein Rio Grandedo Norteishigh,
reaching 77.8%, while the average population density is 62.54
(DP 34) inhabitants per square kilometer, concentrated in coastal
regions.

Inthe context of public health, Rio Grande do Norteis currently
divided into 8 Health Regions, hamed in an ordinary manner.
Each region has a municipality with greater representation,
responsible for managing the health regulation process in the
surrounding municipalities. In the first Health Region, the hub
municipality is Sdo José de Mipibu, followed in order by
Mossord, Jodo Camara, Caicd, Santa Cruz, Pau dos Ferros,
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Natal, and finally, representing the eighth, Assu[21,22]. Figure
1 shows the distribution of Health Regions.

Furthermore, according to data from the National Register of
Health Establishments [23] and the government data platform
TabNET [24], Rio Grande do Norte has 6173 health units. Of
these, 1326 are basic health units under municipal management,
10 are emergency care units, and 21 are state hospitals. Of the

Barreto et al

hospitalsin the state network, 8 are concentrated in the seventh
region, 5 in the second region, 2 in the first and fourth regions,
and 1 in the third, fifth, sixth, and eighth regions. This
configuration reflects the centralization of hospital servicesin
the seventh (Natal) and second (M ossoro) regions, which may
influence access to and the provision of specialized servicesto
the population [21,22].

Figure 1. Distribution of Health Regionsin Rio Grande do Norte. CT: computed tomography.

-
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- 32 Health Region
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Methods

Char acterization of the Research M ethod

This study is characterized as applied research, with a
quantitative, descriptive, and exploratory approach, focused on
analyzing the use of CT scannersin the state of Rio Grande do
Norte. The investigation identifies the distribution of care
between public sector health units and contracted private units,
considering the potential absorption of demands currently met
in both segments, with a focus on rationaization and
identification of possible bottlenecks.

The data analyzed were extracted from the RegulaRN
Ambulatorial platform, a state system for regulating SUS
procedures in Rio Grande do Norte. The database includes
requests for CT scans registered between October 2023 and
January 2025, with a total of 49,061 records. Each record
initially contained 16 variables, which included information
about the request, service, provider, and administrative

https://ojphi jmir.org/2026/1/e83494
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characteristics of the procedure. It should be noted that the
platform was structured to migrate data from the platform
previously used to regulate state exams. However, these data
were not considered in this study becausethey were not coherent
with the study’s objectives.

The RegulaRN Ambulatory system records requests for
specialized procedures submitted by health care professionals
within the public health network. Each record correspondsto a
request for a diagnostic procedure and is associated with an
individual patient. However, the same patient may generate
multiple requests over time depending on clinical needs, and
each request correspondsto aspecific examination or procedure.
For this study, al CT scan requests registered in the system
during the analyzed period were extracted and organized for
analysis.

The methodological process was structured in four sequential
stages: (1) extraction, in which the original columns from the
database were obtained, namely request date, priority, status,
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patient name, gender, requesting unit, unit municipality,
procedure name, subgroup, APAC (Outpatient Health Procedure
Authorization) number, authorization date, regulating physician,
provider unit, provider municipality, date of care, and date of
completion. Following this, we carried out stage (2), feature
suitability, in which we preprocessed the temporal variables
(dates), which initially had a unified date and time value.
Therefore, we separated the date and time and then created
derived variables representing the time intervals between the
following steps: request and service, request and authorization,
authorization and service, and service and closure. In addition,
some characteristics were removed, namely columns that
contained sensitive variables or that would not contribute
significantly to this study, such asthe patient’s name, procedure
subgroup, APAC number, and name of the regulating physician.

It was considered a separation stage (3), given that the status of
therequests could contain 4 different types of outcomes, namely
completed (37,089/49,061, 75.60% registers), canceled

Figure 2. Pipeline created for curating computed tomography exam data from the RegulaRN Ambulatorial system.

49,061 records
(October 2023
to January 2025)

4 removed
6 created <
16 in total

Ethical Considerations

The requirement for ethical approval was waived by the
Research Ethics Committee of the Federal University of Rio
Grande do Norte for the studies involving humans because
according to Resolution 674/2022 of the National Health
Council of the Ministry of Health [26], this research is exempt
from registration with the Research Ethics Committee/Brazil
or the National Research Ethics Commission (CONEP)/Brazil
because, according to the regulations, aggregated and
anonymized data do not reguire an ethics committee review.
The studies were conducted in accordance with the local
legislation and institutional requirements.
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(9881/49,061, 20.14% registers), removed (868/49,061, 1.77%
registers), and denied (1222/49,061, 2.49% registers). Thus,
this analysis focused on records with completed and canceled
status, as they presented greater volume and relevance to the
study objectives. Records with removed and denied status were
disregarded because they were not significant. Finally, an
exclusion stage (4) was included, in which data from outcome
variableswith removed and denied status were removed, asthey
did not contribute to the eval uation and objectives of this study.
In this regard, the data used for this study consisted of 37,089
completed requests and 9881 cancel ed requests. Figure 2 shows
the sequence of this methodological process.

In order to enable the reproducibility of the methodological
process, the anonymized data used to compose this research,
within the specified period, can be accessed via the link on
Zenodo [25], developed by CERN (European Organization for
Nuclear Research), openly and free of charge.

Date Feature Data
: i Data
ST adjustments separation Data -
15 features Finalized (75.60%) deletion

. 37,098 finalized
9881 canceled

2091 removed

Results

Theresults of this survey were organized to consider completed
requests and canceled requests separately, in order to provide
greater clarity and detail in the analyses presented.

Requests Completed

When considering the data profile of RegulaRN Ambulatorial,
from October 2023 to January 2025, the 37,089 records of exam
requestswith the status “ Completed” show agreater occurrence
of datafrom patientswith cancer (in terms of priority), females
(in terms of gender), requested mainly by 2 municipalities in
the state of Rio Grande do Norte, Natal and Mossord, for CT
of the chest, upper abdomen, and skull (in terms of procedure).
Table 1 clearly shows the distribution of request data with the
status “ Completed.”
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Table. Distribution of data from completed requests (N=37,089).
Feature Values, n (%)

Categorical values

Priority
Oncology 24,769 (66.8)
Hospitalized 2221 (6)
Very high 2654 (7.2)
High 3831 (10.3)
Medium 2999 (8.1)
Low 601 (1.6)
Lawsuit 14 (<0.1)
Sex
Male 14,386 (38.8)
Female 22,703 (61.2)
Requesting unit
Health unit 174 8336 (22.5)
Health unit 23 2966 (8)
Health unit 4 1622 (4.4)
Health unit 20 1585 (4.3)
Health unit 19 1535 (4.1)
Others 21,045 (56.7)
Requesting municipality
Natal 10,815 (29.2)
Mossord 3691 (10)
Caico 1133 (3.1)
Others 21,450 (57.8)
Procedure
Chest CT?scan 9815 (26.5)
Upper abdominal CT scan 9688 (26.1)
Skull CT scan 9158 (24.7)
Others 8428 (22.7)

Service provider unit

Health unit 4 20,258 (54.6)
Health unit 3 6388 (17.2)
Health unit 12 5264 (14.2)
Health unit 11 1608 (4.3)
Health unit 2 1466 (4)
Others 2105 (5.7)
Municipality provider
Natal 27,527 (74.2)
Caico 1621(4.4)

Numerical values
Request to service
<30 days 25,256 (68.1)
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Feature Values, n (%)
>30 days 11,833 (31.9)
Request to authorization
<30 days 27,476 (74.1)
>30 days 9613 (25.9)
Authorization to service
<30 days 35,716 (96.3)
>30 days 1373 (3.7)
Service to closure
<30 days 31,512 (85)
>30 days 5577 (15)

&CT: computed tomography.

Regarding time indicators, the average interval between the
request and the service was 44.86 days, with astandard deviation
of 88.43 days and a median of 20 days (IQR 8-40). The period
between the request and authorization had an average of 38 days
(SD 86.88 days) and a median of 12 days (IQR 2-32). The
interval between authorization and treatment was, on average,
7 days (SD 15.51 days), with a median of 2 days (IQR 1-8).
Finally, the average time between admission and discharge was
22.15 days, with a standard deviation of 30.91 days and a
median of 14 days (IQR 8-22). These results indicate that the
longest delays occur during the authorization and service
periods, suggesting that demand exceeds the heath care
network’s capacity to respond promptly.

Another rel evant aspect concerns the distribution of agreements
for the provision of examinations. The metropolitan areas of
Natal, Mossor6, and Caicd are hubs of reference for other

https:/oj phi jmir.org/2026/1/e83494

municipalities. Because they have more robust infrastructure,
these hub municipalities respond, through agreements, to
reguests from patients in other municipalities, whether or not
those municipalities are located in their Health Region. Thus,
Table 2 shows the number of completed requests from
municipalities that performed some type of CT scan under
agreement with the reference centers.

In addition, it was possible to identify significant patient
transfers between regionsthat either have or do not have health
carefacilities equipped with CT scanners. Table 3 presents data
on the 3 provider units that receive the most requests and the
municipalities and Health Regions from which the regquests
originate. It was possibleto identify that health unit 4, belonging
to the seventh Health Region of Rio Grande do Norte, expressly
serves not only residents of its region but also those of other
surrounding regions.
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Table. Distribution of completed requests to service provider units.
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Municipality provider

Requesting municipality, n (%)

Natal (n=27,527)
Natal
S0 Gongalo do Amarante
Macaiba
Parnamirim
Ceara-Mirim
Caico
Others
Mossoré (n=7941)
Mossord
Acu
Apodi
Baralina
Caralibas
AreiaBranca
Others
Caico (n=1621)
Caicod
Parelhas
Currais Novos
Apodi
Jucurutu
Serra Negra do Norte
Others

10,810 (39.3)
1102 (4)
1056 (3.8)
967 (3.5)
664 (2.4)
614 (2.2)
12,314 (44.7)

3650 (46)
570(7.2)
367 (4.6)
304 (3.8)
232 (2.9)
173(2.2)
2645 (33.3)

519 (32)
163 (10.1)
134 (8.3)
108 (6.7)
77 (4.8)
66 (4)
554 (34.2)
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Table. Distribution of the 3 service providers that receive the most requests and the municipalities/regions from which they are requested.

Service provider unit (Health Region) Municipality Municipal Health Region
Health unit 4 (7th)
Natal 7304 7th
Parnamirim 922 7th
Macaiba 875 7th
S0 Gongalo do Amarante 817 7th
Caico 600 4th
Ceara-Mirim 534 3rd
Santa-Cruz 437 5th
Touros 308 3rd
S4o José de Mipibu 286 1st
Nova Cruz 275 1st
Health unit 3 (2nd)
Mossor6 3301 2nd
Apodi 209 2nd
Acu 245 8th
Baralina 222 2nd
Carallbas 204 2nd
AreiaBranca 121 2nd
Patu 113 2nd
Sdo Miguel 89 6th
Carnaubais 82 8th
Grossos 82 2nd
Health unit 12 (7th)
Natal 2830 7th
S0 Gongalo do Amarante 216 7th
Ceara-Mirim 99 3rd
Macau 95 3rd
Nova Cruz 89 1st
Goianinha 68 1st
Touros 62 3rd
Canguaretama 62 1st
Guamaré 59 3rd
Pedro Avelino 58 3rd

The procedures performed by health care providers are also
relevant elementsfor analysis, especially those identified asthe
most frequently performed in the respective health carefacilities.
According to Table 1, health unit 4, health unit 3, and health
unit 12 are among theinstitutionsthat receive the most patients.
It isworth noting that thefirst 2 units mentioned are references
for the care of patientswith cancer, representing approximately
66.8% of completed requests. Thus, in apreliminary assessment,
it was aready expected that these units would have a higher
number of requests. In addition, as shown in Table 1, there are
3 teststhat arein high demand compared to the others, namely

https:/oj phi jmir.org/2026/1/e83494

CT scan of the upper abdomen and CT scan of the pelvis, lower
abdomen, and chest. Therefore, it is expected that these
procedures will aso be widely demanded among these units
(see Table 4 in Multimedia Appendix 1).

Still, when analyzing which units perform the most different
types of procedures, health unit 4 wasresponsiblefor performing
the most upper abdomen CT scans (5362 in 2024), thoracic
spine with or without contrast (81 in 2024), pelvis/lower
abdomen (4899 in 2024), face/sinuses/temporomandibul ar joints
(361 in 2014), chest (5790 in 2024), neck (833 in 2024), sella
turcica (22 in 2024), and positron emission tomography
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(PET)-CT (367 in 2024). Health unit 12 performed the highest
number of CT scans of the upper limb (26 in 2024) and lower
limb (74 in 2024), lumbosacral spine with or without contrast
(314 in 2024), and skull (1183 in 2024). Finally, health unit 3
performed the most CT scans of the cervical spine with and
without contrast (88 in 2024). A highlight of this analysis is
that, in theory, any provider could perform any of the
tomography exams, except for PET-CT, which requires ahigher
level of technology. However, the data show a high distribution
in terms of the number of inmates across different units. In
addition, not all procedures refer to all units.

We consider analyzing the relationship between the priority of
care, the provider unit, and the municipality of the unit that
requests the most (Table 5 in Multimedia Appendix 1). Our
argument isthat it is necessary to identify whether thereis any
relation or direction between a specific service profile for a
specific unit and whether the number of requests for that unit
is coming from a nearby municipality or not.

The study found that health units 3 and 4, athough they are
oncology centers, also address other priorities that could be
allocated to other units, which contribute to a better distribution
of demand. On the other hand, public hospitals, such as health
unit 5 (13 requests) and health unit 9 (87 requests), showed low
service levels, with few records, most of them from outside

https:/oj phi jmir.org/2026/1/e83494
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municipalities, suggesting potential for a greater use of this
equipment and a reduction in waiting times.

Another important element to highlight is the assessment of
which CT scans are most frequently requested over time, as
well as their cost, given that the most requested ones do not
necessarily incur higher costs for the state government. This
will enable the health care network to gain a generd
understanding of which specific tests are most in demand and,
as the network expands, what adjustments need to be made.

According to the data obtained from the RegulaRN Ambul atorial
database for 2023 (as of Octaber), CT of the upper abdomen,
CT of the pelvis and upper abdomen, and CT of the thorax cost
approximately R$ 19,130.94, R$ 18,853.68, and R$ 19,779.45,
respectively (Table 4; a currency exchange rate of R$ 1=US
$0.199 is applicable). For the year 2024, the most costly and
in-demand procedureswere also CT of the upper abdomen, CT
of the pelvis and upper abdomen, and CT of the thorax, with
the significant emergence of PET-CT, costing approximately
R$ 1,239,629.46, R$ 1,172,809.80, R$ 1,233,282.81, and R$
840,780.78, respectively. In January 2025, the same exams
remained the most in demand, with costs of R$ 84,287.04 (upper
abdomen CT scan), R$ 77,910.06 (pelvis and lower abdomen
CT scan), R$ 85,801.89 (chest CT scan), and R$ 52,680.50
(PET-CT scan).
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Table. Representation of the total cost of procedures per year.
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Tomography procedure October 2023 (R$) October 2024 (R$) January 2025 (R$)
CT® scan of upper abdomen (R$ 19,044 1233.996 83,904
138.63/exam)

CT scan of lower limb joints (R$  86.75 17,003 2689.25
86.75/exam)

CT scan of upper limb joints(R$  86.75 5465.25 347
86.75/exam)

CT scan of the cervical spinewith  433.8 26,114.76 694.08

or without contrast (R$ 86.76/exam)

CT scan of the lumbosacral spine 1415.4 70,871.1 2628.6
with or without contrast (R$

101.10/exam)

CT scan of thethoracic spinewith  347.04 21,776.76 1041.12
or without contrast (R$ 86.76/exam)

CT scan of theface/sinuses/temporo-  1648.25 81,631.75 6072.5
mandibular joints (R$ 86.75/exam)

CT scan of the pelvis/lower ab- 18,853.68 1,172,809.8 77,910.06
domen (R$ 138.63/exam)

CT scan of appendicular segments  173.5 5638.75 347

(arm, forearm, hand, thigh, leg, and

foot) (R$ 86.75/exam)

CT scan of the sellaturcica (R$ 0.00 5066.88 292.32
97.44/exam)

CT scan of the thorax (R$ 19,779.45 1,233,282.81 85,801.89
136.41/exam)

CT scan of the skull (R$ 97.44/ex-  6138.72 368,323.2 16,662.24
am)

CT scan of the neck (R$ 86.75/ex- 1735 96,032.25 7200.25
am)

Positron emission tomography 8428.88 840,780.78 52,680.5
(PET-CT) (R$ 2107.22/exam)

Total 78,170.54 5,178,793.09 338,270.56

8A currency exchange rate of R$ 1=US $0.199 is applicable.
beT: computed tomography.

Regarding the costs associated with performing CT scans,
considering that there are public and private health carefacilities
contracted and paid for with public funds, it is necessary to
analyze the distribution of resources used in public health care
throughout the period of thisstudy. Finally, analyzing the budget
distribution between public and private entities under contract,
it was observed that public units (health units 5, 6, 8, and 9)
accounted for less than 1% of the total investment in CT scans,
with most resources directed to private and philanthropic health
care networks (units 1, 2, 3, 4, 7, 10, 11, 12, and 13).

The data show that as of October 2023, the budget for CT scans
was R$ 73,170.54 (100%), with the entire amount spent in the
private sector. From January to December 2024, R$ 45,366.42
(0.9%) of the cost of the exams was spent in the public sector
and R$ 5,133,436.67 (99.1%) in the private sector. Concluding
with January 2025, R$ 2,731.74 (0.8%) was spent in the public
sector and R$ 335,538.82 (99.2%) in the private sector.

https:/oj phi jmir.org/2026/1/e83494

Canceled Requests

A total of 9881 records of canceled requestswere analyzed, the
evaluation of which is essential for identifying patterns and
possible gaps in the regulatory process. Cancelation may occur
at any time, from the request until after service, and is carried
out by the requesting unit. Table 8 in Multimedia Appendix 1
details the distribution of cancelations and indicates that the
highest concentration occursin theinitial stages of the request,
as well as after the service has been provided by the provider
unit. This pattern suggests inefficiencies in the early
identification of requests that will be canceled, resulting in the
unnecessary expenditure of time and human resources in
analyzing requests that could have been discarded beforehand.

