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Objectives: This study aimed to quantitatively, qualitatively, and visually analyze, describe, evaluate, and
identify trends of the published scholarly documents on physical activity/exercise in epilepsy.
Methods: Scopus database was systematically searched using the keywords relevant to ‘‘exercise” and
‘‘epilepsy”. The Bibliometrix R-Tool was used to quantify, analyze, visualize, and describe the data set
of the scholarly documents identified through the systematic search. Data collected from the retrieved
documents were synthesized qualitatively.
Results: Search of the database resulted in 182 scholarly documents reporting on physical activity/exer-
cise in epilepsy. The scholarly documents were obtained from 93 indexed sources, authored by 516
researchers, indexed by 1311 keywords, and cited 4648 references. Epilepsy and Behavior was the fastest
growing source for documents on physical exercise in epilepsy and the Universidade Federal De So Paulo
in Brazil was the most productive institution in the field. Thematic analysis showed that epilepsy and
physical exercise were basic themes, quality of life and depression were motor themes, and yoga was
a niche theme. Quality of life and sport were trendy topics after the year 2015. A total of 14 barriers
and 2 promoters of physical activity/exercise were qualitatively synthesized.
Conclusion: Findings of this analysis might be helpful to librarians, institutions, and professionals inter-
ested in the field of physical activity/exercise in epilepsy. Researchers might be informed of collaboration
opportunities, trendy topics, and emerging themes in the field.

� 2021 Elsevier Inc. All rights reserved.
1. Introduction

Epilepsy is one of the most common neurological disorders of
the central nervous system [1]. Currently, more than 65 million
people are affected by epilepsy worldwide [2]. Because epilepsy
can be associated with higher risk of physical, mental, and cogni-
tive health issues, people with epilepsy often report poorer physi-
cal and mental health compared to their healthy peers [3–5].
Additionally, people with epilepsy often report poorer health-re-
lated quality of life compared to their healthy peers [3–7].

Lack of physical activity has been recognized as a major contrib-
utor toward poorer physical and mental health status among
adults [8,9]. Additionally, physical inactivity can contribute toward
poorer health-related quality of life, increased morbidity, and
increased mortality. On the other hand, regular physical activity/
exercise that meets the recommended levels in the established
guidelines has recognized benefits on the physical, mental, cogni-
tive, andhealth-related quality of life of adults and children includ-
ing those with epilepsy [10–14].

People with epilepsy often face considerable difficulties with
respect to meeting the recommended levels of physical activity/ex-
ercise [14,15]. These difficulties are related to their perceived
increased risk of seizures, fear of injury, stigma, and inappropriate
recommendations from the health professionals [15]. Recent stud-
ies have shown that physical activity/exercise was unlikely to
increase the frequency and/or severity of seizures even in sports
that involve reaching point of exhaustion [14,16]. With few excep-
tions, the International League Against Epilepsy concluded in their
2016 report on Sport and Epilepsy that after undertaking appropri-
ate and individualized risk assessment, physical activity/exercise
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should be recommended for people with epilepsy [17]. Physical
activity/exercise might be associated with benefits like reducing
the frequency and/or severity of seizures [16]. Additionally, physi-
cal activity/exercise can also be beneficial for improving health-re-
lated quality of life [10-14,18-22].

Over the years, there has been a growing interest in the benefits
of physical activity/exercise for people with epilepsy
[7,11,13,14,16,17,23-25]. As a result, the number of scholarly doc-
uments reporting on physical activity/exercise and epilepsy has
increased. Bibliometric analysis has emerged as a quantitative sta-
tistical tool that is commonly used in the analysis of scholarly lit-
erature [26]. Bibliometric analysis allows visualization, qualitative,
and quantitative description of the literature in a particular field.
Studies were conducted to analyze citations, keyword trends in a
particular field, and collaboration networks between authors, insti-
tutions, and countries. It has been argued that a high number of
citations might indicate that the author or document has received
attention from researchers in a particular field [27]. Recently,
Rubio et al conducted a bibliometric analysis of the productivity
of the Instituto Nacional de Neurología y Neurocirugía ‘‘Manuel
Velasco Suarez” [28]. The study demonstrated that the institute
was the leader in epilepsy research in Mexico in terms of the num-
ber of published scholarly documents and number of citations. In
another study, Popkirov et al conducted a bibliometric analysis of
1751 documents on dissociative seizures [29]. The study showed
that research focus has moved from diagnostic procedures to treat-
ment options. A recent bibliometric study by Kutluk and Danis
analyzed the scholarly literature on pediatric epilepsy published
in the period 1980–2018 [30]. In their study, the researchers ana-
lyzed the publication trends which included 2197 scholarly docu-
ments. The study showed that the United States was the most
productive country on pediatric epilepsy.

