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Abstract

Background: Although agricultural health has gained importance, to date, much of the existing research relies on traditional
epidemiological approachesthat often face limitationsrel ated to sample size, geographic scope, temporal coverage, and the range
of health events examined. To address these challenges, a complementary approach involves leveraging and reusing data beyond
its origina purpose. Administrative health databases (AHDs) are increasingly reused in population-based research and digital
public health, especially for populations such as farmers, who face distinct environmental risks.

Objective: We aimed to explore the reuse of AHDs in addressing health issues within farming populations by summarizing the
current landscape of AHD-based research and identifying key areas of interest, research gaps, and unmet needs.

Methods: We conducted a scoping review and bibliometric analysis using PubMed and Web of Science. Building upon previous
reviews of AHD-based public health research, we conducted a comprehensive literature search using 72 terms related to the
farming population and AHDs. To identify research hot spots, directions, and gaps, we used keyword frequency, co-occurrence,
and thematic mapping. We also explored the bibliometric profile of the farming exposome by mapping keyword co-occurrences
between environmental factors and health outcomes.

Results: Between 1975 and April 2024, 296 publications across 118 journals, predominantly from high-income countries, were
identified. Nearly one-third of these publications were associated with well-established cohorts, such as Agriculture and Cancer
and Agricultural Health Study. The most frequently used AHDs included disease registers (158/296, 53.4%), electronic health
records (124/296, 41.9%), insurance claims (106/296, 35.8%), population registers (95/296, 32.1%), and hospital discharge
databases (41/296, 13.9%). Fifty (16.9%) of 296 studies involved >1 million participants. Although a broad range of exposure
proxies were used, most studies (254/296, 85.8%) relied on broad proxies, which failed to capture the specifics of farming tasks.
Research on the farming exposome remains underexpl ored, with apredominant focus on the specific external exposome, particularly
pesticide exposure. A limited range of health events have been examined, primarily cancer, mortality, and injuries.

Conclusions: Theincreasing use of AHDs holds major potential to advance public health research within farming populations.
However, substantial research gaps persist, particularly in low-income regions and among underrepresented farming subgroups,
such as women, children, and contingent workers. Emerging issues, including exposure to per- and polyfluoroalkyl substances,
biological agents, microbiome, microplastics, and climate change, warrant further research. Major gapsalso persist in understanding
various health conditions, including cardiovascular, reproductive, ocular, sleep-related, age-related, and autoimmune diseases.
Addressing these overlooked areas is essential for comprehending the health risks faced by farming communities and guiding
public health policies. Within this context, promoting AHD-based research, in conjunction with other digital data sources (eg,
mobile health, social health data, and wearables) and artificia intelligence approaches, represents a promising avenue for future
exploration.
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Introduction

Background

Public health research seeks to identify and understand the
factors that influence population health to effectively prevent
diseases and promote health and well-being for al [1,2]. A broad
range of environmental determinants can impact health across
the life span. One of the core areas of public health research,
known as the exposome, investigates how cumulative
environmental influences contribute to disease etiology and
pathogenesis [3-18]. The exposome, which complements
genomic research, refers to the comprehensive examination of
al environmenta exposures experienced throughout an
individual's lifetime, including physical, chemical, biological,
psychosocial, and behavioral factors, from conception to death
[3-18]. The exposome classicaly includes 3 overlapping
domains: the general external exposome (eg, climate and built
environment); the specific external exposome (eg, chemical
exposure, lifestyle, and occupations); and theinternal exposome
(eg, aging, oxidative stress, metabolism, and gut microbiome)
[8,14,16,17,19,20]. Understanding the exposome is crucial for
enabling both population-wide and precision prevention
[3,21-23]. However, fully describing the exposome is
challenging dueto the vast diversity and the temporal and spatial
variability of environmental factors[3]. Public health research
inthisarearequires dataon both risk factors and adverse health
outcomes to progress effectively [3,14,24,25].

The volume of data collected has grown exponentially as the
world becomes increasingly reliant on technology and
digitization [26,27]. Dataare omnipresent in our everyday lives,
leading sciencetoward data-driven research [27,28], in particular
inthe health field. The digita transformation in health care has
enabled unprecedented data availability, collection, storage, and
analysis capabilities, leading to a paradigm shift in health care
systems, with entire care pathways becoming digitized [29,30].
Hedlth-related data now represent approximately 6% of al
digital data globally, a figure that continues to rise [31]. This
explosion of data has transformed research, providing new
opportunities, especialy in public health, to enhance disease
understanding and evaluate intervention effectiveness
[27,28,32-35]. Theintegration of digital technologiesand digital
datain public health has|ed to the emergence of “digital public
health,” an evolving field focused on using digital data to
achieve public health goals [33,36-41]. Public health research
is moving from isolated data systems to more integrated,
accessible, and reusable dataresources[42]. Reusing dataallows
researchers to explore various health determinants, including
environmental, occupational, behavioral, and organizational

https://publichealth.jmir.org/2025/1/e62939

factors, fostering a holistic approach to disease prevention and
health promotion strategies [14].

Within the digital public health framework, 2 main types of
data are being used, namely primary and secondary data.
Primary data are tailor-made, designed for a specific purpose,
and often used once or repeatedly for the same goal [43-45].
Primary data are the cornerstone of traditional public health
policy and decision-making. These dataare derived from several
types of studies[46-50], in particular observational cohorts (eg,
the Framingham Cohort study [51,52]) [46-50,53,54],
case-control studies [46-50], cross-sectional surveys (eg, the
China Hedlth and Retirement Longitudina Study [55,56])
[46-50,53], and experimental studies[46-50]. Primary datahave
many advantages [46-50]. They are rich, of high quality, and
are designed to answer specific research questions for public
health and epidemiological purposes. Primary data are usually
available at the individua level and are derived from studies
that control for certain biases. By contrast, they are cumbersome,
time-consuming, and costly to set up and maintain [53,54,57].
The representativeness of primary data is also limited in size,
geographic scope, and temporal coverage and can erode with
time [46-50,53]. Primary data are not free from bias, such as
selection, healthy worker, recall, or prevarication biases[53,58].

Unlike traditional public health, digital public health does not
rely solely on primary data but takes advantage of the myriad
of existing digital data that have not been generated originally
for research purposes (ie, secondary data) to overcome some
limitations intrinsic to primary data and complement them
[28,43,44,53,59-68]. Indeed, some data can have an additional
impact when used beyond the context for which they were
originally created [68,69]. Secondary data are collected for
purposes other than public health or epidemiology and include
contextual data (eg, ar quaity and climate data)
[14,24,26,29,70-74], person-generated data (eg, social media,
crowdsourcing, and mobile health)
[2,24,26,31,43,61,62,73,75-86], synthetic data (eg, digital twin)
[87-91], and administrative health databases (AHDS)
[26,64,68,81,92-102].

AHD is abroad term encompassing a wide range of routinely
collected data on individuals health and sociodemographic
information collected for registration, billing, record keeping,
and other administrative purposes[26,64,81,93,95,98,100-102].
For this review, based on previous works [93,95,96,103-105],
AHDs included population registers, claims databases, disease
registers, electronic health or medica records, and hospital
discharge databases that were collected at a local, regional,
national, or international level (Table 1)
[26,61,62,93,95,96,100,103-110].
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Table 1. Definition and characteristics of administrative health databases included in this review.

Population register Claims database Disease register Electronic health or Hospital discharge
medical record database
Definition Digital sociodemograph-  Routinely collected A continuousand ex-  Systematized digital Digital records of ser-
icinformationonthe  digital informationon  haustive digital collec- record of apatient’s vice use with informa-
residentsof acountry  individual dataregard- tion of individual data medical information tion about patients, their
ing reimbursement, regarding 1 or more collectedinreal time  care, and their stay in
records of heathser-  health eventsin ageo- the hospital
vices, medical proce-  graphically defined
dures, prescriptions, population
and medical diagnoses
Source Local or national author-  Insurance programsor  Health careingtitutions  Hospitals, physicians,  Hospitals
ities schemesand hedlthcare  (eg, hospitals) health care centers, and
providers institutions
Population Allindividuasresiding All individualscovered All individuals diag- All patientsusingthe  All patientsfrom ahos-

in a country by an insurance pro-

gram or scheme

To store financial and

administrativeinforma-
tion for medical insur-
ers and providers' use

For the administrative
purposes of govern-
ment: to provide reli-
able information

Purpose or finality

Health event Health events covered
by insurance or ahealth

care provider

None

nosed with a specific
hedlth event in apopula-
tion onageographically
defined scale

health care system pital

For clinical and re- For clinical and billing  For billing or account-

search purposes: to col-  purposes. to document  ing purposes

lect information about ~ patients’ clinical condi-

people diagnosed with  tion

a specific health event

Specific hedth events  Health eventsrequiring Health events from
(eg, cancer) carethat arereportedin  hospital admission

medical records

AHDs offer many advantages for research. Such data are
collected as part of routine administrative processes, reducing
additional costsfor researchers. Therefore, AHDs offer relatively
inexpensive access to a large number of individuals who can
be tracked with time for several years, guaranteeing the
representativeness of the populations studied
[26,54,78,93,95,104,105,111-114]. Datarecorded within AHDs
are structured, coded in a standardized way, and less affected
by participation and recall biases[54,58,95,106,113,115]. AHDs
enablethe study of rare eventsand popul ations underrepresented
in studies using only primary data [95,111-113]. AHDs have
limitationsinherent to their nature, such asthe absence of some
confounding factors, the limited granularity of certain
information, the data complexity, and confidentiality issues
[73,78,93,95,115-125].

Rationale

AHDsareincreasingly used in population-based health research
due to their complementarity with traditional sources of public
health and epidemiological data (ie, primary data)
[42,59,64,87,93,95,96,126-128]. Thereuse of AHDs, referring
to their application beyond their original or intended purpose,
holds major potential to advance public headth and
epidemiological research, offering insightsthat can guide public
health decision-making [42,59,64,87,93,95,96,105,126-131].
Although several reviews have previously explored the general
use of AHDsin research [42,95,107,129,132-135], others have
focused on their application within specific countries[96,136],
examined individual AHDs[108,137], or investigated their role
in studying specific diseases and adverse health outcomes
[44,93,104,138-142]. However, to the best of our knowledge,
no study has synthesized how AHDs are reused for

https://publichealth.jmir.org/2025/1/e62939

epidemiological and public health research within a specific
population group.

To address this gap, we conducted a comprehensive scoping
review and bibliometric analysisaimed at identifying how AHDs
are used to address health issues in a specific population. We
selected farming populations asan illustrative example because
they present unique health and disease patterns [143-147].
Globally, approximately 27% of the workforce is engaged in
occupational farming, and this group is exposed to numerous
risk factors (ie, exposomes), including pesticides, biological
agents, and limited accessto health care[148]. These exposures
put them at heightened risk for a wide range of adverse health
outcomes [143,145,147,149]. Although agricultural safety and
health have become a major public health issue in recent
decades, most research on the health of farming populations
hasrelied on traditional epidemiological and community-based
studies, which often face limitations in terms of sample size,
geographic scope, temporal coverage, and the range of health
events examined [145,150,151].

In this context, AHDs offer valuable opportunities to enhance
public health and epidemiological research in farming
populations by providing broader insights, identifying at-risk
subgroups, and informing health services and policy
development [152]. The primary objectives of this scoping
review were two-fold: (1) to summarize the current state of
AHD-based research in farming populations by examining
which types of AHDs are used and why, whether AHDs are
integrated with other data sources, which farming populations
have been studied, and what exposures and health outcomes
have been explored and (2) to identify key areas of interest and
potential research gaps and unmet needs in thisfield.
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Methods

Overview

This scoping review was conducted and reported according to
the PRISMA-SCR (Preferred Reporting Items for Systematic
Reviews and Meta-Anayses extension for Scoping Reviews)
and evidence maps guidelines (Table S1 in Multimedia
Appendix 1) [153] following a single screening approach. The
protocol of this study was not registered. A 7-step procedure
was used: research question formulation, identifying relevant
publications, title review, abstract review, full-text review, data
extraction, and data analysis.

To formulate our research question, we followed the Joanna
Briggs Institute guidelines, using the population, concept, and
context criteria framework [154]. Our population included all
individuals engaged in farming and al individuals exposed to
farming-related exposures. The concepts included all possible
public health and epidemiological research worksthat involved
the study of a health outcome of interest. The context was the

Textbox 1. Search terms.

Petit & Vuillerme

use, in any setting, of at least one of the AHDs, as defined in
Table 1.

Search Strategy and Selection Criteria

To develop and validate the search strategy, previous reviews
that examined the reuse of AHDsfor popul ation-based research
were identified and refined [93,96,103,104]. Our initial search
revedled that electronic health records (EHRS) are often
interchangeably referred to as electronic medica records
(EMRs). A distinction between EHR and EMR is sometimes
made, with EMR describing patients' carefrom only 1 practice
(eg, specific encountersin hospitals), whichis contrary to EHR
[105]. Inthat case, EMR serves as a data source for EHR. This
distinction was not considered in this paper. In addition, to
ensure comprehensiveness, the search terms were broadened
by searching for their synonyms. For example, search terms
such as “éectronic hedth record,” “digita heath record,”
“electronic medical record,” “EHR,” or “EMR” were used as
synonyms for electronic health or medical records. A total of
72 terms pertaining to 2 categories (farming and AHDs) were
used (Textbox 1). The search terms were reflective of our
research topic and question.

Farming

Administrative health databases (combined using AND)

register” OR “disorder registry”

«  husbandry* OR agriculture* OR farming OR farm* OR agricultural* OR farmworker*

«  “hedth record” OR “health records’ OR “digital record” OR “digital records’ OR “health administrative register” OR “health administrative
registry” OR “health register” OR “health registry” OR “medical register” OR “medical registry” OR “electronic health record” OR “électronic
health records” OR“EHR” OR“EMR” OR “électronic medical record” OR “€electronic medical records’ OR “digital medical record” OR “digital
medical records’ OR “digital health record” OR “digital health records’ OR “health administrative data’ OR “health administrative database’
OR*“ health administrative dataset” OR “ health administrative datasets’ OR “health administrative databases’” OR “administrative health data”
OR “administrative health database” OR “administrative health dataset” OR “administrative health datasets” OR “ administrative health databases”
OR “insurance data” OR “insurance database” OR “insurance databases’ OR “insurance dataset” OR “insurance claim” OR “insurance claims’
OR “cancer registry” OR “cancer register” OR “health insurance” OR “health surveillance program” OR “health surveillance programs’ OR
“Mutualite Sociale Agricole” OR“MSA” OR “healthiinsurance system” OR “record-linkage” OR “population register” OR “population registry”
OR “insurance scheme” OR “social security scheme” OR “hospital discharge” OR “administrative claim” OR “administrative claims’ OR
“medical claims’ OR “medica clam” OR “electronic claim” OR “electronic claims’ OR “mortality register” OR “mortality registry” OR
“mortality record” OR “mortality records’ OR “disease register” OR “diseaseregistry” OR “illnessregister” OR “illnessregistry” OR “disorder

To develop the dligibility criteria, an initial search of the
literature was conducted on PubMed, with areview of the first
100 aticles that used AHDs for public heath and
epidemiological research. Inour pilot run, disease and morbidity
registers were initially not considered as AHD because they
were created for clinicd and research purposes
[47-50,53,76,155,156]. However, because disease registers
contain some information derived from medical records, we

https://publichealth.jmir.org/2025/1/e62939

RenderX

decided to consider them as AHD for thisreview. The dligibility
criteria are presented in Textbox 2. The search was restricted
to original peer-reviewed records (al types were included)
written in English or French but not constrained by the year of
publication [93,106,157]. Publications that examined partly
farming populations, with, for instance, studiesreporting health
risks for various sectors of activity, were included.
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Inclusion criteriafor articles

. Datahadto originate at least partly from the administrative health database (AHD)

«  Thestudy had to pertain at least partly to the farming population

«  Thestudy had to relate to public health or epidemiological research
o Original peer-reviewed publications

«  Publicationsin English or French

Exclusion criteriafor articles
«  Publications not describing the use of an AHD
e Anima orinvitro studies

«  Publications not in English or French

Thefina literature search was conducted on both PubMed and
Web of Science Core Collection databases. Regarding the Web
of Science Core Collection, a topic search was performed. To
reduce the bias induced by daily database changes, al data
collection (literatureretrieval and data download) was conducted
and completed on the same day, that is, April 15, 2024. Titles,
abstracts, and full-text publications were screened based on
pre-established inclusion and exclusion criteria. The inclusion
criteria for each phase of the literature search are provided in
Table S1 in Multimedia Appendix 1. When abstracts did not
contain enough information about correspondenceto inclusion
or exclusion criteria, the article was considered for full-text
review. Reference lists of included publications were not
searched, although they might have also yielded new relevant
studies.

Data Collection and Processing

A total of 29 metadata were extracted from each publication
included in the scoping review (Table 2).

https://publichealth.jmir.org/2025/1/e62939

The data underwent rigorous manual validation, cleaning, and
harmonization following a structured 5-step process. First,
duplicate items (eg, keywords and institutions) were removed.
Second, leading and trailing white spaces were eliminated.
Third, itemswere standardized by converting text to lower case,
with only the first letter capitalized. In the fourth step, items
were harmonized to either singular or plural forms consistently.
Finally, synonymsor termswith similar meanings (eg, “illness’
and “disease”) were unified under a single term. For instance,
“Pesticide,” “Pesticide exposure,” and “Pesticide use” were
standardized to “Pesticide,” while “Pulmonary disease copd,”
“Copd,” and “Chronic obstructive pulmonary disease” were
unified as “COPD.” For cancer-related keywords, the
International Classification of Diseases, eleventh revision, was
used to consolidate varied terms (eg, “lung cancer,” “lung cancer
risk,” “lung and bronchus cancer,” “lung tumor,” “lung tumour,”
“lung neoplasm,” and “basal cell carcinoma of the lung”) into
standard categories (eg, lung cancer). Quality appraisals were
not performed because they were beyond the aim of thisreview
[106,157].
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Metadata

Fictional example

Publication year
Publication type
Study name

Goal of the study

Study type

Isthe study nationwide?
Digital data used

Goal of the digital data used
Is active data used?

Active data used

Farming exposure considered
Farming activities studied, n
Pesticide compounds studied, n
Population

Sex

Participants included, n
Country

Oldest data used (year)

Most recent data used (year)
Data follow-up period (years)
Years between the most recent data used and publication year, n
Disease or health events
Authors’ names

Authors' keywords

Authors' country

Authors' institution

Journal

Funding body

Citations, n

2024
Article
Project X

To study the association between farming and health out-
come

Ecologica study
Yes

Insurance claims

To identify farmers
Yes

Clinical examination
Farming activity and pesticide compounds
10

29

Adults

Female

100 to 1000

France

1991

2020

4

7

Parkinson disease
Gauthier J

Pesticide

France

Université Grenoble Alpes

Environmental Health Perspectives

MIAI@Grenoble Alpes?
14

M IAI@Grenoble Alpes: Multidisciplinary Institute in Artificial Intelligence at the Université Grenoble Alpes.

Data Analysis

To analyze the research directions (ie, hot spots and gaps) on
the use of AHDsfor public health and epidemiological research
in farming populations, a bibliometric approach was conducted
[158-160]. This anaysis examined the number of publications,
countries of publications, most active journas, ingtitutions,
authors, funding bodies, subject aress, citations of publications,
and keywords of publications. Seven bibliometric metricswere
computed, including the h-, g-, m-, and Y-indices; dominance
factor; annual growth rate (AGR); and fractionalized frequency
(Table S3in Multimedia Appendix 1). The h-index attemptsto
measure both the productivity and citation impact of the
published body of work of an entity (eg, author, institution, and

https://publichealth.jmir.org/2025/1/e62939

RenderX

journal) [161,162]. It refersto the total number of publications
by aparticular entity with at |east the same number of citations.
Them-index iscalculated by dividing the h-index by the number
of years of an entity’s productive life (eg, researcher) [161].
The g-index of an entity corresponds to the largest number g

such that the top g publications have at least >g? citations
together [162]. The Y-index refers to the sum of both the total
number of first-authored publications and the total number of
corresponding author publications[163]. The dominance factor
refers, for a particular researcher, to the proportion of
multiauthored publications as a specific author’s rank to the
tota number of multiauthored publications [164]. The
fractionalized frequency intends to reflect an author's
contribution. The AGR refers to the variable's change in
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percentage as a year-over-year statistic [165]. The most
up-to-date journals' impact factors and ranks were retrieved
manually using the Journal Citation Report in April 2024.

Spearman correlations were calculated to examine the
association between the number of publications and gross
domestic product (GDP); population size [166]; and the total
labor force, the number of researchers in research and
development (per million people), fertilizer consumption (in
both % of fertilizer production and kilograms per hectare of
arable land), agricultural land (km?), agricultural land (% of
land area), land under cereal production (hectares), permanent
cropland (% of land area), cereal production (metric tons), crop
production index, food production index, livestock production
index, cerea yield (kilogram per hectare), female individual
employment in agriculture (% of female employment), male
individual employment in agriculture (% of male employment),
employment in agriculture (% of total employment); and
agriculture, forestry, and fishing, value added (% of GDP).
These country characteristics were obtained from the World
Bank. The most recent country characteristic (eg, GDP) was
used when available.

Research directions, including hot spots and gaps, were
investigated with keyword frequency, co-occurrence (counting
of paired keywords), and thematic mapping analyses. Thematic
mapping and keyword co-occurrence network are 2
complementary but distinct approaches that serve different
purposes and offer different insights. In summary, thematic
mapping focuses more on the strategic positioning of research
themes within a field, while keyword co-occurrence networks
emphasize the relationships and connections between specific
keywordsin theliterature[158,167]. Both methods complement
each other and are usually used to provide a more
comprehensive understanding of research landscapes. The
co-occurrence of 2 keywordswas defined by the frequency with
which they appear together in publications and was quantified
using association strength (AS) or equivalent index, calculated

as|§, where ¢;; isthe number of publicationsin which keywords
i and j co-occur, while ¢; and ¢; are the number of publications
in which each keyword appears, respectively [158,167]. AS
measures how close 2 keywords are to each other. An ASvalue
of 1 indicates keywords always appear together, while 0
indicates they never co-occur. These keyword co-occurrences
can be visualized using a co-occurrence network graph, where
a vertex or node represents a keyword, the size of the node
represents the keyword frequency, and the edge represents the
association between 2 keywords [158,167]. On the basis of the
keyword co-occurrence network graph, acommunity detection
procedure can be used to identify groups of words highly
associated with each other [158,167]. In other words, equivalent

https://publichealth.jmir.org/2025/1/e62939
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keywords based on AS can be grouped together to identify
research themes[158,167]. A strategic diagram or thematic map
isbased on Callon centrality (x-axis) and Callon density (y-axis)
[158,167]. Calon centrality measures the degree of interaction

of atheme with other themes. It is defined as|§, wherekisa
keyword belonging to atheme and h is akeyword belonging to
another theme [158,167]. Callon centrality can be interpreted
as an indicator of the importance of a particular topic within
the broader research landscape. Callon density measures the

internal strength of a theme. It is defined as@, wherei and j
are keywords belonging to the same theme and w is the total
number of keywordsin atheme[158,167]. Callon density serves
as ametric for assessing the progression and maturation of that
topic[158,167]. A strategic diagram isdivided into 4 quadrants
according to Callon centrality and density values, which
correspond to 4 types of topics. Hot spots or hot topics are
defined by both high density and high centrality values
(upper-right quadrant), while basic topics are defined by high
centrality but low density values (lower-right quadrant).
Peripheral topics are defined by both low centrality and low
density values (lower-left quadrant), while niche topics are
defined by low centrality and high density values (upper-left
quadrant) [158,167].

To focus on agricultural or farming exposome research, a
bibliometric profile of the* farming exposome’ was constructed,
which restricts the exposome concept to environmental
exposures specific to farming populations [152,168]. This
bibliometric farming exposome pi cture examined co-occurrences
between keywords related to potentia risk factors and specific
health events (eg, cancers and reproductive disorders).

The bibliometric analysiswas conducted and reported according
to the preliminary guideline for reporting bibliometric reviews
of the biomedical literature (BIBLIO; Table 4 in Multimedia
Appendix 1) [169]. All analyses were performed using R
software (version 4.3.2; R Foundation for Statistical Computing)
for Windows 10 (Microsoft Corporation). The bibliometric
analysis was performed using the bibliometrix R package
(version 4.1.4) [170].

Results

Overview

After excluding 4485 irrel evant records, 296 publications were
analyzed (Figure 1). The majority were articles (293/296,
98.9%), with a small number of reviews (2/296, 0.7%) and
editorial materials (1/296, 0.3%; Table 3). Only one-third of
the publications (107/296, 36.1%) were open access (Table 3
and Figure S1 in Multimedia Appendix 1).
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Figure 1. PRISMA-ScR (Preferred Reporting Items for Systematic Reviews and Meta-Analyses extension for Scoping Reviews) flowchart depicting
the literature search and the evaluation process for finding relevant records. The search, conducted on April 15, 2024, in PubMed and Web of Science,
had no date restrictions. AHD: administrative health database.
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Table 3. Main characteristics of the included publications (N=296).

Description Results
Timespan 1975 to 2024
Publication type, n (%)

Article 293 (99)

Review 2(0.7)

Editoria material 1(0.3)
Open-access publications, n (%) 107 (36.1)
Document age (y), mean (SD) 14.2 (11.8)
Annual growth rate (%) 52
Publication citations

Total, n? 9379

Average citations per publication 317

Average citations per year per publications 2.02
References, n 8814
Journals

Total, n 118

Average number of publications per journal 1.86

Average number of citations per journal 79.5
Authors

Total, n 1225

Single-author publications, n 4

Author appearances, n 1882

Average number of coauthors per publication 6.36

Average number of publications per author 0.24

International coauthorships (%) 24.3

Author’s keywords, n 576

Author’s country

Total, n 34
Average number of publications per country 2.86
Average number of citations per country 436.0

Author’sinstitution

Total, n 338
Average number of publications per institution 311
Average number of citations per institution 101.3

Author’sfunding body

Total, n 181
Average number of publications per funding body 248
Average number of citations per funding body 7.7

&Total, n indicates that the respective parameter has been cited n number of times, asin 296 publications have been cited 9379 times.

The average publication agewas 14.2 (SD 11.8) years, ranging  populations, with an AGR of 5.2%. Notably, aimost one-third
from the oldest in 1975 [171] to the most recent in April 2024  of these articles (91/296, 30.7%) were published in the last 5
[152]. From 1975 onward, there has been a steady increasein  years, highlighting the rising interest in AHD-based public
publications using AHDs to address health issues in farming  health research in this population (Figure S2 in Multimedia
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Appendix 1). Collectively, the publications received 9379
citations, averaging 31.7 citations per publication. Figure S3in
Multimedia Appendix 1 presents the historical direct citation
network. The body of work involved 1225 authors from 338
institutions, with 1882 author appearances and an average of 6
authors per paper (Table 3). Four (1.4%) out of the 296
publications were single-author publications. On average, each
paper cited 30 references.

Studies were led by authors from 34 countries, predominantly
high-income nations, with 24.3% (72/296) of studiesinvolving
multicountry collaborations (Figure S4 in Multimedia A ppendix
1). US-based authors contributed the most publications (91/296,
30.7%), followed by authors based in France (71/296, 24%)
and Finland (35/296, 11.8%). US authors also had the most
citations (3495/9379, 37.2%), with France and Finland ranking
second and third, respectively.