Following theresults, it was al so possible to identify that among
the canceled requests, thereisagreater significance in requests
prioritizing patientswith cancer and female patients, which was
expected given the greater significance throughout the dataset.
As for the requesting unit and procedure indicators, there are
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the following variations. among the canceled requests, the
highest number of requests comes from health unit 102,
belonging to the municipality of Macaiba, which islocated in
the metropolitan region of Natal. Although this municipality
does not appear significantly in the number of completed
requests, it has a higher number of requests canceled in the
initial phase. This may represent some difficulty that this
municipality faces or has faced in making new requests.

As for the procedure, CT of the upper abdomen, which is one
of the most requested examinations, is also among the most
canceled. For requests that were only authorized, it should be
noted that the requesting units are hospital units, with health
unit 32 having the highest recurrence of cancelations after
authorization. The most canceled procedure at this stageis chest
CT. Asfor requests that were actually fulfilled, health unit 23,
belonging to the municipality of Natal, has the highest number
of cancelations. The most canceled procedure at this stage is
chest CT.

Discussion

The discussion of the results obtained in this paper will be
conducted from the perspective of the Brazilian Constitution
and the outcomes achieved. However, the results obtained
indicate the underutilization of public resourcesin favor of their
use in private institutions.

The Optimization of Health Servicesasa
Constitutional Obligation

The 1988 Constitution of the Federative Republic of Brazil, by
establishing the SUS and adopting a model of universal and
free access inspired by the British system (Beveridge model),
recognized health asaright for al and aduty of the State. Under
Article 198 of the Congtitution, public health actions and
services must form a regionalized and hierarchical network,
with decentralized organization and participation by federal
entities—the Union, states, Federa District, and
muni cipalities—each of which isresponsiblefor adopting legal,
economic, and practical measures aimed at redlizing this
fundamental right [27].

This constitutional effort to structure the SUS as a federation
highlights the joint responsibility of the entities involved in
ensuring the provision of quality health services to the
population. To thisend, public managers are required to perform
their duties as efficiently as possibleto optimize the relationship
between revenue and expenditure. This guidelineis reinforced
by the principle of efficiency, enshrined in the heading of Article
37 of the Federal Constitution, which should guide all
administrative activity.

The existence of essential health equipment and servicesin a
state of idleness is incompatible with the constitutional order
and governing legidation, especially given the growing demands
of the Brazilian population. Thisincompatibility becomes even
more evident in the case under review when it is noted that,
although thereisordinary and continuous demand for CT scans,
this demand has been met by the private sector asif it were an
exceptiona service, while apublic network capable of offering
such procedures remainsidle.
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Law number 8,080/1990, which regulates the SUS, establishes
inArticle?,itemsll, IV, and XI that health actions and services
must be organized based on the principles of comprehensive
care, preservation of personal autonomy, and rational use of
resources and that it isthe duty of managersto promote the full
use of installed capacity, avoid waste, and ensure the efficient
use of available resources [28].

The regulation of public health financing, in turn, was
consolidated with Complementary Law number 141, of January
13, 2012, which regulates paragraph 3 of Article 198 of the
Constitution. The law defined the criteria for apportioning
federal, state, and municipal resources, defined what is meant
by expenditures on public health actions and services (Article
3), and reaffirmed the minimum revenue requirements set forth
in Article 77 of the Brazilian Act of Transitory Constitutional
Provisions (ADCT). In addition, Complementary Law 141/2012
reinforced the mandatory use of health funds and emphasized
the need for transparent mechanisms for controlling and
monitoring public spending (Articles 12, 14, and 16) [29].

Constitutional Amendment Number 86/2015 (known as the
“Mandatory Budget Amendment”) reinforced this regulatory
framework by establishing a minimum level of federal health
spending in the Constitution, making it mandatory to allocate
aportion of individual parliamentary amendmentsto the health
sector. The amendment also linked funds from oil royalties to
public health actions and services, with the aim of increasing
funding and ensuring its stability. In turn, Constitutional
Amendment Number 95 of 2016, which was only reversed in
2023, established a freeze on public spending for 20 years,
imposing an environment of great fiscal austerity, in which
health was heavily impacted by the loss of resources[30].

Given the regulatory landscape of fiscal austerity and the
recognized budgetary constraints that limit government action,
efficiency in public health management isa constitutional duty,
directly linked to the state’s obligation to ensure the fundamental
right to health in a universal, equitable, and comprehensive
manner. The SUS is facing growing demands and limited
resources, so public managers need to make the best use of
available resources, getting the most out of public policies and
avoiding waste.

In this scenario, the adoption of management practices aimed
at rationalizing expenses and enhancing installed capacity
becomesimperative. In this case, it was found that, even in the
face of continuous and routine demand for CT scans, the State
choseto pay for such servicesfrom the private network, despite
the existence of idle public equipment that was suitable and
available to meet the same demand.

Such conduct constitutes flagrant administrative inefficiency
and disregard for the constitutional principles of economy,
legality, and good governance. Discussing health economics,
therefore, is not just amanagement issue but alegal and ethical
requirement, essential for addressing social and regional
inequalities. Article 6 of the Federal Constitution establishes
health as a fundamental social right, whereas Articles 196 et
seq impose on the State the duty to guarantee it based on the
principles of universality, equity, and comprehensiveness[2].
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Thus, the congtitutional order establishes the imperative that
public health management acts efficiently, especially in the use
of highly complex technologies such as CT, promoting the best
use of the existing public infrastructure before resorting,
unjustifiably, to the private sector.

Therefore, the search for the optimal path in economic terms,
especialy with regard to the allocation of highly complex
equipment such as CT scanners, is directly linked to the legal
duty to promote strategic planning, the evaluation of health
technologies, and the maximization of the installed capacity of
the public system. The existence of tomography equipment
lying idle in public health facilities, when there is demand for
the service, not only represents a waste of resources but also
congtitutes a flagrant affront to the constitutional principles of
efficiency, economy, and reasonableness in public
administration.

In the specific case of Rio Grande do Norte, the severity of the
lack of availability of CT scan services is even more
pronounced. As shown in this study, the demand for CT scans
isconcrete, growing, and well-documented, but it has been met
mainly by private providers contracted by the SUS, even in
regions where public CT scanners exist. However, the
interpretation of underutilization should also consider possible
operational constraints, such as equipment maintenance status,
workforce availability, and local service organization, which
were not directly measured in this study. This finding may
indicate operational challenges in the organization of CT
services, raising questions about the efficiency of resource
allocation and the optimization of existing public infrastructure,
which impose on the public administration the duty to optimize
resource management—that is, to use theleast amount of public
resources possible to achieve the highest degree of effectiveness
in the service provided.

The allocation of public funds for the contracting of private
tomography services, to the detriment of the use of existing
public infrastructure, demonstrates afailure to comply with the
duty of management optimization, constituting conduct that is
uneconomical, inefficient, and inconsistent with the provisions
of Article 37 of the Federal Constitution. The allocation of
public funds to contract private CT services, while public
equipment remains underutilized, suggests potential
inefficienciesin resource allocation and highlights the need for
improved coordination between available infrastructure and
service demand.

The Inefficiency of Health Carein Rio Grande do
Norte: Discussion of the Data Obtained

Considering the scarcity of financial resources within the SUS,
efficiency in public management is an essential element for the
sustainability of the system. Historically, the public health sector
in Brazil has had high health care costs, which can be attributed
to multiplefactors, such asincreased demand, theincorporation
of advanced technologies, ashortage of qualified professionals,
waste in the health care chain, and institutional management
failures. Inthe case of highly complex exams, such asCT scans,
for example, which involve higher public funding costs,
monetary management must be more effective [31,32].
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Thefindings of this study reveal that most patients undergoing
CT scans through the SUS in the state of Rio Grande do Norte
are primarily patients with cancer, with a significant
concentration of care in 3 contracted private health care
facilities. In view of this, a relevant discussion concerns the
possibility of distributing these services to other hospitals,
mainly in state hospitals, which, according to the data, have a
low number of patients or promote a greater number of
consultationsfor patients without cancer among state hospitals.

It should be noted that, of the 21 state hospitals, 8 of them have
CT scan equipment to meet the demand, namely Giselda
Trigueiro Hospital, Dr Tarcisio Maia Regional Hospital, Dr
Cleodon Carlos de Andrade Hospital, Nelson | ndcio dos Santos
Regional Hospital, Telecila Freitas Fontes State Hospital,
Coronel Pedro Germano Central Hospital, Deoclécio Marques
de LucenaRegional Hospital, and M onsenhor Walfredo Gurgel
Hospital. However, only 3 of these hospitals performed some
type of CT scan to meet the state's outpatient care demand, and
even then, they performed a relatively small number of scans
when compared to other units.

According to studies available in academic literature, the
minimum capacity of aCT scanner isaround 40 exams per day
[33,34]. Therefore, the hospitals mentioned above are far bel ow
their maximum operational capacity. From this perspective, it
is suggested that competent institutions promote a protocol for
redistributing the allocation of demands by at |east 20% of what
issuggested in the literature, not only to reduce public spending
but also to reduce average waiting times.

The need to increase the number of appointments at state
hospitalsin the network is essential to promote greater patient
care capacity and minimize waiting times [35]. However, for
this increase to be feasible, it is necessary to expand the
available human resources, aswell asinvest in the training and
development of theteams, in order to guarantee the quality and
efficiency of the service. Given that there is a continuous flow
of patients with cancer, those with lower priority in the queue
wait considerably longer to be seen to the point that they choose
to have the examination conducted at a private facility at their
own expense.

From this perspective, the results indicate 2 important points.
The first concerns the fact that, although CT scans are
considered a high-cost procedure, there are few records of
lawsuits, that is, when the patient initiates a procedure with the
justice system to make the examination possible. This
phenomenon can be explained by the private sector’s ability to
offer payment alternativesthat facilitate accessfor patientsfrom
the public system. The second aspect concerns the impact of
long wait times in public services: patients with a history of
public health care services choose to undergo examinationsin
the private health care network, bearing the coststo ensurefaster
diagnosis.

Furthermore, from a macroregional perspective, some Health
Regions, such as the first, third, and fifth, do not have referral
hospitals with CT scan equipment, meaning they do not have
the capacity to meet local demand. Therefore, it is necessary
for residentsto travel aconsiderable distance so that the nearest
providers can servethem. Thus, expanding the capacity of local
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hospitals to perform these tests could significantly contribute
to reducing the need for travel and increasing access.

It was also observed that, among the 13 hospitals that perform
CT scans, there is a significant concentration of proceduresin
afew contracted private units, while the potential idle capacity
of the public network appears underutilized according to the
available administrative data. This concentration not only leads
to increased public costs but al so reduces the autonomy of the
SUS in providing essential services. As pointed out by Botega
et a [36], Brazilian public hospitals often operate below
capacity, which reinforcesthe need for astrategic redistribution
of demand to maximize the use of public resources, reduce
costs, and foster competition among providers, thereby
enhancing the quality and efficiency of care.

As for records of canceled requests, this work presents a
considerable volume of requests. In addition, subdividing
cancelation periods is also important for identifying where the
main bottlenecks lie, given that arequest that is made and then
canceled for trivial reasons as the days go by systematically
contributesto further delaysin service. Therefore, institutional
intervention is necessary to resolve the main issues presented
in the results of this study [37].

Regarding social impact, optimizing the use of CT scannersin
public facilities hasthe potential to expand accessto diagnostic
exams, reduce waiting times, and minimize waiting times. This
effect would be especially relevant for patients classified as
lower priorities, who currently experience low service ratesin
the system. Furthermore, such improvements would not be
limited to regions with greater service availability, extending
benefits to smaller municipalities and areas lacking dedicated
equipment, thus contributing to the promotion of equity in health
care access.

The results for Rio Grande do Norte reveal typical challenges
faced by public health systems in developing countries, where
the concentration of high-cost technologiesin afew urban hubs
creates territorial inequalities and pressures referral hospitals,
resulting in longer waiting times and potential underdiagnosis
of diseases. Thissituation reinforces theimportance of strategic
planning for the allocation of new equipment, guided by
epidemiological needs, population density, and the installed
capacity of health units [38,39].

Finally, the results highlight the need to review contracts
between the state, municipalities, and service providers, given
that some establishments may be serving beyond the necessary
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demand, while others face difficulties in ensuring adequate
access for the population. Thisreview is essential to ensure the
equity, efficiency, and sustainability of the public health system
in Rio Grande do Norte.

Conclusions

This study highlights significant distortions in the alocation
and utilization of CT scanners in the public health system of
Rio Grande do Norte, characterized by the concentration of care
in a limited number of contracted private units, despite the
existence of underutilized equipment in state public hospitals.
These findings suggest the possibility of expanding theinstalled
capacity of the SUS, with potential positiveimpactson reducing
wait times and optimizing operational costs. Furthermore, it is
noteworthy that the future use of analytical tools based on
artificial intelligence could provide important support for
prioritizing exams and redistributing the health care burden
more equitably and efficiently.

The evidence produced in this study can support managers in
assessing the absorption capacity of currently outsourced
demand, while also reinforcing theimportance of more strategic
regulation that is sensitive to regional disparities, ensuring equal
accessto CT scans throughout the state. Regarding limitations,
we highlight the incompleteness of data for the entire period
between 2023 and 2025, as well as the possihility of
inconsistenciesin information migrated from previous platforms.
The availability of complete historical data would allow for a
more comprehensive and contextualized analysis of the
performance of service providers. Furthermore, the dataset did
not include information on clinical outcomes, diagnostic yield,
or patient follow-up, which limitsthe ability to assesstheclinical
effectiveness of the performed CT scans. Therefore, to mitigate
the impacts arising from the transition between systemsin the
public sector, we recommend the adoption of periodic audits
and data quality frameworks, as recommended by the
Department of Informatics of the Unified Health System
(DATASUS) [40Q], to preserve the greatest possible integrity of
the information.

For future research, we recommend conducting a longitudinal
analysisto assessthe effects of restructuring regional contracts,
as well as investigating the impact of judicialization resulting
from the unavailability of tests. Furthermore, the possibility of
replicating the methodology adopted in other high-cost
procedures expands the potential contribution to strengthening
the rational management of the SUS, promoting greater
efficiency and equity in the use of available resources.
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Abstract

Background: Biological and health research isincreasingly data-driven, with commercial and academic institutions generating
data at unprecedented rates. The rapid pace of data generation, together with lessons learned during the COVID-19 pandemic,
underscores the need for nimble, transparent, and dependable data infrastructures that enable rapid study execution and timely
insights to inform public health policy and practice.

Objective: Thispaper describesthe workflow-based information management (WIM) framework, aflexible research information
management system designed to support diverse epidemiol ogic workflows and data-intensive research projects.

Methods: WIM was developed as a modular, workflow-oriented framework built on the open-source R (R Foundation)
programming language and its extensive ecosystem of community-devel oped packages. The framework emphasizesreproducibility,
adaptability, and transparency, enabling users to design and manage research workflows tailored to specific study requirements.
We describe the architecture and core components of WIM and illustrate its application through representative epidemiologic
research scenarios.

Results: The framework supported high-volume, multiorganizational research; managing >3.7 million donation and testing
records from 17 blood collection organizations across the United States. The WIM framework was readily adapted to a wide
range of epidemiologic studies and research projects, demonstrating flexibility across varying data types, analytical needs, and
operational contexts. By leveraging established R-based tools and workflows, WIM supported efficient dataingestion, processing,
analysis, and reporting while promoting reproducible and collaborative research practices. The framework facilitated rapid iteration
and reuse of workflows, addressing common challenges in managing complex and evolving research studies.

Conclusions: WIM provides aflexible, open-source, and extensible approach to research information management for modern
biological and health research. By integrating workflow-based design principles with the R ecosystem, the framework supports
reproducible analysis, scalable research operations, and rapid study execution. WIM offers a practical solution for institutions
seeking adaptabl e data infrastructure to support epidemiologic research and inform public health decision-making.

(Online J Public Health Inform 2026;18:€81119) doi:10.2196/81119
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During the COVID-19 pandemic, scientific interest in specific
public health questions shifted as the pandemic progressed [7].
For example, early seroprevalence studies were performed to
determine the proportion of the population that had been infected
with SARS-CoV-2. After the introduction of vaccines, these
had to be modified to determine the proportion of the population

Introduction

With technological advancesin recent decades, bioinformatics
and data management are becoming increasingly important to
life sciences research [1-3]. Contemporary biological research
is often dependent on the management, sharing, and analysis

of large-scale, aggregated data, in particular for studies designed that had been vacci nat_ed, infected, or both [8-10] . InMay 2029,
to tackle large scientific and societal issues such as the the US Centers for Disease Control and Prevention (CDC), in

COVID-19 pandemic [4-6]. partnership with Vitalant Research Institute (VRI), established
the Nationwide Blood Donor Seroprevalence study (NBDS).
In July 2020, NBDS launched the first phase of the study in
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collaboration with 17 blood collection organizations across the
United States and Puerto Rico. Multiple testing laboratories,
including VRI and Creative Testing Sol utions, captured, tested,
and analyzed approximately 150,000 blood donation specimens
monthly in a serial cross-sectional seroprevalence survey. As
the pandemic evolved, alarge proportion of the population had
infection-induced antibodies or had been vaccinated. To
determine if infections occurred before or after vaccination or
to detect reinfection, longitudinal dataisrequired. The need to
detect reinfections and infections in vaccinated individuals led
to the launch at the start of 2022 of the second phase of the
program: the Nationwide Blood Donor Cohort study (NBDC).
The NBDC program switched from a cross-sectiona to a
longitudinal study format to follow a cohort of blood donors
from BCOs to address questions such as the incidence of
infection (in vaccinated and unvaccinated individuals) and
multiple sequential infections (reinfections) with SARS-CoV-2,
waning antibody titers following vaccination or infections, and
correlates of protection against SARS-CoV-2infection[11,12].
Given thefluid nature of these large studies, asecureand nimble
data infrastructure was needed to meet the studies’ needs,
including management of large quantities of dataon donorsand
donations from BCO records, serologic testing data, and
responses to electronic donor surveys.