Bibliometric analysis of the literature reporting on physical
activity/exercise in epilepsy was not conducted before. Therefore,
this study was conducted as a bibliometric analysis to quantita-
tively and visually analyze, describe, evaluate, and identify trends
of the published scholarly documents on physical activity/exercise
in epilepsy. The study aimed to analyze the literature on the fol-
lowing levels: sources, documents, authors, institutions, countries,
keywords, trendy topic, and themes.
2. Methods

2.1. Data collection

To collect scholarly documents relevant to physical exercise in
epilepsy, a systematic search of the literature was conducted in
Elsevier’s database ‘‘Scopus”. Scopus was launched by Elsevier in
Nov 2004. Since its inception, Scopus has grown to be one of the
largest databases for abstracts and citations of peer-reviewed
scholarly documents with more than 25,100 titles from over
5000 different publishers. Compared to Web of Science and
PubMed, Scopus indexes a significantly larger number of scholarly
sources. Additionally, Scopus indexes the vast majority of the
scholarly sources indexed in PubMed and Web of Science (about
99.11%) [31].

In this study, the keywords relevant to ‘‘exercise” and
‘‘epilepsy” were combined using the Boolean operator tools ‘‘OR”
and ‘‘AND” to search for the relevant scholarly documents to be
included in this analysis. The search was restricted to those found
in the title/abstract/keywords. It has been argued that restricting
the search to title/abstract/keywords results in more relevant doc-
uments and reduces the number of false positives [10,32].

In this study, the scholarly documents reporting on physical
activity/exercise in epilepsy were included regardless of their type,
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country of origin, publication year, publication status, or type of
access. Although we did not restrict the search for any specific lan-
guage, the search was quasi-restricted as the terms used in the
search strategy were in English. The database search was con-
ducted on April 05, 2021. In this study, no specific start date was
selected.

The scholarly documents retrieved through the database search
were imported in three formats: Comma Separated Values (CSV),
bibliography (BibTeX), andResearch Information Systems (RIS) files.
The CSV files were opened in Excel (Microsoft Excel, Microsoft Inc.),
the BibTeXfileswere opened in JabRef (The JabRef team), and theRIS
files were opened in EndNote (Clarivate Analytics, Philadelphia).

2.2. Bibliometric analysis and data synthesis

The bibliometric analysis was conducted using Bibliometrix R-
Tool [33,34]. The tool was developed as an open-source tool to
facilitate conducting comprehensive science mapping analysis.
Bibliometrix was programmed in R which has emerged as one of
the most powerful and flexible statistical open-source software
environments [35]. The tool allows comprehensive descriptive,
quantitative, and visualization analyses.

This bibliometric analysis conducted aimed to visualize, iden-
tify, describe, and quantify: (1) scientific production in the field
of physical activity/exercise in epilepsy, (2) sources of the docu-
ments reporting on physical activity/exercise in epilepsy, (3)
authors/researchers who published scholarly documents in the
field of physical activity/exercise in epilepsy, (4) institutions/affili-
ations to which the authors/researchers who authored scholarly
documents on physical activity/exercise in epilepsy belonged, (5)
countries where the authors/researchers who authored scholarly
documents on physical activity/exercise in epilepsy were based,
and (6) keywords, topics, and themes in the field of physical activ-
ity/exercise in epilepsy.

The text of the retrieved scholarly peer-reviewed documents
was analyzed and items relevant to physical activity/exercise in
epilepsy were synthesized qualitatively [10,32].