Of 296 publications, the 25 (8.4%) most cited ones, appearing
in 17 different journals, received between 83 (83/9379, 0.9%)
and 485 (485/9379, 5.2%) citations (Table S5 in Multimedia
Appendix 1) [150,172-196]. Of these 25 publications, 10 (40%)
were published before 2000, another 10 (40%) between 2000
and 2010, and 5 (20%) after 2010. M ost of these studiesfocused
on cancer risk (16/25, 64%), while others investigated
neurodegenerative disorders (5/25, 20%); respiratory conditions
(2/25, 8%); and multiple health outcomes, such as sleep
disorders, mental health disorders, and muscul oskeletal disorders
(2/25, 8%).

Table S6 in Multimedia Appendix 1 provides details on the
most productive countries, prolific authors, active journals,
institutions, and funding bodies.

Study Char acteristics

Table 4 provides an overview of the included publications.
Longitudinal study designs were the most common, including

https://publichealth.jmir.org/2025/1/e62939
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retrospective cohorts (129/296, 43.6%) and prospective cohorts
(56/296, 18.9%). Case-control studies (62/296, 20.9%),
cross-sectional studies (39/296, 13.2%), and ecological studies
(17/296, 5.7%) were less common (Multimedia Appendix 2).
A few studies (10/296, 3.4%) used multiple study designs
[188,194,197-204].

The median follow-up period was 9.5 (IQR 5-17) years. On
average, there was a 7-year gap (90% Cl 3-14) between the
most recent data used and the year of publication, with
considerable variation depending on the publication year (Figure
2). The oldest data were from 1801 [205], and the most recent
data were from 2022 [206]. Notably, one-third of the data used
(98/296, 33.1%) were from before 2000, while nearly
three-quarters (214/296, 72.3%) were from before 2015 (Figure
S2 in Multimedia Appendix 1). Of 296 studies, only 10 (3.4%)
used data from the last 5 years (from 2020), while 80 (27%)
used data from the last 10 years (from 2015).

Studies were conducted in all continents, but most participants
werefrom Europe (249/296, 84.1%), followed by North America
(85/296, 28.7%), Asia(24/296, 8.1%), Oceania (17/296, 5.7%),
Africa (4/296, 1.4%), and Central and South America (4/296,
1.4%). France (70/296, 23.6%) and the United States (67/296,
22.6%) were the most represented countries, followed by
Finland (36/296, 12.2%), Sweden (32/296, 10.8%), Denmark
(28/296, 9.5%), and Norway (26/296, 8.8%; Figure 3 and Figure
S5 in Multimedia Appendix 1). Most studies had aregional or
local scope (177/296, 59.8%), in particular, traditional
epidemiological studies, such as Agriculture and Cancer
(AGRICAN) [207] and Agricultural Health Study (AHS) [172],
which used AHDs to either identify potential individuals for
inclusion or enrich their cohorts.
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Table 4. Characteristics of the included studies (1975 to 2024; N=296).
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Characteristic Values
Research goal, n (%)
Study the association between farming and a health event 156 (52.7)
Study the association between individual characteristics and a health event 131 (44.3)
Other research goals 9(3
Study design, n (%)
Retrospective cohort 129 (43.6)
Case-control study 62 (20.9)
Prospective cohort 56 (18.9)
Cross-sectional study 39(13.2)
Ecological study 17 (5.7)
Multiple designs 10(3.4)
Review 2(0.7)
Perspective 1(0.3)
Geographic scope, n (%)
Nationwide 117 (39.5)
Regional or local 176 (59.5)
Temporal scope (y)
Follow-up period, median (IQR) 9.50 (5-17)
Follow-up period, mean (SD) 12.8 (14.0)
Gap between the latest data used and publication year, median (IQR) 7.21(5-9)
Gap between the latest data used and publication year, mean (SD) 7.21 (4.67)
Population, n (%)
Adult 265 (89.5)
Adult and child 19 (6.4)
Child 8(2.7)
Not reported 1(0.3)
Sex, n (%)
Female 130 (43.9)
Male 169 (57.1)
Female and male 188 (63.5)
Not specified 108 (36.5)
Participants, n (%)
>1,000,000 50 (16.9)
100,001 to 1,000,000 53(17.9)
10,001 to 100,000 65 (22)
1001 to 10,000 67 (22.6)
101 to 1000 47 (15.9)
10to 100 8(2.7)
Not reported 3
AHD ?type, n (%)
Disease register 158 (53.4)
Electronic health or medical record 124 (41.9)
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Characteristic Values
Insurance claim 106 (35.8)
Population register 95(32.1)
Hospital discharge databases 41 (13.9)

AHD use, n (%)

Obtain information on sociodemographics 272 (91.9)
Obtain information on a health event 269 (90.9)
Identify afarmer 147 (49.7)
Identify an individual 140 (47.3)
Obtain information on occupations 117 (39.5)
Exposure assessment 57 (19.3)
Obtain information on afarming activity 43 (14.5)
Other uses 14 (4.7)

3AHD: administrative health database.

Figure 2. Number of years between the most recent data used and publication for all included articles (1975-2024). Points refer to the average number
of years or gap between the most recent data used and publication (x-axis) for each publication year (y-axis). Error bars refer to the 90% CI of the
number of years between the most recent data used and publication.
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Figure 3. World map of the number of publications per country of the farming population studied between 1975 and 2024.
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Most studies included 1001 to 10,000 participants (67/296,
22.6%), followed by studieswith 10,001 to 100,000 participants
(65/296, 22%) and 100,001 to 1 million participants (53/296,
17.9%; Table 4). Larger studies (>1 million participants)
accounted for 16.9% (50/296) of the included publications.
Smaller studies, with 100 to 1000 participants, were less
common (47/296, 15.9%), and very few (8/296, 2.7%) had <100
participants. Most studiesincluded adult participants (284/296,
95.9%). Of 296 studies, 169 (57.1%) examined maleindividuals,
130 (43.9%) examined female individuals, and 188 (63.5%)
examined both sexes, but 108 (36.5%) did not specify the
participants’ sex.

Morethan half of the studies (156/296, 52.7%) aimed to explore
the relationship between farming activities (eg, dairy farming)
and hedlth events, while 131 studies (44.3%) focused on
individual characteristics, such as occupation, age, sex, and
socioeconomic status (Figure S6 in Multimedia Appendix 1).
Among those studies examining individual characteristics,
farming was often considered broadly and compared to other
occupations (95/131, 72.5%). Conversely, in studies
investigating health outcomes specifically related to farming
activities, agriculture was treated as a broad category in only
27.6% (43/156) of the cases. Most studies (277/296, 93.6%)
used the general population or other nonfarming groups as the
reference category without differentiating farmers by job role
(eg, farm managersvs farm workers). Descriptive statistics and
multivariabl e regression werethe most commonly used methods.
Notably, only 2 studies (2/296, 0.7%) incorporated artificial
intelligence (Al) in their analysis[208,209].

Few studies investigated health outcomes in farmers family
members or nonfarmers exposed to farming. Of 296 studies,
only 3 (1%) focused on hedth events in farmers partners
[177,210,211], 5 (1.7%) on farmers’ children [179,212-215],

https://publichealth.jmir.org/2025/1/e62939
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and 6 (2%) on nonfarmers exposed to farming-related risks
[209,216-221]. There were 11 (3.7%) studies that explored
health risks in migrant workers.

Some publications reported findings from the same cohorts
(Figure S7 in Multimedia Appendix 1). The 10 most prolific
cohortsincluded France-based AGRICAN (18/296, 6.1%) [207],
the US-based AHS (17/296, 5.7%) [172], Nordic Occupational
Cancer Study (NOCCA; 12/296, 4.1%) from Nordic countries
(Finland, Denmark, Norway, Sweden, and Iceland) [189],
France-based Tracking and Monitoring Occupational Risksin
Agriculture (TRACTOR; 7/296, 2.4%) [222], and Cancer in
the Norwegian Agricultural Population (7/296, 2.4%) [182]
cohorts. Other notable cohorts included the US-based United
Farm Workers of America (6/296, 2.0%) [223], France-based
BALISTIC (5/296, 1.7%) [224], theinternational (29 countries)
consortium agricultural cohort (AGRICOH; 4/296, 1.4%)
[150,225], AIRBA(Q (4/296, 1.4%) from France [226], and the
US-based National Agricultural Workers Survey (3/296, 1%)
[227]. Among thesetop 10 cohorts, only NOCCA, United Farm
Workers of America, and TRACTOR exclusively used AHDs.

AHD Use

There was high heterogeneity in the coding systems used and
the granularity of the information available regarding health
events (outcomes), population, and exposure determinants,
depending onthe AHD and study considered. Regardless of the
publication reviewed, AHDs and other datasets were never
reported as adhering to the findable, accessible, interoperable,
and reusable (FAIR) data principles [228-230]. In addition,
none of them could be considered as FAIR data because, with
a few exceptions [222], most AHDs were not precisely
described, and data availability statements were rare.
Furthermore, mainly due to privacy concerns, AHDs were not
available for open and free access.
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The most commonly used AHDs were disease registers, used
in more than half of the studies (158/296, 53.4%), followed by
electronic health or medical records (124/296, 41.9%), insurance
claims (106/296, 35.8%), population registers (95/296, 32.1%),
and hospital discharge databases (41/296, 13.9%; Table 4).
Among disease registers, cancer (120/158, 75.9) and mortality
registers (75/158, 47.5%) were the most frequently used (Figure
S8 in Multimedia Appendix 1 and Multimedia Appendix 2).
Nearly one-third of the studies (91/296, 30.7%) relied on a
single AHD, with disease registers being the most common
(38/91, 42%), followed by insurance claims (29/91, 32%),
electronic health or medical records (18/91, 20%), population
registers (5/91, 5%), and hospital discharge databases (1/91,
1%). Other types of digital data were used less frequently,
including pesticide registration records (13/296, 4.4%),
job-exposure matrices (JEMs; 12/296, 4.1%), crop-exposure
matrices (11/296, 3.7%), pesticide use records (8/296, 2.7%),
climate data (7/296, 2.4%), and air quality data (2/296, 0.7%).
While contextual data were sometimes used (9/296, 3.0%),
person-generated data, smart agriculture data, and omics were
never used.

The AHDs and other digital datawere primarily used to obtain
sociodemographic information (272/296, 91.9%) and health
event data (269/296, 90.9%). They were also used to identify
farmers (147/296, 49.7%) or individuals (140/296, 47.3%),
gather occupational information (117/296, 39.5%), assess
exposure (57/296, 19.3%), obtain data on farming activities
(43/296, 14.5%), or track climate conditions (7/296, 2.4%).

Nearly two-thirds of the studies (181/296, 61.1%) relied
exclusively on digital data (AHDs or other), while more than
one-third (112/296, 37.8%) incorporated self-reported
infformation/active  data (requiring active participant
involvement) as part of epidemiological cohorts. A total of 111
(37.5%) out of 296 studies used participant-completed
guestionnaires (paper or electronic) to gather sociodemographic
data and confounding factors (98/296, 33.1%), assess exposure
(96/296, 32.4%), or collect health information (83/296, 28%).
Some information was obtained through interviews (44/296,
14.9%) or clinical examinations (32/296, 10.8%). Biological
monitoring (24/296, 8.1%) and airborne monitoring (2/296,
0.7%) were sometimes used, whereas no study reported dermal
monitoring (Figure SO in Multimedia Appendix 1).

Among al the AHDs used, the Mutualité Sociale Agricole
(MSA) isasingularity. To the best of our knowledge, it is the
only AHD specifically dedicated to the entire farming population
of a country. Indeed, MSA is the French national insurance
scheme that covers the entire farming workforce (5% of the
overal French population) [115,128]. MSA was used in 60
studies (60/296, 20.3%). These studieswere often part of cohorts
with multiple publications, such as AGRICAN (18/60, 30%),
TRACTOR (7/60, 12%), BALISTIC (5/60, 8%), AIRBAQ (4/60,
7%), Aging Multidisciplinary Investigation (2/60, 3%) [151],
BM3R (2/60, 3%) [231], FERMA (risk factors of the rura
environment and allergic and respiratory disease; 1/60, 2%)
[232], and Phytoner (1/60, 2%) [233]. Of these, TRACTOR
was the only cohort using exclusively MSA data[222].
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Farming Exposure

A variety of exposure proxies were used to assess
farming-related exposure. The most common proxy was a job
title, which generally referred to whether the individual was a
farmer (184/296, 62.2%). Other proxies included specific
farming activities, such as dairy or crop farming (111/296,
37.5%), general pesticide exposure (yes or no; 62/296, 20.9%),
and exposure to specific pesticide compounds (eg, glyphosate
or paraquat) or pesticide classes (eg, insecticides; 51/296, 17.2%;
Figure S10in Multimedia Appendix 1 and Multimedia A ppendix
2). The number of farming activities studied ranged from just
1[226] to 78 [222], with an average of 8 farming activities per
study. Similarly, the number of pesticide compounds assessed
ranged from 1 [234] to 943 [235], with an average of 42
pesticides per study. Only 1 study investigated the mixture effect
of exposure to multiple pesticide combinations on human health
[236]. Investigations into other chemical exposures were aso
limited, with only 2 papers each addressing silica exposure
[237,238] and air pollution [194,217] (2/296, 0.7%). Notably,
no studies examined exposure to per- and polyfluoroakyl
substances or micro- and nanoplastics. Research on the broader
farming exposome was rare (5/296, 1.7%) and typically used
farming activities as proxies [152].

Of 296 studies, few explored exposure to physical agents, with
5 studies (1.7%) focusing on radiation [187,218,239-241]. No
studies investigated the effects of climate change on farmers’
health. Exposureto biological agentswasrarely studied aswell,
with just 3 (1%) out of 296 papers addressing mycotoxins
[241-243]. Finally, only 3 studies (1%) examined psychological
factorsrelated to farming exposure [ 244-246].

Health Events

The most frequently studied health eventswere cancer (142/296,
48%), followed by mortality (44/296, 14.9%), injuries (38/296,
12.8%), workplace accidents (32/296, 10.8%), respiratory
disorders (30/296, 10.1%), neurodegenerative di seases (28/296,
9.5%), and mental health issues (26/296, 8.8%; Figure S11in
Multimedia Appendix 1 and Multimedia Appendix 2). Less
frequently studied conditions included cardiovascular diseases
(16/296, 5.4%), autoimmune disorders (11/296, 3.7%),
muscul oskeletal disorders (11/296, 3.7%), reproductive disorders
(3/296, 1.0%), dleep disorders (1/296, 0.3%), and frailty (1/296,
0.3%). Notably, no studies explored the farming microbiome.

Among cancers, lung cancer was the most commonly
investigated cancer (43/142, 30.3%), followed by prostate cancer
(38/142, 26.8%), leukemia (37/142, 26.1%), colorectal cancer
(35/142, 34.6%), multiple myeloma (35/142, 34.6%),
non-Hodgkin lymphoma (35/142, 34.6%), bladder cancer
(31/142, 21.8%), and brain cancer (31/142, 21.8%; Figure S12
in Multimedia Appendix 1). Respiratory disorders were
primarily focused on asthma (15/30, 50%) and COPD (chronic
obstructive pulmonary disease; 14/30, 47%). Parkinson disease
wasthe most studied neurodegenerative condition (16/28, 57%),
followed by multiple sclerosis (6/28, 21%). Fewer publications
examined Alzheimer disease (2/28, 7%) and amyotrophic lateral
sclerosis (2/28, 7%,; Figure S13 in Multimedia Appendix 1). In
the mental health field, suicide (12/26, 46%) and depression
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(8/26, 31%) were the most investigated issues (Figure S14 in
Multimedia Appendix 1).

Keyword Analysis

Overview

Following an initial extraction of 1259 authors keywords,
manual harmonization was performed. Duplicate keywords
were removed through singular or plural standardization
(130/1259, 10.3%) and synonym unification and grouping of
cancer-related terms (553/1259, 43.9%), yielding afina set of
576 (45.8%) harmonized keywords, which were all used in
subsequent analyses to prevent selection bias.

On average, each publication included 8.90 keywords (90% Cl
0-17), although 35 (11.8%) out of 296 publications lacked any
keywords, in linewith thejournal guidelines. Keyword analysis
confirmed prior findings regarding farming exposure and health
outcomes. It also provided deeper insights into emerging
research hot spots, directions, and gaps.

Of the total 576 keywords, 301 (52.3%) appeared only once,
while 68 (11.8%) were mentioned at least 10 times. More
frequently used keywords included 39 that appeared at least 20
times (39/576, 6.8%) and 11 that featured in at least 50
publications (11/576, 1.9%). The 50 most frequently used
keywords were mentioned in at least 17 (5.7%) out of 296
publications, while the top 10 appeared in at least 51
publications (17.2%; Table S7 in MultimediaAppendix 1). The
most frequently cited keyword was*“ cancer” (150/296, 50.7%),
followed by “mortality” (96/296, 32.4%), “pesticide” (88/296,
29.7%), “occupation” (82/296, 27.7%), “farmer” (77/296,
26.0%), “agriculture” (74/296, 25%), “exposure’ (57/296,
19.3%), and “epidemiology” (57/296, 19.3%).

In terms of overal citations, “cancer” (5766/9379, 61.5%),
“pesticide” (3569/9379, 38.1%), and “mortality” (3097/9379,
33%) were the most cited keywords. During the past decade,
the frequency of the top 5 keywords has drastically increased
(Figure S15 in Multimedia Appendix 1). Notably, keywords
such as “cancer,” “mortality,” “occupation,” “pesticide,”
“agriculture” and “farmer” have been consistently present in
publications spanning at least 30 years (not necessarily
consecutively; Figure S16 in Multimedia Appendix 1). In the

https://publichealth.jmir.org/2025/1/e62939

Petit & Vuillerme

last decade, emerging keywords, such as “big data’
“administrative health database” “dust,” and “BMI,” have
gained prominence (Figure S17 in Multimedia Appendix 1).

Keyword Co-Occurrence

A keyword co-occurrence network illustrating the frequency of
keyword co-mentionsin publications was constructed, thereby
revealing relationships and conceptual connections (Figure 4).
Inthis network, nodes or vertices represent keywords, with their
sizesindicating frequency, while edges denote co-occurrences.
The network’s density and arrangement reveal topic
interconnectivity, with larger vertices representing more
frequently mentioned keywords. The network visualization
helps identify clusters of related topics and highlights core
research areas.

Using acommunity detection algorithm (spin-glass model with
simulated annealing), 4 distinct clusters or communities of
keywords were identified. Each cluster groups keywords that
are often mentioned together, with stronger internal associations
and weaker connections to keywords in other clusters.

The most frequently used keywords for each cluster were
“cancer” (red cluster), “pesticide” (purple cluster), “mortality”
(green cluster), and “exposure” (blue cluster). The red cluster
highlights associations between various types of cancer,
reflecting the fact that studies investigating cancer risks often
examine multiple types of cancer. The green cluster links
“mortality” with terms such as “mental health,” “injury,” and
“animal farming,” explained by the association between
workplace accidents, mental health issues (eg, suicide), animal
farming, and mortality. In the purple cluster, “pesticide”
connects with “occupational exposure” and “farming activity,”
emphasizing that pesticide exposure is primarily studied in
occupational settingsacrossdifferent typesof farming. The blue
cluster connects* exposure’ to terms such as* neurodegenerative
disease,” “respiratory disorder,” “cardiovascular disorder,” “risk
factor,” “air pollution,” “age,” and “diet,” indicating the study
of variousrisk factorsin relation to several health events. These
clusters highlight current research hot spotsthat focuson 4 main
interconnected themes: the associations between risk factors,
pesticide exposure, farming activities, and arange of diseases.
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Figure 4. Keyword co-occurrence network of the 296 articles published between 1975 and 2024. Each vertex or node represents a keyword, while
edges represent the co-occurrence between keywords. Two keywords are connected when they co-occur in the same publication, and the size of each
vertex indicates the frequency of a keyword: larger vertices represent more frequently mentioned keywords. Keywords with the same color (cluster)
represent aresearch area. AAW: workplace accident; COPD: chronic obstructive pulmonary disease; CVD: cardiovascular disorder; M SD: muscul oskeletal

disorder; SES: socioeconomic status.
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Thematic Mapping: Research Hot Spots

Figure 5 presents athematic map that illustrates current research
directions. Thematic mapping visualizes the relationship
between research themes or topics, enabling the identification
of directions, emerging areas, and gaps in the literature. The
result is a strategic diagram that shows how themes relate to
each other and their relevance within a specific field. The graph
is divided into 4 quadrants, categorizing topics based on their
relevance (x-axis, Callon centrality) and maturity (y-axis, Callon
density) within the broader research landscape. Each circle
represents a theme or topic (ie, a cluster of equivalent
keywords), with the circle size corresponding to the frequency
of the keywords associated with that theme.

The upper-right quadrant represents “hot topics,” which are
both highly relevant and mature in the research landscape. Four
key hot topics drive AHD-based public health research in
farming populations. These include 1 topic focused on cancer
research; another on respiratory disorders;, and a third
encompass ng heurodegenerative diseases, workplace accidents,
injuries, and mental health issues. The final hot topic involves
large-scale studies in France and Europe using big data and
insurance claims.
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The lower-right quadrant contains “basic topics,” which are
relevant but not yet mature in the research landscape. Only 1
such theme emerged: research related to pesticide exposure,
mortality, and farming.

In the upper-left quadrant, “niche themes’ refer to mature
research topics that have not yet achieved full relevance. Three
niche themes were identified: the first involves studies
examining aging and research conducted in Norway; the second
focuses on reproductive disorders and parental exposure, atheme
poised to potentially evolveinto ahot topic; and thefinal niche
theme covers genetics and metabolism.

Finally, the lower-left quadrant contains “peripheral topics,”
which represent either emerging or declining themes with low
relevance and maturity. Four peripheral topics were observed,
of which 2 (50%) were primarily centered on research on ocular
disorders, 1 (25%) on the use of electronic health or medical
records, and 1 (25%) on studies conducted in India.

This thematic map helps highlight both well-established and
emerging areas of research, aswell as gapsthat may beripefor
future investigation.
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Figure 5. Thematic mapping: research hot spots based on keywords from the 296 articles published between 1975 and 2024. The graph shows how
themesrelate to each other and their relevance within a specific field. Thisgraph isdivided into 4 quadrants, categorizing topics based on their relevance
(x-axis and Callon centrality) and maturity (y-axis and Callon density) within the broader research landscape. Each circle represents a theme or topic
(ie, acluster of equivalent keywords), with the circle size corresponding to the frequency of the keywords associated with that theme. AAW: accident
at work; COPD: chronic obstructive pulmonary disease; EHR: electronic health record; EMR: electronic medical record.
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Bibliometric Farming Exposome

To identify research directions and gaps in the farming
exposome literature, a bibliometric keyword co-occurrence
analysis was conducted to explore the farming exposome by
examining the co-occurrence between keywords associated with
potential risk factors and specific health outcomes. Thisanalysis
was restricted to exposome-related and health event—related
keywords. Of 576 keywords, 130 (22.6%) were related to the
exposome, among which 93 (16.1%) wererelated to the specific
external exposome (eg, pesticide), 19 (3.3%) to the general
external exposome (eg, climate), and 18 (3.1%) to the internal
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exposome (eg, oxidative stress). Furthermore, there were 70
(12.2%) health event—related keywords (eg, brain cancer).

The results of this analysis are provided in Tables 5 and 6 and
Multimedia Appendix 3, with each cell representing the
percentage of occurrences of an exposome-related keyword (eg,
air pollution) in al publications mentioning a specific health
event—related keyword (eg, Alzheimer disease). For example,
a value of 33.3 indicates that an exposome-related keyword
appeared in 33.3% of all publications mentioning a specified
health event—related keyword. To facilitate interpretation and
ease thereading of Tables5 and 6, exposome-related keywords
were categorized into 19 groups (eg, chemical agent) and health
event—related keywords into 20 groups.
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Table 5. Co-occurrence between keywords related to internal exposomes and health event categories among the articles published between 1975 and
2024. Each cell refersto the number of times (%) akeyword related to an exposome category (eg, chemical agent) was mentioned among all publications
in which a keyword related to a health event category (eg, cancer) appeared (N=296). Please note that the absolute value for each row is provided in
parentheses with the row header and remains the same for all the parametersin that row.

Health event, n Internal exposome (%)
Age  Sex BMI  gp? Heredity Ethnicity Hormone Menopause Metabolism ogb Inflamma-
tion

Cardiovascular disease 5.88 118 588 588 0 5.88 0 0 0 0 0
(n=17)
Work-related disease (n=5) 0 20 0 0 0 0 0 0 0 0 0
Autoimmune disease 0 0 111 0 0 0 0 0 0 0 0
(1BDS, RAY, vasculitis, and
NR® n=9)
Cancer (n=150) 362 275 217 O 0.73 145 3.62 0.73 29 073 0
Dental health (n=2) 0 0 0 0 0 0 0 0 0 0 0
Ocular disorder (n=6) 16.7 0 0 0 0 0 0 0 0 0 0
Frailty (n=2) 50 0 50 0 0 0 0 0 0 0 0
Anemia (n=1) 100 100 0 0 0 0 0 0 100 0 0
Infectiousdisease (maaria, O 714 0 0 0 7.14 0 0 0 0 0
Lyme disease, tubercul o-
sis, toxoplasmosis, and
NR; n=14)
Injury (including work- 426 851 213 O 0 213 0 213 0 0 0
place accident and disabili-
ty; n=40)
Chronic kidney disease 0 0 0 0 0 0 0 0 0 0 0
(n=3)
Mental health disorder 952 476 476 O 0 0 0 0 0 0 0
(depression, suicide, and
NR; n=25)
Metabolic disorder (dia 11.1 0 111 111 O 111 0 0 0 0 0
betes, dysthyroidism, and
NR; n=9)
Mortality (n=75) 417 177 O 0 1.04 0 1.04 2.08 0 0 0
Musculoskeletal disorder 7.14 143 714 O 0 0 0 0 0 0 0
(arthritis, low-back pain,
and NR; n=14)
Neurodegenerativedisease  6.06 0 0 0 3.03 6.06 0 0 121 6.06 0
(ADf, ALS?, MND", MS,
PD), and NR; n=33)
Sensory impairment (n=1) 0 0 0 0 0 0 0 0 0 0 0
Reproductive disorder 0 28.6 14.3 0 0 7.14 7.14 0 7.14 0 0
(birth defects, infertility,
spontaneous abortion, and
NR; n=24)
Respiratory disorder (aller- 588 118 882 294 0 5.88 0 0 5.88 0 294
gy, asthma, COPDk, pneu-
monia, sarcoidosis, and
NR; n=39)
Skin disorder (dermatitis 0 50 0 0 0 0 0 0 0 0 0
and NR; n=2)

3BP: blood pressure.

POS: oxidative stress.
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%IBD: inflammatory bowel disease.

9RA: rheumatoid arthritis.

®NR: not reported.

fAD: Alzheimer disease.

9ALS: amyotrophic lateral sclerosis.

PMND: motor neuron disease

iMs: multiple sclerosis.

IPD: Parkinson disease.

KCoPD: chronic obstructive pulmonary disease.