BCOsare primed for nationwide studies such asthe NBDS and
NBDC, with aphysical infrastructure already in placeto collect
and test biospecimensfrom blood donations, including capturing
residual specimens after routine blood screening for additional
research testing and executing el ectronic surveys of participating
donors. However, the data management framework and
infrastructure to facilitate research programs built on the blood
collection system would benefit from further development, a
challenge many other organizations face and are attempting to
tackle[13,14]. Dueto the volume and complexity of the NBDS
and NBDC data, traditional methods of data manipulation and
management using software such as spreadsheet-based software
were not an option. Though there are numerous commercially
available data and project management software systems, their
usewould require acostly upfront license fee and/or amonthly
cost incurred from servicesrendered for asoftware-as-a-service
platform. Furthermore, off-the-shelf solutionstypically require
extensive customization to meet the needs of large and complex
research programs.

Fortunato and Galassi (2021) [15] defined open-source software
as “any computer program released under a license that grants
users rights to run the program for any purpose, to study it, to
modify it, and to redistribute it in original or modified form.”
R and Python (Python Software Foundation) are 2 popular data
manipulation and analysis programming languagesthat fall into
the category of open-source software. We chose to build our
datamanagement infrastructurein R dueto its popularity among
life science professionals, versatility, low barrier to entry, and
a strong community of developers that has built an ecosystem
of data-related packages [16,17]. Using the same principles as
the framework we detail here, an analogous data system could
easily be built in Python or any other open-source general
programming language.
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The design of our workflow-based information management
(hereafter WIM) framework follows a few distinct design
principles to achieve the goa of a nimble and reusable
informati cs management system that could reliably handlelarge
amounts of data using open-source programming languages.
First, our framework follows the FAIR (Findable, Accessible,
Interoperable, Reusable) principles detailed in Wilkinson et a
(2016) [18] for data reusability, accessibility, and system
interoperability. Second, our framework follows the design
principle of loose coupling, wherein components are only
weakly associated with each other or the system, and so changes
in 1 component least affect the performance of other components
[19]. This principle alows the framework to be agnostic
regarding operating systems and underlying platforms such as
the relational database management system. Lastly, due to the
fluidity of research studies, to prioritize reusability and
adaptability of the framework, we opted not to have a formal
component model [20].

Methods

Concept

The framework is built on modules, some automated, used in
the same way functions from packages are used in R, and is
publicly accessible on GitHub (GitHub, Inc) [21]. The modules
are called and managed using the box package, which negates
the need to import each function or to publish the suite of
modules as an R package [22]. Additionally, all settings used
by the modules are set using a single project-wide configuration
filein the yet another markup language (YAML) format, which
includes information on quality control (QC) processes, data
dictionaries used by the study, credentials where required to
run certain processes, database connection strings, and any other
pertinent information used in dataingestion and reporting [23].
The use of a configuration file streamlines the implementation
of changes in data flow, formatting, and reporting and lessens
thetimerequired to apply any changesto the data system, while
also alowing multiple data managers to execute the same
functions and scripts with any individual configurations
managed in a separate configuration file.

The modules are platform-agnostic and can be run on either a
cloud platform or locally with little to no input, depending on
how much of the process requires manual review. They could
also be run on a set schedule as a cron job, a system for
scheduling specific tasks on Unix-based operating systems (eg,
Linux [DragonByte Technologies] and macOS[Applelnc]), or
automatically when required using a listener to respond to an
external action. In our case, for pragmatic reasons, the modules
are run locally on desktop machines by one or more
administrators. Separately, though modules run processes
through R, an external connection is required to run certain
processes, such as performing data retrieval from an externa
source, monitoring asecure file transfer protocol (SFTP) server
for new datadeliveries, writing processed and quality-controlled
data to a central database, and transferring data to other
organizations. These connections are made in R using certain
packages, including curl, RCurl, and sFTP [24-26].
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Lastly, a central goal in the implementation is for all relevant
stakeholdersto have access to both the managed central database
and the version-controlled code repository, managed using Git.
To lower the technical skill floor required for accessing this
study’s database, a custom front-end was built using Python
and Flask (Pallets), which caters specifically to the organization
and stakeholders' data needs and is abstracted. The Git
repository for the modules includes all the information and
scriptsrequired toinstall and run the modul es, with users having
only toinstall therequired dependencies using ascript included
in the Git repository.

Data Sourcesand Types

Data sources for the NBDS and NBDC included donor,
donation, and blood specimen testing data (Figure 1). When the
NBDC study launched, donor electronic survey datawere added
as a data source [27,28]. Donor and donation data for the
program are extracted from BCO operational data systems.
Donor data includes time-invariant donor characteristics such
as hirth date and blood group, while donation data includes
information collected at each donation event, for example, the

Sulaeman et al

blood collection procedure, responsesto routine questionnaires
administered at thetime of donation, aswell as other data points
that might differ for a given donor over time. Data points such
as ZIP code of residence, sex, race, and ethnicity were reported
by the donor at the time of donation. It is worth noting that
reference tables, also known as lookup tables, were generated
and used for tracking changes to donor identifiers and certain
donation-level datawherethe original data point from the source
should be kept, along with any study-specific interpretation we
applied. For example, the way organizations record and group
donor race and ethnicity data might differ from how a study
groups these data. By implementing a lookup table that links
theoriginal datato the study-specific datagrouping, stakeholders
can revise groupings, if necessary. Testing data includes all
valid serological test resultsfrom assaysin the program, whether
for routine study-directed testing or for assay validation
substudies [29,30]. Specifications for which variables are
captured, stored, and reported differ between assays and are
dependent on the assay manufacturer’sinstructions for use and
determinations of the most relevant measurements.

Figure 1. Simplified ERD for the repeat donor cohorts program. Levels are used to imply dependencies between the different tables. Purple, yellow,
and white are used to denote survey data, donation data, and testing data, respectively. Standard cardinality notation is used. ERD: entity relationship
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Lastly, donor survey datafor the NBDC can be split into 2 other
data types: survey question information and survey response
information—both of which are equally important to properly
manage. Survey questionsfor the program often change between
different survey rounds to accommodate the changing needs of
this study, so there is a need to manage question information
while tracking question equivalency across survey rounds. Due
to survey questions sometimes changing, survey responses,
defined asacompleted survey form, must be managed separately
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from the discrete answersto aquestion. Thisis so that answers
to equivalent questions across survey rounds can be parsed and
analyzed without requiring excessive processing time or manual
recoding during analysis.

Data Dictionary

The NBDS program accepted frequent data submissions from
17 BCOs and multiple testing laboratories across the United
States and Puerto Rico. The NBDC program, on the other hand,
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while only accepting submissions from 2 organizations and 2
testing laboratories, expanded the scope and quantity of data
collected, stored, and managed for its cohorts. Both studies
required comprehensive data dictionaries, regularly updated to
reflect changes made to study procedures and methods, and
detailing how to format data for each type of data transfer
between organizations, including what values or valid ranges
are acceptable for each field. Data dictionaries for both the
NBDS and NBDC programs are included in Multimedia
Appendices 1 and 2.

Sulaeman et al

Data Flow

Though the data flow for the NBDS and NBDC programs
differed dightly dueto different data sources, types, and testing
algorithms applied to biospecimens, the general flow of data
remained the same (Figure 2). Datafrom all sourcesfirst flowed
to VRI, where it underwent QC and, if the submission passed
quality control procedures, was imported to this study’s
database. The data submission was then reported to the data
coordinating center (DCC), the contract research organization
Westat, where it underwent a second QC step, where primary
analysis took place, and was finally transferred to the sponsor
(CDCQ).

Figure 2. Workflows defined by the framework. Workflows include an extract, transform, load process from each data source, a process to manage
data while at rest, and a process for reporting to the data center and later the US Centers for Disease Control and Prevention. CDC: US Centers for

Disease Control and Prevention; VRI: Vitalant Research Institute.
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For the NBDS, to accommodate varying testing and sample
flows, participating BCOs were binned into groups, each of
which had adistinct datatransmission format and schedule[12].
Groups evolved with the program and adapted to changes in
the testing algorithm and the capacity of testing laboratories.
For the NBDC, data flow differed by data source and
organization. Donor and donation data for Vitalant flowed to
VRI, while for ARC, the submission went directly to the data
broker. Testing results are aways routed through VRI before
going to the DCC, while survey results were reported directly
to the DCC for both Vitalant and ARC (Figure 2)

Study-Specific Relational Database

The use of a study-specific database was critical in the
day-to-day operations of both the framework and this study
itself (Figure 2). Having certain restrictions inherent in the
structure of the relational database, which included length of
the field, primary and foreign keys, data types, alowable
potentially identifying information, and allowable codes for
categorical fields (enumerated types), establishes this study’s
database both as the canonical source of study data and as a
redundant QC process by passively ensuring dataingested isin
accordance with this study’s data dictionary as well as all
relevant regulations surrounding human-participants research
and privacy protections. In our case, with the hierarchical
structure of donor, visit, testing, and survey data, a study
database wasinstrumental in keeping dataintegrity acrosstables.
Lastly, it is important to note that for organizations working
with potentially identifying information, such as hospital
records, granular data governanceiscrucial to augment privacy
protections by allowing only relevant stakeholders to view
certain parts of the database.

Automated Secure Data Retrieval

This study relied on 2 data transfer methods that are encrypted
bothintransit and at rest: Microsoft OneDrive (Microsoft Corp)

https://ojphi.jmir.org/2026/1/e81119

and an sFTP server. The module responsible for automated
secure data retrieval performs several processes and uses
Microsoft Workflows (previously Microsoft Power Automate;
Microsoft Corp) as a method of notifying submitters and
stakeholders of any new submissions. Theworkflow or module
of the framework is also responsible for notifying stakehol ders
whether the submission passed QC and was accepted, or did
not pass the QC checks and was rejected. Each participating
organization is given a separate directory (also known as a
bucket) on the sFTP server, along with credentials for their
account. Within each bucket, 3 directories are made: upload,
download, and archive. Usersare only allowed to add or remove
files in the upload and download directories, where they can
upload data submissions or download data validation reports
and rejected data submissions, respectively. The archive folder
iswhere accepted submissions are moved and stored as abackup
and for data audit purposes.

Automated listeners monitor each directory, with aprocessthat
is triggered when afile is atered or added in the directory. A
changein the upload directory triggers a new submission email
to al relevant stakeholders, while a change in the download
and archive directoriestriggers rejection and acceptance emails,
respectively. When a new submission is added to the upload
folder, an R module downloads thefile and removesit from the
upload directory. The module then performs a QC process
specified in the configuration file and, depending on the outcome
of the quality control check, performs 1 of 2 actions: if the
submission failed QC, the module uploads an itemized list of
all quality control issues encountered to the download folder,
which prompts a submission rejection email to all stakeholders
with the itemized list of quality control issues encountered
attached. Data type, length, date, and enumerator checks are
examples of what the quality control process entails. If the
submission passes quality control, the accepted submission is
uploaded to the archive folder, the data is imported into this
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study’s database, and a submission acceptance email is sent out
to all stakeholders.

Data | ntake Wor kflows

Donor and Donation Data

The extract, transform, load (ETL) process for donor and
donation datadiffered betweenthe NBDS and NBDC programs,
as well as by organization for both studies. For the NBDS,
donation data was transferred from al participating
organizations through the sFTP server, while for the NBDC,
the data for Vitalant was transferred through Samba servers to
VRI. Donor and donation data for ARC were sent directly to
the DCC. For the NBDS, al submissions were required to
adhere to the agreed-upon data dictionary and were submitted
in accordance with a data submission guideline document shared
with all participating organizations (Multimedia Appendix 3).
For the NBDC, the only processes required were QC and data
transformation for Vitalant donor and donation data. Once
Vitalant's data submission passed quality control and was
transformed per this study’s data dictionary, the data were
imported to the study database (Multimedia Appendix 2).

Sulaeman et al

Laboratory Testing Data

Testing data for both the NBDS and NBDC programs were
generated by testing and immunology laboratories, with each
testing laboratory having a separate workflow and R module.
Transmission of test results from the test laboratory was sent
viaa cloud service, and a QC check was performed to ensure
adherence to this study’s data dictionary. For testing data from
the immunology laboratory, output from testing instruments
was retrieved, reformatted to fit this study’s data dictionary
specifications, and imported into this study’s database
automatically by an R module devel oped for this purpose (Figure
2).

Donor Survey Data

Donor survey data consisted of both survey questions and
responses over time. As survey questions change to
accommodate changes to this study over time, the data
management approach must track how these questions shift and
change over time—maintai ning equival ency of questionsacross
survey rounds. The data management approach also must be
ableto record answersto each question without having to change
the database table structure with every changein survey question
(Figure 3). It was also important to capture analysis-ready data
that integrated data captured across survey roundsin aconsistent
format.

Figure 3. Management of survey datain this study’s database. Levels are used to imply the linkage dependency of tables. Level 1 tables do not need
primary and foreign keysto link to another table, while levels 2, 3, and 4 rely on linkage with subsequent levels. Standard cardinality notation is used.
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The database structure for the donor survey datawas generally
categorized as either araw data table or an analytic table. The
raw data tables consist of survey questions, survey responses,
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and survey answers, while analytic tables include any tables
using the survey data to derive information that might be
beneficial for analystswithout having to parsethe raw answers.
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The survey questions table records every question ever given
to donors across al survey rounds and assignsto each question
a question ID. Equivalent questions across rounds share the
same question ID for ease of analysis. The survey responses
table records whether a respondent has a completed response
for each survey round and whether the respondent consented
for their answersto beused in research (ie, 1 row per respondent
per survey round). For donors who did not consent for their
answers to be used in research, none of their survey answers
are recorded in the database, though they are still recorded as
having responded to the survey and flagged as nonconsenting.
While respondents generally did not answer any further
questionsif they failed to provide consent at the outset, consent
could be withdrawn later in the process, and these technical
safeguards ensured that no responses were recorded without
consent to use the responses in research. The survey answers
table consists of several fields, including a unique response ID
that links to the responses table, a question ID that links to the
survey questions table, and the answer given to the specific
guestion by the respondent on the survey.

Two modules are responsible for managing the survey data,
both of which rely on raw output from the survey platform. The
first module is responsible for assigning equivalency to each
guestion based on the question ID and for updating the survey
guestionstable, while the other modul e parses survey responses
and updates both the survey responses and survey answerstable.

Reporting Wor kflows

Reporting is done through a module for each type of report
defined by the program. For example, reporting for the NBDS
program only required testing reports. In contrast, the NBDC
program required donor, donation, survey, and testing reports.
While each reporting module pulls information from the
configuration file on which fields to extract from which tables
in the database, and how to transform the data to fit the data
dictionary’s reporting specifications, extra code is generaly
needed for specific requirements that require more specific QC
steps than the standard checks for dataformat and length. This
necessitates more modular code to be included. For example,
changes in how a laboratory test is configured might require
changes in the quality control process, for example, to check
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for values in other fields, or to transform values based on one
or more entries in other fields.

Ethical Consider ations

All blood donors consented to the use of deidentified, residual
specimens for further research purposes. Consistent with the
policies and guidance of the University of California, San
Francisco Institutional Review Board, VRI sdlf-certified the
use of deidentified donations in this study as not meeting the
criteria for human participant research. CDC investigators
reviewed and relied on this determination as consistent with
applicable federal law and CDC policy (45 C.FR. part 46, 21
C.FR. part 56; 42 U.S.C. § 241[d]; 5U.S.C. § 552a; 44 U.S.C.
§ 3501). The study number is Pro00056783. The donor surveys
conducted by Vitaant were conducted under a protocol
supervised and approved by the Advarra Institutional Review
Board (Pro00056783) and linked to biospecimensin deidentified
form.

Results

Customizability

The framework we developed resulted in a data system that is
robust, reusable, and adaptable. Several factors contribute to
the adaptability and reusability of the system. First, by separating
generic code from the study-specific information, the system
can adapt to changesin the study or be reused for another study
with a greatly reduced investment of time to set up a
study-specific datasystem (Table 1). The use of aconfiguration
file that instructs the base code on how to access certain
study-specific resources; what datatypes, variable lengths, and
datatypes are allowed for specific entries; and how to generate
multiple types of reporting required by the study or project
allows for the study’s data system to be quickly adapted to
changes in the study or implementation of new substudies,
without lengthy development time and making extensive
changes to the code. An example would be how changes to a
study’s codebook are implemented. For systems where certain
fields or information are hard-coded, implementing a change
means changing the base code. In the case of our system, editing
the configuration file is sufficient to implement the changes.
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Table. Overview of the key design principles that guided the development of the WIM? data management framework.
Principle What the principle seeks WIM design features Examples from N BDSY/NBDC®
Findable Data and metadata can be easily Comprehensive data dictionaries Shared | Ds kept consistent across
found via clear documentation and  and persistent identifiers are en- NBDS and NBDC to enable cross-
identifiers forced across different studies study linkage and downstream
analyses
Accessible Users can retrieve data with appro-  Abstracted database web frontend ~ Nontechnical collaborators access
priate authorization and governance  with authentication and granular curated tables and reports through
access control, lowering the skill the web frontend, with role-based
floor while supporting governance  permissions
Interoperable Systems, tools, and datacan work  Platform-agnostic modules can ETLd/QCe modules run on Linux or
across platforms and contexts connect to multiple software plat-  \indows (Microsoft Corp) and in-
forms; deployableon-premor cloud  terface with different database en-
gines and file exchange endpoints,
Reusable Data and tools are packaged to Single project-wide YAM L confi o Reused ingestion, QC, and reporting
maximize reuse acrossstudiesand  ratjon externalizes study-specific  modulesbetween NBDSand NBDC
time with primarily configuration

L oose coupling Components change with minimal

ripple effects on others

logic (ie, dictionariesand QC rules)
from core code. Omission of afor-
mal component model to preserve

flexibility

Strict modularization (ingestion,
QC, ETL, and reporting separated).
Configuration- driven behavior

changes, minimizing code editsand
reducing setup time

Updating aQC rule or adding anew
data source did not require edits to
ingestion listeners or reporting

modules

AWIM: workflow-based information management.
PNBDS: Nationwide Blood Donor Seroprevalence.
°NBDC: Nationwide Blood Donor Cohort.

deTL: extract, transform, load.