3. Results

3.1. Scientific production in the field of physical activity/exercise in
epilepsy

Search of the database resulted in 182 scholarly documents
reporting on physical activity/exercise in epilepsy. The retrieved
scholarly documents contained the keywords relevant to ‘‘exer-
cise” AND ‘‘epilepsy”. The 182 scholarly documents were included
in the bibliometric analysis. The scholarly documents were
obtained from 93 indexed sources, authored by 516 researchers,
indexed by 1311 keywords, and cited 4648 references. Of the
scholarly documents, 106 (58.2%) were published as original
research and 29 (15.9%) were published as review articles. The
scholarly documents included in this study were published in the
timespan of 1970–2021. The annual growth rate of the scholarly
documents was 4.45%. The scientific production in the field of
physical activity/exercise in epilepsy is shown in Fig. 1a. The aver-
age document citations/year was 1 (SD = 1.2). The average docu-
ment citations/year over the timespan 1970–2021 is shown in
Fig. 1b.

3.2. Analysis of sources

The 182 scholarly documents included in this analysis were
obtained from 93 sources indexed in Scopus. Of the scholarly doc-
uments, 47 (25.8%), 10 (5.5%), and 9 (4.9%) were published in Epi-
lepsy and Behavior, Epilepsia, and Bollettino - lega italiana contro



Fig. 1. (A) Annual growth of scientific production in the field of physical exercise and epilepsy, (B) Average document citations/year.
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l’epilessia, respectively. The top 10 sources of the documents
included in this analysis are shown in Fig. 2a. Of the top 10 sources,
6 (60.0%) were neurology journals with focus on epilepsy and 3
(30.0%) were focused on sports and medicine. The journal Epilepsy
and Behavior had the highest source impact as indicated by the H
index. The top 10 sources with the highest H index are shown in
Fig. 2b. Similarly, Epilepsy and Behavior was the fastest growing
source for documents on physical activity/exercise in epilepsy
compared to the top 5 sources including Epilepsia, Bollettino - lega
italiana contro l’epilessia, Journal of Epilepsy and Neurophysiology,
and Epilepsy Research (Fig. 2c). Applying Bradford’s Law, Epilepsy
and Behavior was ranked at the top of other sources in the field of
physical activity/exercise in epilepsy (Fig. 2d).

3.3. Analysis of documents

The documents authored by Eriksen et al, Nakken, and McAuley
et al published in Epilepsia and Epilepsy and Behavior received the
highest number of citations. The top 10 most cited documents are
shown in Fig. 3a. The co-citation network of documents showed 2
Fig. 2. (A) Top 10 sources of the documents included, (B) the top 10 sources with the hig
and (D) Bradford’s Law applied to the sources.
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distinct clusters (Fig. 3b, blue color and red color). The coupling
map showed documents clustered by centrality and impact
(Fig. 3c). The document by Vancini et al published in Epilepsy
and Behavior was in the middle in terms of centrality and impact.
The historical direct citation network shows how documents were
cited over the time (Fig. 3d).
3.4. Analysis of authors

The documents included in this analysis were authored by 516
researchers. Arida was the most productive researcher in the field
of physical activity/exercise in epilepsy. The top 10 authors in
terms of the number of documents with their productivity over
the time are shown in Fig. 4a. Similarly, Arida was the most cited
author in the field of physical activity/exercise in epilepsy. The
top 10 most cited authors are shown in Fig. 4b. The co-citation net-
work of authors showed 3 clusters (Fig. 4c, blue color, red color,
and green color). The collaboration networks (Fig. 4d) showed
active collaborations between the authors.
hest H index, (C) source growth of the top 5 sources over the timespan 1970–2021,



Fig. 3. (A) The top 10 most cited documents, (B) the co-citation network of documents in 2 distinct clusters (blue color and red color), (C) a coupling map of the documents
clustered by centrality and impact, and (D) a historical direct citation network shows how documents were cited over the time.

Fig. 4. (A) Top 10 authors in terms of number of documents with their productivity over the time, (B) top 10 most cited authors, (C) co-citation network of authors in 3
clusters (blue color, red color, and green color), and (D) collaboration networks between authors.
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3.5. Analysis of institutions

The Universidade Federal De So Paulo was the most productive
institution in the field of physical activity/exercise in epilepsy. The
top 10 most productive institutions are shown in Fig. 5a. The col-
laboration networks (Fig. 5b) showed active collaborations
between institutions.