Distinct keyword exposome profiles were developed for each
health event—related keyword (Figures S18-S43 in Multimedia
Appendix 1), as illustrated in Figure 6 for mental health
disorders. Most exposome-related keywords associated with
keywords related to mental health disorders pertained to the
type of occupations as well as chemica, lifestyle,
socioeconomic, and psychological factors. Cancer-related
keywords were associated mostly with keywords related to the
internal (sex) and specific external exposome (chemical agents,
lifestyle, and type of occupations). Autoimmune disease—elated
keywords co-occurred mostly with external exposome-related
keywords (chemical agents, lifestyle, type of occupations, and
socioeconomic factors). Neurodegenerative disease—related
keywords were associated mostly with keywords related to the
specific external exposome (lifestyle, chemical agents, and type
of occupations). Reproductive disorders co-occurred mostly
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with internal (sex and BMI) and specific externa
exposome—related keywords (chemical agents and type of
occupations). Keywordsrelated to both muscul oskel etal disorder
and injury were associated with keywords from all 3 exposome
components, in particular sex, type of occupations, lifestyle,
biomechanical factors, chemical agents, and psychological
factors. Infectious disease—related keywords co-occurred with
specific external exposome-related keywords (biological agents
and type of occupations), while respiratory disorder—related
keywordswere associated mostly with internal (sex) and specific
external exposome—related keywords (lifestyle, chemical and
biological agents, and type of occupations). Cardiovascular
disorder—rel ated keywords were associated with keywordsfrom
all 3 exposome components, in particular the sex, type of
occupations, lifestyle, chemical agents, and socioeconomic and
psychological factors.
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Table 6. Co-occurrence between keywords related to specific external and general external exposomes and health event categories among the articles
published between 1975 and 2024. Each cell refers to the number of times (%) a keyword related to an exposome category (eg, chemical agent) was
mentioned among all publications in which a keyword related to a health event category (eg, cancer) appeared (N=296). Please note that the absolute
value for each row is provided in parentheses with the row header and remains the same for al the parametersin that row.

Health event, n Specific external exposome (%) General external exposome (%)
Lifestyle CA® BAP BEC Occupation  pad SEe PEf

Cardiovascular disease 118 294 0 118 235 0 294 17.6

(n=17)

Work-related disease (n=5) 0 20 20 20 40 0 20 0

Autoimmunedisease (IBDY, 222 44.4 0 0 55.6 0 22.2 0

RAN vasculitis, and NR':

n=9)

Cancer (n=150) 174 514 7.25 1.45 58.7 5.8 8.7 0

Dental health (n=2) 50 0 0 0 0 0 50 0

Ocular disorder (n=6) 16.7 16.7 0 0 0 0 0 16.7

Frailty (n=2) 100 50 0 0 0 0 0 50

Anemia (n=1) 0 0 0 0 0 0 0 0

Infectious disease (malaria, 21.4 214 50 7.14 28.6 0 14.3 7.14

Lyme disease, tuberculosis,

toxoplasmosis, and NR;

n=14)

Injury (including workplace 12.8 149 213 14.9 234 213 4.26 6.38

accident and disability;

n=40)

Chronic kidney disease 0 100 66.7 0 0 333 0 0

(n=3)

Mental health disorder (de- 28.6 238 0 4.76 333 4.76 238 28.6

pression, suicide, and NR;

n=25)

Metabolic disorder (dia- 333 444 0 111 444 111 0 222

betes, dysthyroidism, and

NR; n=9)

Mortality (n=75) 17.7 55.2 8.33 417 54.2 5.21 17.7 2.08

Muscul oskeletal disorder 14.3 21.4 7.14 14.3 429 7.14 0 214

(arthritis, low-back pain, and

NR; n=14)

Neurodegenerative disease  21.2 485 6.06 0 36.4 0 9.09 3.03

(AD), ALSS, MND', MS™,

PD", and NR; n=33)

Sensory impairment (n=1) O 0 0 0 100 0 0 0

Reproductive disorder (birth  7.14 35.7 7.14 0 64.3 0 7.14 0

defects, infertility, sponta-

neous abortion, and NR;

n=24)

Respiratory disorder (aller- 47.1 35.3 118 294 35.3 0 8.82 5.88

gy, asthma, COPD®, pneu-

monia, sarcoidosis, and NR;

n=39)

Skin disorder (dermatitis 50 50 0 0 50 0 0 0

and NR; n=2)

8CA: chemical agent.
bBA.: biological agent.

https://publichealth.jmir.org/2025/1/e62939

RenderX

JMIR Public Health Surveill 2025 | vol. 11 | €62939 | p.21
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR PUBLIC HEALTH AND SURVEILLANCE Petit & Vuillerme

°BF: biomechanical factor.

dpa: physical agent.

€SF: socioeconomic factor.

PF: psychological factor.

91BD: inflammatory bowel disease.

PRA: rheumatoid arthritis.

INR: not reported.

JAD: Alzheimer disease.

KaLs: amyotrophic lateral sclerosis.

'MND: motor neuron disease

MMS: multiple sclerosis.

"PD: Parkinson disease.

9COPD: chronic obstructive pulmonary disease.

Figure6. Chord diagram of keyword co-occurrence between potential risk factors and mental health disorder keywords from the 296 articles published
between 1975 and 2024. Disease-related keywords are displayed on the top half of the chord diagram, while exposome-related keywords are displayed

on the bottom half. Each chord or link indicates that an exposome-related keyword was mentioned with a disease-related keyword (co-occurrence) at
least once in the same publication. The chord color differs from one exposome-related keyword to another. SES: socioeconomic status.
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Discussion

Principal Findings

This review provides the first comprehensive and objective
synthesis of research on the use of AHDs to address health
issues in farming populations. It identifies major contributors,
key publications, and existing research gaps while aso
suggesting future directionsfor leveraging AHDsto study health
issues in farming populations. Overall, findings indicate that
only asmall part of the exposome and alimited range of health
events have been examined within farming popul ations through
the reuse of AHDs.

Current Directionsin AHD Usefor Public Health
Research in Farming Populations

Research using AHDs in farming populations has been
predominantly conducted in developed countries [150,225],
with the United States [172,223,227]; France [207,222,224];
Canada [145,186,195]; and Scandinavian nations [182,189],
including Denmark, Finland, Norway, and Sweden, leading the
field. This dominance is linked to considerable funding from
these regions and international collaborations. Scandinavian
countries are particularly advanced in AHD use, offering
databases that are highly complete, accessible, and
well-integrated into public health research. AHDs from
Denmark, Sweden, Canada, and France also provide
comprehensive dataon apatient’s digital trajectory within their
respective health systems [93,98,104,108,113,115,128,247].
France stands out further, with an AHD dedicated specifically
to the entire farming population (MSA). This may explain the
frequency of large-scale and long-term studies from these
countries, some of which included >100,000 participants.
However, many studies still had a regional focus, partly due to
the use of AHDs by traditional epidemiological studies such as
AGRICAN [207] and AHS [172], which rely on limited
resources [47-50,53,54,57]. These studies often used AHDs to
identify farming populations for inclusion or to supplement
cohort data. Theinternational AGRICOH consortium, initiated
by the US National Cancer Institute and the International
Agency for Research on Cancer, includes 11 (38%) of the 29
cohorts identified in this review [150,225]. However, several
cohorts in AGRICOH were not identified, potentially due to
lack of publications, language barriers, or limited use of AHDs.
There were many publications associated with these
well-established cohorts, for which many of the most prolific
authors were working [172,182,189,207,222-227].

The most frequently used AHDs in farming population health
research were disease registers, followed by electronic health
or medical records and insurance claims. More than two-thirds
of the studies used disease registers, in particular, cancer and
mortality registers. This is not surprising because disease
registers are created for clinical and research purposes with a
continuous, exhaustive, and optimal digital collection of
individual data regarding >1 health event in a geographically
defined population [53,105]. The coding systems and the
granularity of information related to health outcomes,
populations, and exposure determinants varied widely across
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studies. Most studies (291/296, 98.3%) used AHDs to collect
sociodemographic and health event information [222].

There was no consensus on the best methods or proxiesto assess
farming exposure. A variety of exposure proxies and
determinants were used across studies, with indirect methods
being the most common. Many studies (237/296, 80.1%)
dichotomized proxy, for example, classifying individuals as
farmers or nonfarmers or as pesticide-exposed versus
nonexposed. In nearly two-thirds of the included studies, job
title (ie, “being afarmer”) served asthe primary exposure proxy.
About one-third of studies took into account specific farming
activities (eg, dairy farming and crop farming) to reflect the
diversity of farming practices. Thisapproach isavaluable proxy
for agricultural exposure, offering a broader representation of
thefarming exposome, which involves multiple stressors beyond
just pesticides [147,152,188,201,248,249]. Farming activity
information was often derived from digitalized data, such as
agricultural censuses or self-reported data from mandatory
insurance enrollments [152]. Many studies (111/296, 37.5%)
combined AHDs with self-reported data (eg, questionnaires)
[172,207], which alowed for more comprehensive data
collection but tended to restrict the scope to regional studies
due to resource constraints. These studies typically yielded
high-quality data, with more potential confounders considered
compared to studies relying solely on AHDs. Most studies
(68/111, 61.3%) using self-reported data focused on single
exposures, mainly pesticides, with only 1 study addressing
multiexposure to pesticides [236]. Biological monitoring and
airborne chemical sampling were rarely conducted, likely due
to practical and financia constraints and the short half-lives of
most pesticides [250]. Dermal chemical monitoring has not
been reported, even though it is the main exposure route for
pesticides [251]. The high number of studies investigating
exposure to pesticides may be explained by the fact that AHS
focuses on pesticide applicators and their spouses [172] and
because many pesticides have adverse heal th effects on humans,
such as neurotoxicity or endocrine disruption [252-256]. Beyond
pesticides, farmersface exposureto other chemicals[257], such
as air pollution; micro- and nanoplastics [258-263]; biological
agents (eg, endotoxins and zoonoses) [264-266] ; physical agents
(eg, UV radiation, noise, and vibrations) [187,267];
biomechanical factors (eg, repetitive movements, heavy load,
and working posture) [198,268,269]; and psychosocial stressors
[270-274], which have been less studied than pesticides. Despite
these multiple exposures, the broader farming exposomeremains
understudied.

In addition to AHDs, some studies integrated other secondary
data, such asclimate data[187,275], air quality data[194,217],
JEMs [212,276,277], or crop-exposure matrices [278]. JEMs
provide exposure level estimates for various chemicals and
stressors based on job categories [250,279]. Although JEMs
can provide valuable exposure data, they often lack the
specificity of individual-level data, making it difficult to account
for task-specific risks, temporal variations, and the inclusion of
specific worker subgroups such as femae individuals
[250,279-282]. Thelack of auniversal standard for JEMsfurther
complicates their application, which may explain why many
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studiesstill rely on self-reported datafor more accurate exposure
assessment despite the risk of recall bias [250,279-282].

The hedth outcomes studied were predominantly cancer
[145150,151,171-175177-179,182,183185,189,190,196,207,210-212.223),
mortality [173,186,194,195,202,205], workplace injuries
[198,208], respiratory disorders (eg, asthma and COPD)
[151,180,181,213,224,226], neurodegenerative diseases (eg,
Parkinson disease) [111,151,176,184,187,188,193,197,201,
248,249,283], and mental health issues [151,244,273], which
represent focal points within the research field. This is not
surprising because many well-established cohorts centered on
cancer research, in particular AGRICAN [207], Cancer in the
Norwegian Agricultural Population [182], and NOCCA [189].
In addition, arsenic and inorganic arsenic compounds are
classified as carcinogenic to humansby the International Agency
for Research on Cancer [252,253,284], while malathion,
glyphosate, diazinon, dichlorodiphenyltrichloroethane, and
occupational exposures in spraying and application of
nonarsenical insecticides are classified as probably carcinogenic
to humans (group 2A), and severa other pesticides are ranked
as possibly carcinogenic to humans (group 2B), such as
tetrachl orvinphos and parathion. Regarding mortality, it isoften
cancer and suicide mortalities that are investigated
[186,195,202,244]. Furthermore, severa pesticides are
neurotoxic [252,255], but existing studies focused mainly on
Parkinson disease and multiple sclerosis, with a paucity of data
on Alzheimer disease and other neurodegenerative diseases
[147,283]. In contrast, certain areas, such as cardiovascular
diseases [151,194,203,227,285,286], autoimmune disorders
[168,219,237], muscul oskel etal disorders
[192,204,245,287,288], reproductive disorders [242,289,290],
deep disorders [191], aging-related conditions [151,291],
hearing impairment [267,292], and the microbiome [8,293-299],
remain underexplored, despite their potential relevance to
farming populations.

Challengesof Reusing AHD for Public Health Research
in Farming Populations

Each AHD presents unique advantages and limitations. For
example, large sample sizes and a large number of available
health events are strengths, while generalizability and the
absence of key confoundersare challenges[64,93,95,105,115].
Accessto AHDs s frequently restricted by avariety of factors,
including governance and technical barriers, such as language,
data structure, interoperability, and coding systems. Additional
challenges stem from the type of AHD (eg, insurance claims or
cancer registers), inadequate documentation (eg, absence of a
datadictionary), limited accessibility dueto costs or conditions,
and jurisdictional and legal constraints [30,62,64,81,113,115].
Identifying the optimal AHD for a given research question is
also complex, especially when considering the heterogeneity
in coding systems and country-specific data structures. In
countries such as Scandinavia, Canada, and France, individual
identifiers facilitate data linkage across multiple AHDs,
enhancing research opportunities [93,104,113,115,128,247].
However, many AHDs are not ready for research and require
significant processing, cleaning, and understanding before they
can beanalyzed [93,105,113,222,299]. Another major challenge
is the long lag between data access, analysis, and research

https://publichealth.jmir.org/2025/1/e62939

Petit & Vuillerme

publication. On average, studies used datathat were 7 yearsold
at the time of publication, largely due to delays in data access,
administrative approvals, and the need to prepare complex
datasets for analysis [223,300]. For instance, the TRACTOR
project took 2 yearsto clean and prepareits dataset for research
use [222]. These delays are compounded by the time required
to conduct statistical analyses and prepare manuscripts for
publication, aswell asreview and publication times (delay from
submission to acceptance and from acceptance to publication).
Another limitation of AHDs is the lack of detailed exposure
data. AHDs rarely include exposure information due to their
administrative focus, requiring researchers to supplement with
additional data sources, such as JEMs or self-reported data.
When exposureinformation isrecorded in AHDs, it isoftentoo
generalized, typicaly only reflecting broad job classifications,
such as farming, without specifying detailed activities or
stressors. There are some exceptions, such asM SA data, which
capture a wider range of specific farming activities (eg, dairy
farming) [222]. However, exposure to specific stressors (eg,
chemical compounds) is largely absent from AHDs.

The reference populations used in farming studies vary, which
precludes direct comparisons and limits the generalizability of
the findings. For example, AGRICAN used the genera
population as a reference [207], while TRACTOR used a
farming population [152,168]. Furthermore, studies differ in
their focus on specific farming populations, such as the entire
agricultural workforce[207], farm managers[152], or pesticide
applicators[172], which may lead to distinct exposure profiles
that influence health outcomes because these farming
populations have different socioeconomic status, experiences,
and behaviors. Hence, to avoid or lessen bias, some studies
focused on specific farming populations [152,172]. Moreover,
the scope of farming populations included in studies is often
limited, omitting subgroups, such as farm families, nearby
residents, or consumers exposed to agricultural products, which
limits the broader application of the findings. In addition,
farming practices can vary significantly between countries and
studies, and thereis no international standardized classification
for farming activities. In some cases, farming categories are
derived from legal or administrative sources, asseeninthe MSA
data [152,168,283]. This lack of standardization limits the
comparability and generalizability of findings across studies.
In addition, the generalizability of the findingsto other countries
when using AHDs may be limited because of the differences
in health care systems [93].

There are several well-known limitations of AHDs that
complicate the investigation of health outcomes [301]. Health
eventscaptured in AHDs aretypically limited to those requiring
medical attention, which may not reflect the true incidence of
diseases. In addition, the level of detail varies across diseases,
even within the same AHD [92]. Although diagnostic accuracy
is generadly higher in disease registers, these are often
geographically limited and cover only a subset of health
conditions. For example, in France, cancer registers only cover
23 (24%) out of 96 administrative regions [155]. In addition,
certain conditions, such as depression, are not covered by any
registers. Identifying health outcomes in AHDs often requires
complex agorithms that combine data from multiple sources,
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such as drug reimbursements, disease declarations, or medical
procedures  [104,105,128,152,302-304]. In  addition,
inconsistenciesin case definitions and algorithms across studies
and countries hinder the ability to compare and pool risk
estimates [104,302,304]. Some AHDs also lack critical clinical
information, such as laboratory results and genetic data
[115,128,305], and the recorded diagnosis or treatment date
may not correspond to the actual onset of the disease.
Furthermore, diagnosis codes are not always indicative of a
confirmed diagnosis.

Emerging Opportunities and Research Needs

While AHDs are well-used in certain countries, there are
underexplored opportunities in regions such as the United
Kingdom, where AHDs exist but are underused for research
[113]. For low- and middle-income countries, the development
and access to AHDs remain limited, and international support
is needed to expand this research infrastructure. As aready
reported by Habib et a [306], there is a notable lack of
sex-specific data, even though occupational exposuresand health
outcomes can vary significantly between sexes due to genetic,
physiological, psychological, and behavioral factors[307-311].
Future research should address these disparities to provide a
more comprehensive understanding of health risks in farming
communities. Although there areinherent delaysin using AHDs
dueto thetime required for data generation, consolidation, and
access, we advocate for the continued publication of studies,
even those using older data. Historical data remain vital for
better understanding long-term health patterns, particularly for
diseases such as cancer, where tumor initiation can span decades
[312,313]. Editors should encourage the publication of studies
using older datasets, especially when addressing long-term
health outcomes (eg, cancer and neurodegenerative diseases)
or when recent data are not available [312].

None of theanalyzed AHDsfully adhereto the FAIR principles,
possibly because most were devel oped before the establishment
of these principlesin 2016 [228-230]. M oreover, the assessment
of FAIR compliance of AHDs relied solely on information
presented in publications, which may not provide a
comprehensive eval uation. Nevertheless, thereisacritical need
to advocate for theintegration of FAIR principleswithin AHDs
to enhance public heath research [228-230]. Currently, the
landscapeisfavorablefor datareuse, particularly with initiatives
such asthe forthcoming European Health Data Space [314-316].
Data reuse extends beyond mere access; it encompasses data
discovery, afundamental aspect of FAIR principlesthat involves
recognizing the existence of databases [228-230]. To facilitate
this, the creation of data catalogsis essential [228]. Numerous
datarepositories, such asRe3Data[317], Zenodo [318], CANUE
[319], Figshare [320], “Epidémiologie — France” [321],
data.gouv [322], Dataverse[320], or Data Europa[320], aready
exist. In addition, specialized multidisciplinary open-accessand
peer-reviewed journals such as Scientific Data and Data in Brief
publish datasets [318]. A dataset search can aso be conducted
using the Google (Google LLC) platform [323]. However, the
documentation and access conditions for datasets can highly
vary across inventories, complicating the selection process for
researchers. The absence of indicators or scores for data
reusability further hampers efforts to identify the most suitable
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datasets for specific research questions [45,69]. To our
knowledge, no comprehensive catalog of AHDs currently exists
to date. A web-based inventory of AHDs, modeled after existing
resources, such as OccupationalCohorts.net  [324],
Occupational ExposureTools.net [325], and Toxicological and
Exposure Database Inventory [10], could greatly enhance
research endeavors. The motivation for analyzing AHDs often
stems from the data they contain. Consequently, as data
availability increases, researchers will be better positioned to
formulate research questions and engage in a parallel process
of “datagraphy” or “datagraphic search” akin to traditional
bibliographic research. The objective of datagraphy would be
to determine which datasets are best suited for addressing
specific research questions, highlighting the need for accessible
catalogs to support this goal.

Thereis also an opportunity to integrate other secondary data,
such as person-generated data (eg, mobile health, social media,
digital footprints, and wearable sensors); contextual data (eg,
climate and ar quality); and smart agriculture data
[2,83,84,326-328]. These datasets, largely untapped in farming
population research, could provide new insights into health
outcomes and environmental exposures[101].

Nationwide studies using big data were a hot spot. Al, such as
machine learning, is particularly useful for analyzing big data
and holds substantial promise for future research [329-331],
particularly for identifying predictors of health outcomes in
farming populations [332]. To date, Al has been underused,
with only 2 studies using it, 1 identifying occupational injuries
in agriculture [208] and 1 reviewing the development of chronic
kidney disease risk prediction models [209]. Incorporating Al,
along with cohort enrichment and interdisciplinary expert
interpretation, could open new avenues for research.

Many studies continue to examine agriculture as a broad
category, highlighting the need for more detailed investigations
into specific farming activities and tasks
[147,152,188,201,248,249]. Our anaysisrevealsmajor research
gapsin understanding environmental and occupationa exposures
among farming populations, particularly with regard to emerging
concerns such as per- and polyfluoroal kyl substances, biological
agents, micro- and nanoplastics, and the impact of climate
change. Climate change is a critical issue for agriculture, as it
may drive shifts in pests, diseases, and farming practices
[274,333-339]. Parental exposure appears to be a theme that
will soon become a hot topic. Furthermore, research is needed
to explore the farming exposome, particularly focusing on the
“mixture effects’ of multiple simultaneous exposures[340,341].
Omics data, which have not been used in farming population
studiesto date, represent apromising avenue for future research
because genetics and metabolism were found to be a niche
theme. Omics data refer to the large-scale datasets generated
from various omics technologies that analyze biological
molecules (eg, genomics, transcriptomics, proteomics, and
metabolomics), which provide comprehensive insights into
different biological layers and processes [11,342,343].

To enhance the characterization of farming exposome research
using keyword analysis, thereisapressing need for standardized
keyword reporting. We advocate for the development of a
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standardized approach to reporting keywords in scientific
journals, including defining a minimum set of information (eg,
study type, health outcome, population studied, data sources,
and positive, negative, or null associations) and adopting a list
of standardized terms. Although challenging, this approach
would improve literature searches, make datamore comparable
and FAIR [228-230], and lead to more efficient, frugal (less
time and energy spent to identify relevant information), and
accurate synthesis of the scientific literature, such asin reviews
and bibliometric analyses.

The prominence of topics such as cancer, neurodegenerative
diseases, mortality, injuries, and mental health issues
underscores the need for targeted prevention strategies. The
thematic map analysisindicatesthat reproductive disorders (eg,
birth defects, endometriosis, and infertility) are on the verge of
becoming a central research focus. Emerging and understudied
health conditions, including ocular disorders, autoimmune
diseases (eg, inflammatory bowel disease and rheumatoid
arthritis), sleep disorders (eg, sleep apnea), cardiovascular
diseases, and musculoskeletal conditions (eg, low-back pain),
warrant increased attention and further research. Aging-related
health issues, such as frailty, aso represent promising avenues
for future research, particularly given the growing aging
population and associated health care challenges [24].

Limitations

The findings of this review should be considered in view of
their limitations. Because of time and resource constraints, a
single screening approach was used, with only 1 author (PP)
conducting the review and bibliometric analysis. While single
screening is an efficient use of time and resources, there is a
higher risk of missing relevant studies than when using dual
screening [344,345]. However, when completed by an
experienced reviewer familiar with the research topic, the
proportion of missed studies is limited and estimated to be
around 3% [344]. Therefore, we cannot exclude the possibility
that some studies may have been missed. Nevertheless, we are
confident that none of these methodological limitations would
change the overall conclusions of thiswork. Our restriction on
articles published in English and French may haveinadvertently
excluded potentially relevant publications. We cannot exclude
the possibility that publications using AHDs for addressing
health issues in farming populations may have been missed if
there was no mention of AHD in the publications' titles and
abstracts. However, it is important to mention that our search
strategy was similar to recent reviewsthat specifically examined
the use of AHDsfor popul ation-based research [93,96,103,104].
We further broadened our search by including synonyms to
improve the comprehensiveness of our literature search. Some
detailsand specificities on the AHDs and other digital dataused
may belimited because only information reported in each study
was used. Shortcomingsinherent to bibliometric analysis cannot
be excluded. Some authors may have duplicate names, and
namesakes could exist. This limitation could not be prevented
as a unique author identifier (eg, Open Researcher and

https://publichealth.jmir.org/2025/1/e62939

Petit & Vuillerme

Contributor 1D number) was not available. Self-citation could
not be identified.

While our keyword analysis hel ped map the farming exposome
in AHD-based public health research, this profileisincompl ete
and potentially biased. Because our review focused on
AHD-based studies, we likely missed relevant epidemiol ogical
studies not using AHDSs, leaving gaps in our understanding of
the complete farming exposome across public health. In
addition, the variability in keyword reporting practices across
journals introduced bias into our keyword analysis. Some
journas limit the number of keywords, and the lack of
standardized keyword ontologies adds further variability. To
mitigate this bias, we manually harmonized the keywords (eg,
theuse of 1 uniquetermfor agiven entity). Whilethisapproach
is time-consuming, it allows for a more accurate analysis. For
instance, if this approach was not performed, the same entity
could be designated by various terms that would have been
considered separate entities or terms, potentially resulting in
underestimates (eg, in the number of publications). Despite
these challenges, the findings from our scoping review were
consistent with the keyword analysis.

Notwithstanding the af orementioned limitations, most of which
are inherent to all scoping reviews and bibliometric analyses
[93,96,103,104,158-160], we are confident that our findings
can provide acomprehensive picture of what has been published
until now (the current state of research and general directions)
regarding the use of AHDs for addressing health issues in
farming populations. This study may lay the groundwork for
researchersto quickly identify research priorities and emerging
research directions investigating health issues in farming
populations using AHDs.

Conclusions

Technol ogical advancements have greatly increased the volume
of research dataavailable, positioning AHDs ascritical resources
for population-based public health studies [41]. Our review
underscores the broad public health implications of AHDs,
providing actionable insights for researchers, physicians, and
policy makers (Textbox 3). Addressing the identified research
gaps is crucia to comprehensively understanding health risks
in farming populations.

The insights derived from AHDs can inform meaningful
recommendations for policy makers and guide future research
directions, ultimately aiding health services and health policy
development. Our findings underscore the necessity of
comprehensive, interdisciplinary approachesto better understand
and mitigate the health risks encountered by farming
populations. Such efforts will improve data comparability and
research quality while also supporting the formulation of
targeted prevention strategies. This, inturn, will enhance health
outcomesfor farming popul ations and promote the sustainability
of agriculture in an increasingly dynamic environment. The
findingsfrom thisreview offer insightsthat are not only relevant
to farming populations but also potentially generalizable to
other populations.
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Textbox 3. Take-home messages.

Farming population

Research focusing on low- and middle-income countries, aswell as on underrepresented subgroups within farming communities (eg, women, children,
and contingent workers), remains insufficiently developed. These areas warrant further investigation to ensure more comprehensive insights.

Administrative health database (AHD) use

The use of AHDs in public health research among farming populations is expanding, offering major potential to enhance epidemiological studies and
inform public health decisions. Promoting AHD-based research alongside the integration of other secondary dataand artificial intelligence approaches
represents a promising direction for future exploration. There is also a need to promote findable, accessible, interoperable, and reusable principles.
Creating an AHD catalog or inventory could be asolution that would allow researchersto conduct a* datagraphic search” akin to traditional bibliographic
research.

Farming exposure

Published studies on farming-rel ated exposures often rely on broad proxies, such asjob titles, neglecting to capture the nuances of specific agricultural
tasks. While pesticide exposure remains a predominant research focus, emerging concerns, such as per- and polyfluoroalkyl substances, biological
agents, micro or nanoplastics, and the effects of climate change, require urgent attention. The farming exposome remains underexplored despite its
potential to uncover important associations between risk factors and a diverse range of health outcomes.

Health outcomes

Cancer, respiratory diseases, neurodegenerative disorders, and mental health issues are among the most frequently studied health outcomesin farming
populations. However, significant gaps exist in understanding other critical conditions, such as cardiovascular diseases, reproductive disorders, ocular
conditions, autoimmune diseases, musculoskeletal disorders, age-related health issues, and microbiome impacts. Addressing these overlooked areas
is essential for amore complete understanding of the health risks faced by farming communities.
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Abstract

Background:  Stimulants are potent treatments for central hypersomnolence disorders or attention-deficit/hyperactivity
disorderg/attention deficit disorders but concerns have been rai sed about their potential negative consequences and their increasing
prescription rates.

Objective: We aimed to describe stimulant prescription trendsin Switzerland from 2014 to 2021. Second, we aimed to analyze
the characteristics of individuals who received stimulant prescriptions in 2021 and investigate the link between stimulant
prescriptions and hospitalization ratesin 2021, using hospitalization as a potential indicator of adverse health outcomes.