€QC: quality control.

fyamL: yet another markup language.

Second, for datawith significant structural variability over time,
such as the survey data in our case, native functionality of
database engines should be leveraged (Figure 3). For example,
survey data for our study changed regularly between survey
rounds, and keeping the datain wide format would mean having
to manage avery widetable. Asawidetable would mean having
to change table configurations and column names as changes
areimplemented to the surveys, we elected to store survey data
in a long format—with discrete tables for survey questions,
responses, and answers. The use of long format for both survey
answers and questions negated the need for tableswith acolumn
for each question ever asked on the survey. Additionally, having
both the survey questions and answers in a long-format table
means that the general data structure can be preserved, even if
changes are made to the survey questions, and that the survey
guestions table can be used as a reference table to check for
equivalency of specific questions between different rounds of
the survey.

Thelast factor to contribute to the framework’s reusability and
adaptability is being flexible with respect to connections with
other systems, along with loose coupling. Interoperability, as
defined by Wilkinson et a (2016) [18], is the ability of data or
tools from noncooperating resources to integrate or work
together with minimal effort. By using and interoperating with
other preexisting data systems and platforms, including
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proprietary software systems, the framework can fill in gapsin
functionality and be implemented in parallel with both legacy
and new systems.

Evaluation of Use Case

We used deployment efficiency, adaptability, and update
latency, datathroughput, and reusability of core modulesaskey
operational indicators used to evaluate the framework. These
metrics reflect rea-world performance under high-volume,
multiorganizational research conditions. Taken together, these
metrics highlight WIM's ability to support large, complex, and
rapidly evolving research programs by providing a scalable,
adaptable, and reusable data-management infrastructure.

Data Throughput and QC Performance

For the NBDS study, our study data infrastructure handled
2,670,225 donation and testing records from all 50 statesin the
United States over the lifetime of this study (Figure 4). These
recordswere generated by 17 BCOs and were submitted to VRI
monthly. For the NBDC study, our study data infrastructure
handled a total of 1,064,381 donation records from 65,524
donors who were longitudinally followed over the course of 2
or more years (Figure 4). Donation and donor data were
generated and updated on a quarterly basis, while testing data
were updated on aweekly basis.
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Figure 4. Number of records collected and managed by the NBDS and NBDC programs. (A) Number of records collected by state, with 270,319
records excluded due to missing geographic information. (B) Number of records accumulated over the two programs' lifetime. Colors yellow, blue,
and red denote whether the record was collected for the repeat donor cohorts 2023, Vitalant repeat donor cohorts 2022, or the National Blood Donor
Serosurveillance study, respectively. NBDC: Nationwide Blood Donor Cohort; NBDS: Nationwide Blood Donor Seroprevalence.
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Deployment Efficiency

For deployment efficiency, initial system deployment required
approximately 6 months for the NBDS program, whereas
deployment for the more complex NBDC program required just
over 2 months. This reduction in setup time reflects the
reusability of core modules and the ability to externalize all
study-specific logic in the YAML configuration file, allowing
new implementations to leverage an existing codebase with
minimal modification. For other studies with different data
needs, only study-specific logic and QC checks would have to
be developed or adapted before implementation.

Adaptability and Update L atency

Operational and methodological changes to this study, such as
updates to data dictionaries, QC criteria, reporting formats, or
survey structures, can be implemented typically within 1 day
for minor revisions and within a few days for more complex
changes involving changes to multiple workflows or a drastic
overhaul of study design. AsWIM isolates study-specific rules
from core modules and uses an external configuration file,
updates could beintegrated rapidly into ETL, QC, or reporting
pipelines with little to no change to the underlying software.
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Theframework successfully supported very high datavolumes,
which include 2.67 million donation and testing records in
NBDS and over 1 million longitudinal donation records in
NBDC. Data ingestion and reporting vary in size and
complexity, but the framework handled data ingestion and
reporting tasks of up to 500,000 rows seamlessly. Automated
QC workflows processed each data submission immediately
upon arrival, applying rule-based checks for field formats,
enumerated values, date validity, and cross-table integrity. The
use of automated listeners and rule-based validation eliminated
the need for manual prescreening and ensured rapid feedback
to submitting organizations.

Reusability of Core Modules

For the NBDS and NBDC studies highlighted here, processes
such as ETL routines, QC, secure data retrieval, and reporting
were reused with no modification. Study-specific customization
was largely restricted to configuration files, data dictionaries,
and survey-specific logic. This high degree of functional reuse
demonstrates the portability of the framework and supports
efficient deployment in new research settings.
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Discussion

Overview

Modern data generation techniques in life science research
increasingly result in large quantities of data. With theincreasing
rate of data generation comes an increasing need for reliable,
stable, and sophisticated information management systems to
manage, store, and share data [2,31,32]. When large datasets
from multiple, often digointed, data sources can be
accommodated, our ability to efficiently study large societal
and scientific challenges is greatly increased (eg, studying
population-wide effects of the COVID-19 pandemic) [33-35].
In this paper, we describe how our approach of developing a
modular, flexible, and interoperable data infrastructure using
open-source tools allowed usto nimbly manage dataiin rapidly
evolving nationwide COVID-19 studies during the pandemic,
and how we can scale, reuse, and adapt the same framework to
manage other large multicenter studies with minimal changes
to the core software.

Degspite the availability of both commercial and open-source
data-management platforms, the WIM framework provides
severa contributions that differentiate it from existing systems
and were essential to supporting the rapidly evolving NBDS
and NBDC research programs. Firgt, it usesasingle project-wide
YAML configuration file to control al modules responsible for
data ingestion, transformation, QC, reporting, and database
interactions. This design places study-specific logic entirely
outside the core codebase, allowing substantial changesto data
dictionaries, quality control rules, or reporting specificationsto
be implemented without modifying the underlying software.
This approach reduces development time, lowers operational
complexity, and enables modules to be reused with minimal
reconfiguration across multiple studies. Second, WIM achieves
a high level of modularization and loose coupling, in which
each workflow module operates independently. This standsin
contrast to many proprietary systems that require
vendor-managed customization or open-source pipelines that
integrate ingestion, processing, and reporting in a rigid or
monolithic structure. By separating generic functions from
study-specific rules, WIM supports rapid iteration as research
needs evolve and minimizes unintended downstream effects
when updating a single module.

WIM'’s architecture is designed for portability and reusability
beyond the described COVID-19 serosurveillance programs
described. Core modules for secure data retrieval, ETL
processes, QC, configuration management, and reporting can
be repurposed for new studies with only changes to
configuration files and study-specific dictionaries. This level
of reuse allowed implementation time for NBDC to be reduced
from approximately 6 monthsfor NBDS to just over 2 months,
even as the complexity and data sources increased. The
combination of configuration-driven adaptability, rigorous
modularization, automated QC workflows, and open-source
extensibility makes the framework a flexible and scalable
solution for large, complex, and multiorganizational research
environments.
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In building the framework and the data system implemented
using the framework, several design principles were followed
with the goa of a nimble and reusable system that could be
sustainably used in a myriad of different studies and
implementation environments with minimal modification. The
FAIR principles are detailed in Wilkinson et al (2016) [18], the
principle of loose coupling, and the omission of a formal
component model are the principles that allowed us to develop
our framework with sufficient flexibility [19,20]. These design
principles allow for a sustainable implementation, as the only
changes and maintenance required on the system are dictated
by updates to the open-source components used by the system.

The FAIR principles for data management suggest that
contemporary data resources, tools, vocabularies, and
infrastructures should exhibit the qualities required to encourage
discovery and reuse [18]. Our framework follows these design
principles in multiple ways. First, for the data to be findable,
we keep documentation in the form of data dictionaries and
enforce a persistent identifier across multiple studies and data
systemsfor similar datatypes (eg, primary identifier for ablood
donation is the same across studies). Second, for the datato be
accessible, we built and manage an abstracted database frontend
web application as part of the framework to lower the skill floor
of stakeholder access to the data. Through user authentication
and granular access control, the use of a web-based front-end
application a so contributes to data governance [13]. Third, for
the data system to be interoperable, we have designed our data
system to be agnostic with respect to operating systems and
database engines, and to be able to connect to multiple other
software platforms. Lastly, for the data to be reusable, we
prioritized bidirectional compatibility and stability, wherein the
data collected and managed in any 1 study should be linkable
toand available for usein analyses of future data, as appropriate
[20], while complying with applicable ethical and IRB
reguirements.

Two further guiding design principles we followed were those
of loose coupling and the omission of aformal component model
from the framework [19]. The omission of aformal component
model was motivated by the fact that research is often not a
linear endeavor, with changesto the process happening regularly
as priorities shift. This is especially true for our work on the
NBDS and NBDC programs. For this reason, modules were
separated through workflows: dataingestion, management, and
reporting. Each of these workflows can have multiple
components, depending on the complexity of the study, but each
workflow maintainsitsfunction, and modular code can be added
or removed depending on the need.

On loose coupling, we took inspiration from ethology and
decided that our framework should be agnostic with respect to
operating system, relational database system of choice, and
deployment method [20,36]. By choosing to develop our data
systemin R, and by omitting any functions that are dependent
on the operating system, we allowed for the code to be run on
any operating system that could run R. This also meansthat the
system could be deployed on on-premises or cloud
infrastructure. In our case, on-premises deployment was chosen,
but in future studies, we plan to make use of cloud deployments,
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depending on cost, data security, and cross-organization access
reguirements.

While adaptability and data throughput capacity are important
in any large-scale research data infrastructure, for human
participants' research we consider data integrity and the
protection of sensitive personal information of participants to
be of equal importance. Data integrity for the system is
maintained through appropriate QC steps at every stage of data
processing, along with the appropriate redundancies. For
example, a data submission might be put through 2 QC steps,
in paralel or sequentially. Automated or semiautomated
handling of data submissions further supports data integrity,
since rejected submissions that failed QC checks are sent back
to submitters, along with areport providing detailed information
on quality problems, for review, correction, and resubmission.
For the protection of sensitive personal information, steps are
taken to minimize the risk of a data breach by encrypting data
in transit and at rest, making use of appropriately managed
infrastructure (including vulnerability monitoring and an
appropriate patching schedule), while also minimizing the
collection and storage of personally identifying information.
This ensures that even in the event of a data breach, therisk to
donors or participants is minimized. An example of a practice
we used to minimize the identifiability of research participants
was maintaining dates of birth only at the month level and
avoiding storage of multiple indirect identifiers. Further
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examples may include storing geographic information in formats
that encode larger areas, such as 3-digit rather than 5-digit ZIP
codes.

Conclusions

With life sciences research becoming increasingly reliant on
large, interconnected datasets and databases, the need for
adaptable, reusable, and scalable methods to manage and curate
data at an organizational or multiorganizational level will also
increase [14,37]. Our work shows that open-source software,
along with community-led software ecosystems, can be used
to meet this need and provide superior functionality and
flexibility to costly proprietary data management platforms.

With the rapid advancementsin technol ogy, bioinformaticsand
datamanagement have become crucial tolife sciencesresearch.
This is especialy true for large-scale studies addressing
significant scientific and societal issues, such asthe COVID-19
pandemic. The described framework was built on the need for
animble and abstracted data management system for multicenter
studies. Thiswas achieved by using modular components, and
a single project-wide configuration file in YAML format sets
all module settings, including QC processes, data dictionaries,
credentials, and database connection strings. These features
streamline data quality control, data flow, and data formatting,
while lowering the effort required to implement changes and
lowering the skill floor required to manage asystem that usually
requires a skilled data manager.
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Abstract

Background: Despite widespread COVID-19 vaccination, breakthrough infections remain a public health concern, with
transmission risks potentially linked to community behaviors and age-specific preventive practices. While mask-wearing and
socia distancing are well-established mitigation strategies, their adoption patterns across age groups, particularly among vaccinated
individuals, are poorly understood.

Objective: This study focuses on understanding breakthrough infections among vaccinated individuals, high-risk behaviors,
and socioeconomic determinants of COVID-19 susceptibility to guide effective public health interventions.

Methods: A 31-question voluntary survey was distributed using convenience sampling through the Qualtrics survey platform.
All survey respondents reported receiving at least the primary vaccination against COVID-19 infection, and all survey responses
were recorded between January 6, 2022, and September 26, 2022. L ogistic regression analysis was used to estimate the odds ratio
to measure the association between testing positive for COVID-19 and the different activities.

Results: Among the vaccinated individuals, those who tested positive were 11.103 times more likely to engage in going to a
restaurant or bar compared to those who tested negative (P=.01). There was asignificant difference in practicing social distancing
and mask-wearing between the different age groups (P=.02), with 100% (10/10) of the participants older than 70 years practicing
it, followed by 96.8% (118/122) of the 18 to 29 year olds. The study found lower infection ratesin the same age groups compared
to the other age groups. Moreover, the 18 to 29 years age group demonstrated notabl e associationswith practicing socia distancing
and mask-wearing in various settings.

Conclusions: Compliance with social distancing and mask-wearing was higher among older and younger participants, and
noncompliance with social distancing and mask-wearing was associated with a higher positivity rate. Activities such as going to
arestaurant or bar were significantly associated with testing positive for COV1D-19 among vaccinated individuals. These results
provide valuable information to individual s, health care providers, and public health experts regarding the types of behaviors and
community settings that are associated with COVID-19 infection and help enhance our understanding of the types of settingsin
which socia distancing and masking may be beneficial or not necessary. This knowledge can also help local health departments
develop tailored public health guidance based on the behaviors of individuals and the types of community settings in their
localities.

(Online J Public Health Inform 2026;18:€76679) doi:10.2196/76679

KEYWORDS
high-risk behaviors; vaccinated individuals; socioeconomic factors; breakthrough infections; COVID-19; socia distancing

measures, which included public masking requirements, social
distancing, lockdowns, and school and business closures.

Since late 2019, the emergence of coronavirus disease 2019, The transmission of COVID-19 is variable and dependent on
commonly known as COVID-19, hasdisrupted much of society  many factors, including the type of contact with an individual
and resulted in over 1.1 million reported deaths in the United  who isinfected, duration of exposure, hostimmune factors, and
States [1]. Early in the pandemic, the Centers for Disease ventilation [2]. The dominant route of transmission of
Control and Prevention (CDC), local public health departments,  cOVID-19 is respiratory, and it is known that COVID-19
and other public health authorities sought to mitigate spreads effectively in enclosed and crowded settings [3].
transmission and potential loss through various public health  Masking and social distancing have been shown to reduce
transmission of COVID-19 in many settings [4-6].

Introduction
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The Omicron variants, known for increased transmissibility and
immune evasion from both natural and vaccine-induced
immunity, were discovered in 2022 and became the dominant
variant across the world in 2023 [7]. The CDC tracked new
cases of COVID-19 until early 2023. Guidance on personal
protective measures had previously been based on community
levels of circulating COVID-19 infections. However, in 2023,
the CDC changed its data collection and reporting, focusing on
the weekly number of hospitalizations and deaths rather than
new cases of infection, aswell as monitoring variants based on
data from a limited number of areas in the United States [8].
With the dominance of Omicron, COVID-19 vaccine
formulations were updated from previously protecting against
the XBB sublineage strains to providing protection against the
Omicron JN.1 lineage [9]. On June 27, 2024, the CDC's
Advisory Committee on Immunization Practices recommended
vaccination with a Food and Drug Administration—approved or
authorized vaccine for al persons aged 6 months or older [9].
Current Food and Drug Admini stration—approved vaccinations
for COVID-19 prevention include vaccines by Maoderna,
Pfizer-BioNTech, and Novavax. Prior COVID-19 infection as
well as COVID-19 vaccination have been shown to reduce the
severity and transmission of COVID-19 infection, and this may
impact the accuracy of CDC COVID-19 data collection [10].

Many of the stringent public health restrictions implemented
early in the pandemic have been replaced by less strict, practical
measures that place the responsibility of socia distancing and
masking when sick on individuals in conjunction with local
transmissionrates[2]. In March 2024, the CDC rel eased updated
recommendationsfor individual sto prevent the spread of upper
respiratory virusesfrom common respiratory viruses, including
COVID-19, influenza, and respiratory syncytia virus, intending
to simplify public heath recommendations rather than have
separate pathogen-specific guidelines[9]. The guidelinesallow
individuals who have confirmed or suspected COVID-19
infection to resume normal activities if their symptoms are
improving and they have been afebrile (without antipyretics)
for at least 24 hours. They are encouraged to take additional
prevention strategies for the next 5 days, such as masking,
enhancing hygiene practices, and social distancing [9]. With
newer guidelinesallowing individual sthe ability to re-enter the
community while still symptomatic and potentially infectious
with upper respiratory viruses, including COVID-19, research
pertaining to specific community settings and behaviors that
increase one'srisk for infection isnecessary to help individuals
reduce their own risk of infection [11].

With the availability of COVI1D-19 vaccines, understanding the
types of community behaviors and settings that are associated
with a high risk of COVID-19 transmission in vaccinated
individualsisan important area of research because individuals
can make moreinformed decisions about the types of behaviors
and settings they are willing to engage in based on the risk of
infection even after vaccination. Individuals will be better
informed about the potential risk of infection, allowing them to
determine whether personal protective measures to reduce the
risk of infection, such associal distancing or masking, are more
appropriate in specific settings. For policymakers and public
health experts, this study will provide information about the
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behaviors and settings that are associated with a risk of
COVID-19infection, allowing them to develop tailored infection
prevention strategies and guidance for community members
pertaining to COVID-19 and other respiratory viral infections.

