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ABSTRACT

Purpose: The purpose of the study is to examine physical activity and brain-related studies published in international and peer-reviewed journals using
the Bibliometric Analysis Method.

Material and Methods: By applying the visualized Bibliometric Analysis Method in the study, it was aimed to examine the general distribution characte-
ristics, study progress, and highlights of existing studies on the effects of physical activity on the brain from 2001 to 2022. Studies that were publis-
hed in journals containing SSCI, SCI-Expanded and AHCI indices of Web of Science (WoS) were examined within the scope of the study. After the eli-
mination criteria were applied, a total of 6007 studies were included in the Bibliometric Analysis.

Results: When the year distributions of the publications were examined, it was found that they were few in number from 1990 to 2000, increased as
of 2001, and a significant increase was detected especially in 2019. According to the articles reviewed based on WoS citations, it was found that the
fields of neuroscience, clinical neurology and psychiatry came to the forefront. Considering the journal distribution of the examined articles, the PLoS
One journal was in the first place. Four main clusters emerged in the common word analysis, which were green, red, blue and yellow. It was obtained
that the green cluster occupying the center of the map was the field of sports sciences. The words found in the clusters that emerged from the analy-
sis were physical activity, exercise, cognition, aging, Alzheimer’s disease, depression,dementia, and hippocampus.

Conclusion: The study systematically summarizes and analyzes studies conducted on the promotion of physical activity by emphasizing the improve-
ment of cognitive functions. It is expected that the study will provide guidance and reference for future research.
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6z

Amag: Bu calismanin amaci, uluslararasi ve hakemli dergilerde yayimlanan fiziksel aktivite ve beyin icerikli arastirmalar bibliyometrik analiz yontemiyle
incelemektir.

Gereg ve Yontem: Gorsellestiriimis bibliyometrik analiz ydntemiyle, 2001’den 2022’ye kadar fiziksel aktivitenin beyin Uzerindeki etkisine iliskin arastirma-
larin genel dagiim &zelliklerini, arastirma gelisimlerini ve énemli noktalarini incelemek amaglandi. Calisma kapsaminda Web of Science’in (WoS) SSCI,
SCl-Expanded ve AHCI endeksleri iceren dergilerde yayimlanan arastirmalar incelendi. Eleme kriterleri uygulandiktan sonra toplam 6007 arastirma bib-
liyometrikanalize alindl.

Bulgular: Yayinlarin yil dagilimlarn incelediginde 1990 yilindan 2000 yilina kadar az sayida olduklari, 2001 yilindan itibaren arttidi, ¢zellikle de 2019 yilin-
da 6nemli diizeyde artis oldugu gdzlemlendi. WoS atiflarina dayall olarak incelenen makalelere gdre, nérobilim, klinik ndroloji ve psikiyatri alanlarinin
one c¢iktigl gdrdlmektedir. Yayinlarin dergi dagiimlarina bakildiginda PLoS One dergisi ik sirada yer aimaktadir. Ortak sdzctk analizinde dért ana kime
ortaya ¢iktl. Bu ana kiimeler; yesil, kirmizi, mavi ve sari kimelerdi. Haritanin merkezinde yer kaplayan yesil kimenin spor bilimleri alani oldugu anlagild.
Analiz sonucunda ortaya c¢ikan kiimelerde bulunan sézcikler fiziksel aktivite, egzersiz, bilis, yaslanma, Alzheimer hastalidi, depresyon, demans ve
hipokampustU.

Sonug: Bu galisma, biligsel fonksiyonlarin gelisimine etkisini vurgulayarak, fiziksel aktivitenin desteklemesine iliskin aragtirmalar sistematik olarak ¢zetle-
yip analiz etmektedir. Gelecekteki arastirmalara rehberlik ve referans sagdlayacagi 6n gérilmektedir.