3.6. Analysis of countries

Brazil, the United States, and Italy were the most productive
countries in the field of physical activity/exercise in epilepsy. The
global productivity in the field of physical activity/exercise in epi-
lepsy is shown in Fig. 6a. For both, documents authored by
researchers from a single country or documents authored by
researchers from different countries, Brazil was ranked at the top
of the most productive countries as indicated by the corresponding
author (Fig. 6b). The collaboration networks and global collabora-
Fig. 6. (A) Countries’ specific productivity, (B) countries of the corresponding authors, (C

Fig. 5. (A) The top 10 most productive institutions, (B) ac

5

tion map showed active collaborations between countries (Fig. 6c
and Fig. 6d).
3.7. Analysis of keywords, topics, and themes

Analysis of the keywords used by the authors showed that epi-
lepsy, exercise, physical activity, seizure, and quality of life were
the most frequently used (Fig. 7a). Analysis of trendy topics
showed that quality of life and sport were trendy after the year
2015 (Fig. 7b). Epilepsy and exercise were the fastest growing key-
words over the time (Fig. 7c). The thematic analysis showed that
epilepsy and physical exercise were basic themes, quality of life
and depression were motor themes, and yoga was a niche theme
(Fig. 7d). Co-occurrence network showed links between the used
keywords (Supplementary Fig. S1a). The word cloud showed that
keywords relevant to epilepsy and physical activity were the most
frequently used by authors (Supplementary Fig. S1b).
) active collaboration networks between the countries, and (D) collaboration map.

tive collaboration networks between the institutions.



Fig. 7. (A) The top 10 most frequent keywords used by the authors, (B) trend topics over the time, (C) growth of words over the time, and (D) a thematic map.

R. Shawahna and Q. Nairat Epilepsy & Behavior 121 (2021) 108058
3.8. Engagement of people with epilepsy in physical activity/exercise

In the majority of the scholarly peer-reviewed documents iden-
tified and reviewed in this study, people with epilepsy often
reported lower levels of engagement in physical activity/exercise
compared to their age-matched peers. Additionally, people with
epilepsy were less likely to meet their required levels of physical
activity/exercise compared to their age-matched peers.

3.9. Performance of people with epilepsy in physical activity/exercise
tests

The scholarly peer-reviewed documents identified and
reviewed in this study reported that some physiological measures
like maximal oxygen uptake (VO2max), anaerobic threshold, heart
rate recovery, agility, movement skills, muscular endurance, mus-
Table 1
Barriers to and promoters of physical activity/exercise among people with epilepsy.

# Barrier/promoter

Barriers
1 Being of polytherapy
2 Having severer form of seizures
3 Higher levels of perceived stigma/embarrassment
4 Lower levels of self-esteem
5 Having depressive symptoms
6 Having anxiety symptoms
7 Older age/late onset of epilepsy
8 Lack of guidance
9 Lack of company
10 Feeling tired
11 Fear of seizures
12 Being counseled to avoid physical activity/exercise by a healthcare

provider
13 Having experienced seizures while performing physical activity/exercise
14 Lack of control over seizures/high frequency of seizures

Promoters
1 Group-based activities
2 Receiving individualized counseling/education on the benefits of

physical activity/exercise for people with epilepsy

6

cle strength endurance, muscle power, flexibility, metabolic equiv-
alent of task, chronotropic incompetence, distance walked, Bruce
protocol stage, and Duke score demonstrated that people with epi-
lepsy often performed poorer compared to their age-matched
peers.
3.10. Factors affecting engagement of people with epilepsy in physical
activity/exercise

The scholarly peer-reviewed documents identified and
reviewed in this study reported that people with certain types of
seizures like tonic-clonic and those who were on polytherapy were
less likely to engage in physical activity/exercise. The documents
also showed that higher levels of perceived stigma, lower levels
of self-esteem, fear of looking stupid, fear of looking unattractive,
fear of embarrassment, and fear of experiencing seizures while
exercising were associated with lower engagement in physical
activity/exercise among people with epilepsy. Additionally, older
age and higher prevalence of depressive and anxiety symptoms
were also associated with lower engagement in physical activity/
exercise among people with epilepsy.