This study aimsto identify community behaviors, settings, and
close contact exposures of vaccinated individuals that are
associated with testing positive for COVID-19 despite
vaccination status. Additionally, this study sought to evaluate
any socioeconomic factors associated with COVID-19infection,
including demographics, household income, and type of
residence. The authors' hypothesis is that certain community
behaviors that have the potential to be crowded and have poor
ventilation, such as indoor restaurants, bars, cafés, places of
waorship, fitness centers, entertainment venues, and using public
transportation, will be associated with a higher breakthrough
risk of COVID-19 infection.

Methods

Ethical Consider ations

The institutional review board of Massachusetts College of
Pharmacy and Health Sciences (MCPHYS) in Boston, MA,
reviewed and approved this cross-sectional research study on
November 19, 2021 (IRB-2021-2022-39). This study was
conducted in accordance with the Belmont Report ethical
principles of respect for persons, beneficence, and justice, and
in compliance with the Federal Policy for the Protection of
Human Subjects (45 CFR 46, The Common Rule). The study
also adhered to the principles of the Declaration of Helsinki and
the STROBE (Strengthening the Reporting of Observational
Studies in Epidemiology) guidelines (Multimedia appendices
1). Informed consent was obtained electronically from all
participants prior to their participation via the Qualtrics online
survey platform. Participants were informed of the study's
purpose, voluntary nature, and their right to withdraw at any
time without consegquence. No compensation was provided for
participation. To protect participant privacy and confidentiality,
no persond ly identifiableinformation was collected at any point
during the study. All survey responses were collected
anonymoudly through Qualtrics, which was configured to disable
the collection of IP addresses and other identifying metadata.
Data were stored securely on password-protected institutional
servers, accessible only to the research team. All data were
analyzed in aggregate and reported in a manner that prevents
the identification of individual participants.

Study Design and Data Collection

An online survey was created using Qualtrics, and all survey
responses were recorded between January 6, 2022, and
September 26, 2022. The survey items related to
sociodemographic characteristics, community behaviors, and
personal preventive measures were adapted from previously
validated survey instruments [12-14]. The survey was
pilot-tested among a small group of faculty members and
students at MCPHS to confirm the clarity and validity of the
tool before distribution. The reliability of the survey was
assessed using the Cronbach a coefficient, which was calculated
to be 0.87, indicating good internal consistency among the
survey items. Convenience sampling was used to recruit
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respondents for the survey and included email, social media
postings, and in-person recruitment. No formal sample size
calculation or power analysis was performed before the study
since this was an exploratory cross-sectional study using
convenience sampling. The final sample size achieved was
adequate for the regression analysis for the number of outcome
events and the predictor variables included in the model.
Approximately 823 individuals were recruited by email, and 5
social media postings were disseminated using Blackboard and
Facebook. The recruitment emails and social media postings
included information about the study and the survey link to
participate. The social media postings targeted students and
faculty at MCPHS. Recruitment emails targeted department
heads and faculty members from several United States medical
universities and physician assistant programs. The publicly
available email addresses of department heads and faculty
members from several United States medical universities and
physician assistant programswere gathered from their respective
university websites. Survey links could then be disseminated
to other eligible individuals at their discretion. The survey
consisted of a range of 22 to 31 questions. Survey items on
frequency of activities (eg, visiting restaurants, coffee shops,
gyms, and places of worship) used a5-point Likert scale (Never,
Rarely, Sometimes, Often, Always). For regression analyses,
these responses were dichotomized into
“Never/Rarely/Sometimes” versus“Most of the time/Always.”
This approach was chosen to improve model stability and ensure
sufficient sample size within each category. Inclusion criteria
included being at least 18 years old, and each respondent
reported receiving at least the primary vaccination against
COVID-19infection. Primary vaccination included the original
vaccine regimens in the United States: 2 doses of the origina
MRNA vaccines by Pfizer-BioNTech or Moderna, or 1 dose of
the Johnson & Johnson vaccine. Respondents were included if
they reported receiving avaccine regimen approved inanon-US
country, but the type of vaccine was not collected. A survey
answer option of “Other” was included in the question where
respondents were asked about receiving a vaccine that was not
specifically listed. COVID-19 positivity was self-reported and
based on a positive COVID-19 PCR or rapid antigen test
anytime during the study period. The survey was closed, and
no further responses were recorded once a second booster shot
was authorized, as our survey did not include questions
regarding a second booster, which could confound the study’s
results.

Statistical Analysis

Logistic regression analysis was used to estimate the odds of
COVID-19infectioninrelation to variousrisk factorsidentified
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within the survey dataset. The primary outcome variable was
self-reported COVID-19 positivity (yes/no), and the primary
exposures were self-reported frequency of participation in
community activities (eg, shopping, dining at restaurants, bars,
attending gyms, salons, air travel, public transportation, indoor
entertainment, places of worship, and social gatherings),
masking, and socia distancing practices. Predictor variables
were sociodemographic variables such as age, sex, and
occupational exposure. Potential confounders were age and
occupational exposure. There were no identified effect
modifiers. Odds ratios with 95% Cls were reported for each
analysis. Both univariable and multivariable logistic regression
models were conducted. In the multivariable analyses,
sociodemographic factors and behavioral risk variables were
entered simultaneously to assesstheir independent associations
with COVID-19 positivity. To minimize overfitting, we
performed separate multivariable models focusing on
conceptually grouped predictors (eg, community activities,
social distancing behaviors, sociodemographic variables).
Sociodemographic factorswere not included in the same model
asactivity variables because of collinearity concernsand sample
size limitations. This analytic strategy alowed a clearer
interpretation of specific domains of risk. Respondentswho did
not complete the entire survey were removed from the data
analysis. A P value of lessthan .05 was established for statistical
significance. IBM SPSS Statisticsversion 29.0 (IBM Corp) was
used for statistical analysis.

Results

The primary goal of thisinvestigation isto unveil the community
behaviors, settings, and close contact scenarios correlated with
positive COVID-19 test results among vaccinated individuals.
Additionally, the study explores the socioeconomic factors
related to COVID-19 infection, including demographics,
household income, and type of residence. A total of 297
participants completed the survey, of whom 25 were excluded
because of missing data. Among the remaining 272 participants
who answered the entire survey, 208 (76.5%) were female, 62
(22.8%) weremale, and 2 (0.8%) identified as either nonbinary,
third gender, or preferred not to say. The precise response rate
is unclear because the researchers were unable to determine
how many participants received the survey as aresult of email
or social mediarecruitment. The majority of respondentsto the
survey fell within the 18 to 29 years age group, constituting
44.9% (122/272) of participants, a demographic typically
representative of college students. Furthermore, a substantial
proportion of the survey participants identified as White,
accounting for 83.8% (228/272), as shown in Table 1.
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Table . Demographic characteristics of vaccinated adult participants in a cross-sectional online survey assessing breakthrough COVID-19 infections

in the United States between January 2022 and September 2022.

Characteristic Participants, n (%)
Gender
Male 62 (22.8)
Female 208 (76.5)
Nonbinary/third gender 1(0.4)
Prefer not to say 1(0.4)
Agegroup (y)
18 - 29 122 (44.9)
30 - 39 39 (14.3)
40 - 49 39 (14.3)
50 - 59 30(11)
60 - 69 31(11.4)
>70 10 (3.7)
Race or ethnicity
Asian Indian 12 (4.9)
Black or African American 7(2.6)
Chinese 5(1.8)
Filipino 1(0.4)
Hispanic or Latino 9(3.3)
Multiracia or biracial 3(1.1)
Native American or Alaskan Native 2(0.7)
Vietnamese 1(0.4)
White 228 (83.8)
Other race not listed 2(0.7)

A logistic regression was used to assess the impact of
community activities on the likelihood of COVID-19 infection
in vaccinated individuals. The model exhibited statistical

significance (x%,;=25.048; P<.001), indicating its ability to
elucidate 33% (Nagelkerke R?) of the variance in COVID-19

among vaccinated individuals and correctly classify 79.2%
(215/272) of cases. The analysis provided insights into the
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influence of specific activities (see Table 2) on COVID-19
infection in vaccinated individuals. Notably, those who tested
positive were 11.103 times more likely (P=.01) to engage in
going to a restaurant or bar compared with those who tested
negative (Table 2). These results suggest a significant
association between community activities and COVID-19
infection in vaccinated individuals, emphasizing theimportance
of specific behaviorsin influencing infection outcomes.
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Table . Association between community activities and self-reported COVID-19 positivity among vaccinated adults who participated in the online
cross-sectional survey in the United States between January 2022 and September 2022.

Activity

OR?(95% Cl)

P value

Shopping for items
Place of worship
Restaurant or bar
Coffee shop

Public transport
Airplane travel
Office setting

Gym or fitness
Salon or barber

Vehicle travel

0.99 (0.27 - 3.65)
0.24 (0.07 - 0.91)

11.10 (1.80 - 68.57)

0.77 (0.24 - 2.44)
0.24 (0.06 - 1.02)
0.49 (0.14 - 1.73)
3.08 (0.60 - 15.86)
0.14 (0.02 - 0.93)
1.56 (0.47 - 5.17)
2.39(0.72 - 7.98)

Indoor entertainment 0.35(0.10 - 1.26)

.99
.04
.01
.66
.05
27
.8
.04
47
.16
A1

%0R: odds ratio.

Among the different age groups who responded to the survey,
we found that infection rates were the lowest in the more than
70 years age group (30%,; n=3) and the 18 to 29 years age group
(40.7%; n=49) compared to the other age groups, although the
difference did not achieve statistical significance. Then, we
sought to determine whether there was any difference in the
positivity rate associated with a specific activity between
respondents who reported social distancing or wearing their
masks most of the time and those who did not do so most of the
time. The initial model, which included no predictors (null
model), displayed a classification table with an overall correct
classification rate of 59.9% (163/272), indicating suboptimal
performance in predicting COVID-19 positivity based on the
specified variables.

After incorporating predictors from the question that asked
about “social distancing and mask-wearing behaviorsin specific
settings,” the model showed statistically insignificant results
(x%4=17.612; P >.05). The model elucidated only 8.5%

(Nagelkerke R?) of the variancein COVD-19 positivity among
vaccinated individualsand accurately classified 60.7% (165/272)
of cases. A detailed examination of the results (Table 3)
indicated that none of the predictors achieved statistical
significance. For example, participantswho tested positive were
3.001 times more likely to go to an office setting compared to
those who did not test positive, but this result did not reach
statistical significance (P=.09).

Table . Association between masking and socia distancing and self-reported COVID-19 positivity among vaccinated adults who participated in the
online cross-sectional survey in the United States between January and September 2022.

Activity OR®(95% Cl) P value
Shop for items 0.54(0.19 - 1.57) .26
Place of worship 1.29(0.42 - 3.94) .65
Restaurant or bar 1.71(0.48 - 6.11) 41
Coffee shop 1.38 (0.39 - 4.88) .62
Public transport 1.71(0.46 - 6.29) A2
Airplane travel 1.77 (0.52 - 6.04) .36
Office setting 3.00 (0.85 - 10.65) .09
Gym or fitness 1.09 (0.36 - 3.30) .88
Salon or barber 0.87 (0.27 - 2.78) .82
Vehicle travel 1.46 (0.45 - 4.72) .53
Indoor entertainment 0.25 (0.07 - 0.87) .03

30R: odds ratio.

In summary, the logistic regression model did not provide The overall model did not achieve statistical significance, and

substantial evidence of a significant difference in COVID-19
positivity rates based on specific activities among respondents
reporting varying levels of social distancing and mask-wearing.
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the predictors included did not significantly contribute to

explaining the variability in COVID-19 positivity.
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We then tested whether any of the following demographic
variables were associated with a higher COVID-19 positivity
rate, including household income, type of residence, education
level, race, and number of individuals living in a household.
The logistic regression aimed to investigate whether specific
demographic variableswere correlated with ahigher COVID-19
positivity rate among participants. The initial model,
representing the null model with no predictors, exhibited a
classification table with an overall correct classification rate of
59.9% (163/272), indicating suboptimal performance in

McDonald & Varavelu

predicting COVID-19 positivity based on the specified variables.
Subsequent inclusion of demographic variables also yielded
statistically insignificant findings (x222:20.573; P>.05). The

model elucidated 10.6% (Nagelkerke R?) of the variance in
COVID-19 positivity among participants and accurately
classified 61% (166/272) of cases. The analysis of the
demographic variables (Table 4) revealed that none of the
predictors achieved statistical significance. This suggests that
none of the demographic variables were independently
associated with a higher COVID-19 positivity rate.

Table. Association between sociodemographic factors and self-reported COVID-19 positivity among vaccinated adults who participated in the online
cross-sectional survey in the United States between January 2022 and September 2022.

Variable OR?(95% Cl) P value
Annual income (US $)
Under 25,000 1.14(0.42 - 3.09) .79
25,000 - 49,999 0.43(0.11 - 1.68) 22
50,000 - 74,999 1.33(0.41 - 4.36) .64
75,000 - 99,999 0.66 (0.17 - 2.64) .56
100,000 - 149,999 1.22(0.35-4.32) 75
150,000 - 199,999 1.09 (041 - 2.92) .86
Over $200,000 0.64 (0.19 - 2.19) 48
Residence type
Single-family house 1.15(0.21 - 6.31) .87
Two-family home or duplex 0.92 (0.49 - 1.73) .79
Apartment or Condo 0.00 (0.00-0) >.99
Education
High school 2.28(0.00-0) >.99
Some college—no degree 2,082,843,782.47 (0.00-01) >.99
Associate degree 1.18(0.26 - 5.40) .84
Bachelor's degree 1.81(0.39 - 8.39) 45
Graduate degree 2.63(0.21 - 32.61) 45
Ethnicity
White 0.00 (0.00-00) >.99
Black/African American 0.31 (0.06 - 1.63) A7
Hispanic/Latino 1.37(0.25 - 7.39) 71
Native American/Alaskan Native 1.03(0.15 - 7.16) .98
Asian Indian 0.00 (0.00-00) >.99
Multiracial/Biracial 0.37 (0.07 - 1.90) .23
Chinese 0.00 (0.00-00) >.99
Filipino 1.12 (0.04 - 28.39) .95
Vietnamese 1.33(0.08 - 22.78) .85
Other race not listed 0.00 (0.00-00) >.99

%0R: odds ratio.

In summary, the logistic regression model revealed no
statistically significant associations between demographic
variables (eg, income, education, and race) and COVID-19
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positivity in our vaccinated cohort. While this suggests that
socioeconomic factors alone may not independently predict
breakthrough infections in this population, it underscores the
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potential dominance of behavioral or environmental
determinants (eg, activity-related risks, asidentified in our other
analyses).

Wethen investigated whether living with someone who worked
in health care was associated with a higher positivity rate.
Contrary to expectations, our analysis found no significant
association between living with a health care worker and
COVID-19 positivity rates among vaccinated individuals (Table
5). This suggests that, in our cohort, household exposure to
health care personnel, who likely had frequent occupational

McDonald & Varavelu

exposure to SARS-CoV-2, did not trandate into a higher
infection risk for vaccinated cohabitants. These findings may
reflect the success of infection control measures in health care
settings, the protective effect of vaccination in household
contexts, or potential compensatory behaviors (eg, stricter
hygiene practices) in these households. While reassuring, these
results should beinterpreted in context: the study period (2022)
coincided with widespread vaccine availability and improved
workplace protections, which may have mitigated risks that
were more prominent earlier in the pandemic.

Table. Association between household exposureto health care workers and self-reported COV1D-19 positivity among vaccinated adults who participated
in the online cross-sectional survey in the United States between January 2022 and September 2022.

Household health care workers OR?(95% Cl) P value
None 0.00 (0.00-0) >.99
One 1.15 (0.65 - 2.03) 64
More than one 0.91 (0.38 - 2.19) .83

%0R: odds ratio.

We also tested whether there was an association between a
specific vaccine (Moderna, Pfizer, or Johnson & Johnson) and
a higher or lower hospitalization rate among respondents. The
logistic regression model did not yield evidence of asignificant
association between the type of vaccine and the hospitalization
rate among participants. The overal model was statistically

insignificant, and the predictor included in the model did not
substantially contribute to explaining the variability in
hospitalization rates among the participants (Table 6). This
indicates that all 3 vaccines are equally effective in reducing
hospitalizations due to COVID-19.

Table. Association between type of COVID-19 vaccine and hospitalization rate among vaccinated adults who participated in the online cross-sectional

survey in the United States between January 2022 and September 2022.

Vaccine OR?(95% Cl) P value
Moderna 0.98 (0.27 - 3.61) 98
Pfizer-BioNTech 2.21(0.60 - 8.12) .23
Johnson & Johnson 0.87 (0.51 - 1.47) .60

%0OR: odds ratio.

We then analyzed the relationship between distinct age groups
and their adherence to socia distancing and mask-wearing
practices in various scenarios. We identified a statistically
significant difference among the different age groups in
practicing social distancing and mask-wearing practices (P=.02).
The highest prevalence was found in the older than 70 years
age group, where 100% of the respondents reported social
distancing practices, followed by the 18 to 29 years age group
(96.8%). Theresultsreveal significant associations, particularly
within the 18 to 29 age group, consistently exhibiting a higher
likelihood of practicing these preventive measures acrossdiverse
settings. When it comesto shopping for items, individual s aged
18 to 29 consistently showed a significant association with
“Always or Most of the time,” engaging in social distancing
and mask-wearing. Similarly, this age group displayed
significant associationsin scenariosinvolving people gathering

https://ojphi.jmir.org/2026/1/€76679

indoors, whether with more than 10 people or with 10 people
or fewer.