Anahtar Sozciikler: Bibliyometrik analiz, beyin, fiziksel aktivite, ortak sézciik analizi, WoS

INTRODUCTION

It can be argued that human evolution is shaped by an acti-  with cardiovascular disease and Type 2 Diabetes (2). It has
ve lifestyle, and contemporary sedentary behaviors have only recently been understood that physical activity can be
serious consequences for human health. For this reason, a powerful medicine to counter the effects of inactivity.
inactivity has become a major public healthcare concern  Furthermore, studies report that physical activity has also
(1). In this context, physical activity level was associated positive effects on brain structure and health (3-6).
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Evidence obtained in human and animal studies reveals
that physical activity has direct roles in improving brain he-
alth by affecting both brain structure and brain function
(7). It is already known that physical activity has important
effects on brain health of people of all ages. Regular partici-
pation in physical activity during early childhood and ado-
lescence optimize the neuronal environment for cerebral
and cognitive development at different stages of life (8).
Physical activity may be central to the maintenance of cog-
nitive function by reducing vascular risk factors and pre-
venting a series of neurobiological events that occur as cog-
nitive decline later in life in middle-aged individuals (9,10).

There are also studies conducted on positive effects of phy-
sical activity on the preservation of, and even an increase
in brain volume (11). Observational studies found that brain
volume, particularly in the hippocampus, is preserved in
more physically active people (12-14). Physical activity is
also associated with the preservation of cortical thickness
(15,16). MRImaging displays that white matter integrity is
associated with better and higher physical activity levels in
individuals, as measured by diffusion tensor imaging (17-
19). Also, physical activity is considered to support neurop-
lasticity, the brain’s ability to continually adapt throughout
life, as well as neurogenesis, which is the production of
new neurons (20,21).

Although there are numerous publications on physical acti-
vity and the brain, few attempts were made to collect bibli-
ometric data systematically to identify research trends and
highlight publications that influenced the development of
the field. The bibliometric method generally aims to reveal
citation paths in the scientific literature or academic publi-
cations (22). This method was used in different fields from
past to present. However, its use in physical activity and
brain studies is limited by a small number of studies con-
ducted in recent years (23-25).

Previous studies focused on all articles on physical activity
and the brain published in journals within the scope of So-
cial Science Citation Index (SSCI), Science Citation Index
(SCI)-Expanded, Arts & Humanities Citation Index (AHCI),
by using the Web of Science (WoS) database. However,
common word analysis, which is among the most popular
bibliometric methods, was not included in the studies that
were conducted based on a descriptive perspective, and li-
mited to trend and co-authorship analyses. Also, most of
the bibliometric studies that focused on physical activity
and brain research did not use current science mapping
methods.

In this context, the present study aimed to analyze the ge-
neral status of physical activity and brain-related research
published in SSCI, SCI-Expanded and AHCI indexed jour-

nals in the Web of Science (WoS) Core Collection, and inclu-
ded in international indices from 2001 to 2021 with the help
of visual maps, and to contribute to the literature. The
study questions that guided the study are as follows.

1. What is the annual distribution of publications on physi-
cal activity and the brain?

2. What is the journal distribution of publications on physi-
cal activity and the brain?

3. What are the Web of Science (WoS) categories of publica-
tions scanned with the keyword “physical activity and
brain”?

4. What common word network model emerged from publi-
cations on physical activity and the brain?

MATERIAL and METHODS
Study Model

The model of the study is a case study design, which is one
of the qualitative research methods. A case study provides
an in-depth examination of a phenomenon or event (26).
The case study design was chosen in the study to examine
the articles published within the scope of physical activity
and brain in terms of bibliometric parameters, and determi-
ne the current situation. This research did not require an
ethics committee approval.

Search Strategy

The data of this study were obtained from Social Science
Citation Index (SSCI), Science Citation Index (SCI)-Expan-
ded, and Arts & Humanities Citation Index (AHCI); and
from the articles published between years 2001-2021. The
search strategy was to review only articles of peer-reviewed
journals in “Physical activity AND Brain” (All Fields), AND
2022 (Excluding Publication Year), AND articles (document
type), AND Science Citation Index Expanded (SCI-Expan-
ded), OR Social Sciences Citation Index (SSCI), OR Arts &
Humanities Citation Index (A&HCI) (Web of Science Index).