On the other hand, engagement of people with epilepsy in phys-
ical activity/exercise might be promoted by appropriately design-
ing group-based activities and providing individualized
counseling/education on the benefits of physical activity/exercise
for people with epilepsy. Table 1 presents a summary of barriers
and promoters of physical activity/exercise among people with
epilepsy.
4. Discussion

Physical activity/exercise has been recommended for people
with epilepsy for multiple benefits related to quality of life, phys-
ical, mental, and cognitive health [14,36]. This recommendation
has been backed up by professional organizations like the Interna-
tional League Against Epilepsy [17]. This is the first bibliometric
analysis of the scholarly literature on physical activity/exercise in
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epilepsy. The analysis included the scholarly documents published
in sources indexed in the largest database of scholarly literature.
Findings of this study highlighted quantitatively described the sci-
entific production, sources of the documents, authors/researchers,
institutions/affiliations, countries, keywords, topics, and themes in
the field of physical activity/exercise in epilepsy.

The scholarly documents included in this study were published
in the period 1970–2021 and the annual growth rate of the schol-
arly documents was 4.45%. Findings of this study might indicate
that physical activity/exercise is a niche subject in epilepsy
research.

In this study, scholarly documents were obtained from 93 dif-
ferent indexed sources. Not surprisingly, the majority of the top
10 sources were neurology journals with focus on epilepsy. Find-
ings of this study were consistent with those reported by Wong
et al in which there was a paucity in epilepsy focused publications
in nonneurology journals with a prevalence of 0.01–2.23% [37].
Interestingly, this study showed that a considerable percentage
of the scholarly documents were published in medical journals
with focus on physical activity/exercise. Our findings showed that
Epilepsy and Behavior was the main source of scholarly documents
on physical activity/exercise in epilepsy. Epilepsy and Behavior
was also the fastest growing source with the highest impact as
indicated by analysis of the source dynamics and comparison of
the H index [38]. Bradford’s Law showed that Epilepsy and Behav-
ior was at the top of core sources [39,40]. Bradford’s Law indicated
a concentric zone of productivity of Epilepsy and Behavior in the
field of physical activity/exercise in epilepsy. This indicated that
compared to other core sources, Epilepsy and Behavior had a
greater weight in the area of physical activity/exercise in epilepsy.
Our findings were not surprising as Epilepsy and Behavior is the
fastest growing epilepsy journal. Findings of this study could be
informative to librarians, institutions, and professionals interested
in the field of physical activity/exercise in epilepsy to inform deci-
sions on what sources they should have access to in the field.

Findings of this study showed that more than half of the schol-
arly documents were in the form of original research articles fol-
lowed by review articles. Findings of this study were consistent
with the fact that the majority of scholarly documents published
in scientific journals are in the form of research articles. Our find-
ings showed that the documents published by Eriksen et al. [23],
Nakken [24], and McAuley et al. [25] received the largest number
of citations. These studies reported on people with epilepsy being
prescribed physical activity/exercise. Our findings might indicate
that experimental studies could receive a higher number of cita-
tions. The co-citation network of documents showed two main
clusters in which the most relevant scholarly documents appeared
to be referenced by two of the documents as indicated by the links
between the documents. Co-citations indicate the existence of
direct intellectual or collaborative connection in a particular field
[41]. The strength of the network is measured by the frequency
in which two scholarly documents are cited by a third document
[34,41]. Findings of this study indicated that physical activity/exer-
cise is a niche subject within epilepsy research.

Findings of this study showed that Arida was the most produc-
tive author in the field of physical activity/exercise in epilepsy. Not
surprisingly, Arida was also the most frequently cited author in the
field. Co-citation networks of authors identified three main clus-
ters. Co-citation maps are used as indicator of existence of intellec-
tual or social connection between authors. Additionally, receiving
citations is considered as an indicator of recognition of a scientist
in a certain domain.

Analysis of institutions/affiliations allowed identification of the
most productive institutions in the field of physical activity/exer-
cise in epilepsy. Co-citation networks indicated the existence of
connections/collaborations between institutions and countries.
7

Cross-national, institutional, and international collaborations are
commonly increasing the today’s scientific research.

Analysis of keywords, trends, and themes showed that epilepsy,
exercise, physical activity, seizure, and quality of life were the most
frequently used keywords by authors to help index their docu-
ments. Quality of life and sports were shown to be trendy topics.
These findings were consistent with the increasing interest in
improving the quality of life of patients with different health con-
ditions including patients with epilepsy which can be brought
about through behavioral interventions including practicing phys-
ical activity/exercise [10,42,43].