Methods: Longitudinal and cross-sectional datafrom alarge Swiss health care insurance were analyzed from all insureds older
than 6 years. The results were extrapolated to the Swiss general population. We identified prescriptions for methylphenidate,
lisdexamfetamine, modafinil, and sodium oxybate and calculated prevalences of each drug prescription over the period from
2014 to 2021. For 2021 we provide detailed information on the prescribers and eval uate the association of stimulant prescription
and the number and duration of hospitalization using logistic regression models.

Results:. We observed increasing prescription rates of all stimulants in all age groups from 2014 to 2021 (0.55% to 0.81%,
43,848 to 66,113 insureds with a prescription). In 2021, 37.1% (28,057 prescriptions) of the medications were prescribed by
psychiatrists, followed by 36.1% (n=27,323) prescribed by general practitioners and 1% (n=748) by neurologists. Only sodium
oxybate, whichishighly specific for narcolepsy treatment, was most frequently prescribed by neurologists (27.8%, 37 prescriptions).
Comorbid psychiatric disorders were common in patients receiving stimulants. Patients hospitalized in a psychiatric institution
were 5.3 times (odds ratio 5.3, 95% CI 4.63 - 6.08, P<.001) more likely to have a stimulant prescription than those without
hospitalization. There were no significant associations between stimulant prescription and the total length of inpatient stay (odds
ratio1, 95% Cl 1 - 1, P=.13).

Conclusions: The prescription of stimulant medication in Switzerland increased dightly but continuously over years, but at
lower rates compared to the estimated prevalence of central hypersomnolence disorders and attention-deficit/hyperactivity
disorders/attention deficit disorders. Most stimulants are prescribed by psychiatrists, closely followed by general practitioners.
The increased odds for hospitalization to psychiatric intitutions for stimulant receivers reflects the severity of disease and the
higher psychiatric comorbidities in these patients.

(JMIR Public Health Surveill 2025;11:€53957) doi:10.2196/53957

KEYWORDS

prescription trends; claims data; cross-sectional data; narcolepsy; prescribers; prescribing practices; medical care; stimulants;
stimulant medication
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Introduction

Stimulants such as methylphenidate, lisdexamfetamine, and
modafinil are highly potent pharmacologic treatment options
for hypersomnolence disorders, including narcolepsy or
attention-deficit/hyperactivity  disorderd/attention  deficit
disorders (ADHDS/ADDS).

ADHDS/ADDs are some of the most common diagnosed
psychiatric disorders worldwide with a prevalence of 5.3%
worldwidein the years of 1978 to 2010 among people aged 18
yearsor younger [1]. Prevalence can be different dueto varying
diagnostic methods per country. In Switzerland, a prevalence
of 5.2% was found in children aged 7 to 17 years and in adult
men a prevalence of 4% [2,3].

Prescriptions of stimulant drugs have beenincreasing at various
rates over the past decades, with methylphenidate showing an
8.2 fold increase from 1996 to 2013 [4,5]. In the United States,
amphetamine and methylphenidate increased from 5.6%1t0 6.1%
in adults aged 20 years or older between 2014 and 2019 [4,5].
In New Zealand, 1.06% of adolescents received stimulants in
2016, an increase of 41.3% from 0.75% in 2011 [6]. Denmark
observed atrend in stimulant prescriptionsrising from 0.31 per
1000 person-years in 1996 to 7.29 per 1000 person-years in
2010 [7]. In Switzerland, data on stimulant prescription rates
isscarce. A Swiss study from 2015 found alifetime prevalence
of stimulants and other substances enhancing cognitive abilities
of about 1.4% in employees and students[8]. No sufficient data
have, however, been collected in a nationwide study.

Stimulant medication is used for diseases often manifesting
during childhood or adolescence and in many cases long-term
pharmacological treatment throughout adulthood is needed.
Prescription of stimulant agents in this age group is therefore
of special interest to balance the need of medication and
potential risk by over prescription or under prescription.
Prescription of stimulantsin young age groups increased from
0.02%t0 0.26% over timein Asia, Australia, Europe, and North
Americain children and 0.003% to 1.48% in adults[9]. Among
Swissschool children between 2002 and 2005, methyl phenidate
prescription increased from 0.74% to 1.02% for children aged
5to 14 years[10].

This rapid prescription increase may indicate over prescription
or even misuse. Misuse of stimulants is common, with up to
17% prevalence in US college students according to a
meta-analysis. Misuse can lead to a range of negative
consequences such as decreased appetite, insomnia, and
increases in heart rate and blood pressure with increased
long-term cardiovascular risk and possibly lead to increased
hospitalization rates [11-13].

Properly identifying current stimulant prescription rates and
discovering the prescription patterns or circumstances of their
prescription (prescriber, package size, and comorbidities) may
help to further identify alarming prescription increases and
potential misuse in Switzerland, and the possible causes.

We therefore had 2 objectives: first, we aim to describe therate
of stimulant prescriptions in Switzerland from 2014 to 2021,
focusing on both minors and adults. We hypothesize that the
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rate of stimulant prescriptions in Switzerland, similar to
international trends, hasincreased over thelast decade, with the
highest prescription rates being recorded in 2021.

Second, we aimed at analyzing the characteristics of individuals
who received stimulant prescriptionsin 2021. Thisanalysiswill
include factors such as comorbidities, age, and prescription
details such as package size and health care providers most
frequently issuing these prescriptions. Our hypotheses are that
recipients likely mirror the characteristics of ADHDSADDs
and central hypersomnolence disorders, most are minors with
few comorbidities, and the likelihood of receiving a prescription
decreases with age. Specialists, particularly psychiatrists and
neurologists, are expected to be the primary prescribers.

Lastly, thisstudy aimsto investigate the link between stimulant
prescriptions and hospitalization rates in 2021, using
hospitalization as a potential indicator of adverse health
outcomes. Given the expected increasein stimulant prescriptions
until 2021, the hypothesis is that individuals prescribed
stimulants may have a higher risk of hospitalization, particularly
if prescription rates are on therise.

Methods

Study Design

This study isalongitudinal and cross-sectiona analysis of the
Helsanahealth careinsurance dataof around 1.5 million people
in Switzerland insured over the period of 2014 to 2021. Helsana
belongs to a group of the biggest insurance companies in
Switzerland and insures 14% of the Swiss population, with
insuredsin 26/26 cantons of Switzerland. Data describes general
information on the insured persons and &l their invoices for
health services directed to the insurance. These invoices are
representative of all health care costs of theinsureds, except for
the coststhat were not sent asinvoicesto theinsurance and paid
by the insureds themselves (ie, over the counter drug costs and
dental costs). We decided to provide more detailed descriptive
statistics for data in 2021, since it was the most recent data
available to usand presumably with the highest rate of stimulant
prescription.

I dentification of Drugs

We identified the drug invoices through their Anatomical
Therapeutic Chemical code, which classifies chemical
substances based on their therapeutical properties. The
identification was performed for the following drugs:
methylphenidate (NO6BA04), lisdexamfetamine (NO6BA12),
modafinil (NO6BAQ7), and sodium oxybate (NO7XX04) which
is a specific medication for narcolepsy treatment and used to
estimate the treatment prevalence of narcolepsy patientsin the
dataset. Pitolisant (NO7XX11) wasidentified too as a stimulant
with specific use for narcolepsy but was excluded from further
analysis, as it was only authorized for use in 2020 but had
neglectable low prescription rates. We also identified the
Swissmedic code of the medications, which is specific not only
for the chemical substance but also the producer of the
medication and package size. These drugs are only accessible
through prescription by amedical professiona and reimbursed
by the insurance company. Overlapping prescriptions of the 4
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drugs was defined as 1 prescription of one of the 4 drugs
invoiced with at least one of the other drugs once or multiple
times during the year of 2021.

Variables

The dataset consisted of all insureds aged =6 years with
information on their age, sex, region of language, and region
of residence. We categorized 5 age groups (6 - 17y, 18 - 35
y,36-65Y, 66 - 75y, and 76+ y). We divided the insureds’
residential regions into “rural,” “intermediate,” and “urban”
subgroups according to the Swiss federal office for statistics.

The insureds had various health care plans including standard
care and managed care models (eg family physician model).
These health insurance plans were identified and categorized
into standard care and managed care (ie, the combination of
telemedical care and general practitioner [GP] care).

Chronic health condition status was identified by substance
prescriptions related to chronic diseases. This was carried out
according to approaches devel oped in previous research on the
dataset [14]. We classified 22 different chronic conditions and
categorized them into psychiatric, cardiologic, rheumatologic,
respiratory comorbidities, or all other.

All invoices for hospitalization (ie, hospitals of all sizes
providing acute care and psychiatric clinics) and the length of
stay were included in our analysis.

Based on the medical prescriber who issued theinvoices, several
prescriber categorieswere defined: GP, psychiatrist, neurologist,
other specialists (combining all other prescribers, such as
nonspecific group practices, cardiologists, pulmonologists,
rheumatol ogists, etc). Only health care personnel in Switzerland
are allowed to prescribe medication. We further grouped them
into “only prescriber” of the medication when a describer
prescribed al medication exclusively for single individuals,
“>50% prescriber” meaning more than 50% of the prescriptions
for singleindividualswereinvoiced by the prescriber, and “rest”
with all other prescription proportions.

Within the prescriber categories (inpatient psychiatry, inpatient
acute, and rehabilitation, nursing) we differentiated between
inpatient (during a hospital stay) and outpatient invoices.

Statistical Analysis

For our first objective we provide descriptive statistics for
prescription trends among different age groups acrossthe years
2014 and 2021 by identifying individualsin the dataset with at
least one prescription of the predefined drugs. To obtain
representative data for Swiss population we extrapolated these
data by current residency numbers and popul ations statistics of
the Federal Statistical Office.

For our second objective we restricted the descriptive statistics
to the year 2021 and provide detailed information on age, sex,
region of residence, health insurance status, comorbidities,
prescribers, and package size. Logistic regression models were
performed to evaluate the association of at |east one stimulant
prescription versus no prescription (ie, the dependent variable
is prescription yes or no), number of hospitalization, and length
of stay, adjusted for age, sex, region of residence, health
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insurance status, and number of chronic diseases for the year
2021.

All data management, graphic generation, and analysis was
performed with the statistics program R (version 4.2.1; R
Foundation).

Data Availability

The authors were permitted access to the data by collaboration
with the insurance companies research team. The datasets
generated and analyzed during this study are available from the
corresponding author on reasonable request. Al was not used
in any way in data generation, analysis, and presentation of
results.

Ethical Considerations

According to ethical and legal regulations in Switzerland no
ethical approval or patient consent was needed for this study,
as all datacomplied with privacy regulations and personal data
protection, datawas anonymized when presented to the research
team. The Swiss Human Research Act (REQ-2017 - 00280)
did not apply to this project. The exploratory statistical analyses
of the feasibility test complied with the Swiss Federal Law on
data protection. All data were anonymized and deidentified
prior to the performed analysisto protect the privacy of patients,
physicians, and hospitals. According to the national ethical and
legal regulation, an ethical approval was not needed because
the data were pre-existing and deidentified. Since data was
anonymized, no consent of patients was required.

Results

Trend of Stimulant Prescription Per Year

Asbaselinewerefer to the prescription period in 2014. Between
baselineand 2021, on average 14% of Swisspeoplewere at any
time insured with the Helsana Group.

In the year 2014, 0.55% (42,848 insureds) of insured people of
any age received at least 1 stimulant agent (or stimulant
prescription). This number increased up to 0.8% (66,113
insureds) in the year of 2021. The largest growing percentage
of stimulus prescriptions were in the youngest age group with
an increase of prescription of 0.6 percentage points (17,972,
1.8% to 24,982, 2.4%) between 2014 and 2021 (Table 1).

Between 2014 and 2021, 32,2418 packages of methylphenidate
were the most prescribed stimulant, followed by 46,074
packages of lisdexamfetamine, 8797 packages of modafinil,
and 3115 packages of sodium oxybate. We found a prescription
increase of al identified medications in younger and middie
age groups over the years of 2014 to 2021, extrapolated by the
Swiss population. The increase in prescription was steady in
age groups aged 36 - 65 years, whereas in other age groups
prescription stagnated from 2018 to 2020, with a steep increase
from 2020 to 2021.

Methylphenidate prescription increased overall in al age groups
with asteady increasein insureds aged 36 - 65 years. All other
age groups experienced a steep increase after 2020. Only
insureds aged 66 - 75 years and 76+ years ever experienced a
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smaller prescription rate than at baseline in 2014, with a drop
to 89% (664/746) in 2017 (Figure 1).

Lisdexamfetamine prescription was low at baseline and
increased steadily in all age groups with great increase from 0
prescriptions at baseline to 39 in insureds aged 60 - 65 years.
Smaller increase in prescription was seen in age groups aged
66 - 75 yearsand 76+ years (Figure 1).

Prescription rates of modafinil—only prescribed to
few—increased the most in the youngest age group (6 - 17y).
The prescribing trend in this age group strongly fluctuated.
From its highest peak in 2019 rates decreased from around

Scharf et &

1100% (66/6) to dlightly less than 300% (15/6) prescription
compared to the baselinein 2014. In 2021, modafinil was most
frequently prescribed in age groups aged 6 - 17 years and 76+
years. All other age groups had only a moderate increase in
modafinil prescriptions over the years 2014 to 2021.

Sodium oxybate overall increased the most in insureds aged
18 - 35 years and 6 - 17 years from 100% to 175% in 2021.
Prescription ratesfor sodium oxybate only decreased overall in
insureds aged 66 - 75 years. Age groups aged 36 - 65 years
and 76+ experienced asimilar prescription trend over the years
with overall increase but declining prescription rates after 2020.

Table. Proportions of Swissinsuredswith at least 1 stimulant agent or other narcol epsy treatment prescription within age groups for each year between

2014 and 2021.

Age(years) 2014,n(%) 2015,n(%) 2016,n(%) 2017,n(%) 2018,n(%) 2019,n(%) 2020,n(%) 2021,n(%) P value(chi-
square test
for trendin
proportions)

6- 17 17,972 (1.8) 17,624(1.8) 17,702(1.8) 18,711(1.9) 20,209(2) 21,296(2.1) 21,714(2.1) 24,982(2.4) <.001

18- 35 13,145 14,103 15,159 16,755 17,874 17,969 17,998 21,599 <.001

(0.68) (0.72) 0.77) (0.85) (0.91) (0.92) (0.92) (1.10)
36-65 10,708 11,661 12,355 13,584 14,537 15,277 16,394 18,251 <.001
(0.31) (0.34) (0.35) (0.38) (0.41) (0.43) (0.45) (0.50)

66 - 75 746 (0.1) 731 (0.1) 793 (0.1) 664 (0.1) 777 (0.2) 763 (0.1) 776 (0.1) 908 (0.1) .10

76+ 277 (0) 263 (0) 271 (0) 216 (0) 274 (0) 285 (0) 333(0) 373(0.10) .05

All age 42,848 44,382 46,280 49,931 53,671 55,590 57,216 66,113 <.001

groups (0.55) (0.57) (0.59) (0.63) (0.67) (0.69) (0.70) (0.81)

Figure 1. Trends of stimulant prescription from 2014 to 2021 per age group and active ingredient (indexed, base year=2014).

Y-axis label (%)

Modafinil Natriumoxybat

300
900
250

600
200

300 150

2014 2016 2018 2020 2014 2016 2018
Lisdexamfetamin Any stimulant agent
175
3000
150
2000
125
100 L7 A o= =F
100 &=
o +—F—"F—F—F—F—1— 75
2014 2016 2018 2020 2014 2016 2018

https://publichealth.jmir.org/2025/1/€53957

RenderX

2020

Methylphenidat

140

120

Age (years) groups
\ 80 6-17

18-35

2014 2016 2018 2020 36-65

66-75

76+

All age groups

- = Population of Switzerland

2020

JMIR Public Health Surveill 2025 | vol. 11 | €53957 | p.48
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR PUBLIC HEALTH AND SURVEILLANCE

Factor s Associated With Prescription in 2021

Characteristics of Stimulant Users

Most stimulant receivers in the year of 2021 were male
representing 61% (42,803/70,396) of our population. Only
modafinil was more often prescribed to women than to men
with 55% (970/1776) female receivers. The highest proportion
of prescriptions was provided to people living in urban areas
with a proportion of 67% (46,968/70,396) of al stimulants
compared to intermediate and rural area residents. Managed
care was the preferred health care plan for patients receiving
stimulantswith 72% (50,513/70,396) receiving. A total of 45%
(798/1776) of al modafinil receivers had 3+ chronic illnesses,
55% (775/1399) of those had psychiatric comorbidities, followed

https://publichealth.jmir.org/2025/1/€53957
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by cardiological and rheumatological diseases. A total of 42%
(49/121) of sodium oxybate users had no comorbidities. Most
common chronic illnessin sodium oxybate userswas psychiatric
(43/72, 60%) or cardiologic (31/72, 43%). Additionally, half
of the methyl phenidate users had comorbidities (28,619/57,128,
50%, 28,509 had no chronic illness identified) with
psychological (14,396/28,619, 50%) and other chronic
conditions (7034/28,619, 25%) as the most common identified
chronic diseases. Similar results were found for
lisdexamfetamine users, that is, 43% (4908/11,371) users had
no comorbiditiesand psychological (3556/6463, 55%) and other
(1989/6463, 31%) comorbiditieswere the most common chronic
diseases (Table 2).
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Table. Characteristics of Swissinsureds receiving any stimulant prescription in the year 2021.

Characteristic Modafinil (n=1776) Sodium oxybate (n=121) Methylphenidate (n=57,128) Lisdexamfetamine
(n=11,371)

Sex, n (%)

Male 806 (45.4) 63 (52.1) 35,038 (61.3) 6896 (60.7)

Female 970 (54.6) 58 (48) 22,090 (38.7) 4475 (39.4)

Age (years)

Median (IQR) 45 (33-6) 38 (29-5) 22 (14-4) 26 (16-4)

Mean (SD) 46 (16) 40 (18) 27 (16) 28 (14)

Age (years, in groups), n

(%)

6-17 16 (0.9) 10(8.3) 22,948 (40.2) 3355 (29.5)

18- 35 568 (32) 47 (38.8) 18,002 (31.5) 4401 (38.7)

36 - 65 976 (55) 48(39.7) 15,157 (26.5) 3565 (31.4)

66 - 75 139 (7.8) 12 (9.9) 742 (1.3) 38(0.3)

76+ 77 (4.3) 4(3.3) 279 (0.5) 12 (0.1)

Region of residence, n (%)

Urban 1060 (59.7) 80 (66.1) 38,196 (66.9) 7632 (67.1)

Intermediate 449 (25.3) 29 (24) 11,554 (20.2) 2422 (21.3)

Rural 267 (15) 12 (9.9) 7378 (12.9) 1317 (11.6)

Health insurance status, n

(%)

Managed care 1064 (59.9) 82 (67.8) 41,178 (72.1) 8189 (72)

Standard care 712 (40.1) 39(32.2) 15,950 (27.9) 3182 (28)

Comor bidities[14], n (%)

0 377 (21.2) 49 (40.5) 28,509 (49.9) 4908 (43.2)

1 340 (19.1) 27(22.3) 12,617 (22.1) 2601 (22.9)

2 261 (14.7) 25(21.7) 6678 (11.7) 1619 (14.2)

3+ 798 (44.9) 20 (16.5) 9324 (16.3) 2243 (19.7)

Most frequent, n (%) psyd:2 775 (43.6) psyd: 43 (36) psyd: 14,396 (25.2) psyd: 3556 (31.3)

2nd most frequent, n (%) carg: 592 (33.3) card: 31 (26) ther:€ 7034 (12.3) ther: 1989 (17.5)

3rd most frequent, n (%) rhe:9 430 (24.2) rheu: 17 (14) rheu: 6588 (11.5) resp:© 1435 (12.6)

8psyd: psychiatric.

Pcard: cardiological.

Cther: other.

Yrheu: rheumatological.

€resp: respiratory.

Package Size of all modafinil pre_aacri ptions, 95.8% (115/120) of all sodium
oxybate prescriptions, 47.5% (27,124/57,093) of Al

All medication was predominantly prescribed more than once  methylphenidate prescriptions, and 59.1% (6727/11,392) of all
within ayear, with >5 packages prescribed in 40.4% (715/1768)  |isdexamfetamine prescriptions (Table 3).
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Table. Number of Swissinsureds and their stimulant prescriptions by number of packages and by prescriber (profession of the physician) in the year

2021.
Atleast 1stimu- Atleast 1 Atleast 1sodi- Atleast 1 Atleast 1 lisdex-
lant agent (total) modafinil use um oxybateuse methylphenidate amfetamin use
use
Total patients (N) 66,113 1768 120 57,093 11,392
Number of packages, n (%)
1 12,235 (17.4)  536(30.3) 0(0) 9984 (17.5) 1715 (15.1)
2 9301 (13.2) 228 (12.9) 5(4.2) 7968 (14) 1099 (9.6)
3 7435 (10.6) 113 (6.4) 0(0) 6300 (11) 1022 (9)
4 6721 (9.6) 176 (10) 0(0) 5716 (10) 829 (7.3)
25 34,681 (49.3)  715(40.4) 115 (95.8) 27,124 (475) 6727 (59.1)
Package sizes, median (IQR)?
1 _b 30 (30-90) — 30 (30-100) 30 (30-30)
2 — 90 (60-90) — 50 (30-100) 30 (30-30)
3 — 90(675-90) — 50 (30-83) 30 (30-30)
4 — 90 (90-90) — 50 (35-72) 30 (30-30)
>5 — 90 (90-90) — 45 (30-60) 30 (30-30)
Prescriber of theissued prescriptions, n (%)
General practitioner (GP) 27,323(41.3)  639(36.1) 10(8.3) 24,127 (42.3) 3529 (31)
Only 22578(82.6) 476 (74.5) 10 (100) 19,521 (80.9) 1762 (49.9)
>50 1911 (7) 63 (9.9) 0(0) 1802 (7.5) 717 (20.3)
Rest 2834 (10.4) 100 (15.6) 0(0) 2804 (11.6) 1050 (29.8)
Psychiatrist 28,057 (42.4)  336(19) 5(4.2) 23553 (41.3) 6222 (54.6)
Only 23267 (82.9)  220(65.5) 0(0) 18,167 (77.1) 3204 (51.5)
>50 2247 (8) 31(9.2) 5 (100) 2260 (9.6) 1308 (21)
Rest 2543 (9.1) 85 (25.3) 0(0) 3126 (13.3) 1710 (27.5)
Neurologist 748 (1.1) 181 (10.2) 37(30.8) 545 (1) 63 (0.6)
Only 558 (74.6) 97 (53.6) 11(29.7) 384 (70.5) 26 (41.3)
>50 99 (13.2) 31(17.1) 20 (54.1) 48 (8.9) 25(39.7)
Rest 91 (12.2) 53(29.3) 6(16.2) 113(20.7) 12 (19)
Other specialists 7962 (12) 286 (16.2) 15 (12.5) 6680 (11.7) 1300 (11.4)
Only 4599 (57.8) 176 (61.5) 10 (66.7) 3782 (56.6) 437 (33.6)
>50 955 (12) 28(9.8) 5(33.3) 801 (12) 234 (18)
Rest 2408 (30.2) 82 (28.7) 0(0) 2097 (31.4) 629 (48.4)
Inpatient psychiatry 6000 (9.1) 70 (4) 6 (5) 5027 (8.8) 1234 (10.8)
Only 3429 (57.2) 27 (38.6) 0(0) 2857 (56.8) 362 (29.3)
>50 898 (15) 11(15.7) 0(0) 756 (15) 214 (17.3)
Rest 1673 (27.9) 32 (45.7) 6 (100) 1414 (28.1) 658 (53.3)
Inpatient acute, rehabilitation, 5549 (8.4) 496 (28.1) 60 (50) 4251 (7.4) 1110 (9.7)
and nursing
Only 3312 (59.7) 284 (57.3) 11 (18.3) 2376 (55.9) 415 (37.4)
>50 756 (13.6) 47 (9.5) 32(53.3) 699 (16.4) 136 (12.3)
Rest 1481 (26.7) 165 (33.3) 17 (28.3) 1176 (27.7) 559 (50.4)

3\ edian (IQR) package size (number of units) per number of prescribed packages. Not shown for sodium oxybate, since this substance is aliquid.
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BNot applicable.

Prescribers

In 2021, psychiatrists were the most frequent prescribers with
42.4% (28,057/66,172) of al the prescribed medications.
Lisdexamfetamine (6222/11,396, 54.6%), followed by
methylphenidate with 41.3% (23,553/57,038) were mainly
prescribed by them. By contrast modafinil and sodium oxybate
were rarely prescribed by psychiatrists as 19% and 4.2%
(336/1769 and 5/120), respectively. If chosen as a prescriber,
psychiatrists are often the only source of prescription for 82.9%
(23,267/28,057) insured individual s of all medication of 2021.

The second most frequent prescribers were GPs, with asimilar
high proportion of 41.3% (27,323/66,172) of al drug
prescriptions. More specifically 42.3% (24,127/57,038)
methyl phenidate was prescribed by GPs followed by modafinil
(639/1769, 36.1%), lisdexamfetamine (3529/11,396, 31%), and
smaller proportions for sodium oxybate (10/120, 8.3%). GPs
were most often the exclusive prescribers of the medications
(22,578/27,323, 82.6%). Only 10.4% (2834/27,323) of
prescriptions by GPs shared the prescribing job with other
medical specialists.

Scharf et &

Neurologistswererarely prescribers of stimulants or narcolepsy
treatments, asonly 1.1% (748/66,172) of all prescriptionswere
invoiced by them. Only sodium oxybate was the most frequent
(37/120, 30.8%) medication prescribed by neurologists. If
chosen asthe prescriber, they are often the only source (558/748,
74.6%) from which individuals received the prescriptions in
2021 (Table 3).

Concerning invoices handed in by hospitalsor psychiatric clinics
or rehabilitation facilities, they only made up a small part of
overal stimulant invoices. An exception is sodium oxybate, of
which 45.1% (60/133) of invoices areissued by an acuteclinic,
rehabilitation clinic, or nursing home (Table 3).

Association of Stimulant Use and Outcomes

We found an association with patients receiving a stimulant or
narcolepsy treatment prescription and increased hospitalizations
in a psychiatric facility (odds ratio [OR] 5.30, 95% ClI
4.63 - 6.08, P<.001). In contrast, there was a negative
association between stimulant prescription and hospitalization
in an acute medical carefacility (OR 0.77, 95% CI 0.73 - 0.82,
P<.001). There were no significant associations between
stimulant prescription and the total length of inpatient stay (OR
1,95% Cl 1 - 1, P=.13; Table 4).

Table . Regression model of predicting the outcomes of hospitalization and length of stay in Swiss insureds, who received stimulant prescription in

the year 2021.
Characteristic QOdds ratio (95% Cl) P value
Sex
Male YA _
Female 0.89 (0.86 - 0.92) <.001
Age (years, in groups)
6-17 1.17 (1.13-1.21) <.001
18- 35 — ) —
36 - 65 0.62 (0.60 - 0.64) <.001
66 - 75 0.31(0.27 - 0.34) <.001
76+ 0.24(0.20 - 0.28) <.001
Region of residence
Urban —(—) —
Intermediate 1.09 (1.05 - 1.13) <.001
Rural 0.97 (0.94 - 1.02) 2
Health insurance status
Standard —(—) —
Managed care 0.69 (0.67 - 0.71) <.001
Number of comorbidities 1.56 (1.54 - 1.59) <.001

Total inpatient length of stay
Hospitalization acute (yes or no)

Hospitalization psychiatry (yes or no)

1(1-1) 13
0.77 (0.73 - 0.82) <.001
5.3 (4.63 - 6.08) <.001

3ot applicable.
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When only focusing on methylphenidate or lisdexamfetamine
compared to abalanced sampl e of nonstimulant users, we found
a positive association between their prescription and
hospitalization in a psychiatric facility (OR 6.85, 95% ClI
5.89 - 7.99, P<.001). No significant association was found

Scharf et &

between the prescription rate and the total inpatient length of
stay (OR 1, 95% CI 1 - 1, P=.1). Hospitalization in an acute
medical care facility was less likely (OR 0.76, 95% ClI
0.71- 0.8, P<.001) to prescribe methylphenidate or
lisdexamfetamine (Table 5).

