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Objective: This s tudy u tilized a b ibliometric a nalysis using the Web ofS cience d atabase aimed to
analyze academic trends related to the intersection between the RE-AIM framework and physical
activity (PA). Methods: Bibliometric productivity indicators included publication patterns, chrono-
logical distribution of annual publications, identification of the most relevant journals, the most pro-
lific and cited authors, the most cited documents, as well as network visualization for co-authorship,
international collaboration, and co-occurrence of author keywords. The search was conducted in
April 2024 using the controlled descriptors “RE-AIM” AND (“physical activity” OR “physical exer-
cise” OR “motor activity”). Results: A total of 353 articles were included for analysis. Articles were
published between 2002 and 2024, distributed across 122 journals. The annual growth rate of articles
was 7.6%, with an average of 24.53 citations. The most prolific institutions and authors were from
the United States, Australia, and Canada. Factor analysis of keywords indicated the presence of a
main cluster encompassing themes such as PA interventions, the impact of the RE-AIM framework,
health, exercise, implementation, and health promotion across various population contexts. There
was a predominance of studies conducted in the United States, followed by Australia and Canada,
with a growing contribution from countries such as Brazil. Conclusion: This synthesis provided
an overview of the global application of the RE-AIM framework in the context of PA. However,
further research is suggested to explore the applicability and relationship of this tool in evaluating
PA interventions in diverse socio-cultural contexts, including low and middle-income countries.

Keywords: Physical exercise; Effectiveness-Efficacy evaluation of interventions; Review literature
as topic.

RESUMO

Objetivo: Este estudo utilizou uma andlise bibliométrica usando a base de dados Web of Science com o0 ob-

Jetivo de analisar as tendéncias académicas relacionadas a intersecio entre a estrutura RE-AIM e a ativi-
dade fisica (AF). Métodos: Os indicadores de produtividade bibliométrica incluiram padrées de publicagio,
distribuicdo cronoldgica das publicagbes anuais, identificacdo dos periddicos mais relevantes, os autores
mais prolificos e citados, os documentos mais citados, bem como visualizagio em rede para coautoria,
colaboragio internacional e coocorréncia de palavras-chave do autor. A busca foi realizada em abril de
2024 utilizando os descritores controlados “RE-AIM” AND (‘atividade fisica” OR ‘exercicio fisico” OR
“atividade motora”). Resultados: Um total de 353 artigos foram incluidos para andlise. Os artigos foram
publicados entre 2002 ¢ 2024, distribuidos em 122 periddicos. A taxa de crescimento anual dos artigos
Joi de 7,6%, com média de 24,53 citagoes. As instituicoes e autores mais prolificos eram dos Estados
Unidos, Austrdlia e Canadd. A andlise fatorial das palavras-chave indicou a presenca de um cluster
principal abrangendo temas como intervengées de AF, o impacto da estrutura RE-AIM, saiide, exercicio,
implementagao e promogio da satide em vdrios contextos populacionais. Houve predominincia de estudos
realizados nos Estados Unidos, seguidos pela Austrdlia e Canadd, com crescente contribuicio de paises
como o Brasil. Conclusdo: A presente sintese forneceu uma visio geral da aplicagio global da estrutura
RE-AIM. Sugere-se que mais pesquisas explorem a aplicabilidade e a relagio dessa ferramenta na
avaliagdo de intervengoes de AF em diversos contextos socioculturais, incluindo paises de baixa e média
renda.

Palavras-chave: Exercicio fisico; Avaliagio da efetividade-efetividade das intervengées; Literatura de re-
visdo como assunto.

Introduction

disease, stroke, cancer, and diabetes, which are associ-

Physical inactivity is one of the main risk factors for  ated with the leading causes of premature death glob-
noncommunicable chronic diseases, including heart  ally’. Recent studies have revealed that approximately
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31% of the global adult population does not meet the
recommended level of physical activity (PA), which in-
cludes at least 150 minutes of moderate aerobic activity
or 75 minutes of vigorous intensity weekly. By 2030,
approximately 500 million people are estimated to
develop chronic conditions, resulting in annual public
health costs of 27 billion dollars®*.

In contrast, regular PA not only reduces the risk
of these chronic diseases, but also improves mental
health, relieving symptoms of depression and anxiety,
besides improving cognitive function and sleep. Stay-
ing physically active aids in weight control, strengthens
immunological function, and contributes to increasing
quality of life and life expectancy’.

The scientific literature proposes a variety of in-
terventions to reduce physical inactivity, including
community programs, active transportation policies,
counseling practices, and the use of self-monitoring
technologies such as mobile health applications*”.
However, the effectiveness of these interventions can
vary considerably, depending on individual factors, con-
textual influences, and the quality of implementation®.