Moreover, the 18 to 29 age group demonstrated notable
associationswith practicing social distancing and mask-wearing
in various settings, including attending indoor church or
religious gatherings, going to restaurants or bars, visiting coffee
shops, using public transportation, traveling viaairplane, going
to an office setting (excluding health care purposes), going to
a gym or fitness center, and visiting a salon or barber. The
consistent pattern emphasizes the inclination of the 18 to 29
age group to adhere to social distancing and mask-wearing
guidelines across a spectrum of activities. The statistical
significance of these associations, as indicated by the P value,
underscores the robustness of these observed patterns. These
insights can inform targeted public health interventions and
communi cation strategies, recognizing the variationsin behavior
across different age demographics (Table 7).
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Table . Association between age groups and their adherence to social distancing and mask-wearing practices in various community settings among
vaccinated adults who participated in the online cross-sectional survey in the United States between January 2022 and September 2022.

Activity and age group (y) Never or rarely or some- Always or most of thetime P value
times
Shop for items (groceries, prescriptions, home goods, and clothing) <.001
>70 1 9
18- 29 24 98
30-39 2 37
40 - 49 0 39
50 - 59 0 30
60 - 69 1 30
Have people visit you inside your home or go inside someone else’s home where there were more than 10 people <.001
>70 2 8
18- 29 43 79
30-39 2 37
40 - 49 0 39
50 - 59 1 29
60 - 69 1 30
Have people visit you inside your home or go inside someone else’'s home where there were 10 people or less <.001
>70 1 9
18-29 35 87
30-39 2 37
40 - 49 1 38
50 - 59 2 28
60 - 69 2 29
Go to an indoor church or areligious gathering or place of worship <.001
>70 0 10
18- 29 33 89
30-39 2 37
40 - 49 0 39
50 - 59 2 28
60 - 69 2 29
Go to arestaurant or bar (dine-in, any area designated by the restaurant including patio seating) <.001
>70 2 8
18-29 29 93
30-39 1 38
40 - 49 0 39
50 - 59 1 29
60 - 69 1 30
Go to a coffee shop <.001
>70 1 9
18- 29 28 94
30-39 1 38
40 - 49 0 39
50 - 59 0 30
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Activity and age group (y) Never or rarely or some- Always or most of thetime P value
times
60 - 69 1 30
Use public transportation (bus, subway, streetcar, and train) <.001
>70 1 9
18- 29 26 96
30-39 1 38
40 - 49 0 39
50 - 59 1 29
60 - 69 2 29
Travel viaairplane <.001
>70 2 8
18 - 29 42 80
30-39 2 37
40 - 49 0 39
50 - 59 2 28
60 - 69 1 30
Go to an office setting (other than for health care purposes) <.001
>70 0 10
18-29 36 86
30-39 2 37
40 - 49 2 37
50 - 59 1 29
60 - 69 1 30
Go to agym or fitness center <.001
>70 0 10
18 - 29 40 82
30-39 1 38
40 - 49 1 38
50 - 59 2 28
60 - 69 2 29
Go to asalon or barber (eg, hair salon and nail salon) <.001
>70 1 9
18-29 43 79
30-39 2 37
40 - 49 0 39
50 - 59 0 30
60 - 69 2 29
Discussion are will?ng tq engage in. Idgntifyi ng the behavi'ors gnd
community settingsthat are associated with COVID-19infection
Overview will also help enhance our understanding of the types of settings

Determining the type of community activities and settings that
are associated with COVID-19 in vaccinated individuals is
important for individualsto assesstherisk of the activitiesthey
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inwhich socia distancing and masking may be more efficacious.
This knowledge can help local health departments develop
tailored public health guidance based on the behaviors of
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individuals and the types of community settings in their
localities.

Principal Results

One of the primary goals of this study wasto reveal community
behaviors linked to positive COVID-19 test results among
vaccinated individuals. The present study demonstrates that
vaccinated individualswere more likely to get infected with the
virus while visiting a restaurant or a bar, emphasizing the
importance of specific behaviorsin shaping infection outcomes.
This explains the infection rate among vaccinated individuals
and alignswith the resultsreported by Zhang et al [15,16], who
found higher infection rates among peopl e visiting arestaurant.
This might be a result of inadequate ventilation, which could
lead to a rise in the concentration of airborne SARS-CoV-2.
The current research reveal ed that individualsfrom the youngest
(18 - 29 y) and oldest (>70 y) demographics were notably
diligent about practicing social distancing behavior and
mask-wearing, potentially linked to elevated levels of
COVID-19-related anxiety among this cohort. This might also
stem from the fact that individuals in the youngest age group
are highly socially connected and actively engaged in extensive
community interactions [14].

We sought to examine the difference in positivity rates related
to specific activities between respondents who reported adhering
to socia distancing and wearing masks most of the time and
those who did not. Nevertheless, our analysis did not provide
strong evidence of a significant difference in COVID-19
positivity rates based on specific activities among respondents
with varying levels of socia distancing and mask-wearing. The
overall model did not achieve statistical significance, and the
predictorsincluded did not substantially contributeto explaining
thevariability in COVID-19 positivity. Neverthel ess, the present
study revealed lower infection rates among both the oldest and
youngest age groups, which coincided with their high adherence
to socia distancing measures. These findings are well
corroborated by a recent study that found that each 1 unit
increasein socia distancing was associated with a 26% reduced
risk of COVID-19 incidence and a 31% reduced risk of
COVID-19 mortality at the county level [13]. Additionally,
another study observed that COVID-19 epidemic case growth
rates declined by approximately 1% per day, beginning 4 days
after the implementation of state-wide socia distancing
measures [12]. These findings contribute to the existing body
of evidence by estimating the impact of social distancing inthe
community on individual-level outcomes.

Comparison With Prior Work

Numerous studies have consistently indicated a connection
between face mask usage and a decreased risk of COVID-19 at
the population level. Specifically, 3 prior studies examining the
impact of self-reported face mask use on the risk of COVID-19
reported odds ratios ranging from 0.21 to 0.30, which align with
our finding of a 0.36 hazard ratio for always using masks
[17-19]. While the protective effect of face masks in reducing
transmission to othersis well established, our findings suggest
that mask use may also reduce the wearer’s exposure to vira
load, potentially contributing to decreased infection risk, as
previouslyproposed [20].
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This study investigated whether demographic variables were
associated with a higher COVID-19 positivity rate. However,
the logistic regression model did not provide significant
evidence of an association between demographic variables
(household income, type of residence, education level, race,
and number of individualsliving in ahousehold) and COVID-19
positivity. The overall model was statistically insignificant, and
the predictors included did not substantially contribute to
explaining the variability in COVID-19 positivity among
participants. Our study results also did not provide evidence of
asignificant association between living with someonein health
care and the COVID-19 positivity rate among participants.

This study also explored whether thereis an association between
aspecific vaccine (Moderna, Pfizer, or Johnson & Johnson) and
hospitalization rates. However, we did not find evidence of a
significant association between the type of vaccine and
hospitalization rates among participants. Thisindicatesthat all
3vaccinesaresimilarly effectivein preventing severe outcomes
that require hospitalization. It suggeststhat public health benefits
can be achieved with any of the available vaccines and supports
their continued use in efforts to reduce the burden of severe
illness.

The unprecedented speed and scale of data accumulation on
breakthrough infections and related topics have not answered
several important questions. For instance, though there is
evidencethat vaccines against SARS-CoV-2 reducetransmission
in households [21] and communities [22], achieving sustained
high levels of herd immunity against SARS-CoV-2 infection
through vaccination is questioned. This skepticism arises from
the mucosal nature of the infection without an obligate stage of
dissemination through lymph or blood. Even with high vaccine
coverage, a combination of waning immunity and antigenic
variation may create enough susceptibility in the population to
maintain endemic transmission of SARS-CoV-2, similar to the
4 other coronaviruses circulating in the human population [23].
However, it isunlikely that this situation will result in the same
level of disruption seen in the first 2 years of the COVID-19
pandemic. Pandemicsarerare eventswherevirtually al humans
lack exposure to a novel pathogen, putting them at risk for
severe disease and transmission, especially older adult
individual s and those with certain comorbidities. Similar to the
influenzavirus[24], or even more so with human coronaviruses,
this pandemic pattern may gradually transition into a pattern of
milder disease. Virtualy everyone will experience multiple
exposures through one or more vaccine doses and/or one or
more exposuresto viral (possibly breakthrough) infection [25].
In this view, the role of vaccinesis not to provide durable herd
immunity, as with measles or smallpox, but to prevent severe
outcomes during the transition to endemicity.

Limitations

It is important to note the limitations of the study. This study
used convenience sampling, primarily recruiting participants
affiliated with academic ingtitutions (eg, students and faculty),
which allowed the researchers to focus recruitment on a
population that had aknown high vaccination rate but may limit
the generalizability of the findings. The overrepresentation of
younger, female, and White individualsin our cohort (Table 1)
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could introduce selection bias, as behavioral responses to
COVID-19 (eg, mask-wearing and dining out) may
systematically differ in older or more diverse populations.
Additionally, the lack of diversity in gender, race or ethnicity,
age, geographical, and socioeconomic representation among
the participants is another limitation that could impact the
generalizability of thefindings. For instance, our observed high
adherenceto socia distancing among those aged more than 70
years (100%) should be interpreted cautioudly, given the small
sample size (n=10) in this subgroup. Many participants were
affiliated with medical or other health care-related universities,
so the participants may have been at higher risk for exposure
to COVID-19 infection through occupationa or study-related
exposures rather than exposures in the community. Participants
may have been more knowledgeable about public health
guidance and COVID-19 mitigation strategies and more likely
to follow masking and socia distancing guidelines than the
broader population. Since the study was conducted using an
anonymous survey, we could not verify responses or the
vaccination status of each respondent. Recall biaswas mitigated
by using validated surveys as a resource and by comparing the
behaviors and community settings of respondentswho reported
testing positive for COVID-19 infection and those who had
never tested positive for COVID-19. However, it is possible
that there could be some inaccuracies in the responses from
both cohorts of respondents. Our analytic approach used separate
multivariable models for behavioral and socio-demographic
factors rather than a single combined model. This was chosen
to reduce collinearity and preserve model stability given the
modest sample size. However, this limits our ability to draw
conclusions about the independent effects of behavior after
adjusting for demographics. Public health measures, such as
public masking, social distancing, and reduced maximum
occupancy limits for social gathering settings, were variable
across the United States, and the degree of adherence to those
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recommendations was also variable, which could confound the
study results regarding which settings were more or less likely
to be associated with COVID-19 infection in vaccinated
individuals. However, this heterogeneity was distributed evenly
among both cohorts of respondents. Future studies should
prioritize stratified or population-based sampling to ensure
broader applicability of the results.

Conclusions

In summary, this cross-sectional study aimed to investigate the
factors influencing breakthrough COVID-19 infections among
vaccinated individuals. The findings revealed significant
associations between specific community activities and
breakthrough infectionsin vaccinated individuals, underscoring
theimportance of targeted interventions. Particularly noteworthy
was the consistently higher adherence to socia distancing and
mask-wearing across various settings among the 18 to 29 years
age group, providing valuable insights for the formulation of
effective public health strategies. However, the study did not
identify significant associ ations between breakthrough infections
and demographic variables, vaccine types, or specific activities
related to social distancing and mask-wearing. Thisunderscores
the nuanced and multifaceted nature of breakthrough infections,
suggesting that individual behaviors and contextual factors play
crucial roles. Despite the inherent limitations and challengesin
predicting breakthrough infections, this study contributesto our
understanding of the complex interplay between vaccination
status, community behaviors, and infection risks. The findings
highlight the ongoing need for research and flexible public
health strategies to adapt to the evolving landscape of the
COVID-19 pandemic. Aswe transition toward endemicity, the
role of vaccines becomes pivotal in preventing severe outcomes,
and the insights from this study can inform future interventions
and palicies.
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Abstract

Background: COVID-19 forecasting models have been used to inform decision-making around resource allocation and
intervention decisions, such as hospital beds or stay-at-home orders. State-of-the-art forecasting models often use multimodal
data, including mobility or sociodemographic data, to enhance COVID-19 case prediction models. Nevertheless, related work
has revealed under-reporting bias in COVID-19 cases as well as sampling bias in mobility data for certain minority racial and
ethnic groups, which affects the fairness of COVID-19 predictions across racial and ethnic groups.

Objective: Thisstudy aimsto introduce afairness correction method that works for forecasting COVID-19 cases at an aggregate
geographic level.

Methods: We use hard and soft error parity analyses on existing fairness frameworks and demonstrate that our proposed method,
Demographic Optimization (DemOpts), performs better in both scenarios.

Results. We first demonstrate that state-of-the-art COVID-19 deep learning models produce mean prediction errors that are
significantly different across racial and ethnic groups at larger geographic scales. We then propose a hovel debiasing method,
DemOpts, to increase the fairness of deep learning—based forecasting models trained on potentially biased datasets. Our results
show that DemOpts can achieve better error parity than other state-of-the-art debiasing approaches, thus effectively reducing the
differencesin the mean error distributions across racial and ethnic groups.

Conclusions: We introduce DemOpts, which reduces error parity differences compared with other approaches and generates
fairer forecasting models compared with other approachesin the literature.

(Online J Public Health Inform 2026;18:€78235) doi:10.2196/78235

KEYWORDS
COVID-19 forecasting; deep learning model; fairness; time series model; regression

; such asthe New York Times(NY T), Johns Hopkins University,
Introduction COVID-19 Community Vulnerability Index, Google, and Apple
Background [12-16], among others. Most publicationsfocused on COVID-19

case prediction have reported results around the accuracy of the
models, that is, minimizing the difference between the predicted
cases and the actual number of cases reported. Nevertheless,
previous work has shown that the accuracy of COVID-19

. L ) g : predictions can depend on various social determinants, including
or by public health officia sto inform closure policies at various race or ethnicity [17], income, or age [18], revealing worse

geographical scales. In the United States, COVID-19 forecastS  herformance for protected attributes and pointing to a lack of
have been used at the state and county levels to inform sociadl oy p-19 predictive fairnessthat can affect resource allocation

distancing or masking, such asthe publicly available forgcasxs and decision-making. This lack of predictive fairness might be
on the COVID-19 Forecast Hub that the Centers for Disease related to bias in the datasets used to train the model, that is,

Control and Prevention (CDC) has routinely used in their  piagin cOVID-19 case reporting [19] or bias in mobility data
communications[1,2]. [20].

Forecasting the number of COVID-19 cases, hospitalizations,
or deaths is crucia to inform decision-making. For example,
COVID-19 forecasts can be used by hospitals to evaluate
medical needs and required resources, such as supplies or beds,

Related work over the past 4 years has shown a diverse variety
of COVID-19 forecasting approaches [3-10, 11] using datasets
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Given the presence of bias in the training datasets frequently
used by COVID-19 forecast models, and previous work
demonstrating that COVID-19 prediction accuracy can vary
across social determinants, it becomes critical to devise methods
to prevent data biases from percolating into the COVID-19
forecasts to guarantee fair decision-making based on case
predictions. In this paper, we focus on in-processing bias
mitigation approaches given their scarcity in the COVID-19
literature and propose Demographic Optimization (DemOpts),
a debiasing method designed to achieve COVID-19 case
prediction error parity across racial and ethnic groups in the
context of deep learning models, that is, guarantee that county
prediction errorsare not significantly different acrossracial and
ethnic groups. Although there exists adiverse set of COVID-19
predictive approaches, we focus on deep learning models
because these are the most frequently used models in the
machine learning community [21], and narrow down our choice
to transformer-based architectures because they are
state-of-the-art in time series predictions [22].

The main objective of DemOpts is to improve the fairness of
the COVID-19 case predictions at the county level by achieving
error parity in a regression setting [17]. DemOpts proposes a
novel debiasing approach that leverages county racial and ethnic
data during training to modify conventional deep learning loss
functions to penalize the model for statistically significant
associations between the predictive error and the race or
ethnicity distribution of a county. Our main contributions are:

«  We present DemOpts, a novel debiasing method for deep
learning architectures that attemptsto increase the fairness
of the COVID-19 county case predictions by achieving
error parity, that is, guaranteeing that prediction errors are
similar across racial and ethnic groups. The DemOpts
architectureisdesigned to optimize error parity acrossrace
and ethnicity using anovel multilabel approach that allows
each county to be characterized by itsown racial and ethnic
group distribution during the debiasing process, instead of
by a unique label.

«  Wepropose anovel evaluation protocol for the COVID-19
context, and we show that (1) state-of-the-art COVID-19
county case prediction models based on transformer
architectures with no debiasing approach lack error parity,
that is, prediction errors are dtatistically significantly
different across racial and ethnic groups, (2) DemOpts
applied to transformer-based architectures improves the
error parity of the prediction models, increasing the
similarity between mean prediction errorsacrossracial and
ethnic groups, and (3) the DemOpts debiasing approach
performs better than state-of-the-art debiasing methods for
regression settings.

While COVID-19 research was particularly prominent from
2020 to early 2024, challenges related to data biases and
sampling issuesin predictive modeling remain highly relevant.
Our approach, leveraging the regression fairness model
DemOpts, provides a robust framework to address these
challenges. Asfuture pandemics and public health crises arise,
similar issueswill persist, making our contribution valuable for
ensuring fairness and reliability in predictive models.

https://ojphi.jmir.org/2026/1/€78235
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Literature Review

Deep LearningBased Forecasting Models

Deep learning models have started to become popular in time
series prediction tasks. The available methods include (1)
autoregressive models, such as Long Short-Term Memory or
Gated Recurrent Network [23]; (2) graph-based neural networks,
such as graph attention networks [24], Spatio-temporal Graph
Convolutional Network [25], neighbor convolution model [26],
or graph convolutional network; and (3) transformers, including
Logarithmic Sparse Transformer [27], Informer [28],
Autoformer [29], Frequency Enhanced Decomposed
Transformer [30], Pyramidal Attention—based Transformer [31],
and Patch Time Series Transformer [32]. In this paper, we
specifically focus on the temporal fusion transformer (TFT)
architecture [22], since it alows us to easily incorporate
exogenous variables (eg, mobility data) as well as static
variables (eg, demographic data) on top of the COVID-19 time
series.