Data Collection Process

The bibliometric data in this study were taken from the Web
of Science (WoS) database produced by Clarivate Analytics.
The WoS Database is one of the world’s most important sci-
entific citation search and analytical information plat-
forms, and includes many bibliometric indicators and a lar-
ge database of different disciplines (27).

An online search was made in the WoS Database with bibli-
ometric analysis. The scanning range covered the period
between 2001 and 2021. The keywords “physical activity
and brain” were scanned in this search both in the article
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titles and in the article contents, and 6007 records related
to the subject were accessed out of a total of 8623 records.

Data Analysis

The Bibliometric Analysis Method was used in the study.
Data obtained with the method were compared by two dif-
ferent researchers, the deviating data were reviewed again,
and the final results were obtained. Data are presented here
in the form of tables and figures. The VOSviewer (Version
1.6.9) package program, which can be used free of charge,
was used in the study to make the bibliometric analysis,

Physical activity and brain

create maps, and view the articles published on physical
activity and brain (28).

RESULTS

Annual distribution of publications on physical activity
and the brain

When the trend of the related publications was examined,
it was found that they were few in number from 1990 to
2000, increased by gaining momentum as of 2001, and the-
re was a significant increase especially in 2019 (Figure 1).
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Figure 1. The distribution of related publications according to years

Journal distribution of publications on physical activity
and the brain

When the journal distribution of publications was asses-
sed, it was observed that there were over 1000 journals co-
vering the subject area of ‘physical activity and the brain’.
Only journals with more than both 50 citations and 50 pub-
lications are given (Table 1), led by PLoS One with 170 artic-
les; followed by Behavioral Brain Research, Frontiers in
Aging Neuroscience, and Brain Research, and with over 9o
articles. Brain Behavior and Immunity, International Jour-
nal of Environmental Research, Neuroscience, Journal of
Alzheimer’s Disease, Physiology & Behavior, Scientific Re-
ports, Medicine and Science in Sports and Exercise, Fronti-
ers in Psychology, BM] Open, Frontiers in Human Neurosci-
ence, and Neurobiology of Aging journals listed more than
50 articles. Finally, the Neuroimage journal published 50
articles.

Web of Science (WoS) categories of publications scan-
ned with the keyword ‘physical activity and brain’

When the categories of related publications were reviewed,
the first five fields that had the highest number of publicati-
ons were ‘Neuroscience’ (1824), ‘Clinical Neurology’ (727),
‘Psychiatry’ (552), ‘Geriatrics Gerontology’ (519), and ‘Sport
Sciences’ (491) (Figure 2).

Common word network model emerged from publicati-
ons on physical activity and the brain

When the keywords that were repeated in the publications
were examined, it turned out that 9239 different keywords
were used. When the cut-off point was determined as ‘to be
used at least 20 times’, 162 frequently used keywords were
detected (29). When the map that consisted of these frequ-
ently used keywords was examined (Figure 3), it was found
that there were four main clusters (green, red, blue and yel-
low) and relatively smaller clusters. It was also found that
the words ‘physical activity’, ‘exercise’, ‘cognition’, ‘aging’,
‘Alzheimer’s disease’, ‘depression’, ‘dementia’, and ‘hippo-
campus’ were used frequently by different disciplines.
Thus, it can be argued that these words are the common ke-
ywords used by different fields.
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Table 1. The distribution of journal publications and number of citations