The RE-AIM framework has emerged as a robust
and integrative tool for evaluating interventions across
different settings. This evaluation approach com-
bines quantitative and qualitative methods to explore
the mechanisms and reasons behind the outcomes
achieved during or after interventions. The acronym
RE-AIM stands for reach, effectiveness/efficacy, adop-
tion, implementation, and maintenance, divided into
two levels: individual and organizational. At the indi-
vidual level, it includes reach, effectiveness, and main-
tenance, which refer to the direct beneficiaries. The
organizational level considers adoption, implementa-
tion, and maintenance, focusing on the individuals and
settings involved’.

Although the RE-AIM framework is recognized
for its applicability and reach, few analyses objectively
document the trends and patterns of global research
on its use in behavior change projects, PA programs, or
both'*"3. Therefore, the following question arises: what
are the central academic trends in applying the RE-
AIM framework in studies on PA? Based on this set
of studies and their theoretical formulations, a biblio-
metric analysis of the scientific literature emerges as a
suitable tool to investigate this scenario. This approach
identifies the most influential authors, evaluates the
productivity of the topic, maps scientific collaboration
networks, and finds future paths for the investigated

phenomenon'. Thus, this study aimed to analyze ac-
ademic trends related to the intersection between the

RE-AIM framework and PA.

Methods

This bibliometric review'>10

employed a quantitative
approach to map evidence and followed these steps to
construct the descriptive synthesis: (I) outlining the re-
search problem; (II) objective-based literature review;
(II) selecting the database, descriptors, and research
sources; (IV') deciding on the bibliometric method and
software for data analysis; (V) collecting and filtering
data according to the research problem and bibliomet-
ric method; (VI) loading data into software and an-
alyzing them; and (VII) viewing and describing the
synthesis of outcomes and recommendations".

The research data were obtained from the Web of
Science (WoS) database, chosen for its extensive cov-
erage, quality of indexed journals, advanced search
and analysis features, compatibility with bibliometric
reviews, and support for the Bibliometrix dataset'.
While it is possible to combine other compatible da-
tabases, like Scopus, with this approach, doing so may
distort the results in terms of identifying metrics and
citations, justifying the exclusive use of WoS.

Searches were conducted in April 2024 and includ-
ed original studies and systematic reviews. The spe-
cific descriptors used were “RE-AIM” and (“physical
activity” OR “physical exercise” OR “motor activity”),
applying the filters “paper” and “review paper” in the
WoS database. The papers retrieved were imported
in “Bibtex” format and analyzed via the Bibliometrix
package® in the RStudio programming environment
version 4.1.0.

A descriptive analysis of the data retrieved was per-
formed, including charts and tables to visualize publi-
cation patterns and the chronological distribution of
annual publications, identify the most relevant journals
and the most prolific and cited authors, and analyze
the global scientific production on the subject®.

Additionally, the co-citation network among au-
thors was analyzed to identify interactions between
the main contributors to the field. The keyword co-oc-
currence was also analyzed to find the terms most
frequently associated with the RE-AIM framework
concerning PA. The variables of the number/average
number of publications and number/average number
of citations were analyzed based on data from WoS

via Excel 2017 jointly with the Biblioshiny graphical
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interface®.

Results

Types of documents retrieved and publication
chronology

A total of 353 documents were found, with 82.4%
original papers (n = 291) and 17.6% review papers (n
= 62). They were published between 2002 and April
2024 and distributed across 122 journals. The dataset
analyzed showed an average of 24.53 citations per pa-
per, with 1,870 authors. Only three works had a single
author, resulting in an average of 6.52 coauthors per
document. The results show a high level of collabora-
tion among authors, although the collaboration rate
between different institutions or countries was 24.1%.

The chronological analysis revealed a steady in-
crease in scientific production over the years, especially
since 2015. In the early years, production varied as fol-
lows: 2 papers in 2002, 3 in 2003 and 2004, 1 in 2005
and 2006, 4 in 2007, no papers in 2008, 4 in 2009, 12 in
2010, 5 in 2011, 10 in 2012, 15 in 2013, and 16 papers
in 2014.

From 2015, there was a more marked increase, with
annual production varying from 24 papers in 2015, 21
in 2016, 26 in 2017, 27 in 2018, 34 in 2019, and 35 in
2020, reaching a peak of 36 papers in 2021. In 2022, 35
papers were published. However, after 2022, there was
a slight decrease in production, with 29 papers pub-
lished in 2023 and 10 published in 2024. Despite this
slight decrease, the number of publications remained
high compared with the early years of the time series,
resulting in an annual growth rate of 7.6%.