Table. Regression models of predicting the outcomes of hospitalization and length of stay in Swiss insureds who received stimulant prescriptionsin
the year 2021. Prescriptions of methylphenidate or lisdexamfetamine are shown in the left columns, prescriptions of modafinil or sodium oxybate are

shown in the right columns.

Characteristic Methylphenidate- or lisdexamfetamine-users Modafinil- or sodium oxybate-users versus
VErsus nonusers nonusers
OR?(95% Cl) Pvalue OR?(95% Cl) Pvalue

Sex

Male — () — — () —

Female 0.9 (0.87 - 0.93) <.001 0.84 (0.72 - 0.97) .02
Age (years, in groups)

6-17 1.17 (1.13-1.21) <.001 1.17 (0.73-1.88) 5

18- 35 —) — —) —

36 - 65 0.63 (0.6 - 0.65) <.001 0.57 (0.48 - 0.68) <.001

66 - 75 0.31(0.28 - 0.36) <.001 0.25(0.19 - 0.34) <.001

76+ 0.26 (0.21 - 0.31) <.001 0.15(0.09 - 0.23) <.001
Region of residence

Urban - = — () —

Intermediate 1.11(1.07 - 1.15) <.001 0.96 (0.8 - 1.15) 7

Rural 0.95 (0.91 - 0.99) 019 1.11(0.89 - 1.38) 3
Health insurance status

Standard — () — — () —

Managed care 0.69 (0.67 - 0.71) <.001 0.58 (0.5 - 0.68) <.001
Number of comorbidities 155(1.53 - 1.57) <.001 162 (1.54-171) <.001
Total inpatient length of stay 1(1-1) 10 1(1-1) 8
Hospitalization acute (yes or no) 0.76 (0.71 - 0.8) <.001 1.23(0.96 - 1.56) .10
Hospitalization psychiatry (yes or no) 6.85 (5.89 - 7.99) <.001 2.15(1.17 - 4.23) .02

80dds ratio
PNot applicable.

When only focusing on modafinil or sodium oxybate compared
to abalanced sample of nonstimulant users, we found apositive
association between their prescription and hospitalization in a
psychiatric facility (OR of 2.15, 95% CI 1.17-4.23, P=.02). We
found no significant association between total inpatient length
of stay (OR 1, 95% CI 1 - 1, P=.80) and hospitaization in an
acutemedical carefacility (OR 1.23,95% Cl 0.96 - 1.56, P=.10;
Table 5).

Discussion

Summary

We found an increasing trend of stimulant and narcoleptic drug
prescriptions in Switzerland from 0.6% to 0.8% over the years
2014 t02021. Most stimulants are prescribed continuously with
more than 5 packages in 1 year per insured to underaged

https://publichealth.jmir.org/2025/1/€53957

individuals with no comorbidities. Psychiatrists and GPs are
often the prescribers of stimulants, much more frequently than
neurologists.

Context in Research

Compared with data on global stimulant prescription rates, our
results are notably lower, showing a smaller increase in
prescription ratesthan in the United States (5.6% - 6.1%), New
Zedand (0.75% - 1.06%), and Denmark (0.03% - 0.73%) [5-7].
Given the ADHDS/ADDs prevalence rates of 4% in adult men
and 5.3% in children in Switzerland [2,3], compared to a
worldwide prevalence of between 5% and 11.4% [1,15,16], it
is reasonable to interpret the lower Swiss prescription rates as
either an indication of underprescription or as lower stimulant
misuse rates in Switzerland [15]. Even when taking all
stimulants together, current prescription rates do not reach the
preval ence rate of ADHDs/ADDs in Switzerland. The fact that
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ADHDg/ADDsare a so treated nonpharmacol ogically isanother
argument for assuming that our result of low prescription
prevalenceislower than the disease prevalence. Unfortunately,
there are no data that quantifies the extent of drug or
nonpharmacological treatment for ADHDS/ADDs and thus
could help define the normal gap between prescription rate and
disease prevalence. Our distribution of prescription rates
corresponds to the disease distribution in different age groups,
with prescriptions and prevalence of ADHDS/ADDs being
higher in the younger age groups [17]. The distribution of
prescriptions by gender reflects the current disease prevalence
of ADHDSADDSs, as we found a dlightly lower proportion of
females than males, in line with another summary by Thapar
and Cooper [17]

Stimulants were predominantly prescribed in urban areas. A
higher population compared to rural areas, a higher density of
prescribing physicians, and a higher number of hospitals
specialized in diagnosis and treatment of these diseasesin urban
settings may account for this predominant prescription pattern.
Vice versa underprescription in rural areas could be due to
reduced access to adequate health care services.

M ethylphenidate was by far the most prescribed stimulant agent,
followed by lisdexamfetamine, a new stimulant showing
promising results for treatment of ADHDSADDs [18]. The
prescription characteristics were very similar between the two
stimulants, with lisdexamfetamine more often prescribed to
older adults than methylphenidate. This shows that
lisdexamfetamineis possibly used as a second medication after
methyl phenidate was prescribed in the young and did not give
continuous results while the patients aged.

Prescriptionswere most frequently issued by psychiatrists. Since
methylphenidate and lisdexamfetamine are standard treatment
for the psychiatric diseases ADHDs and ADDs, this prescription
pattern makes sense from a health provider perspective and is
confirmed by other findings about prescribers of stimulants
[19].

Prescription characteristics of sodium oxybate should reflect
its specificity for narcolepsy becauseit is not indicated for any
other disease. Here we find most of the prescriptionsin middle
aged groups and fewer in children and teenagers, with anearly
even distribution between women and men. This grouping does
not match with the expected narcolepsy features of young
patients with a possible second peak in the lateforties[20]. The
lack of prescription in young patients is best explained by a
missed or severely delayed diagnosis of narcolepsy, which is
in line with the recently published delayed diagnosis for
Switzerland and other European countries[21,22]. Surprisingly,
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neurologists who diagnose and treat narcolepsy, are rarely the
patients prescription source, even for highly specific and not
easy to handle medication, such as sodium oxybate. Multiple
reasons may account for this prescription practice, anong them
is the lower barrier for receiving an appointment with GPs
before prescriptions expires, compared to neurologists.

We found no significant change in the odds of at least one
stimulant prescription in patients hospitalized in an acute
hospital but a significant increase in the odds of patients
hospitalized in a psychiatric facility. This reflects the fact that
ADHDS/ADDs are often overlapping or comorbid with other
psychiatric diseases which can lead to hospitalization, such as
addiction, disruptive disorders, anxiety disorders, or bipolar
disorders [23-26], and by the severity of disease.

We assumethat our dataisrepresentative for Switzerland, since
we analyzed claims data extrapolated to the entire population
from one of the biggest insurance companies in Switzerland,
with anearly equal distribution acrossthe country. As stimulant
agents are only accessed through prescription, we were able to
register all invoicesfor the medication in questionin rea world,
therefore, our data minimize sampling bias and recall bias that
frequently influence the accuracy and reliability of retrospective
studies.

Limitations

Thisstudy isan analysis of health insurance claims data, which
does not contain any information on the clinical reason of why
amedication wasindicated. We therefore could not distinguish
between prescriptions according to current treatment guidelines
and prescriptions of pharmacological treatment for diseases
without proper diagnosis.

We identified prescribers by Zahisteller register (registered
number for medical personel alowed to bill insurance
companies) number and medi cation prescription pattern, which
may lead in some cases to misclassification, as some physicians
share Zahlsteller register numbers in group practices and GPs
go sometimes through additional training as psychiatrists or
neurologists.

Conclusion

The prescription of stimulants and sodium oxybate in
Switzerland increased dlightly but continuously over the past
years, but at lower rates compared to the estimated prevalence
of central hypersomnolence disordersand ADHDS/ADDs. Most
stimulants are prescribed by psychiatrists, closely followed by
GPs. The increased odds for hospitalization to psychiatric
institutionsfor stimulant receiversreflectsthe severity of disease
and the higher psychiatric comorbidities in these patients.
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Abstract

Background: Population size estimation (PSE) for key populations is needed to inform HIV programming and policy.

Objective: This study aimed to examine the utility of applying a recently proposed method using Google Trend (GT) internet
search data to generate PSE (Google Trends Population Size Estimate [GTPSE]) for men who have sex with men (MSM) in 54
countries in Africa, Asia, the Americas, and Europe.

Methods: We examined GT relative search volumes (representing the relative internet search frequency of specific search
terms) for “porn” and, as a comparator term, “gay porn” for the year 2020. We assumed “porn” represents “men” (denominator)
while “gay porn” represents a subset of “MSM” (numerator) in each county, resulting in a proportional size estimate for MSM.
We multiplied the proportional GTPSE values with the countries’ male adult population (15 - 49 years) to obtain absolute size
estimates. Separately, we produced subnational MSM PSE limited to countries’ (commercial) capitals. Using linear regression
analysis, we examined the effect of countries’ levels of urbanization, internet penetration, criminalization of homosexuality, and
stigma on national GTPSE results. We conducted a sensitivity analysis in a subset of countries (n=14) examining the effect of
aternative English search terms, different language search terms (Spanish, French, and Swahili), and alternative search years
(2019 and 2021).

Results:  One country was excluded from our analysis as no GT data could be obtained. Of the remaining 53 countries, all
national GTPSE values exceeded the World Health Organization’s recommended minimum PSE threshold of 1% (range
1.2% - 7.5%). For 44 out of 49 (89.8%) of the countries, GTPSE results were higher than Joint United Nations Programme on
HIV/AIDS (UNAIDS) Key Population Atlas values but largely consistent with the regional UNAIDS Globa AIDS Monitoring
results. Substantial heterogeneity across same-region countries was evident in GTPSE although smaller than those based on Key
Population Atlas data. Subnational GTPSE values were obtained in 51 out of 53 (96%) countries; all subnational GTPSE values
exceeded 1% but often did not match or exceed the corresponding countries’ national estimates. None of the covariates examined

had a substantial effect on the GTPSE values (R® values 0.01 - 0.28). Alternative (English) search termsin 12 out of 14 (85%)
countries produced GTPSE>1%. Using non-English language terms often produced markedly lower same-country GTPSE values
compared with English with 10 out of 14 (71%) countries showing national GTPSE exceeding 1%. GTPSE used search datafrom
2019 and 2021, yielding results similar to those of the reference year 2020. Dueto alack of absolute search volume data, credibility
intervals could not be computed. The validity of key assumptions, especially who (males and females) searches for porn and gay
porn, could not be assessed.

Conclusions: GTPSE for MSM provides a simple, fast, essentially cost-free method. Limitations that impact the certainty of
our estimates include a lack of validation of key assumptions and an inability to assign credibility intervals. GTPSE for MSM
may provide an additional data source, especially for estimating national-level PSE.

(JMIR Public Health Surveill 2025;11:e58630) doi:10.2196/58630

KEYWORDS

population size estimation; men who have sex with men; MSM; PSE; google trends; HIV; AIDS; programming and policy;
internet; porn; gay porn; male adult; geriatric; linear regression; homosexuality; sensitivity analysis; World Health Organization;
WHO; epidemiology
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Introduction

The Joint United Nations Programme on HIV/AIDS (UNAIDS)
estimated that in 2022, about 39 million people wereliving with
HIV worldwide[1]. HIV burdenishigher among men who have
sex with men (MSM), people who inject drugs, sex workers,
and transgender persons, which together are often described as
key populations (KP) [1]. KPs and their paying or nonpaying
sexual partners may account for 70% of new HIV infections
worldwide, with an estimated 80% of new HIV infections
outside sub-Saharan Africa (SSA) and 55% of all new infections
within SSA [1,2].

Key population size estimation (PSE) is needed to estimate the
number of individual s belonging to aKPin agiven geographical
area[3,4]. PSEs provide the denominator values to inform KP
programming and policy [5]. However, PSE is a difficult field
and its methods often lack rigor in design or implementation,
and the many methods availablereflect thelack of an acceptable
gold standard [3,6]. Challengesto PSE include lack of sampling
frames, mobility, and nondisclosure of KP-defining behaviors
[3,4]. Further, most PSE methods produce local estimates
whereas national PSE estimates are often obtained through
“expert opinion,” simple projection, or modeling and less often
through national-level empirical data such as direct survey
guestions or the network scale-up method, both used in general
population-based surveys [6,7]. Direct survey questions about
K P-defining traits experience reporting bias and require amajor
effort unless they can be added to an already planned general
population survey. The frequent lack of reliable national-level
PSE consgtitutes an even larger challenge compared with the
availability of local PSE and complicates national, regional,
and global HIV estimation work [3,8-10].

The rise of the internet facilitates web-based activities to
improve public health, including in the field of digital
epidemiology and infoveillance [11]. Recently, a new PSE
method using Google Trends (GT) internet search data was
proposed in a proof of concept paper by Card et al [12] GT is
a free cloud-based app that displays the relative frequency of
user-specified Google search terms as trends across time and
user-selected geographical areas [12-14]. Card et a [12] used
GT and Canadian census datato estimate thelocal PSE of MSM
in urban and rural locations throughout Canada. Card et al [12]
related search terms presumed to be representative of MSM
(“gay porn”) to that presumed to be representative of the general
(male) population (*porn”). By relating these 2 sets of values,
Card et a [12] estimated the relative size of MSM in these

https://publichealth.jmir.org/2025/1/€58630
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Canadian towns. To date, no other published PSE exists using
this method.

The literature on pornography consumption by sex and sexual
orientation is limited and often the MSM population is not
represented. However, amajor porn website reported that about
athird of its visitors globally in 2021 were reportedly women
[15,16]. Further, women, regardless of sexual orientation, may
also watch gay porn, possibly in substantial numbers [17].
Beyond this, we found no meaningful gray literature or
peer-reviewed articles about internet pornography consumption
in low- and middle-income countries (LMICs) or pornography
consumption by MSM in LMICs. We are also not aware of
(gray) literature about the proportion of heterosexual and
homosexual men searching Google for (gay) pornin LMICs.

We expanded the literature search to include high-income
settings. A study conducted in the United States reported that
more men than women consume pornography (92%:68%,
respectively) over the span of a year [18]. The study did not
report the type of pornography consumed or disaggregate male
respondents by sexual orientation or practice [18]. A separate
study from Norway with a sample of some 2300 male and
female participants suggested that more men than women
consume some pornography (94% of men and 68% of women)
[19]. However, only 5% (n=106) of participants identified as
gay/lesbian/bisexual, no breakdown of sexual orientation by
sex was given, and no information on the type of pornography
consumed by participants was available [19].

The aim of this study was to examine the potential utility of
using GT datato obtain MSM PSE in selected LMICs.

Methods

Preliminary Literature Search

A nonsystematic literature search was conducted to better
understand the behavior of pornography consumption of the
general population and sexual minorities, by sex, aswell asthe
relative frequencies with which these populations search for
(gay) porn in genera (via Google) or by directly accessing
specific porn sites.

Selection of Countries

We analyzed GT data for a selected set of 54 countries that
receive support from the US President’s Emergency Plan for
AIDS Rélief, the US Government’sinitiative to support global
HIV responses, for which information on MSM PSE has been
sought [2,20]. These countries are located in SSA (n=29), Asia
(n=13), the Americas (n=11), and Ukraine (Tables 1 and 2).
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Table. National men who have sex with men (M SM) population size estimation (PSE) for US President’s Emergency Plan for AIDS Relief supported
countries (n=53) using Google Trends (GT) datafor the year 2020P,

Region and country GT (number of MSM), GT, % UNAIDSSGAMYre  UNAIDSKF Atlas, %
n gional %, median
(IQR)®

East Africa® 167
Burundi 48,500 177 0.34
Ethiopia 365,000 1.28 _h
Kenya 276,000 1.99 0.24
Rwanda 51,300 154 0.15
Tanzania 243,000 1.73 0.35
Uganda 154,000 147 0.23

Southern Africa 167
Angola 106,000 1.44 —
Botswana 13,000 212 0.43
Eswatini 4500 157 1.38
Lesotho 10,000 171 1.05
Malawi 52,500 1.16 0.94
Mozambique 134,000 187 0.22
Namibia 16,500 2.60 —
South Africa 393,000 2.46 194
Zambia 51,800 1.18 0.15
Zimbabwe 53,000 1.64 0.71

West Central Africa 1.28 (IQR0.45 - 1.50)
Benin 34,000 1.18 0.20
Burkina Faso 88,000 1.80 0.07
Cameroon 148,000 2.29 0.11
Coted'Ivoire 166,000 2.68 0.90
DRC 33,000 1.66 0.98
Ghana 112,000 1.40 0.69
Liberia 22,600 1.83 6.04
Mali 70,500 155 0.09
Nigeria 614,000 1.26 0.49
Senegal 73,600 1.94 1.38
SierraLeone 27,000 1.36 0.16
Togo 53,100 2.65 0.30

Asidk 1.63(IQR0.26 - 3.10)
Burma 664,000 4.53 172
Cambodia 258,000 5.67 1.93
India 6,460,000 1.18 0.06
Indonesia 1,180,000 1.61 1.03
Kazakhstan 137,000 2.99 1.35
Kyrgyz Rep. 53,000 3.10 0.99
Lao PDR 53,000 273 2.96
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Region and country GT (number of MSM), GT, % UNAIDSSGAMYre  UNAIDSKF Atlas, %
n gional %, median
(IQR)®
Nepal 83,000 119 0.86
PNG 31,000 1.30 1.58
Tajikistan 52,000 214 0
Thailand 215,000 125 3.08
Philippines 1,260,000 4.27 2.33
Viet Nam 1,953,000 7.46 0.98
Europe
Ukraine 366,000 348 211(IQR1.75-249) 171
Caribbean’ 271
Dominican Rep. 124,000 4.26 4.90
Guyana 8200 3.60 145
Haiti 108,000 3.60 1.03
Jamaica 24,000 291 5.15
Trinidad and Tobago 11,000 3.04 —
Central and South America™ 3.37
Brazil 2,960,000 5.18 3.50
El Salvador 85,000 5.20 331
Guatemala 245,000 5.09 242
Honduras 147,000 5.32 1.48
Nicaragua 114,000 6.32 1.97
Panama 81,000 7.23 2.65

#These estimates are for descriptive purposes only, to examine issues related to the potential utility of the method proposed by Card et al [12]. They
represent the MSM population national population size estimates (percentage of MSM) for the year 2020. The percentage of MSM was calculated by
taking the average relative search volume score produced by Google Trends for “gay porn” and dividing it by the average relative search volume score
produced by Google Trends for “porn.” MSM population size estimate (number of MSM) was calculated by taking the percentage of MSM population
sizeestimate and dividing it by thetotal male population (ages 15 - 49 years). Key populations (KPs) Atlas percentage of MSM popul ation size estimate
was calculated by dividing the absolute MSM population size estimate taken from the United Nations Programme on HIV/AIDS (UNAIDS) KPs Atlas
dashboard by the total adult male population (ages 15 - 49 years), and then multiplying by 100. The absolute value difference was calculated by
subtracting the GT absolute MSM popul ation size estimate value from the KPs Atlas M SM population size estimate absolute value. All absolute values
under 10,000 are rounded to the nearest 100. All other absolute values are rounded to the nearest 1000. UNAIDS Globa AIDS Monitoring system
(GAM) valuesareregional valuestranscribed from the UNAIDS open-source Spectrum 6 guide. The countries used to create these regions and respective
values may not bein full alignment with the countriesincluded in the population size estimate analysis, therefore direct 1:1 comparisons should not be
made. Max:Min ratio: The ratio based on the largest and smallest PSE % value in each region.

b Absolute values are not provided as Google Trends does not provide absol ute search frequency values.

CUNAIDS: United Nations Programme on HIV/AIDS.

dGAM: Globa AIDS Monitoring system.

€IQR values were included for available regions. Regions without an | QR listed did not have one available.

'KP: key population.

IMax:Min ratio: 1.6 (GT) and 2.3 (UNAIDSKP).

PNot available (data missing for the country).

'Max:Min ratio: 2.2 (GT) and 12.9 (UNAIDS KP).

IMax:Min ratio: 2.3 (GT) and 86.3 (UNAIDS KP).

KMax:Min ratio: 6.3 (GT) and 51.3 (UNAIDS KP).

IMax:Min ratio: 1.5 (GT) and 5 (UNAIDSKP).

MMax:Min ratio: 1.2 (GT) and 2.4 (UNAIDS KP).
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Table . Regiona median Google Trends Population Size Estimate, United Nations Programme on HIV/AIDS (UNAIDS) Globa AIDS Monitoring
system (GAM), and key populations (KP) Atlas for men who have sex with men (MSM) populations for the year 2020.2

Region Median regional percentage MSM population size estimation®
GTS % UNAIDS GAM, % UNAIDS KP Atlas, %

Eastern Africa 1.64 1.67 0.24

Southern Africa 1.68 1.67 0.83

West Central Africa 173 1.28 0.40

Asia 2.86 1.63 _d

Europe 2.86 211 1.47

Caribbean 3.60 2.71 3.17

Central & South America 5.26 3.37 254

8Absol ute val ues are not provided as Google Trends does not provide absol ute search frequency values.

bGoogle Trends (GT) and KP Atlas regiona estimates only include estimates from included countries with available data (Table 1). UNAIDS GAM
data separate regions differently and include countriesthat vary from our GT or the KP Atlasregiona data: UNAIDS GAM includes eastern and southern
Africain 1 estimate and separates Asiaand Europeinto 2 estimates (1.63% for Asiaand the Pacific, 2.11% for Eastern Europe and Central Asia). Region

names were not adjusted in the above table to align with GAM data.
°GT: Google Trends.
INot available.

Ethical Consider ations

No ethics or review board approval or informed consent was
obtained or applicablefor thiswork. All dataused in this paper
are anonymous, aggregate, and publicly available and sourced.

GT-Based Population Size Estimation

GT provides results based on exact search terms, unlike the
“topical” search results that Google’s main search engine
provides. GT does not provide absolute search frequency values,
instead, GT offers relative search volume (RSV) values across
time (eg, 52 wk) in a specified space (eg, Kenya), ie, it
normalizes search frequencies for specific search terms (eg,
porn) to arange from O to 100, where a search term’s maximum
frequency (for the specified geographic area and during the
specified time frame) is set at 100 and O reflects no search for
that term [11,13,14]. Importantly, GT allows users to add
“comparator” terms (eg, gay porn) next to the main term (eg,
porn); the RSV valuesfor such comparator terms are normalized
against the main term’s RSV values [13,21]. For the purpose
of PSE calculation, themainterm “porn” may represent all men
whereas the comparator term “gay porn” may be viewed as a
subset of men who represent the subpopulation of gay men or
MSM. To generate an MSM PSE from the RSV values we
divide the comparator RSV value (gay porn) by the larger
same-time, same-place RSV value (porn).

National Size Estimates

PSE data collection was carried out through GT’s application
[13]. We applied this anal ytic approach for the year 2020 using
“porn” and “gay porn” asthe main and comparator search terms
for each of the 54 countries. Thetime period for data collection
was set as the year 2020, the most recent year for which we
could obtain all necessary data for this analysis. Weekly RSV
values for “porn” and “gay porn” for the year 2020 were
exported, summed, and proportional size estimates obtained.
For example, for Botswana, the average of the weekly RSV

https://publichealth.jmir.org/2025/1/€58630

valuesfor “porn” was 78.3, the corresponding average for “ gay
porn” was 1.66 and the proportiona PSE was therefore
caculated as 1.66/78.3=2.1%. This was repeated for all
countries. We then calculated the absolute Google Trends
Population Size Estimate (GTPSE) by multiplying the
proportional GTPSE by the total male population aged 15 - 49
years in each country, the most used age range for KPs. The
sizes for countries’ 15 - 49 year-old male general population
in 2020 were obtained through Spectrum (version 6.1, Avenir
Health).

L ocal Size Estimates

GT data can berestricted to subnational areas. Separately from
national estimates, for each country, we al so attempted to obtain
local GTPSE for the political (or, if different, commercial)
capital city. Where data were unavailable for the political or
commercia capital city, we used data from the district that
contained the capital city. The calculation to obtain relative
GTPSE was then the same as for the national level. We did not
produce absolute subnational GTPSE.

Consistency of GTPSE Results With
WHO-Recommended Minimum Estimate

We assessed whether the GTPSE results met the World Health
Organization (WHO) and UNAIDS recommendation that
national MSM PSE should represent at least 1% of the general
adult male population [22,23].

Compar ability

We compared the country-level GTPSE against 2 reference data
sources used by UNAIDS: the KP Atlas database and the Global
AIDS Monitoring system (GAM) [22,24,25]. The KP Atlas
database stores countries’ self-reported absolute MSM size
estimates using a wide range of PSE methods, often projected
up to national scale from local estimates, with primary data
collected over different periods of time. Proportional KP Atlas
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PSE valueswere computed by dividing the absolute MSM PSE
values from the KP Atlas over the male general population
(15 - 49 years). UNAIDS GAM isaglobal data warehousing
system that informs policy and facilitates monitoring, including
KP size estimates. Using GAM data, UNAIDS curated atable
with regional relative MSM PSE (median and IQR) deemed
reasonable.

Covariates Potentially Affecting GTPSE

Overview

We examined the potential effect of select covariates on the
relative GTPSE values by performing regression analysis for
each covariate. The country-specific covariates we examined
included internet penetration, urbanization, stigma, and
criminalization of homosexuality. The covariate data are
provided in Table S1 in Multimedia Appendix 1; these data
were not used to adjust GTPSE values.

I nternet Penetration and Urbanization

Internet penetration data were extracted from the World
Development Indicators database through the World Bank and
the Internet World Statistics database, indicating the percentage
of each country’s total population with access to the internet.
Urbanization data were obtained from the World Devel opment
Indicators database through the World Bank, indicating the
percent of thetotal population in each country considered urban
[26,27].

Stigma

Country-level stigma values were extracted from the Global
Acceptance Index [28]. This index was developed using
computer modeling informed by responses to questions that
measure attitudes toward leshian, gay, bisexual, transgender,
or intersex people from 11 different global surveysto create a
stigma score in 175 countries toward leshian, gay, bisexual,
transgender, or intersex persons. The system scores countries
on ascae of 1to 10; higher scoresindicate less stigma[28].
Criminalization

The State-Sponsored Homophobia International Lesbian, Gay,
Bisexual, Trans, and Intersex Association report was used to
evaluate the effects of criminalization of homosexual orientation
or behavior on GTPSE [28]. The report classifies countries
based on their level of legal protection or criminalization of
sexual orientation and same-sex sexual acts. These
classifications, ranging from most severe to most protected,
include the death penalty, up to lifelong imprisonment, up to 8
yearsimprisonment, defacto criminalization, no criminalization
or lega protections, limited protections, employment
protections, broad protections, and constitutional protections.
We converted these classifications into a quantitative ranking
ranging from +4 to —4. The most severe classification (death
penalty) was assighed the rank value“+4” and descended to the
least severe/most protective classification (constitutional
protection) with arank value “-4."