The qualitative analysis of the documents included in this study
showed that engagement of people with epilepsy in physical activ-
ity/exercise was an issue to be addressed. The reported low
engagement of people with epilepsy in physical activity/exercise
when compared with their age-matched peers was not surprising.
Similarly, the poorer performance of people with epilepsy in phys-
ical activity/exercise tests as indicated by some physiologic mea-
sures was not surprising. The low reported engagement and
poorer performance of people with epilepsy in physical activity/ex-
ercise tests could be explained by some barriers to physical activ-
ity/exercise that were reported in the documents retrieved and
reviewed in this study. People with severer forms of seizures, high
frequency of seizures, and those who did not achieve adequate
control over their seizures were less likely to engage in physical
activity/exercise [14,44]. Our findings might indicate that engage-
ment of people with epilepsy in physical activity/exercise might be
improved after achieving improved control over seizures. Findings
of this study also showed that stigma, low self-esteem, and fear of
embarrassment were barriers to physical activity/exercise among
people with epilepsy. These findings indicate that decision makers
need to design appropriate interventions to eliminate/reduce
stigma of epilepsy and people with epilepsy [45]. In this study,
prevalence of depression and anxiety symptoms among people
with epilepsy affected engagement of people with epilepsy in
physical activity/exercise. These findings were consistent with
the literature that depression and anxiety were disabling health
conditions that could affect the wellbeing of many individuals
including people with epilepsy [46-48]. Probably, addressing
health issues of people with epilepsy might improve their engage-
ment in performing physical activity/exercise. Interestingly,
engagement of people with epilepsy in performing physical activ-
ity/exercise might be promoted through appropriately designed
group-based activities. Additionally, providing individualized
counseling/education on the benefits of physical activity/exercise
for people with epilepsy might promote their engagement. Previ-
ous studies have shown that people with epilepsy were more likely
to refrain from engaging in physical activity/exercise when they
were advised to avoid physical activity/exercise by a healthcare
provider [11,14].
4.1. Strengths and limitations

Results of this bibliometric analysis should be interpreted con-
sidering a number of strengths and limitations. First, this is the first
bibliometric analysis of the scholarly literature reporting on phys-
ical activity/exercise in epilepsy. In this study, sources, documents,
authors, institutions, countries, keywords, trendy topics, and
themes were analyzed. Second, a systematic search was used to
identify the scholarly documents used in this analysis. The search
strategy adopted in this study was informed by previous system-
atic searches [10–13,28–30,32,34,49–54]. Systematic search
strategies have been advocated as reliable and reproducible. Third,
a robust and comprehensive bibliometric analysis tool was used to
analyze the data set of scholarly documents in this study.
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This study has also some limitations. First, Scopus was the only
database searched. In this study, we did not search other databases
like Web of Science, EMBASE, PubMed, Google Scholar, and Dimen-
sions. The decision to use Scopus was informed by the facts that
Scopus in inclusive of the majority of the sources indexed in
PubMed and Web of Science [31]. Additionally, Scopus also tracks
citations received by the scholarly documents published in the
sources indexed. Contrary to PubMed which does not track cita-
tions. Second, although we did not restrict the search for a partic-
ular language, it is noteworthy mentioning that the search was
quasi-filtered as the search terms were in English [34]. Scopus also
indexed sources in languages other than English. Using terms in
other languages could have yielded more comprehensive results.
Third, a relatively small set of scholarly documents was used in this
analysis. Previous studies in which larger areas of epilepsy research
analyzed larger sets of scholarly documents [28-30]. However, this
was at least in part because physical activity/exercise was a niche
subject in epilepsy research.

5. Conclusions

Findings of this study might indicate that physical activity/exer-
cise is a niche subject in epilepsy research. This bibliometric study
analyzed sources, authors/researchers, institutions/affiliations,
countries, keywords, topics, and themes in the field of physical
activity/exercise in epilepsy. Findings of this analysis might be
helpful to librarians, institutions, and professionals interested in
the field of physical activity/exercise in epilepsy. Researchers in
the field might be informed of the collaborations, trendy topics,
and emerging themes.
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