Journal name Articles (n) Citations (n) Link strength
PLoS One 170 4277 177
Behavioural Brain Research 108 3706 310
Frontiers in Aging Neuroscience 93 2238 150
Brain Research o1 4895 353
Brain Behavior and Immunity 89 4215 78
International Journal of Environmental Research 75 605 28
Neuroscience 74 5732 356
Journal of Alzheimers Disease 72 2685 108
Physiology & Behavior 71 2000 155
Scientific Reports 61 821 52
Medicine and Science in Sports and Exercise 60 3123 150
Frontiers in Psychology 59 619 59
BMJ Open 58 443 14
Frontiers in Human Neuroscience 56 1301 66
Neurobiology of Aging 51 2896 215
Neuroimage 50 2116 169
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Figure 2. The distribution of related publications according to Web of Science
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When the clusters are examined, it is understood that the
green cluster (the large cluster) focuses on sport sciences.
In this cluster, concepts such as physical activity, aerobic
exercise, walking and physical fitness reveal that this clus-
ter mostly represents studies related to sport sciences and
health. When the frequently used concepts are evaluated, it
is seen that these studies mainly focus on pain, lateral scle-
rosis, sleep, falls, disability, adolescence, aging, fitness and
exercise. There are studies related to brain health, physical
activity, exercise, cognition, aging, Alzheimer’s disease, de-
mentia, and nutrition in the turquoise cluster, which occu-
pies very little space between the green and red clusters.

The red cluster contains the words Alzheimer’s disease,
aging, vitamin D, cancer, mild cognitive impairment, brain
volume, blood pressure, amyotrophic, and brain structure.
It is considered that this cluster focuses on clinical neuro-
logy, geriatrics and gerontology in general, and might refer
to areas related to brain health (e.g., epidemiology, demen-
tia, women, lifestyle, diabetes, inflammation, nutrition,
depression, biomarkers, and risk factors). There are studies
on cerebral blood flow related to more general topics such
as physical activity, Alzheimer’s disease, obesity, exercise,
hippocampus, and cognition in the orange cluster just abo-
ve this one.

The blue cluster contains the words oxidative stress, nerve
protection, cytokines, anxiety, serotonin, brain-derived ne-
urotrophic factor (BDNF), behavior, neurogenesis, neurop-
lasticity, autonomic nervous system, mouse, hippocampus,
brain, plasticity, and learning. It can be argued that this
cluster mostly represents the field of neuroscience. The
words related to Covid-19, mental health, heart rate variabi-
lity, pregnancy, and autonomic nervous system are given in
the purple cluster just above this cluster.

Finally, the yellow cluster includes words such as aging,
cognitive training, cognition, mood, cardiovascular fitness,
prefrontal cortex, memory, executive function, aerobic fit-
ness, executive control, EEG, and attention. This cluster ge-
nerally seems to represent the multidisciplinary field and
displays that these concepts are frequently used in other
fields as well.

DISCUSSION

The field of physical activity, which recently received incre-
asing attention, can be considered an area that must be stu-
died together with other disciplines. The bibliometric
analysis in this article aimed to add value to the existing li-
terature as it provided an overview of the general publicati-
on landscape, and informed the scientific community abo-
ut the publications that had the greatest effect on physical

Physical activity and brain

activity and brain research. In this context, the research
problems were discussed respectively.

Annual distribution of publications on physical activity
and the brain

It was revealed that the number of publications followed a
steep upward trend as of 2001 and increased steadily over
time, peaking in 2019 when more than 700 scientific studies
were published. Most of the studies were conducted in the
United States. The rapid growth in the number of publicati-
ons might also have played an active role in the physical ac-
tivity and health promotion programs in the United States.
As an example, it is possible to mention the ‘Exercise is Me-
dicine’ health promotion program, which was launched jo-
intly in 2007 by the American College of Sports Medicine
and the American Medical Association (30). This program
aimed to promote health with physical activity and exercise
based on the basic idea of spreading the belief that “exerci-
se is beneficial to the human body and proper exercise
prescription is necessary” (24).

Miiller et al. used bibliometric data to provide an overview
of the eHealth and mHealth research area on physical acti-
vity, sedentary behavior and diet, and concluded that the
number of articles on mHealth increased rapidly over a 17-
year period (31). The findings of our study are similar to
those of the studies that were conducted by Miiller et al.
(23) and Wang et al. (24). Unlike our study, Li et al. (25) con-
ducted bibliometric analyzes of research trends on traditi-
onal Chinese health exercises to improve cognitive functi-
on, and reported a slight decrease in the publication output
between 2001-2002, 2009-2010, and 2014-2016.