Sensitivity Analysis
Using a subset (n=14) of the 53 countries we performed 3
sensitivity analyses at the national level. The 14 countrieswere
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randomly selected among countries with prominent languages
being French, Spanish, or Swahili. Thefirst sensitivity analysis
probed the effect of select non-English search languages. The
14 countries comprised 4 using Swahili (Kenya, Tanzania,
Uganda, Democratic Republic of Congo [DRC]), 5 using French
(Cote d'lvoire, Senegal, Cameroon, Mali, Haiti), and 5 using
Spanish (Dominican Republic, Panama, El Salvador, Nicaragua,
Honduras) as their national/dominant language. We generated
GTPSE using search termsin Swahili (“ngono” and “ngono za
mashoga’), French (“porno” and “porno gay”), and Spanish
(“porno” and “porno gay”) and compared them to the original
relative GTPSE values. Using the same 14 countries, the second
sensitivity analysis probed the effect of different search terms
in Englishon GTPSE, that is, “sex,” "gay sex” aswell as*“sex,”’
"anal sex” and compared them to the original GTPSE (pornand
gay porn). The third sensitivity analysis probed the effect of
using different calendar years, ie, (2019 [pre-COVID] and 2021)
and compared them to the original 2020 GTPSE values, using
the original English language search terms.

Results

GTPSE and Compar ability

Of the 54 countries examined, 1 (South Sudan), was omitted
for lack of RSV values. All remaining 53 countries had GTPSE
exceeding 1% (Table 1), similar to GAM values (all exceeding
1% as well) and compared with KP Atlas values where 24 out
of 53 (45%) countries showed val ues above 1%. GTPSE ranged
from 1.16% to 7.46% (median 1.99%, IQR 1.54% - 3.48%),
compared with 0.06% to 6.04% (median 0.99%, IQR
0.34 - 1.93%) in the KP Atlas, and 1.38% to 2.82% in GAM
regions. In 48 out of 53 (91%) countries, relative GTPSE
exceeded estimates in the KP Atlas values, KP Atlas values
were larger in 5 countries (DRC, Liberia, Lao People's
Democratic Republic [PDR], Thailand, and Jamaica). Absolute
differences between GTPSE and KP Atlasranged from —312,900
(Thailand) to 6,221,800 (India). Table 2 displays regional
median GTPSE, ranging from 1.64% (East Africa) to 5.26%
(Central/South America), larger in al regions than the
corresponding KP Atlas values and largely similar to GAM
valuesin most regions. Table 1 also displaysthe ratios between
the largest and smallest country-level %PSE for each region,
separately for GT and KP Atlas values. While substantial
variability isseenin al regions and for both data sources (GT
and KP Atlas), in al regions the observed heterogeneity was
consistently higher for KP Atlas values compared with GT
values.

Local GTPSE pertaining to political or commercial capitals or
the larger sub-national areas encompassing these are displayed
in Table 3. We could obtain local estimates for 51 out of 53
(96%) countries’ capital cities; GT did not provide data for
Nairobi (Kenya) and Kathmandu (Nepal). Among the 51 cities
with estimates, the GTPSE ranged from 0% to 13% (median
2.2%); most cities' estimates (44/51, 86%) exceeded 1%. Five
cities yielded noncredible GTPSE values of 0%, including
Bujumbura (Burundi), Dodoma (encompassing Dar es Salaam,
Tanzania), Ouagadougou (Burkina Faso), Monrovia (Liberia),
and Vientiane (Laos PDR). Of the 44 subnational GTPSE with
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values >1%, 18 (41%) were below the same-country national GTPSE.
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Table. Reported local men who have sex with men (MSM) Google Trends Population Size Estimate (GTPSE) (n=53) in the year 2020.2

Region and country Local are? Relative national Relative local GTPSE, Absolute percentage
GTPSE, % % difference national and
local GTPSE, %
East Africa
Burundi Bujumbura 177 0 -1.77
Ethiopia Addis Ababa 1.28 1.30 0.02
Kenya Nairobi 1.99 _c —
Rwanda Kigali 154 1.70 0.16
Tanzania Dodoma 1.73 0 -173
Uganda Kampala 147 1.60 0.13

Southern Africa

Angola Luanda 1.44 2.04 0.60
Botswana Gaborone 212 0 -212
Eswatini Mbabane 157 148 -0.09
Lesotho Maseru 171 101 -0.70
Malawi Lilongwe 1.16 224 1.08
Mozambique Maputo 187 204 0.17
Namibia Windhoek 2.60 253 -0.07
South Africa Johannesburg (Gaut- 246 0.99 -1.47
eng)
Zambia Lusaka 1.18 1.56 0.38
Zimbabwe Harare 164 1.56 -0.08
West Central Africa
Benin Littoral (Cotonou) 1.18 411 2.93
Burkina Faso Centre (Ouagadougou) 1.80 0 -1.80
Cameroon Littoral (Douala) 2.29 247 0.18
Cote d'lvoire Abidjan 2.68 101 -1.67
DRC Kinshasa 1.66 204 0.38
Ghana Accra 1.40 142 0.02
Liberia Monrovia 183 0 -1.83
Mali Bamako 1.55 293 1.38
Nigeria Abuja(Federal Capital 1.26 1.44 0.18
Terriorty)
Senegal Dakar 1.94 2.85 0.91
SierralLeone Freetown 1.36 101 -0.35
Togo Lome 2.65 2.04 -0.61
Asia
Burma Yangon (Yangon Re-  4.53 4.79 0.26
gion)
Cambodia Phnom Penh 5.67 5.43 -0.24
India New Delhi (Uttar 1.18 115 -0.03
Pradesh)
Indonesia Jakarta 161 2.20 0.59
Kazakhstan Almaty (Almaty Re-  2.99 5.52 253
gion)
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Relative national

Region and country Local ared Relative local GTPSE, ~ Absolute percentage
GTPSE, % % difference national and
local GTPSE, %
Kyrgyz Rep. Bishkek 3.10 3.09 -0.01
Lao PDR Vientiane 273 0 -2.73
Nepal Katmandu/Kantipur 1.19 — —
PNG Port Moresby 1.30 101 -0.29
Tajikistan Dushanbe 214 101 -1.13
Thailand Bangkok 125 3.24 1.99
Philippines Manila 4.27 551 124
Viet Nam Hanoi 7.46 4.56 -2.90
Europe
Ukraine Kyiv 348 414 0.66
Caribbean
Dominican Rep. Santo Domingo 4.26 3.99 -0.27
Guyana Georgetown 3.60 3.09 -0.51
Haiti Port-au-Prince 3.60 3.09 -0.51
Jamaica Kingston (St. Andrew  2.91 3.38 0.47
Parish)
Trinidad and Tobago ~ Port of Spain 3.04 13 9.96
Central and South America
Brazil Séo Paulo (Stateof Sdo0  5.18 592 0.74
Paulo)
El Salvador San Salvador 5.20 5.73 0.53
Guatemala Guatemala City 5.09 491 -0.18
(Guatemala Depart-
ment)
Honduras Tegucigalpa (Co- 5.32 8.13 281
mayagua)
Nicaragua Managua 6.32 531 -1.01
Panama Panama City 7.23 7.44 0.21

8Absol ute val ues are not provided as Google Trends does not provide absol ute search frequency values.

BLocal MSM GTPSE for 53 countries for the year 2020 was calculated by restricting the geographic entity to the desired capital city or commercial
hub. Where Google Trends (GT) did not provide data for a given city, we substituted the place name with the largest city by population or by district
that had data available in GT. Thisis noted by listing what was available in GT in parenthesis next to the capital city. Kenya and Nepal were excluded
from this analysis due to insufficient regional data availablein GT.

®Not available (data missing for that country).

criminalization. Coefficients ranged from 0.01 (criminalization)

Effect of Covariates to 0.28 (internet penetration).

Figure 1A-D displays the correlations between national-level
GTPSE and urbanization, internet penetration, stigma, and
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Figure 1. The linear relationship between the Google Trends national population size estimates and the rate of urbanization in each country (n=53).
(A) Thelinear relationship between the Google Trends national population size estimates and the rate of urbanization in each country (n=53). (B) The
linear relationship between the Google Trends national population size estimates and the rate of internet penetration in each country (n=53). (C) The
linear relationship between the Google Trends national population size estimates and the level of stigma against LGBTQ+ persons in each country
(n=53). (D) The linear relationship between the Google Trends national population size estimates and the degree of criminalization against men who
have sex with men population in each country (n=53). LGBTQ+: lesbian, gay, bisexual, transgender, queer, and other identities; MSM: men who have

sex with men; GTPSE: Google Trends Population Size Estimate.
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Table 4 displays how the GTPSE generated from the alternative
search terms compares to the original search term GTPSE. In
most countries “Porn/Gay Porn” produced higher PSE values
compared with “ sex/anal sex” (13/14, 93%) aswell ascompared
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with “sex/gay sex” (12/14, 86%). For “sex/gay sex,” al 14
countries produced estimates exceeding 1%. For “ sex/anal sex”,
3out of 14 (21%) countries did not produce estimates reaching
the 1% threshold, including Mali for which zero search results
were reported for “anal sex.”
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Table . Sensitivity analysis using alternative search terms in Google Trends to calculate national population size estimations (PSEs) for select US
President’s Emergency Plan for AIDS Relief countries (n=53) in 2020.2

Original GTPSE? SA alternate search term GTPSE®
Porn/gay porn PSE Sex/gay sex PSE Absolute percentage  Sex/ana sex PSE Absol ute percentage
difference difference
Country, %
Kenya 1.99 137 0.62 1.37 0.62
Tanzania 1.73 1.46 0.27 3.54 -1.81
Uganda 1.47 1.38 0.09 1.26 0.21
DRC 1.66 155 011 115 0.51
Cameroon 2.29 1.28 101 0.90 1.39
Mali 155 1.65 -0.10 0 155
Coted'Ivoire 2.68 1.90 0.78 174 0.94
Senegal 194 1.50 0.44 0.88 1.06
Haiti 3.60 2.60 1 2.83 0.77
Dominican Rep. 4.26 3.36 0.90 1.83 243
Panama 7.23 5.17 2.06 371 3.52
El Salvador 5.20 534 -0.14 4.19 101
Nicaragua 6.32 7.10 -0.78 4.82 1.50
Honduras 532 4.85 0.47 2.96 2.36
Median (IQR) 2.49 (1.78-4.97) 1.78 (1.47-4.48) 0.45 (0.10-0.87) 1.79 (1.18-3.40) 1.03 (0.66-1.54)

8Absolute values are not provided as Google Trends does not provide absol ute search frequency values.

bGTPSE: Google Trends Population Size Estimate.

CAlternative search terms were chosen based on words that represented the general male population and men who have sex with men subset population
in each country (n=53) in the year 2020.

Table 5 shows how GTPSE was generated using alternative yielded estimates, al exceeding 1%. All aternative language
language terms compared with the original GT search terms.  estimates were lower than the original “porn/gay porn” PSE
For Swahili, only 1 country yielded a PSE in that language. All  values.

countries using French (n=5), or Spanish (n=5) search terms
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Table. Sensitivity analysis using aternate national language searches in Google Trends to calculate national population size estimation for select US
President’s Emergency Plan for AIDS Relief countries (n=14) in 2020.2

Language and country Original GTPSE? (English), Alternate language term Absolute percentage differ-
% GTPSE, %° ence, %
Swahili
Kenya 1.99 0 1.99
Tanzania 173 0.52 121
Uganda 1.47 0 147
DRC 1.66 0 1.66
French
Cameroon 2.29 1.36 0.93
Mali 155 1.07 0.48
Coted'Ivoire 2.68 135 133
Senegal 194 1.28 0.66
Haiti 3.60 223 137
Spanish
Dominican Rep. 4.26 2.56 1.70
Panama 7.23 514 2.09
El Salvador 5.20 4.36 0.84
Nicaragua 6.32 413 219
Honduras 532 4.07 125

8Absolute values are not provided as Google Trends does not provide absol ute search frequency values.

bGTPSE: Google Trends Population Size Estimate.

CAlternative language search terms included “ngono/ngono za mashoga’ (Swahili), “ porno/porno gay” (French), “porno/porno gay” (Spanish).

Table 6 displays how GTPSE generated for aternative years observed; 13 out of 14 in 2019 values were larger than the 2020
(2019 and 2021) compared with the original 2020 GT searches.  valueswhereasthe 2021 valueswerelargely similar to the 2020

All 14 countries in both years produced estimates exceeding values.
1%. No large discrepancies in PSE between the years were
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Table . Sensitivity analysis for men who have sex with men population size estimates for select US President’s Emergency Plan for AIDS Relief
supported countries (n=14) using Google Trends data in years 2019 and 2021 compared with the year 2020.% b

2019 PSES, % 2020 PSE, % 2021 PSE, %
Kenya 2.37 1.99 1.99
Tanzania 1.96 173 1.85
Uganda 1.73 147 1.69
DRC 1.95 1.66 1.60
Cameroon 2.70 2.29 2.25
Mali 2.30 1.55 217
Coted'Ivoire 252 2.68 223
Senegal 2.54 1.94 1.90
Haiti 4.33 3.60 292
Dominican Republic 491 4.26 434
Panama 9.36 7.23 6.74
El Salvador 6.19 5.20 4.77
Nicaragua 7.31 6.32 4.93
Honduras 6.79 5.32 551

82019 and 2021 values were computed in the same way as the reference 2020 estimates.
bAbsolute values are not provided as Google Trends does not provide absol ute search frequency values.

®PSE: population size estimation.

Discussion

Principal Findings

Our analysis suggests that national-level MSM GTPSE is
feasible in almost al countries. Importantly, all estimates
appeared plausible, that is, they exceeded the WHO/UNAIDS
suggested minimum threshold of 1%. Heterogeneity of GTPSE
across same-region countrieswas pronounced within all regions
yet smaller than the ratios based on the UNAIDS KP Atlas
values which contained numerous PSE values well below the
1% threshold.

Our analysisdrawson several strengths. We successfully applied
the GTPSE method to many low and middle-income countries,
suggesting that GTPSE appears to have wide geographic
applicability. We compared the values against 2 PSE data
sources at UNAIDS, assessed the potential effect of various
covariates on GTPSE values, and conducted a sensitivity
analysiswith varying English search terms, non-English search
languages, and different calendar years. Googleisthe dominant
search engine in all countries covered in this anaysis, with a
market share ranging between 84% and 99% (data shown in
Table S1in MultimediaAppendix 1) [27]. Although no absolute
search volume data were available to us, searches for “porn”
globally were among the top 20 search termsin 2023 with about
65 million searches globally each month according to one source
[29] dthough this is still well behind the largest porn
site-specific searches. GTPSE may emerge as another example
of digital public health and epidemiology that includesreal-time
surveillance of disease outbreaks [30], assessing the impact of
global public health days [31], informing health and health

https://publichealth.jmir.org/2025/1/€58630

policy research [32], or understanding spatiotemporal patterns
of dry eye disease [33].

While most local estimates were plausible (>1%), 14% (n=7)
did not reach the WHO/UNAIDS minimum threshold, and 2
more locationsdid not produce a GTPSE valueat all dueto lack
of GT dataand how GT organized the subnational data despite
some of the affected cities’ large population sizes. Thisis not
an uncommon finding, as other PSE methods in active use
typically do not meet the WHO/UNAIDs minimum threshold.
For a few other country or commercial capital cities with no
direct GT data available, such as Johannesburg (South Africa),
we could obtain a subnational estimate using the larger district
or province within which the city (eg, Johannesburg and
Pretoria) arelocated. Thismay limit the utility and comparability
of such local estimates. About one-third of the local (relative)
estimates did not reach or exceed the same country national
level estimates, somewhat contrary to our expectation that
rural-to-urban migration among MSM may be more pronounced
than that of other men and so yielding higher GTPSE values
[9]. In Card et d’s[12] study on Canadian towns and citiesthe
estimates ranged from 2% to 4% compared with 0% to 13%
among the local estimates, whereas the Canadian national
estimate was 2.8% compared with 1.2% - 7.5% across all
countrieswe examined. While not alimitation, it isworth noting
that weekly RSV data varied widely (data not shown),
confirming the recommendation to use GT data for size
estimation only over longer time periods, such asafull calendar
year.

Limitations

Like most PSE methods, GTPSE has limitations. In particular,
the assumptions underlying the GTPSE method deserve close
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scrutiny: straight men only search for porn, MSM only search
for gay porn, MSM and straight men search for (gay) pornin
equal proportions, and women do not search for (gay) porn at
all or do not affect the generated GTPSE for MSM. Violations
of these assumptions will result in bias if they affect RSV for
porn and gay porn to differing extents, hence altering the
proportion of porn searchesthat are directed at gay porn. While
the literature from LMIC settings on this topic is very sparse,
reports and literature from high-income settings suggest that
gay porn is also consumed by heterosexual men and women,
suggesting that some bias may be present. Complicating
speculations about the magnitude and direction of biasis the
fact that specific porn websites user statistics may not
accurately reflect searchesfor (gay) porn on Google. Women's
search behavior on Google regarding gay porn may increase or
decrease the GTPSE estimates depending on the frequency
relative to searches for just porn.

Regrettably, Google does not provide access to its algorithm
generating the RSV data nor can users filter GT searches by
age or gender. Aninherent limitation in using GT dataincludes
the lack of deduplication in the search data (although repeated
searches by the same user within a short time period are not
counted multiple times by Google) and the lack of absolute
search volume data. Not having access to the absolute search
volume data impedes the computation of uncertainty intervals
(which in most national settings may be expected to be small
due to the large search volumes involved). However, absolute
search volume information may eventually be made available
by Google and is aready offered to some extent by select
third-party companies. Absolute search volume data may also
inform the choice of search language and even search termsand
may facilitate composite GTPSE metrics by incorporating
multiple GTPSE metrics stemming from different language
search terms. Restricting GTPSE-relevant data to male users
may further refine GTPSE values by excluding female users, a
limitation our analysis could not overcome. VPN (virtua private
network) also hasthe potential to introduce errorsif users select
a country other than their place of residence. The adoption of
VPN may vary considerably across time and by country, and,
among US President’s Emergency Plan for AIDS Relief
countries. According to oneindustry websitein 2020, VPN was
highest in Ukraine (7.9%) and lowest in Kenya (0.5%) [34].
Taken together, these limitations constitute a major source of
uncertainty about the bias and precision of GTPSE. For that
reason, GPT SE should be regarded as an approximate reference
value. Clearly, they do not attain the rigor or transparency of
statistically principled estimation from accurately measured
data, which the currently best available PSE methods do offer.
Additionally, GTPSE may not be feasible for a few countries,
perhaps due to poor or little data availability on search terms
and frequencies.

GTPSE seemsinfeasiblefor size estimation among transgender
persons, sex workers, or people who inject drugs. Unlike (gay)
porn, where the search is about a web-based product (visual
depictions of porn), searches for sex work or clients,
transgenderism, or injecting drug use are not directly tied to the
internet, and may exhibit a more variable search terminology,
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and may lack fitting “ denominator” search terms (anal ogous to
“porn™).

Overall, the GTPSEs often were substantially higher than the
KP Atlas estimates but were more closely aligned with the
reported GAM regional estimates. The KP Atlas estimates are
based on a broad range of PSE methods typically generating
local PSE that may or may not be projected to national scale,
or summed or averaged across multiplelocalities, and may refer
to various time points (calendar years) and various age ranges.
Many KP Atlas based MSM PSE wereimplausibly low (<1%),
suggesting that substantial differencesto GTPSE may often be
due to KP Atlas underestimates. The regional GAM estimates
are based on a more curated database of PSE after excluding
estimates with subpar quality and hence of perhaps more
trustworthy quality [22]. However, GAM regionsdo not exactly
overlap with the regions we used for GTPSE and the KP Atlas
estimates.

The national MSM GTPSE values were robust against varying
levels of urbanization, internet penetration, stigma, and
criminalization or protection of homosexuality, negating the
need for adjustment and increasing comparability across
different settings. The largest influence was seen with internet
penetration which can be expected to increase over time. In the
sengitivity analysis, thelargest differencesto the original GTPSE
valueswere seen using aternate English language search terms.
Among the 14 examined countries, almost half (43%) of the
alternate estimates were below 1% and hence considered
implausibly low. This indicates that search term selection is
important, especially for comparison across time and space.
Further exploration may be warranted to evaluate if country or
region-specific English or non-English slang termsmay produce
plausible estimates; however, the limited sensitivity analysis
suggests that “Porn/Gay Porn” may be dependable and
consistently produces plausible values. The use of similar search
termsin French, Spanish, and Swahili yielded universally lower
results, Swahili, not a nationally dominant language in most
countries, appears particularly unsuitable as it frequently
produced 0% PSE values. As most countries display prominent
non-English language use, countries may want to consider using
the predominant language (used for web searches) when
applying this method while considering any language's
geographic scope in-country. The results also appeared robust
across time (two years affected by the COVID pandemic plus
1-year pre-COVID) asthe 2 adjacent years produced plausible
and (same country) consistent results. The lack of uncertainty
intervals however impeded a more meaningful interpretation
of the results from the sensitivity analyses.

Conclusions

Generating national-level PSEsfor KPsis challenging for many
countries. GTPSE is a simple method with the potential to
address this problem efficiently without the need of additional
resources. However, the lack of validation of key assumptions
and the inability to generate credibility intervals suggest
important uncertainty regarding the accuracy and precision of
the estimates. Additional research, such asexpanding or building
on our sensitivity and covariate analysis, to address or better
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understand these limitations may further improve the quality and utility of GTPSE for MSM in LMICs.
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Abstract

Background: High response rates are needed in population-based studies, as nonresponse reduces effective sample size and
bias affects accuracy and decreases the generalizability of the study findings.

Objective: We tested different strategies to improve response rate and reduce nonresponse bias in anational population—based
COVID-19 surveillance program in England, United Kingdom.

Methods: Over 19 rounds, arandom sample of individuals aged 5 years and older from the general population in England were
invited by mail to complete aweb-based questionnaire and return a swab for SARS-CoV-2 testing. We carried out severa nested
randomized controlled experiments to measure the impact on response rates of different interventions, including (1) variations
in invitation and reminder letters and SM S text messages and (2) the offer of a conditional monetary incentive to return a swab,
reporting absolute changes in response and relative response rate (95% CIs).

Results: Monetary incentivesincreased the response rate (completed swabs returned as a proportion of the number of individuals
invited) across all age groups, sex at birth, and area deprivation with the biggest increase among the lowest responders, namely
teenagers and young adults and those living in more deprived areas. With no monetary incentive, the response rate was 3.4% in
participants aged 18 - 22 years, increasing to 8.1% with a£10 (US $12.5) incentive, 11.9% with £20 (US $25.0), and 18.2% with
£30 (US $37.5) (relative response rate 2.4 [95% Cl 2.0-2.9], 3.5 [95% CI 3.0-4.2], and 5.4 [95% CI 4.4-6.7], respectively).
Nonmonetary strategies had amodest, if any, impact on response rate. The largest effect was observed for sending an additional
swab reminder (SM S text message or email). For example, those receiving an additional SM S text message were more likely to
return a completed swab compared to those receiving the standard email-SMS approach, 73.3% versus 70.2%: percentage
difference 3.1% (95% Cl 2.2%-4.0%).

Conclusions: Conditional monetary incentives improved response rates to a web-based survey, which required the return of a
swab test, particularly for younger age groups. Used in a selective way, incentives may be an effective strategy for improving
sample response and representativeness in popul ation-based studies.

(JMIR Public Health Surveill 2025;11:€60022) doi:10.2196/60022

KEYWORDS
study recruitment; response rate; popul ation-based research; COVID-19; SARS-CoV-2; web-based questionnaires

the generalizability, and improve the accuracy of study estimates
[1]. However, achieving this goal is challenging, both due to

In population-based studies, a high response rate from a the_c!ifficulty in contacting and_ then engaging eligible
representative sample may reduce nonparticipation bias, increase  Participants[2]. For example, UK Biobank, apopul ation-based
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cohort study with stored biological samplesfrom half amillion
participantsaged 40 - 69 yearsin the United Kingdom, achieved
an overall response rate of 5.5% [3], which was lower in men,
younger people, and those living in more deprived areas [4].
The impact of nonresponse and nonrepresentativeness on the
generalizability of disease prevalence and incidenceratesinthe
UK Biobank has been widely debated [5,6].

It isimportant to address|ow or falling response ratesto reduce
the likelihood of systematic biases that may affect study
estimates [7]. While weighting is commonly applied to correct
for differential participation, it may fail to correct bias if the
responders in a particular subgroup of the population are not
representative of that subgroup as a whole. Furthermore,
weighting to correct for observed biases worsens precision
(reducing the effective sample size) [8].

Systematic reviews that have eval uated interventionsto increase
response rates in surveys have concluded that monetary
incentives are more effective than nonmonetary incentives
[9-11], although findings were inconsistent concerning
web-based surveys in educational research [12]. Some studies
have found incentives can increase response among
under-represented soci odemographic groups, such asthosewith
low incomes, those with low education, single parents, and
minority ethnic groups, potentially reducing nonresponse bias
[13], while others show mixed results[9].

Other strategiesthat have been shown to improve response rates
in surveys haveincluded the use of SM Stext message reminders
to enhance the contact method of letters and emails [14,15],
using alternative motivational statements in invitation letters
[16], and changing the font color of text [17]. In a United
Kingdom—based study investigating the effects of augmenting
the contact strategy of letters and emails with SMS text
messages for a web questionnaire, the findings indicated that
SMS text messages did not help to significantly increase
response rates overall, although some subgroups benefited from
them, such as younger panel members and those with an
irregular response pattern [15].

The Real-time Assessment of Community Transmission-1
(REACT-1) study was one of thelargest population surveillance
studies in the world. Across 19 rounds between May 1, 2020
and March 31, 2022, it provided timely prevalence estimates
of SARS-CoV-2, thevirusthat causes COVID-19, from random
cross-sectional samples of the population in England [18,19].

Response rate varied between 11.7% and 30.5% and, like in
many population surveys, varied across demographic groups
[19]. For financia reasons, we could not issue more than
845,000 invitation letters by mail, so we could only achievethe
minimum desired sample size adopted from round 12 (May 20
to June 7, 2021) of 100,000 by improving response [18]. The

https://publichealth.jmir.org/2025/1/e60022
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observed nonresponse biases meant REACT-1 was
under-representing groups with lower vaccination rates and
where COVID-19 prevalence was highest; thus, we were likely
underestimating the true population prevalence despite our
attemptsto correct for such biases by use of weighting on known
demographic variables [20,21]. Here we present results of
experiments nested within the REACT-1 study to test the
effectiveness of different strategies to increase response rates
and participation of groupswith alower propensity to take part.

Methods

The REACT-1 Study

Methods for the study, including sample size calculations, are
described in detail elsewhere [18,19]. In summary, at
approximately monthly intervals, between 395,020 and 841,227
people were sent personalized invitations by mail to take part.
For children (5-17 years old), the invitation was sent to or via
the parents or guardians. Individuals aged 5 years and older
were randomly sampled from the Nationa Health Service (NHS)
list of patients in England (with near-universal population
coverage) across al 316 Lower Tier Local Authorities [18,19].
This list includes the name, address, date of birth, and sex of
everyone registered with a general practitioner in England.
Invitees who registered (most digitally, some by telephone) for
the study received akit by mail with instructions on how to take
a throat and nose swab and send it for SARS-CoV-2 testing
using reverse transcriptase polymerase chain reaction (rt-PCR).
Swabs were transferred to laboratories for processing, initially
being picked up by courier with cold chain capacity (rounds
1-13 and part of 14) or sent by priority mail (part of round 14
and subsequent rounds). Participants were also asked to
complete a self-administered web-based or telephone
questionnaire [18,19].