Biasin Mobility and COVID-19 Data

The COVID-19 epidemic was closely monitored and had
extensive data available about the counts of cases,
hospitalizations, and deaths, aswell asfine-grained information
about mobility of people, policy implementations, vaccinations,
and so on. Reducing the impact of mobility data or COVID-19
case biasin COVID-19 case predictions, aswe do in this paper,
isof critical importance to support decision-making processes
focused on resource allocation during pandemics, to reduce
harm and guarantee that decisions arefair and just acrossracial
and ethnic groups. Human mobility data has been used to
characterize human behaviorsin the built environment [33-37],
for public safety [38,39], during epidemicsand disasters [40-45],
as well as to support decision-making for socioeconomic
development [46-53]. During the COVID-19 pandemic, human
mobility has played a central role in driving decision-making,
acknowledging the impact of human movement on virus
propagation [7,9,10,18,54]. Previouswork hasreveaed sampling
biasin mobility data collected via mobile apps, with Black and
older individuals being underrepresented in the datasets [20],
and has exposed biases in COVID-19 forecasting models
[55,56]. COVID-19 underreporting bias has been discussed in
the literature [57-59] and points to multiple causes, including
inadequate testing across certain minority groups or a lack of
consistency inreporting race and ethnicity for COVID-19 cases
[19].

Fairness Metrics and Fairness Corrections

Transformer-based COVID-19 caseforecast modelsrequirethe
use of fairness metrics for regression settings, given that the
loss optimization process in gradient-based deep learning
architectures uses real-number predictions instead of classes.

Agarwal et a [60], Fitzsmons et a [61], and Gursoy and
Kakadiaris [17] outline the different aspects of fairness in
regression settings and propose a set of fairness metrics for
regression-type models. For this paper, we use the error parity
metric proposed in[17]. Error parity requires error distributions
to be statistically independent of racial and ethnic groups. We
expand this definition and relax the statistical significance
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requirement to be able to also evaluate whether the proposed
DemOpts method can at least reduce the differences in error
distributions across racial and ethnic groups, even when they
are il statistically significantly different. To correct for bias
and unfair performance in deep learning models, researchers
have used preprocessing [62,63] and in-processing correction
approaches[64-67]. Preprocessing approachesfocus on creating
a better input for learning deep neura network models by
removing bias from the datasets [62,63], and there have been
successful efforts focused on debiasing underreporting
COVID-19 datasets to estimate actual cases or deaths before
they are fed into predictive models [68,69]. On the other hand,
in-processing approaches to improve the fairness of deep
learning models, like the one we use in this paper, focus on the
model and its regularization, usually adding a bias correction
terminthelossfunction [65,67]. In this paper, wewill compare
our proposed debiasing approach against 3 state-of-the-art
methods for debiasing in regression settings, which are
individual fairness correction [70], group fairness correction
[70] (both Lagrangian-based), and sufficiency [71]. Individual
and group fairness calculate penaties by determining
overestimations across different groups and weighting the loss
by a factor proportional to the overestimations, while
sufficiency-based regularizers propose to make the loss
independent of sensitive data attributes by simultaneously
training ajoint model and subgroup-specific networksto achieve
fair predictions[71].

https://ojphi.jmir.org/2026/1/€78235
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Methods

Proposed DemOpts

Our modeling focus is on deep learning models, which are the
most frequently used approach for COVID-19 county case
forecasts in the machine learning community [21]. We
specifically focus on the TFT model introduced in [22] for
several reasons. First, this model is state-of-the-art in
interpretable time series prediction [22]. Second, this model
allows for the use of static reals as input to the model (ie,
attributes that do not change over the duration of the training
process, such as demographic percentages or population
statistics). Third, the model works well with time-dependent
features, including COVID-19 cases or mobility data, whereby
past data influences future statistics.

DemOpts is an in-processing algorithm that modifies the
standard training procedurefor deep learning models at theloss
computation stage. The algorithm modifies conventional loss
functions to penalize the model for any statistically significant
association (P<.005) between the county prediction loss (error)
and the county’s racial and ethnic groups. In other words,
DemOpts performs a race-based correction on the error to
account for county demographic, racial, and ethnic distributions.

The algorithm can be divided into 3 steps (refer to Figure 1,
Figure 2, and “S.1 DemOpts Method” in Multimedia A ppendix
1 for mathematical details).
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Figure 1. Algorithm: Demographic Optimization (DemOpts). TFT: Tempora Fusion Transformer.
1: Input: Training set (X, D, Y), Learning rate (Ir), Number of epochs, threshold
2: Output: Trained model (M)
3: X: COVID-19 Timeseries data for all counties
4:Y: COVID-19 cases in future for all counties
5: D: Demographic data for all counties
6: Initialize model parameters randomly
7: for epoch in range(0, epochs) do
8: //sample from X, D, Y of size b
9: for (X,,Dp,Y,:) in(X,D,Y)do
10: // Forward propagation
11: pr = M(Xb)
12: //Calculate QuantileLoss
13: L; = QuantileLoss(pr, th)
14: //Find association
15: olsreg = OLS. fit(Dy, Ly)
16: pvals,3 = olsreg.pvals,olsreg.coef
17: // additional penalty on loss
18: for index in |pvals| do
19: pval;, B; = pvalslindex], Blindex]
20: // Get the corresponding demographic percentage column and all rows
21: Db,idx = Db [: ; index]
22: if pval; < threshold then //this ensures significant association
23: Ly+= Ly, * |B;| * Dp jax
24: end if
25: end for
26: backpropagate(M, L)
27: end for
28: end for
29: return TFT
Figure 2. Flow diagram for the Demographic Optimization (DemOpts) method.
(D)
Ygt Identify dependencies
L=B*D+a
Step 2
COVID-19 county case timew Transformer-based Yp Loss L L.
Adjust loss

architecture

series data and mobility
data J

Step 1: Calculate Loss

We use quantile predictions, as standard in COVID-19
forecasting literature [2,72], instead of point-value predictions.
Quantile predictions are measured for 7 quantiles (0.02, 0.1,
0.25, 0.5, 0.75, 0.9, and 0.98) to gain insights into the
uncertainty ranges and Cls of the COVID-19 county case
predictive models. When using quantile predictions, the error
is computed using quantile loss, also known as pinball loss
(PBL), and defined as follows:
FBLfyiVH{ of §4-YiD)

if Yo bi-yi0 it yi<yip

https://ojphi.jmir.org/2026/1/€78235

computation

st La=L+ Y Lx|fl * H(pvaly) * Dy
g

Step 3
Adjusted loss computation

For quantile g, the PBL for the prediction of agiveninput X; is
PBL(Yip, Y1), Wwherey; isthe ground truth, and y;, isthe predicted
value. The average over al quantiles can be represented as
PBLyip, yi = 1q> gPBLayip, yi.

Step 2: | dentify Dependencies Between Prediction
Errors, Race, and Ethnicity

To achieve error parity, that is, mean errors being independent
of racia and ethnic population distributions, we determine the

relationship between errors and race and ethnic distributions.
For that purpose, DemOptsfits aregression model between the
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prediction losses PBL (Yj,,y;) across data points i and their

corresponding county race and ethnicity distribution for each
race D;:

PBL(yipyi)= BIDi + o with Di = [d1,d2,d3,04,
lookahead]

where d; are the corresponding county demographic features
extracted from the US census data (represented asthe percentage
of each racia and ethnic group of the county for datapoint i),
and lookahead refers to the number of daysinto the future the
COVID-19 case prediction was generated for. In matrix
representation:

PBLYip,Yi=3*D+a
Once the regression model is fit, both regression coefficients
(B) and their statistical significance (P value) are passed on to
Step 3 to modify the adjusted |oss and attempt to decouplerace
from the errors (l0ss).

Step 3: Adjust the Loss

DemOpts modifies the conventional loss of deep learning
models by adjusting for racia or ethnic bias in the error, that
is, the loss is increased whenever a statistically significant
regression coefficient for arace or ethnicity isfound in Step 2
(with P value threshold=.005). By increasing theloss, DemOpts
attempts to reduce the association between errors and race.
Specifically, the loss is adjusted by the product of the original
loss PBL (YY), the percentage race or ethnicity D; that holds
asignificant relationship with the error, and its coefficient 3; in
absolute value:

Ladj=PBL (yip,yi)+3jH(pvalj)(|Bj|(DjCL) where
HX=1 if x<00080 ifx=0006

Evaluation Protocol

In this section, we present anovel evaluation protocol to assess
changesinfairnessfor TFT forecasting modelswhen debiasing
approaches, including DemOpts, are applied. We first describe
the TFT COVID-19 county case prediction model we use, and
the different debiasing approacheswe eval uate on that prediction
model. Next, we describe the error parity metrics we use to
evaluate the fairness of each prediction model, and finally, we
present the approach to analyze whether DemOpts improves
the error parity metricswhen compared to other state-of-the-art
debiasing approaches for regression settings.

Predictive Model and Debiasing Approaches

We use the TFT with the conventional PBL function (PBL is
the standard metric for reporting model performance in CDC
Forecast Hub [2]) as our baseline model (TFT gaine) 10 predict
the number of COVID-19 county cases for a given day.

Input datato the TFT model includes past COVID-19 cases per
county, mobility data from SafeGraph, and race and ethnicity
datafor the county. We also train and test another TFT enhanced
with the DemOpts debiasing method, TFT penops: that adjusts
the loss computation to attempt to eliminate or reduce the
dependencies between error and race to achieve error parity. In
addition, we train and test 3 more TFTs enhanced with
state-of-the-art debiasing methods for regression settings,

https://ojphi.jmir.org/2026/1/€78235
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namely, individual fairness TFT,givigqua [70], group fairness
TFT group [70], and the sufficiency-based regularizer TFT g grigiency
[71]. Individual and group fairness methods calcul ate penalties
by determining overestimations across different groups and
weighting the loss by a factor proportiona to the
overestimations, while the sufficiency-based regularizer trains
a joint model and group-specific networks to achieve fair
predictions. We replicate their methodol ogy and adapt it to the
forecasting setting by keeping TFT as the common network.

Measuring Model Fairness

We choose error parity as our fairness metric [17], with afocus
on evaluating whether the distribution of predictive errors at
the county level is independent of county majority race and
ethnicity, that is, prediction errors are not statistically
significantly different across racia and ethnic groups. To
measure the fairness of each of the models TFT g gine
TI_—rDemOpts’ TI_—rIndivi dual Tl_—rGroupand T'_—I—Suffici encyr wepropose
a 2-step process.

Step 1: Associate Errors With County Race or Ethnicity

To carry out the fairness analysis, we need to associate the PBL
error of each county with race and ethnicity labels. However,
that would require accessto race-stratified COVID-19 case data
at the county level, which is unfortunately not available due to
systemic data collection failures during the pandemic [73].
Hence, we propose to associate each county and its error with
the majority race, that is, we label each county with the race or
ethnicity that has the highest population percentage in that
county. During thefairnessanalysis, werefer to majority White
counties as the unprotected group and majority minority
counties, such as Black or Hispanic, as the protected groups
(details about the racial and ethnic groups considered in the
evaluation are provided in the “Datasets’ section).

In addition, we normalize each county’s PBL error by county
population size. The normalization by county population allows
us to scale the errors appropriately, since higher-population
countieswill have higher case counts and thus, higher-magnitude
errors. Normalizing by population fairly comparesthe error per
unit population of one county with another:

NormPBLypi,yti=1000[PBLyp,i,yt,ipopi
wherey;; isthe ground truth, y,, is the predicted value, and pop;
is the county population.

We then calculate the average normalized PBL for each racial
or ethnic group:

AvgNormPBL (yp,yt,g)=> iClcgNormPBL (ypi,yti)|cg|
where g represents the racial or ethnic group and ¢, is the set
of al counties with as the majority group. This gives us the
average normalized PBL for each demographic group.

Step 2: Compute Fairness Metric

Once PBLs have been calculated for each racial and ethnic
group in the United States, we can compute the error parity,
that is, the fairness metric focused on evaluating whether the
prediction errors are different across race and ethnicity. We
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propose 2 metrics to measure the error parity of COVID-19
county case predictions: hard error parity and soft error parity.

Hard Error Parity Metric

Model predictions exhibit hard error parity when no statistically
significant differences exist between normalized mean case
prediction errors (AvgNormPBL ) acrossracia or ethnic groups.
In other words, normalized mean PBL errors across counties of
different racial and ethnic groups are similar and hence, not
biased by race or ethnicity. To test for the hard error parity of
a prediction model, we propose to run one-way ANOVA
followed by post hoc Tukey honestly significant difference
(HSD) tests between the normalized mean error distributions
of al racial and ethnic groups. ANOVA tests are an adequate
choice even in violation of normality for large sample sizes,
and in the presence of unequal sample sizeswith homogeneous
variance; thus, we choose this parametric test dueto its superior
strength [74,75].

Rejecting the null hypothesis for ANOVA would point to
significantly different mean error values across some racial or
ethnic groups and to a lack of perfect hard error parity. The
subsequent analysis of the post hoc Tukey HSD test would
reveal the pairs of racial and ethnic groups whose mean error
values are significantly different and the numerical difference.
The Tukey test also highlights the pairs of racial and ethnic
groupsfor which the mean error isnot statistically significantly
different, pointing to instances where hard error parity exists
for that model.

Soft Error Parity Metric

Instead of measuring the statistical significance of the
relationship between county race labels and county errors, we
propose to use the Accuracy Equity Ratio (AER) metric [76].
AER computestheratio between the errors of the protected and
unprotected groups as follows:

AERpg=AvgNormPBLyp,yt,pgAvgNormPBLYyp,yt,unpg

where subscript pg indicates counties labeled as the protected
group (majority minority counties). unpg indicates counties
labeled as the unprotected group (White), and AvgNormPBL
isthe average of the normalized PBL across countiesfor agiven

racial group g (pg or unpg).

As defined, the AER metric goes from 0 to co. AER valuesin
the range [0, 1] indicate comparatively lower normalized PBL
for protected groups, which meansthe model predictions could
be biased—have higher errors—for White majority counties,
while AER valueslarger than oneindicate that the model could
be biased against the protected group, that is, the prediction
errors are larger for counties with majority-minority groups.
Values close to 1 indicate parity in error distribution between
the protected group counties and the majority White counties.
We claim that a predictive model achieves soft error parity for
agiven protected group when the AER valueis closeto 1, that
is, the mean predictive error between that protected group and
the Whiteraceis similar.

An alternative approach to assigning majority race or ethnicity
would be to explore the associations between PBL errors and
the distribution of racial and ethnic groups in a county

https://ojphi.jmir.org/2026/1/€78235
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(independent of COVID-19 cases, since that data are not
available). Using aquantile regression, we can explore whether
DemOpts eliminates significant associations between racial or
ethnic percentages and the PBL errors, or at |east reduces their
magnitude. This approach removes the majority race
requirement, but does not allow us to perform analyses with
well-established fairness metricsin theliterature, such as AER.
Results are provided in the Multimedia Appendix 1.

DemOpts Over State-of-the-Art

To assesswhether DemOptsisabetter debiasing approach than
state-of-the-art methods, we need to compare the error parity
metrics of the COVID-19 county case prediction model
enhanced with the DemOpts method, TFT penops, @gainst the
error parity metrics of the same prediction model enhanced with
the other debiasing approaches (individual TFTgivigua» 9roup
TFTgroup OF sufficiency TFT ggiciency), @ Well as with the
baseline COVID-19 county case prediction model without any
debiasing approach, TFT g ine Next, we describe how we carry
out this analysis for the hard and soft error parity metrics.

Hard Error Parity

We computed the hard error parity metric for each of the
COVID-19 county case prediction models, using one-way
ANOVA and the post hoc Tukey HSD test. An exploration of
the statistical significance of the mean error differencefor each
pair of racia and ethnic groups will reveal whether applying
DemOpts to the COVID-19 case prediction model produces
fewer instances of significant mean error differences than any
of the other debiasing methods or the baseline. In other words,
a decrease in the number of significantly different mean PBL
errors between races would point to an achievement of hard
error parity for more racia and ethnic groups than other
state-of -the-art debiasing approaches or the baseline.

Soft Error Parity

To assess whether DemOpts applied to a COVID-19 case
prediction model has higher soft error parity than any of the
other state-of-the-art debiasing approaches, we propose to
compare the AER values for each protected race and ethnic
group across the 5 models: TFT panopts: TF T ingividuals 1F T Groups
TFT sifficiencys aNd TFTgagine: Since AER values represent the
guotient between the normalized mean prediction errors of a
protected race or ethnicity vs White counties, the model with
AER values closer to 1 will be the approach with the highest
soft error parity. To measure AER’s distance to 1, we compute
the distance=|1-AER, | for each race and ethnic group, which
represents the distance to a perfect soft parity error of 1.
Distances closer to zero reveal better soft error parities.

Datasets

In this section, we discuss the datasets we use in the DemOpts
evaluationinthe“Results’ section. Wetrain COVID-19 county
case prediction models for the United States using COVID-19
case data, as well as mobility and demographic data. Mobility
data has been used by previous work to inform case predictions
via human mohility behaviors, under the assumption that the
way people move might have an impact on the spreading of the
epidemic. On the other hand, demographic data, either raw from
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the census or combined in different types of vulnerability
indices, has also been shown to help predict COVID-19
prevalence, given the fact that COVID-19 has heavily affected
vulnerable populations [59].

Awasthi et &

COVID-19 Case Data

We use the COVID-19 case data compiled by the NYT at the
county level [12]. We account for delayed reporting by using
the 7-day daily rolling average of COVID-19 cases (computed
as the average of its current value and 6 previous days) instead
of raw counts. Figure 3 charts the daily COVID-19 reported
cases throughout the data collection period.