Journals and affiliations in the author network of
the dataset
The journal with the most publications was BMC
Public Health, with 44 papers out of 353. Other no-
table journals included Translational Behavioral Med-
icine (n = 24), Frontiers in Public Health (n = 22),
the International Journal of Behavioral Nutrition and
Physical Activity (n = 20), and the International Jour-
nal of Environmental Research and Public Health (n
= 17). Other relevant journals with publications on the
subject included Contemporary Clinical Trials, Jour-
nal of Medical Internet Research, American Journal of
Preventive Medicine, BM] Open, and BMC Health
Services Research.

Regarding author and coauthor affiliations, the
most active institutions in scientific production on the

topic were the University of British Columbia (Can-
ada, n = 68), Virginia Tech University (USA, n = 45),
and the University of Queensland (Australia, n = 41),
among others, spread across different regions of the
world.

Most cited documents

Table 1 describes the ten most cited papers in the data-
set. The reference with most citations globally in WoS
at the time of this synthesis was Glasgow et al.?, with
818 citations.

Table 1 - The 10 most cited articles globally in the Web of Science
database

Number  Average
References Article Title of Citations
citations™ per annum
RE-AIM Planning and
Glasgow et Evaluation Framework: Adapting
al.? to New Science and Practice With 818 13633
a 20-Year Review.
Gaglio, Shoup The RE-AIM framework: a 536 44.67

& Glasgow?”

systematic review of use over time.
Scaling up physical activity
interventions worldwide:

Reis et al.* . 435 48.33
stepping up to larger and smarter
approaches to get people moving.
Online prevention aimed at
go\l;}_’lig zen lifestyle behaviors: a systematic 245 20.42
review of reviews.
Beginning with the application
in mind: designing and
!
s " planning health behavior 239 11.95
’ change interventions to enhance
dissemination.
High-intensity interval exercise
Biddle & training for public health: a big 218 21.80
Batterham®  HIT or shall we HIT it on the ’
head?
Stellefson et Web 2.0 chronic disease self-
Al management for older adults: a 186 15.50
’ systematic review.
Behavior change intervention
Glasgow et research in healthcare settings: 134 583
al. a review of recent reports with ’
emphasis on external validity.
. Behavior change intervention
gz/jv;altowskl research in community settings: 131 6.24

how generalizable are the results?.

Future directions in physical

activity intervention research:

expanding our focus to sedentary 125 15.63
behaviors, technology, and

Lewis et al.3!

dissemination.

Notes: *data obtained on April 16, 2024.
Source: author’s own (2024).

Most prolific authors over time
Figure 1 shows the top 10 researchers with the most

Rev. Bras. Ativ. Fis. Satude. 2025;30:¢0386

@) |

Page 3/12


https://creativecommons.org/licenses/by/4.0/

Goveia et al.

Physical activity, RE-AIM framework in the Web Of Science

publications and citations in the dataset over time;
darker and larger circles represent more papers pub-
lished that year and a higher citation coefficient. Paul
Andrew Estabrooks was the most prolific in the inves-
tigated subject, with 31 publications and an h-index
of 75 on Google Scholar, with scientific productions
focused on behavioral determinants of health, PA in-
terventions, and public health.

Co-citation analysis of authors

The co-citation analysis revealed that some pairs of
documents are frequently co-cited, highlighting the
work of Glasgow RE with 11 associated documents.
The paper “Evaluating the public health impact of
health promotion interventions: the RE-AIM frame-
work™® pioneers the application of the RE-AIM tool.
Other frequently co-cited authors include Dzewal-
towski DA (3 documents), Harden SM (2 documents),
Estabrooks PA (2 documents), and Klesges LM (2
documents), all coauthors of relevant research on the
topic. In Figure 2, larger spheres indicate a higher con-
centration of co-citations around specific subjects that
these works address.

Most Active Countries

Figure 3 presents the analysis of scientific production by
country/region based on the frequency of authors asso-
ciated with each location. The darker the shade of blue
on the map, the greater the number of researchers on

ESTABROOKS PA - R & &
GLASGOWRE - —8—e @ & e &
HARDEN SM -
ESTABROOKS P - Ci
BROWNSON RC -

SALMON J -

Author

DZEWALTOWSKI DA - p—iP—0
EAKINEG- > #

LUBANS DR -

WILCOX S~

the topic in that country. The United States leads with
917 authors, followed by Australia with 339 and Canada
with 338 authors. The United Kingdom also contributes
significantly, with 115 authors, followed by the Nether-
lands, with 108. Other countries, such as Brazil, Ireland,
Finland, China, and Germany, make significant contri-
butions with fewer authors, ranging from 28 to 39.