Over the 19 study rounds, we sent out 14,036,117 invitations,
3,393,595 registrations were made, and 2,525,729 completed
swabs were returned (ie, for which a laboratory result was
obtained) (Figure 1). Of these swabs, 2,512,797 (99.5% of
completed swabs returned) were considered valid for analysis
in REACT-1 (swabs with a valid rt-PCR result) [19]. A swab
with a valid rt-PCR result was a swab for which a “cycle
threshold” (Ct) value could be obtained. Therefore, not all swabs
tested by the lab were considered valid. Overall, 12,932 (0.5%
of completed swabs returned) were considered invalid and
rejected. Reasons included inadequate sample volume,
contamination during sample collection, inappropriate sample
storage, or inappropriate sample transportation. All analysesin
this paper are based on completed swabsreturned (ie, for which
alaboratory result was obtained, n=2,525,729), thus including
swabs for which a Ct value could not be obtained but excluding
swabs returned unused.
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Figure 1. REACT-1 study process over 19 rounds of data collection: England, May 1, 2020 to March 31, 2022. Overall, across 19 rounds, we report
the number of invitations sent, the number of participants registered, the number of swab test kits sent out, the number of completed swabs returned (ie,
for which a laboratory result was obtained) and the number of valid swabs (swabs with a valid rt-PCR result). REACT-1: REal-time Assessment of
Community Transmission-1; rt-PCR: reverse transcri ptase Polymerase Chain Reaction; SARS-CoV-2: Severe Acute Respiratory Syndrome CoronaVirus
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All the experiments carried out to improve response rate were  Swab Reminder and Tailored Letter or SMS
randomized tria's, enabling an unbiased assessment of theimpact Experiments

of the changed survey procedure compared to a control group.
Due to funding constraints, initial experiments focused on
approacheswhich would not materially affect the survey budget,
before turning to an experiment with monetary incentives.

In each round of REACT-1, those registering for a swab test
were, where necessary, sent at least one reminder to complete
the swab test and return it, to maximize the number of swabs
returned. Inround 3 (July 24 to August 11, 2020) we conducted
an experiment to establish the optimal use of email and SMS
text message swab return reminders, with participants randomly
allocated to the experimental conditions (Table 1).

Table. Round 3 swab reminder experimental conditions, England, July 24 to August 11, 2020.

Condition Reminder on day 4 after Reminder on day 6 after Reminder on day 8 after Sample, n
swab test kit received swab test kit received swab test kit received

Control group Email SMS None 11,194
(SMSif no email address)

Experimental group A SMS Email None 11,154

(SMSif no email address)

Experimental group B Email SMS Email 96,337
(SMSif no email address) (SMSiif no email address)

Experimental group C SMS Email SMS 96,305

(SMSif no email address)

The tailored letters or SMS experiments are summarized in 1. The experiments tested whether it was possible to increase
Table 2. Further details are available in Multimedia Appendix  participation by different types of conditions (Textbox 1).
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Table. Rounds 9, 11, and 12 registration invitation letter experimental conditions and rounds 10 and 12 SMS registration reminder experimental

conditions, England, February 4 to June 7, 2021.

Age and |etter or SMStype Additional content for experiment (actual addi- Sample, n
tional content used in bold text)
Round 9% (=70 years)
Standard invitation letter Adult None 37,037
Experiment invitation letter A “It isstill important totakepart in thisstudy 37,037
if you have received a vaccination from
COVID-19 or expect to be vaccinated in the
near future. Your participation will help DHSC
assess the impact of the vaccines on COVID-19
infection rates.”
Aswell as anew sub-heading “COVID-19
Testing Study: Take part to help measure
COVID-19 infection rates among those aged
70 and over.”
Experiment invitation letter B As per Experiment Letter A with additional line 37,036
“Older peopleareavulnerable group, so we
need your help to monitor prevalence. Itisstill
important to take part in this study if you have
received avaccination from COVID-19 or expect
to be vaccinated in the near future”
Round 9 (5 - 12 years)
Standard invitation letter Child (addressedto  None 24,009
parent)
Experiment invitation letter C “We need to know how many children and 24,009
young peoplehave COVID-19, and how easily
the new variant spreads amongst them.”
Experiment invitation letter D As per Experiment Letter C with new sub-head- 24,008
ing “ COVID-19 Testing Study: Take part to
help measure how easily COVID-19 spreads
among children and young people.”
Round 9 (all)
Standard registration reminder letter Blue text used 306,012
Experiment registration reminder letter E Red text used 305,041
Round 11° (=18 years)
Standard invitation reminder letter None 178,828
Experiment invitation reminder letter A New content asking participantsto take atest to 178,809
help prevent the spread of COVID-19 and ex-
plaining that taking part would help the Govern-
ment work out the best way to manage the pan-
demic. Also mentioned testing for new variants,
that the study compared people who had been
vaccinated with those who had not, and that tak-
ing part would help inform the vaccine strategy
and help to avoid lockdowns.
Round 12° (all)
Standard invitation final reminder |etter Double-sided 169,845
Shorter invitation final reminder letter Single-sided 342,191
Round 109 (all)
Standard SM S first reminder Unchanged 50,000

“The study is closing soon, pleaseregister by
18 March if you want to take part.”
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Age and |etter or SMStype Additional content for experiment (actual addi- Sample, n
tional content used in bold text)
Experiment first SMS reminder New SMS content 430,283
“Taking part will help infor m decisions about
the best timeto lift restrictions.”
Round 11 (all)
Standard SM S second reminder Unchanged 127,028
“The study is closing soon, please register by
3pm on 22 April if you want to take part.”
Experiment second SMS reminder New SMS content 127,028
“Taking part will help monitor infection rates
and new variants of the virus”
Round 12 (all)
Standard SM S first reminder Unchanged 321,042
“Taking part will help infor m decisions about
the best timeto lift restrictions.”
Experiment first SMS reminder New SM'S Content 155,683
“Taking part will help monitor infection rates
and new variants of the virus.”
Standard SM S second reminder Unchanged 272,836
“Taking part will help monitor infection rates
and new variants of the virus.”
Experiment second SM'S reminder New SM'S Content 136,026
“Last chanceto help monitor variantsin your
area.”

8Round 9 (Feb 4-23, 2021)

PRound 11 (Apr 15 to May 3, 2021)
®Round 12 (May 20 to Jun 7, 2021)
9Round 10 (Mar 11-30, 2021)

Textbox 1. Types of conditions tested in the tailored letters or SM S experiments.

« Using additional content in the SM S reminder.

« Using additional content in the invitation letter, tailored for the oldest and youngest age groups.

« Using color, additiona content, and varying the length of the reminder |etter.

I ncentives Experiment

Inround 15 (October 19to Nov 5, 2021), conditional incentives
(E10 [US $12.5], £20 [US $25.0], or £30 [US $37.5] gift
vouchers for returning a completed swab test) were tested in a
randomized controlled trial for all age groups except 5 - to
12-year-olds.

The process for obtaining consent in REACT-1 for children
was undertaken differently based on participant age at the time
of the invitation [18]. For 5 - to 12-year-olds, the parent or
guardian was contacted vialetter and asked to consent on behal f
of the child. Therefore, we did not include the 5- to
12-year-olds in the trial, as the sampled child would not be
making the decision to take the swab test, and their parent would
be incentivized, raising ethical and reputational concerns. For
13 - to 17-year-olds, the parent or guardian received a letter
addressed to them, asking them to pass on an enclosed invitation
letter addressed to their sampled child if they agreed for their

https://publichealth.jmir.org/2025/1/e60022

child to take part in the study. As such, children aged 13 - 17
years were able to decide whether to consent to the study and
take the swab test. In addition, those aged 13 to 15 years were
asked at registration to confirm the name of the parent or
guardian who had given them permission to take part. Thiswas
not required for those aged 16 - 17 years, as in UK health
research, the Health Research Authority statesthat young people
over 16 are presumed capable of giving consent on their own
behalf [22].

Participantswere randomly alocated to experimental and control
groups: (1) £10 (US $12.5) conditional incentive (n=10,900),
(2) £20 (US $25.0) conditiona incentive (n=10,900), (3) £30
(US$37.5) conditional incentive (only for 18 - to 32-year-olds)
(n=1750), and (4) control group (n=23,500). Further details of
the sample size calculations are available in Multimedia
Appendix 1.
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The £30 (US $37.5) incentive was limited to the 18 - to
32-year-olds because theresponse ratein REACT-1 was lowest
among this age group. Also, there is evidence that incentives
can be more effective among younger age groups [23]. Those
in this age group were of particular interest as they were less
likely to be vaccinated, had more social contact (and therefore
were more likely to be at risk of infection), and had been
particularly impacted by the pandemic (in terms of well-being,
education, and employment) [21,24]. It was decided to test
offering alarger (£30 [US $37.5]) incentive to this age group
(and not the other age groups) to overcome their higher
reluctance to take part and to better represent this group in the
achieved sample. Based on the samerationale, we oversampled
younger age groups to maximize the statistical power we had
to detect an increase in the response rate due to the use of
incentives among these groups.

The primary outcome was overall swab response rate, ie, the
number of completed swabs returned (referred to as swabs
returned forthwith) as a proportion of the number of invitations
sent. For those invited, we knew age, sex at birth, and score
from an area-level index of multiple deprivation, the Index of
Multiple Deprivation (IMD) 2019 [25]. Participants were
classified by quintiles of the deprivation score based on their
residential postcode.

We used COVID-19 vaccination status (the proportion who had
received at least one vaccine dose) as a proxy for attitudes to
health behaviors and health care access, hypothesizing that
REACT-1 responders would be more likely to be vaccinated
than those who did not, indicating a responder bias. Thus, the
difference in vaccination status at registration between the
experimental and control groups was used as a crude indicator
of how incentives might improve response rates in individuals
lesslikely to participatein research, beyond sociodemographic
characteristics. We also compared the COVID-19 vaccination
status of those who returned aswab with the achieved population
vaccination rate for that age group as a whole. To obtain
information on dates of received COVID-19 vaccine doses,
participant study data were linked to their NHS records from
NHS Digital (now NHS England) on COVID-19 vaccination
events[26] using their unique NHS number and other personal
identifiers. This was only possible for study participants who
had consented to data linkage. The source of vaccination data
for the population vaccination rates was the NHS National
Immunization Management System [27].

Ethical Consider ations

The study was ethicaly approved by the South
Central-Berkshire B Research Ethics Committee (IRAS ID:
283787). Participants provided informed consent when they
registered for the study, and all data were handled securely in
accordance with a detailed privacy notice. Collected data were
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deidentified; the data used in this study were anonymous and
did not contain any personaly identifiable information.
Participants had the ability to opt out anytime during the
research period. The study did not provide any specific
compensation other than the monetary gift vouchers for
returning a completed swab test as set out in the study’s
incentives experiment described above.

Statistical Analysis

Dataanalysiswas conducted using IBM SPSS Statistics (version
28). Asthe incentives experiment was skewed toward younger
age groups, swab response rates for sex at birth and area
deprivation (IMD) were calculated with age-standardized
weighting using 2021-based population estimates for England
[28]. The percentage point difference (95% CI) and independent
2-tailed t-tests were used to show the absolute difference in
swab response rates between the experimental and control
groups and were also used to show the absolute difference in
vaccination rates at registration between the experimental and
control groups. Using multivariable logistic regression, we
tested the impact of each of the incentive conditions on swab
response rate by age, sex at birth, and area deprivation (relative
response rate [RRR] with 95% CI). The reference group was
the no-incentive condition—eg, the response rates for females
in the £10 (US $12.5), £20 (US $25.0), and £30 (US $37.5)
incentives groups were compared to femalesin the no-incentive
group (£0 [US $0.0]). We tested interaction terms for age, sex
at birth, and area deprivation by incentive (incentive*age,
incentive*sex at birth, and incentive*IMD), which can be
interpreted astesting whether the estimated effects of incentives
on swab response rates differ by each of these 3 covariates.

Results

Overview

Overdll, 24.2% (3,393,595/14,036,117) of invitees registered
for the study, and 74% (2,512,797/3,393,595) of thoseregistered
returned valid swabs, giving an overall response rate for the
REACT-1 study (number of valid swabs/number of invitations)
of 17.9% (2,512,797/14,036,117) [ 19]. Whilst therate at which
registered participantsreturned valid swabsremained rel atively
stable acrossrounds (range 67.2%-78.9%), responserates varied
morewidely, ranging from 11.7% in rounds 13 (98,233/841,227)
(June 24 to July 12, 2021) and 15 (100,112/859,184) (October
19to November 5, 2021) to 30.5% in round 1 (120,620/395,020)
(May 1 to June 1, 2020, during the first lockdown in England)
(Figure 2). The following groups were relatively
underrepresented: younger people, men, ethnic minorities, and
those living in the most deprived areas (comparing achieved
sample profiles with population profiles) (Table S1 in
Multimedia Appendix 2).
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Figure 2. REACT-1 study timeline over 19 rounds of data collection showing response rates, SARS-CoV-2 prevalence (weighted), and timing of
experiments to improve response. England, May 1, 2020 to March 31, 2022. REACT-1 Response Rate: humber of valid swabs returned/number of
invitations. We report weighted SARS-CoV-2 swab-positivity prevalence for individuals aged 5 years and older from all rounds of the REACT-1 study.
REACT-1: REa-time Assessment of Community Transmission-1; SARS-CoV-2: Severe Acute Respiratory Syndrome CoronaVirus 2.
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Response Rate

Swab Reminder and Tailored Letter or SMS
Experiments

Table S2 in Multimedia Appendix 2 summarizes the results of
the swab reminder and tailored letter or SMS experiments.
Sending an additional reminder (email or SMS) to those who
registered resulted in a small increase in response rate: those
receiving athird swab reminder (experimenta groupsB and C)
weremorelikely to return acompleted swab compared to those
receiving the standard Email-SM S approach (group B vscontrol:
73% vs 70.2%, percentage difference 2.8% [95% CI
1.9%-3.7%)]; group C vs control 73.3% vs 70.2%, percentage
difference 3.1% [95% CI 2.2%-4%)]).

In round 9 (February 4-23, 2021), both experimental invitation
letters A and B had asmall but positive impact on response rate
in participants aged =70 years of 0.9% (95% Cl 0.2%-1.5%)
and 1.2% (95% Cl 0.6%-1.8%) percentage difference,
respectively, compared to the standard invitation letter. For
participants aged 5 - 12 years, experiment letter C generated a
dightly higher response rate compared to the standard |etter
(16.6% vs 15.9%; percentage difference 0.7% (95% ClI
0.1%-1.4%)). Inround 11 (April 15to May 3, 2021) and round
12 (May 20 to June 7, 2021), the experimental invitation
reminder letters had a small positive impact on response rate
compared to the standard letters: round 11 (new content), 5.6%
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vs5.4%, percentage difference 0.2% (95% CI 0%-0.3%); round
12 (shorter), 2.3% vs 1.6%, percentage difference 0.8% (95%
Cl 0.7%-0.8%). We saw no effect on response rate for any of
the other nonmonetary strategies (Table S2 in Multimedia
Appendix 2).

I ncentives Experiment

The conditional monetary incentivesincreased the responserate
across all age groups but were particularly effective among the
lowest responding groups, thoseaged 13 - 17 yearsand 18 - 22
years (Figure 3 and Tables S3 and $S4 in Multimedia A ppendix
2). Table 3 shows the RRR for each incentive level by age, sex
at birth, and area deprivation. The higher the monetary value
of the incentive, the higher the response rate. For example, in
participants aged 18 - 22 years, the response rate in the control
group was 3.4% (95% Cl 2.9%-3.8%), increasing to 8.1% (95%
Cl 7.0%-9.2%), 11.9% (95% CI 10.6%-13.2%), and 18.2%
(95% Cl 15.4%-21.1%) with £10 (US $12.5), £20 (US $25.0),
and £30 (US $37.5) incentives, respectively. The largest relative
increase was with the £30 (US $37.5) incentive in 18 - to
22-year-olds (RRR 5.4 [95% ClI 4.4-6.7]) (Table 3). All
incentive conditions led to a greater increase in response rate
in younger age groups. The £20 (US $25.0) incentive led to a
greater increase in the more deprived areas, RRR 2.7 (95% Cl
2.2-3.3) for the most deprived quintile and RRR 1.8 (95% CI
1.6-2.1) for the least deprived.
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Figure 3. Swab response rates and 95% Cl s for the intervention and control groups in the incentives experiment in round 15, England, October 19 to
November 5, 2021. Note: Participants randomly allocated to experimental and control groups. (1) £10 (US $12.5) conditional incentive (n=10,900), (2)
£20 (US $25.0) conditional incentive (n=10,900), (3) £30 (US $37.5) conditional incentive (only for 18- to 32-year-olds) (n=1750), and (4) control
group (n=23,500).
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Table . Variation in relative response rates (RRR) and 95% ClI for the interventions compared to the control group by age, sex at birth, and area
deprivation (IMD?) in the incentives experiment in round 15, England, October 19 to November 5, 2021.

£10 (US$12.5) £20 (US$25.0) £30 (US$37.5)
RRR (95% Cl) RRR (95% CI) RRR (95% Cl)
Ageb (years)
13-17 2.4(2.1-2.8) 3.3(2.6-3.7) N/A
18-22 2.4(2.0-2.9) 35(3.0-4.2) 5.4 (4.4-6.7)
23-32 2.1(1.7-2.4) 2.7(2.3-3.1) 3.3(2.7-3.9)
33-42 1.7 (15-2.0) 2.1(1.8-2.5) _c
43-57 14 (1.2-15) 1.6 (15-1.8) —
58+ 1.3(1.1-1.4) 15(1.4-17) —
P value for interaction between in-  <.001 <.001 <.001
centive and age
Sex at birth™
Male 1.4 (1.3-1.6) 1.8(1.7-2.1) 3.7(3.0-4.7)
Female 1.5(1.4-1.6) 1.8 (1.6-2.0) 3.7(3.1-4.4)
P value for interaction between in- .37 .96 .68
centive and sex at birth
IMDM
1—most deprived 1.8(1.5-2.3) 2.7(2.2-3.3) 4.8 (3.3-7.0)
2 1.6 (1.3-1.9) 1.9(1.6-2.3) 4.0(2.9-5.5)
3 1.4 (1.2-1.6) 15(1.3-1.8) 3.4(25-4.8)
4 1.3(1.1-1.5) 1.7 (15-1.9) 32(2.4-4.3)
5—least deprived 15(1.3-1.7) 1.8(1.6-2.1) 35(2.6-4.8)
P value for interaction between in- .38 .01 0.72

centive and IMD

3 MD: Index of Multiple Deprivation

bReference group, ie, the reference group for each row is the no incentive condition. For example, the RRR for female £10 (US $12.5), female £20 (US
$25.0), and female £30 (US $37.5) is versus female £0 (US $0.0). P value for main effect of incentive on response rate for all row comparisons <.001.

®Not applicable

dAge—standardized weighting applied to calculate swab response rate with the control group totals used as the sample profiles.

Following the results of the selective use of incentivesin round
15, they were introduced in rounds 18 (Feb 8-Mar 1, 2022) and
19 (Mar 8-Mar 31, 2022). For returning their completed test,
thoseaged 13 - 17 and 35 - 44 yearswere offered agift voucher
worth £10 (US $12.5), while those aged 18 - 34 years were
offered avoucher worth £20 (US $25.0). Inthesefinal 2 rounds,
this had the effect of increasing the swab responserate in these
groups and was associated with less variation in response rate
by age (Figure 4), suggesting that the sel ective use of incentives
reduced participation bias by age.

Table S5in Multimedia Appendix 2 showsthe effective sample
sizes and sample efficiency for each round of REACT-1. The
effective sample size measuresthe size of a(unweighted) simple
random sampl e that would achieve the same precision (standard
error) as the design used. The efficiency of a sample is given
by the ratio of the effective sample size to the actual sample
size. Rounds 18 and 19, where selective use of incentives was
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used, saw the fourth and second highest (respectively) effective
sample sizes of any REACT-1 round, and the highest sample
efficiency for any REACT-1 round.

Overall, vaccination rateswere higher in REACT-1 participants
than in the general population (Tables S6 and S7 in Multimedia
Appendix 2). For example, by October 24, 2021, just over 3
quarters of 18 - to 22-year-olds had received at least one
vaccine dose nationally (Table S6 in Multimedia Appendix 2)
[29], lower than the 84.0% (95% CI 78.1%-88.6%) in the round
15 (October 19-November 5, 2021) control group for that age
(Table S7 in Multimedia Appendix 2). With the incentives that
proportion declined to 82.1% (95% CI 76.0%-86.8%), 73.9%
(95% Cl 68.6%- 78.7%), and 75.9% (95% CI 67.9%-82.5%)
for £10 (US $12.5), £20 (US $25.0), and £30 (US $37.5),
respectively, suggesting that the selective use of incentives
reduced participation bias in relation to vaccination status as a
proxy for health behaviors.
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Figure4. Swab responserates and 95% Clsfor round 16 (November 23 to December 14, 2021), round 17 (January 5-20, 2022), and rounds 18 (February
8to March 1, 2022) and 19 (March 8-31, 2022) in which incentives were used selectively, England. Note: Incentive amounts used in rounds 18 and 19:
£10 (US $12.5) for 13- to 17-year-olds and 35- to 44-year-olds, £20 (US $25.0) for 18- to 34-year-olds, and no incentives for other age groups.
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Discussion

Principal Findings

In this large population-based study of the prevalence of
SARS-CoV-2 infection in England, we tested several measures
to increase response rates and reduce nonresponder bias. We
found that changes to the wording of letters, timing, and
numbers of reminders made only limited differencesto response
rates, with a maximum increase in response rate of 3.1
percentage points for additional swab reminders sent to people
who had already registered for the study. Sending an additional
reminder, regardiess of its form (SMS or email), increased
response. This is consistent with other studies in the literature
[30]. These reminder strategies may have helped slow, but did
not halt, thedeclinein responserates over time observed during
REACT-1. Nonetheless, these findings informed the swab
reminder strategy and invitation letter wording in later rounds.
In contrast, the offer of afinancial incentive conditional on the
return of acompleted swab made amore substantial difference
of up to 22.3 percentage points and was particularly effective
inthosewith alower propensity to respond: younger age groups
and those living in more deprived areas. Similarly, incentives
increased the return of completed swabs by unvaccinated
individuals so that COVID-19 vaccination rates were more in
keeping with those in the general population at the time. Thus,
the selective use of incentives may reduce nonresponder bias
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in relation to factors of interest in population health research
beyond sociodemographic characteristics.

The selective use of incentives was subsequently adopted from
round 18, making the achieved sample more representative by
age, with areduction in age-based variation in response rates.
Previous research suggests that ethnic minorities [31],
individuals living in more deprived areas [32], those in urban
areas [33], and the youngest and oldest age groups [34,35] are
the least likely to respond in general population surveys. Using
incentives selectively allowed us, at modest cost, to increase
recruitment among such groups and hence increase the effective
sample size; thus, in round 18, the effective sample size was
over 10,000 greater compared to round 17, even though we
received circa 7000 fewer swabs. We were able to reduce the
number of invitations sent out while achieving asimilar number
of completed swabs returned asin earlier rounds when response
rates were higher.

Using incentives selectively hasbeen tried in UK social surveys
previously and is common practice in the United States, where
studies show they are cost-effective, improve response, and
reduce bias [11,13,23,36]. From an ethical perspective, in the
selective use of (versus universal) incentives, it was important
to consider not only issues of equity but also cost and the public
interest in continuing to obtain high-quality data, covering al
sectors of society, to monitor the spread of a serious disease.
This needs to be balanced against the possible disappointment
of some participantswho learn others are being offered a (larger)
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incentive. These considerations might apply to many
population-based surveys. We accept that the argument for using
incentives selectively may have been more persuasive in the
context of REACT-1, a study to measure the spread of
SARS-CoV-2 during the pandemic, the policy responses to
which had far-reaching consequences for the way of life of
every person in England.

Both unconditional and conditional financial incentives have
been shown to significantly increase response rates to both
postal and web-based surveys[37,38]. Although unconditional
incentives appear to have the largest effect, the conditional
approach is more cost-effective [37,38]. Unconditional
incentives have been used in socia surveys in the United
Kingdom, and in experimentsin how to increase response rates
[39,40]. Unconditional incentives were not an option for
REACT-1 due to the constraints of the survey budget.

Limitations

Intermsof limitations, it was not possible to ascertain the extent
to which noncontact (ie, the intended recipient did not receive

Atchison et d

factors, for example, not informing their general practitioner of
achangein address or having moved with no forwarding address
(shownto be greater for young adults and lower socioeconomic
groups) [32] will not be affected by the experimental conditions;
therefore, our estimates of effect are likely conservative, as
invitations sent out do not necessarily mean that invitations
werereceived. In addition, the unique circumstances of carrying
out such assessments of responseratesduring aglobal pandemic
may not “read across’ to other less pressing issues.

Conclusions

We achieved small improvements in response rates by varying
the number, order, and content of invitations and reminders but
much larger effects were seen through the use of monetary
incentives. Lessons learnt from the REACT-1 study may help
inform the design and implementation of future population-based
surveys where the intent is to obtain as representative a sample
as possible and to reduce nonresponse bias at reasonable cost.
The results suggest selectively using incentives with younger
and more deprived individuals may be justifiable to achieve
these ends.

theinvitation |etter) accounted for nonresponse. Such situational
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Abstract

Background: Indiaiscommitted to malaria elimination by the year 2030. According to the classification of malaria endemicity,
the National Capital Territory of Delhi falls under category 1, with an annual parasite incidence of <1, and was targeted for
elimination by 2022. Among others, popul ation movement across statesis one of the key challenges for malaria control, asit can
result in imported malaria, thus introducing local transmission in an area nearing elimination.

Objective: This descriptive study attempts to assess the contribution of such imported Plasmodium vivax cases to the malaria
burden in South West Delhi (SWD).

Methods: A cross-sectional study was carried out at the fever clinic of the Indian Council of Medical Research-National Institute
of Malaria Research in SWD from January 2017 to December 2019. Demographic and travel history data were recorded for all
P vivax confirmed malaria cases diagnosed at the fever clinic. Vector and fever surveys along with reactive case detection were
conducted in SWD and Bulandshahr district of Uttar Pradesh, 1 of the 6 geographical sources for a high number of imported
malaria cases.

Results: A total of 355 P vivax malaria cases were reported during the study period. The proportion of imported cases was 63%
(n=222). Of these, 96% (n=213) of caseswere from Uttar Pradesh. The distribution of malaria cases reveal ed that imported cases
were significantly associated with travel during the transmission season compared with that in the nontransmission season.
Entomological and fever surveys and reactive case detection carried out in areas visited by imported P vivax mal aria cases showed
the presence of adults and larvae of Anopheles species and P vivax parasitemia.

Conclusions:  Population movement is a key challenge for malaria elimination. Although additional P vivax infections and
vector mosguitoes were detected at places visited by the imported malaria cases, the inability to detect the parasite in mosquitoes
and the possibility of relapses associated with P vivax limit the significance of malaria associated with the travel. However, there
remains a need to address migration malaria to prevent the introduction and re-establishment of malaria in areas with very low
or 0 indigenous cases.

(JMIR Public Health Surveill 2025;11:€50058) doi:10.2196/50058
KEYWORDS

malaria; Plasmodium vivax; imported malaria; population movement; transmission; elimination; India

of the estimated global burden, India contributed to =79% of

Introduction these cases, with a preponderance of Plasmodium vivax over

Malariaisaparasitic disease transmitted by the bites of infected
female Anopheles mosguitoes. The estimated number of malaria
cases worldwide in 2021 was 247 million spread over 84
countries with 619,000 deaths. Although the World Health
Organization (WHO) South East Asia region comprised =2%

https://publichealth.jmir.org/2025/1/e50058

Plasmodium falciparum [1].