Figure 3. COVID-19 reported case counts per 1000 population across the United States.
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Mobility Data Previous work has shown sampling bias in mobility datasets,

SafeGraph open-sourced the mobility patterns of smartphone
app users at the onset of the pandemic. These data points are
curated by tracking the movements of millions of
pseudonymized users via mobile app Software Development
Kits (SafeGraph). Based on the data avail able, we use the daily
origin-destination (OD) county-to-county flows[77]. OD flows
represent the volume of trips between pairs of counties across
the United States for each day. For OD flows, we only use
SafeGraph inflow (ie, mobility into the county). The inflow
mobility is measured as changes in volumes of flows with
respect to abaseline of normal behavior computed by SafeGraph
using mobility datafrom February 17, 2020, to March 7, 2020.

https://ojphi.jmir.org/2026/1/€78235

RenderX

revealing that not all racesand ethnicitiesare equally represented
dueto variationsin smartphone penetration rates[20,78]. It has
aso been shown that sampling bias in mobility data can
negatively impact downstream tasks such as COVID-19
forecasting [56]. While the addition of mobility data could
potentially help improve prediction accuracy and support better
decision-making, it a so introduces bias. Our empirical analysis
of DemOpts aims to understand whether the debiasing method
proposed in this paper can improve the fairness of COVID-19
county case predictive models when mobility data is used as
input to the predictive model. Figure 4 shows the aggregate
mobility data across the country. We see an initial drop in
mobility in April (2020 - 04), which corresponds to the first
lockdown period. We then observed an increase in mobility a
month later, which partially stabilizes after April.
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Figure 4. Mobility for all ethnic and racial groups.
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Race and Ethnicity Data

We retrieve the race and ethnicity data from each county in the
United States from the 2019 5-year American Community
Survey. This survey collects data annually from all 50 states,
Puerto Rico, and Washington, DC. As described in Step 1 of
the evaluation protocol, we associate each county and itserrors

Table. Mgjority label counts.
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,-LQ "19 ,-LQ) "19 ,-LQ
AT T AR A
Date

with the majority race (ie, we label each county with the race
or ethnicity that has the highest population percentage in that
county). Following this procedure identifies 4 racial and ethnic
groupsfor themajority of counties: Asian, Black, Hispanic, and
White. Table 1 showsthe distribution of US countiesinto these
4racia and ethnic groups, and Figure 5 show color-coded maps
with the majority racial or ethnic group for each county.

Majority |abel Count, n (%)
Asian 6 (0.194)
Black 127 (4.118)
Hispanic 126 (4.085)
White 2825 (91.601)
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Figure5. Counties and majority-based label. (Mapbox and OpenStreetMap were used to create this map [79,80,81].)
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Model Training

For evaluation purposes, we use COVID-19 case and SafeGraph
mobility datafrom March 18, 2020, to November 30, 2020, for
the training (207 days) and testing (49 days) of the TFT
COVID-19 county case prediction models. The forecast task is
the prediction of the number of COVID-19 cases for a given
county from day X+1 to X+50, that is, the following 2 months
(long-term forecasting with lookahead values from 1 to 50).
Specifically, we train and test (1) the TFTgagine & TFT
prediction model without a debiasing method; (2) the
TFT ngividuas TFT Group @A TFT gffiiengy» TFT prediction models
with state-of-the-art debiasing methods; and (3) TFT pemopts @
TFT prediction model enhanced with our proposed debiasing
method. All 5 models are trained and tested for the same
temporal range, and al are implemented using the PyTorch
Forecasting library [82]. We limit the period of analysis to a
time before COV1D-19 vaccines were available, given that after
that event, research has revealed a less clear relationship
between mobility data and postvaccines COVID-19 case
volumes[83]. We use the prediction errors (PBL) per racial and
ethnic group to analyze and compare the hard and soft error
parity of all trained models.

Ethical Consider ations

We used openly available datasets for mobility data (SafeGraph),
COVID-19 casecount (NYT), and demographic data (American
Communities Survey). There was no human participant
recruitment in this study, and thus we did not require
institutional review board approval. All the datasets were
aggregated at the county level and do not pose the risk of
deanonymization.
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Results

Hard Error Parity Results

ANOVA tests of the normalized mean PBL error distributions
across racial and ethnic groups for each debiasing approach
wereall significant, pointing to adependency between race and
the normalized prediction errors.

Table 2 shows the F statistic and test significance for each of
the prediction models with and without debiasing approaches.
The significant ANOVA tests reveal that perfect hard error
parity isnot achieved by any of the debiasing methods. In other
words, for someracia and ethnic groups, there exist statistically
significant differences between their mean PBL prediction errors
of different racial and ethnic groups; this effect occurs for the
TFTgaseine Model as well as across dl the other predictive

models enhanced with a debiasing approach.

Nevertheless, post hoc Tukey HSD tests revealed interesting,
nuanced results, showing significant differencesin errors only
between specific pairs of racia and ethnic groups. Table 3 shows
the post hoc Tukey HSD test results for each COVID-19 case
predictive model: the baseline, the baseline enhanced with 1 of
the 3 state-of-the-art debiasing approaches, and the baseline
enhanced with our proposed method (DemOpts). Each row
represents the output of the post hoc test, that is, the difference
between the normalized mean PBL error of Group 1 and Group
2 (NormPBL g up1 - NOrmPBL g q00)- If the difference is
positive, it means that the normalized mean predictive error is
higher for Group 1; if the differenceis negative, the normalized
PBL error is higher for Group 2 (superscript b indicates
statistically significant differences).

Thefirst relevant observation when examining the tableis that
the baseline model, focused on predicting COVID-19 county
cases with no debiasing approach is highly biased, with
gatistically significant differences between the mean normalized
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errors across al pairs of races, except for the comparison
between Asian and Black countiesaswell asHispanic and White
counties, for which thereisno statistically significant difference.
These results reveal that there is no racia or ethnic group that

Table. ANOVA F test statistics comparing mean prediction errors.

Awasthi et &

achieves hard error parity and motivate our exploration of
whether state-of-the-art debiasing methods or our proposed
DemOpts can improve the hard error parity results of the
baseline model.

Fairness method F statistic (dif)
Baseline 1195.398% (3080)
Group 1455.5282 (3080)
Individual 1469.698% (3080)
Sufficiency 1195.6512 (3080)
DemOpts’ 668.7697 (3080)
3p<,001.

bDemOpts: Demographic Optimization.

Table . Hard error parity analysis. Each value represents the difference between the mean normalized pinball loss for each pair of racial and ethnic

groups and indicates whether the differenceis statistically significant.

Groups1and 2 Baseline Group Individual Sufficiency DemOpts?
Asian
Black -0.11 -0.20 -0.12 -0.11 132
Hispanic -2.30° -2.65" -2.50° -2.29° -0.77°
White -2.06° -251° -251° -2.06° -0.96°
Black
Hispanic -2.18° -2.45" -2.38" -217° -2.09°
White -1.94° -2.31° -2.39° -1.94° -2.29°
Hispanic
White 0.23 0.14 -0.01 0.23 -0.19

3DemOpts: Demographic Optimization.
bp< 001.

®These values denote no significant difference between the prediction errors of Asian and White counties and of Asian and Hispanic counties.

When examining Table 3, we can observe that predictive models
enhanced with the individual, group, or sufficiency debiasing
methods do not improve the hard error parity over the baseline.
On the one hand, similarly to the baseline model, the
state-of -the-art debiasing methods (TFT ngividuas TFT Group @0d
TFT sificiency) @chieve hard error parity between Asian and Black
counties and between Hispanic and White counties, that is, the
mean error difference between these countiesis not significant,
pointing to afair distribution of errors. On the other hand, for
each pair of racia and ethnic groups whose prediction error
distributions are significantly different for the baseline (rows
with asterisksin the Baseline column), they remain significantly
different for the individual, group, and sufficiency debiasing
methods (rows with superscript b in the individual, group, and
sufficiency columns).

When examining the significant mean PBL differences between
racial and ethnic groups for the baseline and the state of the art
debiasing models, we observe that all coefficients have similar
values, signaling similar significant mean PBL differences

https://ojphi.jmir.org/2026/1/€78235

between racial and ethnic groups (with values between 1.942
and 2.659 error cases per 1000 population). The sign of the
coefficients reveals higher mean PBL errors for Hispanic and
White counties when compared to Asian or Black counties, and
higher mean PBL errors for White counties when compared to
Hispanic counties across all models. For example, Hispanic and
White counties have mean prediction errors 2.302 and 2.064
cases higher, respectively, when compared to Asian counties
and while using the baseline model; and Hispanic and White
counties have errors 2.457 and 2.313 cases higher, respectively,
when compared to Black counties using the baseline model
enhanced with the Group debiasing approach.

Moving on to DemOpts, the table shows that our proposed
approach is the only debiasing method that achieves hard error
parity in more cases than the baseline, effectively removing
some of the associations between race and ethnicity and the
normalized mean error distribution (PBL). Specificaly,
DemOpts removes the significant difference between the
prediction errors of Asian and White counties and of Asian and
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Hispanic counties (refer to valueswith supercript cin Table 3),
effectively achieving hard error parity for Asian counties, that
is, themean PBL in Asian countiesisalways similar to the mean
error in counties of all the other racial and ethnic groups. These
improvements occur additionally to hard error parity already
seen in TFT gaine (hard error parity between Asian and Black
counties and between Hispanic and White counties), which are
also present in the other 3 debiasing methods. In other words,
DemOptsimprovesthe hard error parity of case predictionsfor
2 additional racial and ethnic pairs compared with any of the
other debiasing methods.

Finally, when looking specifically at the hard error parity
between protected (Asian, Black, and Hispanic) and unprotected
groups (White), DemOpts achieves hard error parity for Asian
and Hispanic groups; that is, their mean prediction errors are
not significantly different from those of White counties, while
the baseline and the other 3 debiasing methods only achieve
hard error parity for the Hispanic group when compared to
White counties. These findings with respect to White counties
motivate the evaluation of the soft error parity of the different
models to determine, for example, whether DemOpts achieves
the best soft error parity for the Black group (since hard error

Awasthi et &

parity was not achieved), or to see if DemOpts has better soft
error parity than other debiasing methodsfor Asian or Hispanic
groups. Next, we explorethe soft error parity metric for the TFT
baseline and for al TFT models enhanced with debiasing
approaches.

Soft Error Parity Results

Table 4 shows the distance to the perfect soft error parity for
each of the debiasing approaches across all protected racial and
ethnic groups. As we can observe, DemOpts has the smallest
values—closest distancesto perfect soft error parity—for Asian
and Black counties, while the individual debiasing method
amost achieves perfect soft error parity for the Hispanic
counties. In other words, DemOpts is the debiasing approach
that produces the most similar errors between Asian and White
counties and between Black and White counties, thereby
achieving the largest reduction in predictive bias. On the other
hand, the Individual debiasing method achieves errors for
Hispanic counties that are closest to the White group. In
addition, it is important to highlight that the Group and
Sufficiency debiasing methods achieve soft error parities that
are close to the TFT g ine Which is not enhanced with any

debiasing method.

Table. Soft error parity analysis. Each value represents the distance (|1-AER;acel) for each protected group and debiasing method. TFTpemopts achieves

the highest soft error parity for 2 of the 3 protected races under study.

Group Baseline Group Individual Sufficiency DemOpts?
Asian 0.811 0.842 0.850 0.811 0.454°
Black 0.764 0.774 0.807 0.764 0.681°
Hispanic 0.093 0.048 0.003° 0.093 0.12

@emOpts: Demographic Optimization.
bSmallest error parity for the particular group

Overall, these results reveal that DemOpts is the debiasing
approach that improves the soft error parity of case prediction
models, with errors for Asian and Black counties being the
closest to errors in White counties. When accounting for
additional factors, DemOpts outperforms the other methods by
reducing the racial associations of model error.

In Table S1 in Multimedia Appendix 1, we provide and discuss
theresultsfor the quantile regression analysisin detail. Overall,
the results confirm our findings with majority race labels, with
DemOpts consistently outperforming other methods, showing
the smallest coefficient magnitude for associations between the
percentage of Asian, Black, and Hispanic popul ations and model
error.

Discussion

Principal Findings

Through our comparison of model performancefor COVID-19
case prediction across counties of differing racial demographics,
we showed that DemOpts outperforms other baselines for
debiasing predictions. In our analysis of hard error parity, we
found that DemOptswasthe only debiasing method to eliminate
statistically significant relationships between prediction error

https://ojphi.jmir.org/2026/1/€78235

and racial demographics when compared with the baseline.
While some significant associations remained, DemOpts
achieved hard error parity for Asian vs White countiesand Asian
vs Hispanic counties. In the soft error parity analysis, DemOps
substantially outperformed the baselines for Asian and Black
counties, with a 69.4% reduction and 23% reduction,
respectively, compared with the next closest method.

Why is DemOpts Better ?

Theresults showed that DemOptsisthe only debiasing approach
to achieve both hard and soft error parity for all 3 racial minority
groups when compared with White counties.

In an attempt to understand why DemOpts succeeds in
increasing both hard and soft error parity in the context of
COVID-19 county case predictions, and compared with other
debiasing methods, we computed the average PBL for each
racial and ethnic group and for each predictive model enhanced,
or not, with adebiasing method (refer to Table 5). We observed
that DemOpts achieves better hard and soft error parity metrics
becauseit considerably increasesthe errorsfor Asian and Black
counties with respect to the baseline, until the differences with
Hispanic and White are made not statistically significant (hard
error parity) or closer to the White mean errors (soft error
parity). Comparing Tables 4 and 5, we observed that DemOpts
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achieves considerably higher fairness for the Hispanic group
(when compared to White) than for the Asian and Black groups
(0.12 vs 0.454 and 0.681 in Table 4). As aresult, the average
PBL error for the Hispanic group (3.59 in Table 5) is
considerably higher than the Asian and Black racial groups (1.7
and 1, respectively). We hypothesize that the differences in
average errors and performance acrossracial and ethnic groups

Awasthi et &

could be due to differences in the bias present in the training
data, that is, mobility data or COVID-19 case counts could be
more biased for Asian or Black groups, thus making it harder
to achieve fair predictions when compared to White, and, in
turn, due to the fairness-accuracy trade-off, making them more
accurate (lower errors).

Table. Group-wise pinball loss for each model. Demographic Optimization (DemOpts) has higher average pinball loss compared to the other models.
The fairness-accuracy tradeoff leads to slightly larger pinball loss values for DemOpts compared to other methods.

Group Baseline Group Individual Sufficiency DemOpts?
Asian 0.482 0.472 0.444 0.479 1.741
Black 0.600 0.674 0.570 0.598 1.015
Hispanic 2.784 3131 2951 2.776 3.597
White 2.546 2.987 2.961 2.540 3.192

3DemOpts: Demographic Optimization.

These results show that DemOpts optimization could not
decrease prediction errors while trying to improve fairness,
showing a fairness-accuracy trade-off that has been reported
previously in the literature [84]. To further clarify this finding,
Figure 6 shows both the average PBL and soft parity across all

the models considered in this paper. As shown, DemOpts has
the lowest soft error parity, but the highest PBL (top-left corner
in the plot), while the other models decrease the PBL by
sacrificing fairness (higher error parity in the bottom-right
corner).

Figure 6. Fairness-accuracy tradeoff. Model error (average pinball loss) vs average soft error parity (|1-AER]) for each model.
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Limitations

While DemOpts outperforms other state-of-the-art approaches
in debiasing COVID-19 predictions, there are some limitations
to DemOpts and our evaluation. First, DemOpts is unable to
remove all statistical associations for the hard parity analysis,
potentially because doing so would impose further reductions
inmodel performance. For the soft parity analysis, theindividual
fairness approach is best for Hispanic counties, but the
difference in parity levels is small. Regarding evaluation, our
focus is exclusvely on COVID-19 county case
prediction—while evaluation on other datasets and prediction
tasks would be helpful for future work, our current evaluation
provides sufficient evidence to show its applicability to other
contexts. In addition, we compare DemOpts to baselines only
on error parity metrics. Other fairness metrics may apply to the
COVID-19 context and should be evaluated in future work, but
we focus on error parity because DemOpts is specifically
designed to mitigateit. Finally, we only compare DemOptsand
baseline debiasing approacheswithin TFT models—future work
should compare with other commonly used models for
COVID-19 case prediction.

Regardless, our novel debiasing approach shows that hard and
soft error parity across protected and unprotected racial and
ethnic groups can improve relative to other state-of-the-art
approaches.

Funding
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Finaly, it is important to clarify that although in this paper,
DemOpts focuses on bias mitigation in COV1D-19 forecasting,
it could also be applied to other health forecasting tasks where
sampling biasin data collection can lead to biasin downstream
tasks, for example, forecasting flu cases. These forecasts, when
done at the county level and when using mobility datato model
human spread, could benefit from the DemOpts method by
reducing the effect of mobility bias or case count bias on other
infectious diseases.

Conclusion

Researchers have worked tirelessly on the creation of accurate
COVID-19 case prediction model sto support resource allocation
and decision-making. However, sampling and underreporting
biases in the data used to train these models have resulted in
worse prediction performance for certain protected attributes,
pointing to alack of COVID-19 predictive fairness that could
affect decision-making. In this paper, we show that
state-of-the-art architectures in COVID-19 case predictions
(TFT models) incur unfair prediction error distributions, and
we design a novel debiasing approach and evaluation method
to increase the fairness of predictions in the context of
COVID-19 county case forecasts. DemOpts modifies the loss
function in deep learning models to reduce the dependencies
between error distributions and racial and ethnic labels. Our
results show that DemOpts improves both the hard and soft
error parity of COVID-19 county case predictions when
compared with state-of-the-art debiasing methods.

This research is based on work supported by the National Science Foundation Award NO 2210572 (Bringing Transparency and
Interpretability to Bias Mitigation Approaches in Place-based Mobility-centric Prediction Models for Decision Making in
High-Stakes Settings) to the University of Maryland. There was no direct involvement of the funding institution in the design,
analysis, and interpretation of the results.

Data Availability

We use open source data: (1) SafeGraph mobility, (2) New York Times COVID-19 case count, and demographic information
from the American Communities Survey (ACS).
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