Keyword co-occurrence analysis

'The bibliometric analysis of keywords (Figure 4) high-
lighted frequent terms in studies on the RE-AIM
framework and PA: “implementation” (865 citations),
“intervention” (1,222 citations), “health” (615 cita-
tions), “program” (613 citations), “PA” (588 citations),
and “RE-AIM” (504 citations). These terms help out-
line the focus of the papers and provide an overview of
research trends in this field of investigation.

Factor analysis of research trends and frequently
used keywords in the investigated topic revealed the 20
most related terms, including PA, interventions, im-
pact, the RE-AIM framework, health, exercise, imple-
mentation, programs, health promotion, children, obe-
sity, adults, randomized controlled trials, prevention,
public health, translation, outcomes, and quality of life.

Discussion
Between 2002 and 2024, there was a substantial in-
crease in the number of publications in this area, total-

ing 353 publications in the WoS database. This growth
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Figure 1 - Top 10 rescarchers with the highest number of publications and citations over time

Note: N = Number; TC = Total Citations
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Figure 2 - Co-citation network of scientific publications on the investigated topic
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Figure 3 - Scientific output of the most referenced countries on the analyzed topic

reflects the scientific community’s interest in under- Most evidence related to the RE-AIM frame-
standing the mechanisms and impacts of interventions ~ work and PA has been published in journals such as
based on the RE-AIM framework, aligned with the =~ BMC Public Health, Translational Behavioral Med-
importance of PA for public health. icine, Frontiers in Public Health, International Jour-
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Figure 4 - Keywords presented in scientific publications on the RE-AIM framework and evaluation in physical activity and/or exercise interventions.

nal of Behavioral Nutrition and Physical Activity, and
International Journal of Environmental Research and
Public Health. These journals are recognized in the
academic community for attracting multidisciplinary
contributions and reflecting a comprehensive approach
to public health, including areas such as epidemiology,
environmental health, global health, health promotion,
and health policies.

The most influential researchers in this field in-
clude Estabrooks PA, Glasgow RE, Gaglio B, Hard-
en SM, Brownson RC, Salmon J, Eakin EG, Lubans
DR, Wilcox S, and Dzewaltowski DA. Among these,
Paul Andrew Estabrooks, affiliated with the College
of Health and Department of Health and Kinesiology
at the University of Utah, emerges as the most promi-
nent, followed by Glasgow RE, from the Department
of Family Medicine at the University of Colorado.

Gaglio B, from the Patient-Centered Outcomes
Research Institute, Harden SM, from the Physical
Activity and Community Implementation Research
Group at Virginia Tech University, Brownson RC,
from the Department of Surgery, Division of Public

Health Sciences, and Alvin J, from the Siteman Cancer
Center at Washington University School of Medicine,
also stand out as influential in this field of study.

The predominance of the United States in knowl-
edge production regarding the RE-AIM framework
and PA, both in publications and in the collaboration
network among authors, evidences, in part, the dispar-
ities in health systems and research priorities between
low, middle-, and high-income countries. This trend
matches the observations of Lee et al.”?, who highlight
the predominance of this approach in the United States
and other high-income countries compared with those
with low and middle income. In this study, among low-
and middle-income countries, Brazil stands out as the
most prominent, followed by Mexico and India.

In Brazil, the RE-AIM framework has been vali-
dated and adapted to Brazilian culture® and has been
widely used to plan and evaluate interventions pro-
moting PA'#2* Notable contributions include the
works of researcher Tania Rosane Bertoldo Benedetti,
affiliated with the Department of Physical Education
at the Federal University of Santa Catarina. Her re-
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search focuses on health promotion and active aging,
evaluating the effectiveness of PA programs and poli-
cies for older populations.

The ten most cited references based on global ci-
tation counts””* provide a comprehensive view of
trends in PA intervention research, using the RE-AIM
framework as an analytical tool for behavior change
programs.

In summary, these works address the following
subjects: using the RE-AIM framework in systematic
reviews as a protocol for assessing the quality of inter-
ventions, the importance of adapting and scaling inter-
ventions in different contexts, and the potential use of
technology for self-monitoring PA habits and seden-
tary behaviors across different sample groups.