Journal distribution of publications on physical activity
and the brain

Journals that had more than 5o citations and more than 50
publications in a total of 6007 publications in physical acti-
vity and brain research were used as the bibliometric data.
All highly cited publications had quantitative design, and
most were cross-sectional, experimental and meta-analysis
studies. PLoS One is the most popular journal for researc-
hers in this field. The leading journals by citation count
represented open access and non-open access journals,
and the journals following PLoS One were Behavioral Brain
Research, Frontiers in Aging Neuroscience, and Brain Rese-
arch. Also, Medicine and Science in Sports and Exercise,
and BMJ Open journals, which accept many publications in
the field of sport sciences, were also included in this ran-
king. Other journals in the ranking were Frontiers in Aging
Neuroscience and Frontiers in Human Neuroscience that
included bibliometric analysis findings of trend studies re-
lated to exercise to improve cognitive functions by Li et al.
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(25). Journals that publish open access articles take advan-
tage of citations in terms of citation speed and overall cita-
tion count (32). However, the extent of this effect appears to
be site-specific, which might explain why many non-open
access journals that publish articles on physical activity
and the brain receive high citations (33).

Web of Science (WoS) categories of publications scan-
ned with the keyword ‘physical activity and brain’

When the most productive and effective articles on physical
activity and the brain were examined, it was observed that
authors working in the field of neuroscience came to the fo-
refront in terms of productivity. Also, the fact that the most
cited articles were in the field of neuroscience coincided
with the number of citations and author productivity. The
prominence of neuroscience in terms of the number of pub-
lications and citations indicates that there is a need for ef-
fective cooperation and publication activities in other fields
of physical activity. In this context, increasing projects and
funding in the fields other than the abovementioned discip-
lines will help create research collaborations and quality
publications in these fields.

Common word network model emerged from physical
activity and brain-related publications

When the keyword analysis was examined, it was determi-
ned that 9239 different keywords had been used in the stu-
dies. When ‘used at least 20 times’ was determined as the
cut-off point, 162 frequently used keywords were reached
(29). It was observed that the concepts that became evident
in the clusters emerging in the analysis were ‘physical acti-
vity’, ‘exercise’, ‘cognition’, ‘aging’, ‘Alzheimer’s disease’,
‘depression’, ‘dementia’, and ‘hippocampus’. Dong et al.
(34) stated that the most used keywords were ‘paralysis’,
‘rehabilitation’, and ‘recovery’ in their study that was desig-
ned to perform a bibliometric analysis of global trends in
studies conducted on exercise interventions for stroke. The-
se keywords highlight research over the past 20 years and
can help define the limits of research.

Limitations and Recommendations

The study is the first bibliometric analysis to summarize the
progress and trends of scientific studies conducted on phy-
sical activity and the brain over the past 20 years based on
WoS data, and was derived from 6007 articles and enriched
with results. As well as analyzing the number of publicati-
ons, citations and journals, the study also analyzed subject
categories, publication years, authors and keywords.

The study covered physical activity and brain research pub-
lished in SSCI, SCI-Expanded and AHCI indexed journals in
WoS. In this context, not including publications from data-
bases such as ERIC and SCOPUS can be considered the limi-

tation of the study. However, the indices used in the study
were chosen because of their high international validity.
Only the types of articles that were published in English
were selected for the study; book chapters, reviews, and
studies written in different languages were excluded. It can
be suggested for future studies that different systematic re-
view methods can be used together because methods such
as content analysis and thematic analysis were not used in
this study.

CONCLUSION

The study represents the first attempt to conduct a bibli-
ometric study in the field of physical activity and brain re-
search. The study accessed 6007 records on the topic from
2001 to 2021, and revealed that the number of articles pub-
lished each year is increasing. Most journals were in the fi-
elds of medicine and sports. It was determined that the
PLoS One journal had the most publications and citations.
It was also revealed that the publications scanned with the
keyword ‘physical activity and brain’ were mostly in the fi-
eld of neuroscience. Physical activity, exercise, cognition,
aging, Alzheimer’s disease, depression, dementia, and hip-
pocampus were the most important keywords. Although
the study had certain limitations, it serves as a reference for
future research and highlights the undeniable importance
of physical activity for brain health.
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