Migration, both international and within-country, isarecognized
social health determinant of multiple diseases across the globe,
and malariais no exception. Various factors put the migrating
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population at risk of contracting malaria, and theseinclude their
socioeconomic, living, working, and transit conditions[2]. The
risk of malaria is also to the host communities that provide
shelter to the migrants, particularly when the migrationisalong
an epidemiological gradient from ahigh-burden to alow-burden
or nonendemic area, putting malaria elimination efforts at risk
[3-5]. Several pieces of evidence of this have been documented
inthe context of international migration [6-8] and within-country
migration [9,10], including that in India[11].

India is committed to malaria elimination by 2030 and has
formulated the National Framework for Malaria Elimination
that classifiesIndian states and union territoriesinto 4 categories
from 0 to 3, with category 3 being the highest-burden areaswith
an annual parasite incidence (API) of >1 per thousand persons
at risk [12]. To achieve the elimination goal in the desired time
frame, special focus needs to be given to the identified
challenges by the National Center for Vector Borne Diseases
Control (NCVBDC). Population size and migration are
recognized as important challenges for malaria elimination,
apart from asymptomatic parasite reservoirs, low-density
infections, and parasite- and vector-resistance [13-15]. The
movement of popul ations across and within Indian statesis one
of the key challengesin malaria control [12], and particularly,
the migration of workers in large numbers from rural areas to
cities has been reported in India [16]. Similarly, malaria cases
among the mobile population contribute to a high percentage
of total malaria cases in many countries [17] and have been a
recognized challenge for malaria elimination [18]. Hence, it is
important to carry out the screening and treatment for malaria
in mobile populations for control and elimination of malariain
endemic areas, especially Nationa Framework for Malaria
Elimination category 1 areas (with API<1), and for prevention
of the re-establishment of local transmission of malaria[12] in
areasthat have eliminated malaria (category 0 with O indigenous
cases).

Despite being the capital of India that attracted >100,000
migrants each year since 2012 [19], no study on malariain the
migrant population in Delhi has yet been reported. Delhi falls
under category 1 (API<1 per 1000 persons at risk), and its
neighboring state, Uttar Pradesh (UP), isin category 2 with an
AP of less than 1 but with some districts having an API of 1
or more. With such a magnitude of migration, there remains a
sustained threat of the introduction of Plasmodiuminfection by
infected migrant populations from high-burden areas to the
areasin categories 0 and 1 [16].

As Delhi and its neighboring states have P vivax as the
predominant Plasmodium species causing malaria, this study
was therefore carried out to assess the contribution of imported
P vivax casesto the P vivax malariaburden in South West Delhi
(SWD) by tracking the travel history of infected patients
diagnosed at the fever clinic of Indian Council of Medical
Research-Nationa Institute of MaariaResearch (ICMR-NIMR).
Additionally, the study al so aimed to i dentify mosquito breeding
habitats and the presence and types of mosquito speciesin areas
wheretheseimported malaria casesresided/visited, and to detect
additional Plasmodiuminfections/malaria casesthrough reactive
case detection (RACD) and fever surveys in selected areas
visited by these patients. These entomological and fever surveys
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and RACD were done to further identify any ongoing
transmission in the areas visited by patients with imported
malariato support the hypothesisthat these areindeed the cases
likely to import malaria from areas with ongoing transmission
to SWD.

Methods

Ethical Consider ations

The study was approved by the Institutional Ethics Committee
of ICMR-NIMR (ECR/NIMR/EC/2015/507 and
ECR/NIMR/EC/2019/175). Informed consent was obtained
from all human participants who were involved in the study.
The participant identifier data were anonymized. No
compensation was provided to the participants.

Study Sites, Samples, and Definitions

The study was initiated at the fever clinic at ICMR-NIMR,
SWD, and later expanded to include the prominent catchment
areas of the fever clinic of SWD and 6 villages of 1 selected
district (Bulandshahr) of UP. Incoming febrile patients were
screened for Plasmodium infection at the fever clinic of
ICMR-NIMR from January 2017 to December 2019. Basic
demographic data including age, gender, history of fever, and
travel details (if any) were recorded using a paper-based
structured questionnaire. The parasitological diagnosis at the
clinic was performed by microscopy. Thick and thin blood
smears were prepared, stained using the Jaswant
Singh-Bhattacharji stain [20] and examined under 100x
magnification. Microscopy was performed independently by 2
trained microscopists. In case of a discrepancy, athird trained
microscopist examined the smears, and consensus observation
by 2 trained microscopists was considered final. Those
diagnosed with malaria were treated as per the national drug

policy [21].

History of travel during the preceding 30 days of fever, including
the places visited and duration of stay, was verbally elicited
through a calendar-based recall method among all patientswith
malaria. Obtained travel history was used to classify the patients
into 3 nonoverlapping categories: no travel history (patients
neither traveled in or out of their residence in SWD), returning
travelers (patients who were residing in SWD and traveled
outside Delhi but came back), and incoming travelers (patients
who werenot residing in SWD but transiently traveled to SWD).
Returning travelerswerefurther classified based on the duration
of stay outside Delhi into those returning to SWD within 7 days
and those returning between 7 and 30 days. Similarly, incoming
travelers were also classified into those who came to SWD
within and beyond 30 days of fever.

Since theincubation period for malariais 7 to 30 days[22-25],
returning travelerswith malariawho returned to SWD between
7 and 30 days of fever onset and incoming travelerswho entered
SWD within 30 days of fever onset were classified asimported
malaria cases (acquired infection outside Delhi) for this study.
The rest of the patients with malaria were considered to have
indigenous infections.

Imported malaria cases were further investigated for the exact
village and district of travel based on their recorded travel
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history. Thus, to further investigate whether the malaria cases
were imported or indigenous, malaria vector (anopheline)
surveys were carried out both in SWD and in the villages the
imported malaria cases traveled to. These surveys were carried
out by field workers adequately trained in entomology in
catchment areas (Raj Nagar and Bagdola; every month from
September 2018 to December 2019) of the fever clinic of
ICMR-NIMR predominantly reporting malaria and aso in
villages (once in October 2019) of Bulandshahr district of UP
state. Fever surveys and RACD were also carried out in these
villages of Bulandshahr, UP. Bulandshahr district was preferred
out of the 6 districtsthat showed significant sources of imported
malaria in UP based on the burden of imported cases, logistic
convenience, and operationa feasibility. All 6 villages of
Bulandhahr districts that had epidemiologically relevant travel
connections with the imported malaria cases were surveyed.

The vector survey included the collection of mosquitoes (adults
and larvae) from the houses of reported cases and their
surrounding houses, species identification, and enumeration of
mosquito breeding habitats. Resting adult mosguito collection
was conducted in households of 6 villages of Bulandshahr
district during early morning (6 AM to 8 AM) using hand
aspirators. The larval collection was also done in each village
from all water-bearing sites, that is, ponds, ditches, large cement
tanks, drains, and seepages, in peridomestic and domestic areas
of each village. In the Raj Nagar catchment locality of SWD,
the houses were searched from 7 AM to 9 AM, and larval
collection was a so conducted smultaneoudly if searched houses
and containers were found positive for larval presence from
domestic and peridomestic water bodiesand other sitesincluding
overhead tanks, large open water bodies, tires, coolers, bird
pots, flowerpots, iron containers, and solid wastes in urban
catchment areas of the clinic and from domestic and
peridomestic containers in the houses of reported cases. The
collected larvae were reared in an insectary separately up to
their emergence to i dentify the mosquito species. Identification
of species was done following the standard taxonomic key as
described by Christophers[26]. Adult mosquito collection was
also done using the hand catch method [27], and the collected
Anophel es mosquitoes were screened for the presence of malaria
parasites (P falciparum, P vivax, Plasmodium malariae, and
Plasmodium ovale), through polymerase chain reaction (PCR)
[28], in pools of mosguitoes made vill age-wise and species-wise.
To estimate the critical density of malariavectors, per man-hour
density (PMHD) was calculated as the number of anophelines
collected per hour by an insect collector using the formula:

AVHD=Nad mosyicesadleded Timegoart (nhougxrodirsstadledas

Fever surveys and RACD were carried out in October 2019 in
6 villages of the Bulandshahr (UP) with support from the local
health personnel (Accredited Social Health Activistsand Health
Inspectors). Fever camps were organized at a central location
in each village, and the local health personnel informed the
villagers about the camp and motivated them to visit. Incoming
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febrile cases were screened for malaria by using a rapid
diagnostic test (SD Bio Line Malaria Ag Pf / Pv, Standard
Diagnostics, Inc, Republic of Korea) as per the manufacturer’s
instructions. All febrile cases were treated symptomatically,
and patients with malaria were treated as per the national drug
policy. RACD was done as described by the WHO [29], and
blood smearswere prepared from apparently healthy individuals
in and around the household of the index cases. The smears
were examined for the presence of malaria parasites at
ICMR-NIMR, Delhi (as described previously), and the results
were communicated to the concerned health personnel for
further management.

Data Entry and Statistical Analysis

All the collected data were entered in a Microsoft Excel 2016
spreadsheet and presented as proportions (percentages), medians,
and ranges, where appropriate. The strength of association was
estimated using a chi-square test, and a P value of less than .05
was considered statistically significant.

Results

Overview

A total of 14,748 fever cases were screened for malaria by
microscopy from January 2017 to December 2019. The 3-year
period prevalence of malaria was 2.4% (364/14,748). Out of
these 364 cases, 355 (97.5%) were P vivax mono-infections, 8
P falciparum mono-infections (2.1%), and 1 mixed infection
of P vivax and P falciparum. There was male predominance
among patientswith fever (59%) aswell as patientswith P vivax
malaria (71%). More than half of the patients with P vivax
malariawere in the age group of 15 - 29 years (183/355, 52%)
with amedian age of 22 years. The parasite burden ranged from
63 to 206,187 parasites per microliter of blood.

Imported Malaria Burden

Out of the 250 P vivax cases with a travel history (250/355,
70%), 186 (74%) cases were returning travelers and the
remaining 64 (26%) cases were incoming travelers (Figure 1).
However, relevant travel history to be able to label them as
imported cases was available from 63% (222/355) of patients.
Out of these imported P vivax cases, 173 (78%) cases were
returning and 49 (22%) cases were incoming travelers.
Ninety-five percent (212/222) of the imported cases were from
UP and 142 of them (142/212, 67%) had traveled to 1 of the 6
districts of UP viz Bareilly, Badaun, Aligarh, Hathras,
Bulandshahr, and Mainpuri. The remaining 10 imported cases
had traveled to Uttarakhand (3; Dehradun and Hardwar),
Ragjasthan (3; Bikaner, Bundi, and Sawai Madhopur), Madhya
Pradesh (2; Gwalior), Haryana (1; Gurugram), and Punjab (1;
Sri Muktsar Sahib), asshownin Figure 2. Out of 9 patientswith
P falciparum maaria (including 1 mixed infection), 8 had a
travel history.
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Figure 1. Travel history among 355 patients with Plasmodium vivax malaria. Based on the epidemiologically relevant travel history, cases associated
with travel were categorized into “imported” (222; shown in red font) and indigenous (133; gold colored font) cases. The geographical distribution
(states) of imported casesis also mentioned.
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Figure 2. Areastraveled to by Plasmodium vivax malariaimported cases. The areas (states and union territories of India) are shown in blue (Punjab,
Chandigarh, Haryana, Uttarakhand, UP, MP, and Rajasthan) whereas Delhi (study site) is shown in green. The zoomed-in image of the map in the inset
shows further administrative breakdown of these 7 states and union territories (asdistricts) in blue. The districts within these 7 states and union territories,
which are associated with the travel history of imported cases, are colored based on the number of imported cases contributed by each district: light
orange (1 - 5 cases); dark orange (5 - 15 cases); darker orange (15 - 25 cases), and red (>25 cases). It is evident that UP has 3 dark orange districts:
Hathras (10 cases), Mainpuri (12 cases), and Bareilly (15 cases); 1 darker orange district: Bulandshahr (25 cases); and 2 red districts: Aligarh (37 cases)
and Badaun (47 cases). MP: Madhya Pradesh; UP: Uttar Pradesh.
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Thereasonsfor travel in P vivax malaria casesincluded visiting
their native residence in various states (mainly for returning
travelers); education or employment (for incoming travelers);
and visiting relatives, family, and friends during festivals (for
returning and incoming travelers) as many Indian and regional
festivals temporally coincide with the malaria transmission
season. The minimum length of stay outside Delhi among
travelers was 1 day while the maximum stay was of 111 days.
Travel history was reported by the family members of the
patients with malaria as well. There were 24 families with at
least 2 members probably acquiring malaria after traveling.
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A majority of the P vivax cases (279/355, 79%) were detected
during the transmission season, that is, July to November. The
nontransmission season (December to June) contributed to the
remaining 21% (76/355) of cases.

During the transmission season (July to November;
2017 - 2019), the proportion of imported P vivax malaria cases
diagnosed at the fever clinic was higher (65%) than that in the
nontransmission season (53%; December to June), asshownin
Figure 3, and the difference was statistically significant

(x?,=4.04; P=.031) at a 95% confidence level.
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Figure 3. Plasmodium vivax malaria cases reported in Delhi (2017 - 2019). The figure shows the number of P vivax cases, indigenous (blue) and
imported (imported), as reported each month and each year during the study period (January 2017 to December 2019) at the Indian Council of Medical
Research-National Institute of Malaria Research fever clinic. The cumulative month-wise data from 2017 to 2019 are shown in the inset. The yellow
semitransparent rectangles show the transmission season.
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Entomological Surveys 2019). Out of 573 adult mosquitoes collected from 3395 houses,

only 7 (1%) were Anopheles stephensi (Table 1), and al of them
Adult mosquito collections from the draining and catchment  were found during the mal aria transmission season (September).
areas (Bagdolaand Rgj Nagar areas) of thefever clinicin SWD  No other species of Anopheles were found. The majority of
showed 4 mosquito species, with alow prevalence of Anopheles  mosquitoes (443/573, 78%) were Aedes aegypti in the
mosquitoes during the survey (September 2018 to December  households.
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Table. Month-wise adult mosquito collection in Bagdolaand Raj Nagar, South West Del hi, between September 2018 and December 2019. Transmission
season is highlighted in gold. The proportion of mosquito species identified out of the total is shown as a percentage (in parentheses).

Houseschecked, Mosquito speciesidentified

n

Aedes aegypti, n  Aedesalbopic-  Anopheles Culex quinque-  Total, n
(%) tus, n (%) stephensi, n (%) fasciatus, n (%)
Month and year
September 316 28(37) 0(0) 1(1) 46 (62) 75
20182
October 2018% 97 14 (70) 0(0) 0(0) 6(30) 20
November 20182 402 63 (73) 0(0) 0(0) 23 (27) 86
December 2018 220 16 (84) 1(5) 0(0) 2(112) 19
January 2019 112 1 (100) 0(0) 0(0) 0(0) 1
February 2019 70 0(0) 0(0) 0(0) 0(0) 0
March 2019 179 2 (40) 0(0) 0(0) 3(60) 5
April 2019 60 13 (100) 0(0) 0(0) 0(0) 13
May 2019 344 10 (63) 0(0) 0(0) 6(37) 16
June 2019 367 89 (87) 0(0) 0(0) 13 (13) 102
July 20192 352 53 (75) 0(0) 0(0) 18 (25) 71
August 2019 270 61 (91) 0(0) 6(9) 0(0) 67
September 301 44.(90) 5(10) 0(0) 0(0) 49
20197
October 2019° 211 40 (100) 0(0) 0(0) 0(0) 40
November 20197 33 9 (100) 0(0) 0(0) 0(0) 9
December 2019 61 0(0) 0(0) 0(0) 0(0) 0
Total 3395 443 (78) 6 (1) 7(1) 117 (20) 573

#Transmission season.

On the other hand, a total of 9 species of mosquitoes (5
anopheline, 2 Aedes, 1 Culex, and 1 Armigeres species) were
collected from 6 villages in the Bulandshahr district (Table 2)
of UP. Out of the 416 adult mosquitoes collected, 126 (30%)
were Anopheleswith Anophel es subpictus (21%) and Anopheles
culicifacies (5%) dominating the anopheline burden. Culex

https://publichealth.jmir.org/2025/1/e50058

quinquefasciatus was the major mosquito speciesfoundin rural
Bulandshahr (235/416, 57%). Among the anophelines, A
subpictus (PMHD 16.61) was the most abundant species
followed by the main rural vector A culicifacies (PMHD 4.25)
and A stephensi (PMHD 1.35).
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Table. Adult mosquito collection and species identification in the surveyed 6 villages of Bulandshahr district of Uttar Pradesh during October 2019.
The proportion of different mosquito speciesidentified out of the total is shown as a percentage (in parentheses).

Mosquito species identified

Aedesae- Aedesal- Anopheles Anopheles

Anopheles  Anopheles  Anopheles  Culex Armigeris Tota, n

gypti, n boipictus, stephensi, annularis, culicifa-  niger- subpictus, quinque-  subalba-
(%) n (%) n (%) n (%) cies, n rimus,n  n (%) fasciatus, tus, n (%)
(%) (%) n (%)
Villages
Adauli 1(0.7) 0(0) 0(0) 1(0.7) 9(7) 4(3) 30(22) 86(63) 6(4) 137
Lakhaoti 0 (0) 1(2 0(0) 4(6) 5(8) 0(0) 12 (18) 26 (40) 18 (27) 66
Shikarpur 4 (6) 2(3) 5(8) 0(0) 4(6) 0(0) 6(9) 45(68)  0(0) 66
Kaen )
Kutubpur 0 (0) 0(0) 0(0) 1(4) 0(0) 0(0) 5(19) 20 (77) 0(0) 26
Musafaed 0 (0) 0(0) 2(5) 0(0) 2(5) 1(2) 0(0) 18(41) 21(47) 44
Daduwa
Dinoul  0(0) 0(0) 0(0) 0(0) 2(3) 0(0) 33(43)  40(52) 2(3) 77
Total 5(1) 3(0.7) 702 6(1) 22 (5) 5(1) 86 (21) 235(57) 47(11 416
A total of 24 collected anopheline mosquito pools (22 Discussion

mosquitoesin 6 pools of A culicifacies, 7 mosguitoesin 2 pools
of Astephensi, 3 mosquitoesin 3 pools of Anophelesannularis,
86 mosquitoesin 11 pools of A subpictus, and 5 mosquitoesin
2 pools of Anopheles nigerrimus) were tested by PCR for the
presence of malaria parasites, however, none of the pools was
found positive for the presence of malaria parasites.

The vector survey toidentify mosquito breeding habitatsin Rgj
Nagar and Bagdola catchment localities revealed that out of
14,333 containers (including large containers, cemented tanks,
and underground tanks) checked, Anophel es breeding wasfound
only in 8 containers that included coolers, overhead tanks,
cement tanks, and iron containers. There were no large water
bodies in the surrounding area of the survey.

A mosquito breeding habitat survey in the 6 villages of
Bulandshahr found that out of the 203 water-holding containers
and water bodies, 51 (25%) had Anopheles breeding. Mgor
breeding sites included drains (4/7, 57%), canals (1/2, 50%),
ponds (3/6, 50%), and pits (9/20, 45%). Other sites where
breeding was found included domestic and peridomestic water
bodies (26/123, 21%), cemented ground tanks (cattle tanks;
5/26, 19%), and rice fields (3/19, 16%). A culicifacies were
found mostly in canal banks and village ponds whereas C
quinquefasciatus in sewages.

Fever Surveys

Camp-based fever surveysinthe 6 villagesidentified 86 persons
with fever, with only 1 person testing positive for P vivax by
therapid diagnostic tests. RACD from 22 asymptomatic persons
around the households of the index cases revealed 5 additional
cases (5/22, 23%) of P vivax by microscopy.

https://publichealth.jmir.org/2025/1/e50058

Principal Findings

Between January 2017 and December 2019, 355 monoinfected
P vivax cases were reported, and out of them, 63% (n=223)
could be categorized as possible imported malaria cases based
on relevant travel history, thus forming a major burden of
reported malaria cases in SWD. The study also detected 5
additional P vivax casesthrough RACD donein villagesvisited
by the imported cases and identified malaria vectors of
anopheline species and their breeding habitats in such areas.

The distribution of malaria cases reported in the fever clinic at
ICMR-NIMR revealed that the malaria cases were more likely
to beimported than indigenous and occur in transmission season.
The period July to November is considered to be the malaria
transmission season in Delhi, while December to June is
considered a nontransmission season [30].

Although 67% of the P vivax cases were imported, being
associated with relevant travel history, the remaining 37% of
indigenous cases could be associated with possible local
transmission of P vivax in SWD, as suggested by the presence
of anophelines in Delhi (this study) and the reported presence
of malariavectorsin Delhi [31,32]. P vivax malariacases during
the nontransmission season or in nontravelers might also be
recurrences or relapses due to the activation of hypnozoites
from the liver [30].

Recent travel within the country is associated with malariain
various studies [22,23]. This study showed that the proportion
of males was more than females among imported as well as
indigenous malariacasesand asimilar trend was seen in patients
with fever aswell. In similar studies, men traveling away from
homeinthelast 30 dayswerereported to be strongly associated
with malariain Ethiopia[24,25].

Although Delhi shares its borders with the state of UP in the
east and the state of Haryana in the remaining directions, we
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observed that =96% of the imported cases were from UP. Data
highlights of the census of Indiain 2001 and 2011 show that
Delhi receives a higher number of migrants (=50% of the total
in-migrants) from UP versus that from Haryana (=10% of
in-migrants) [33]. With >20-fold higher malaria burden in UP
(thanin Haryana), thefindings of >95% of cases being imported
from UP are explainable [12]. Reasons for migration to Delhi
are cited to be due to employment, business, education,
marriage, etc [33,34]. The reasons for travel reported during
this study were festivals, farming, and visits to relatives. Those
visiting friends and relatives in malaria-endemic areas have
been reported to be at high risk of contracting malaria[35,36].

Many districtsin UP contributed to the imported P vivax cases
in SWD (Figure 2); however, 6 UP districts contributed 10 or
more cases: Hathras (10 cases), Mainpuri (12 cases), Bareilly
(15 cases), Bulandshahr (25 cases), Aligarh (37 cases), and
Badaun (47 cases). Further investigations (vector and fever
surveys) were carried out in 6 villages of Bulandshahr district
only due to reasons explained earlier. Bulandshahr district of
UP, located southeast of Delhi, is situated between the Ganga
and Jamuna rivers, which are the major rivers in North India.
The soil is very fertile where mainly sugarcane, and wheat are
grown. Irrigation facilities are a so well-devel oped and thisarea
is canal-irrigated as well [37] which makes the area highly
mosquitogenic.

During vector surveillance in 6 villages of Bulandshahr, 25%
of the water bodieswere positive for anophelinelarval breeding,
and 5 species of adult Anopheles mosqguito were found during
adult mosquito collections. Unlike Bulandshahr, where almost
every village had ponds, canals, and ample water in surrounding
areas providing sufficient opportunities for the breeding of
anophelines, Delhi is highly urbanized and lands are not
available for ponds and crop fields. In comparison to
Bulandshahr, the catchment areas of the fever clinic (Raj Nagar
and Bagdola localities) of SWD had a very low prevalence of
Anopheles. Only 1 species, that is, A stephensi was present in
these localities in contrast to Bulandshahr where 5 species of
Anopheles were collected out of which 2 were major malaria
vectors, that is, A stephensi and A culicifacies. Larval surveys
suggested that urban and rural areas have different breeding
habitats. In villages, natural water bodies like ponds, canals,
pits, and crop fields were more prominent and harbored more
breeding than the peridomestic and domesticated containersin
contrast to the urban areas where natural breeding sites are
limited and were confined to peridomestic and domestic
containersonly. Mosquito specieslike A stephensi and A aegypti
are adapted to breed in such urban areas whereas A culicifacies
mostly breed in outdoor natural water habitats like canal banks,
village ponds, etc and C quinquefasciatus is found in sewage
water.

Among malaria vectors, A culicifacies was found to be the
dominating mosguito species aong with an efficient
malaria-transmitting vector, A stephensi. However, the month
of the survey (October) had low vector density, which may be
due to the low ambient temperature (20 - 25 °C) during the
survey period. Further, the mosquitoesthat were collected from
the villages of Bulandshahr district did not show parasite
positivity by PCR. This may be due to multiple factors,
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including the very short period of vector survey (30d), alimited
number of vectors collected toward the end of transmission
(October), and the differencein time of mosguito collection and
casereporting in the clinic, asthe vector survey was carried out
as a response for tracking ongoing transmission in areas
previously visited by imported malaria cases.

The 6 districts of UP that contributed most to imported cases
in SWD had API (2018) of 0.06 (Bulandshahr and Mainpuri),
0.1 (Hathras and Aligarh), 5.5 (Badaun), and 7.3 (Bareilly),
whereas the API of Delhi during this period was 0.02 [38]. A
survey wastherefore, carried out in Bulandshahr wherein 1 out
of 86 febrile cases (fever survey) and 5 out of 22 afebrile persons
(RACD) wereidentified with P vivax infectionswhich signifies
that further studies are needed to assess the extent of
asymptomatic Plasmodiuminfection and itsrolein transmission
in such areas.

The prevalence of malariawas found lower in the camp-based
fever surveys compared with the prevalence reported from the
fever clinicin SWD. Thismay be because the camp-based fever
surveys were carried out during Octaber, which marks the end
of the transmission season and therefore may have had alower
number of cases. Further, the catchment area of the camp
included avillage whereas the fever clinic at SWD has amuch
larger and densely populated catchment area.

The regions nearing malaria elimination tend to have a
heterogeneous endemicity, with foci of high burden and areas
with no endogenous malaria transmission. For eliminable
diseases such as malaria, within-country migration is a
recognized but understudied challenge in such geographically
heterogeneous transmission to sustain zero-burden and prevent
reintroduction and re-establishment of transmission [23,39].
Such regions often lack a robust surveillance system to deal
with imported cases besides treating them, and there appearsto
be a lack of documented cross-reporting and targeted
intervention in the foci where the infections probably originated.

This study is therefore important, as it attempted to
comprehensively investigate imported malaria cases, and may
be adopted and locally adapted as an implementation model in
similar areas with no or few locally acquired malaria cases.

Limitations

There is an obvious limitation of this study that a limited
geographical areafor fever and vector surveillance was sel ected.
Nevertheless, the study shows the presence of malaria
transmission in areas where patients with malaria reporting to
the fever clinic had traveled. The study was also limited by the
possihility of recall bias of study participants correctly recalling
the exact dates of travel for both imported and indigenous
patientswith malaria. Theinvestigators, however, tried to extract
the near-exact dates by relating travel to the localy relevant
cultural events, festivals, and other contextua events.
Misclassification bias (incorrect classification of imported
malaria) could have stemmed from the possibilities of
recurrences and relapses of P vivax infections acquired before
the study period. The study did not use available molecular
methods to differentiate recurrent versus new infection and
therefore could not account for P vivax relapses. However, the
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possibility that only up to 40% of P vivax infectionsin the study
area (that too in the nontransmission season) could be due to
possible relapses [30], nonavailability of molecular methodsto
confidently differentiate recurring infections from new
infections, and random possibilities of recurrence in both the
imported and indigenous patients with malaria may have
compensated for this limitation.

Last, only 2 methods for mosquito collection were used. The
hand catch method using an aspirator was the only method
adopted for the estimation of vector density. For larval
collection, dips were taken from water bodies for assessment
of breeding. No other method was adopted for mosguito
collection, and this might have underestimated the frequency
of vectorsand their possibleinfection with Plasmodium, because
the PCR results did not show any vector positivity.

Conclusions

A significant burden (63%) of P vivax malariareportedin SWD
was found to be imported from UP. Maaria transmission
possibilities (multiple breeding sites suggesting stable breeding
ground of anophelines) were higher in Bulandshahr than in
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SWD. Indigenous cases in SWD are also a concern, as adult
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needed, both at the sites where imported cases are detected and
in areas where these infections might have been acquired. In
addition, effective“information, education, and communication”
activities to educate travelers regarding the potential risks of
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