'The manuscript by Glasgow et al.” was the most cit-
ed (818 citations) paper. The authors explored the evo-
lution of RE-AIM over 20 years of application, high-
lighting lessons learned from its use. In this systematic
review, the researchers found that the tool has been
frequently employed in research on public health and
behavior change in clinical, community, and corporate
settings. Although it does not present data directly re-
lated to PA research, the evidence provides consistent
information on the evolution and applicability of the
RE-AIM model in this field of study, making it a rele-
vant reference for other works in the area.

On the other hand, this approach has been widely
used by the scientific community in systematic review
studies as a methodological strategy for coding and
indicating quality in the evaluation of empirical re-
search on PA interventions across different population
group821‘34'37.

The scientific literature also widely discusses the
need to expand PA interventions within public health
policies***4%* Reports and studies by the WHO high-
light challenges such as the lack of resources and infra-
structure, which can limit global implementation. They
also emphasize the economic cost of physical inactivity,
which affects health systems, economic development,
and quality of life>*.

Regarding the effectiveness of online interventions
and self-monitoring technologies in reducing physical
inactivity, these tools have small to moderate effects
on PA when they include features such as real-time
feedback via text messages and personalized goals*.
Various factors influence these outcomes, such as the
duration and intensity of interventions, as well as the
individual characteristics of participants*.

Zangger et al.® argued that digital interventions
can improve PA and function but may also increase
the risk of minor adverse events such as musculoskel-
etal pain, physical discomfort, and fatigue. The authors
emphasize the need for careful monitoring and adjust-
ments in interventions to minimize risks and maxi-
mize positive health outcomes for individuals.

These studies indicate a growing consensus on the
effectiveness of mobile apps in promoting PA. How-
ever, further robust and long-term research is needed
to validate these effects and optimize technological in-
terventions. Large-scale randomized studies, as high-
lighted by Lewis et al.*', are essential to better clarify
the role of technologies in promoting PA.

Examining the papers retrieved in the WoS search
on RE-AIM and PA, keywords such as implementa-
tion, intervention, health, program, and PA stood out.
'The analysis of trending topics, illustrated in Figure 4,
revealed that “implementation” has been investigated
more and more in recent years.

These findings corroborate those of the study by
Glasgow et al.’, where the researchers noted that,
among all dimensions of RE-AIM, implementation
has shown the highest number of indices in studies us-
ing this approach. This can be attributed to the focus
on ensuring that interventions are effectively executed,
involving multiple stakeholders at the environmental,
professional, and individual levels.

The limitations of this study include the exclusive
use of the WoS database as the data source, which may
not fully represent the entire scientific production on the
topic. However, WoS is one of the largest and most com-
prehensive scientific repositories available, providing ro-
bustness and representativeness to the findings. Another
limitation is only including papers published in English,
which may exclude significant research published in
other languages. Additionally, there is the potential for
citation bias, where older studies or those by more re-
nowned authors may receive greater visibility, regardless
of the quality or relevance of the content. Therefore, the
data should be analyzed with caution. More detailed re-
view studies could build on these findings and explore
other databases, such as PubMed and Scopus, for a more
comprehensive understanding of these discoveries.

This study is innovative in its approach in that it ex-
plores the intersection between the RE-AIM frame-
work and PA from the perspective of bibliometric
analysis. Our findings provide a quantitative overview
of the collaboration network and scientific production
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of the RE-AIM framework and PA over the past two
decades. The applicability of this method in low- and
middle-income countries remains underexplored, sug-
gesting that public policies and programs aimed at pro-
moting active lifestyles in these contexts could integrate
the dimensions of the RE-AIM framework to ensure a
more comprehensive and effective evaluation of inter-
ventions. Objectively understanding the applicability of
this technique in PA interventions through future sys-
tematic reviews could be essential for identifying gaps
in the literature and proposing new research directions
that expand the scope of investigations in this area.

The bibliometric analysis revealed a progressive in-
crease in publications on using the RE-AIM frame-
work in PA interventions. A scientific collaboration
network was identified, with principal researcher Paul
Estabrooks emerging as a collaborator with many au-
thors who have published extensively on the investi-
gated topic. The United States leads this research area,
closely followed by Australia and Canada. Additional-
ly, the growing role of countries such as Brazil, whose
contribution is increasing, demonstrates a global and
diverse approach to the topic.

Studies investigating the intersection between PA
and the RE-AIM framework focus on evaluating and
implementing interventions designed to promote PA
and improve public health. They seek to understand the
effectiveness of interventions and the factors influenc-
ing their successful implementation and sustainability
over time. The dataset analysis suggests a need for fur-
ther research on the applicability and relationship of
this tool in evaluating interventions across diverse so-
ciocultural contexts, including countries with low- and
middle-income per capita.
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