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Vigorously cited: a bibliometric analysis ki

of the 100 most cited sedentary behaviour
articles
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Abstract

Objectives No citation analysis has examined peer-reviewed sedentary behaviour research articles, which is needed
to assess the impact of this research and identify knowledge gaps. Therefore, this study aimed to identify the 100
most cited sedentary behaviour articles and examine their bibliometric characteristics.

Methods All databases indexed in the Web of Science database were searched in October 2022, and bibliometric
characteristics of the studies, irrespective of the publication year, were imported and calculated. Descriptive statistics
and visualisations by the VOSviewer were used for the presentation of bibliometric characteristics.

Results The 100 most cited articles received 49,062 citations in total, with a median citation density of 32.5 citations
per article per year. The majority of included articles were reviews (n =48; 22,856 citations), focused on adults (58%;
26,809 citations) and reported on the relationship of sedentary behaviour with health (n =64; 34,598 citations); more
specifically they focused on anthropometric indices (28%), metabolic health (24%), and mortality (23%). The United
States was ranked first in terms of the overall for most cited articles. However, Australia was ranked first for institutions
and authors contributing to the most cited sedentary behaviour articles.

Conclusions Papers published after 2007 were predominant in the list of 100 most cited sedentary behaviour papers,
as were those focusing on associations with physical health outcomes and those focusing on adults. While original
articles were cited more, discussion papers had more impact on the field as they received more citations in less time.
Research examining associations between sedentary behaviour and health was cited more. The field is dominated by
contributions from high-income countries.
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Introduction changes in body composition [1-11]. Breaking up or
Several systematic, scoping, and umbrella reviews have  reducing prolonged sitting, on the other hand, is associ-
concluded that sedentary behaviour is negatively associ-  ated with various health benefits [12—14]. Furthermore,
ated with important health outcomes, including cardio-  there are now public health guidelines specifically sug-
metabolic risks, mortality, certain types of cancers, and  gesting limiting prolonged sedentary time in all age
groups [15, 16]. Therefore, policy and interventions for
reducing and breaking up sitting time are essential for
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Australia which examined cardiovascular events in sedentary bus
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and physical inactivity were not recognised as two dis-
tinct health behaviours for several decades after the
Morris et al. study [17]. That is, the term ‘sedentary’
was used to indicate inability to meet physical activ-
ity recommendations [18, 19]. It was not until the 1990s
that a small number of public health researchers begun
to create a paradigm shift which enables recognition of
physical inactivity and sedentary behaviour as two health
behaviours independently affecting health [19-24]. It
was only in 2012 when the Sedentary Behavior Research
Network [25, 26] and, later on, some time-use epidemi-
ologists [27, 28] classified sedentary behaviour as “a dis-
tinct yet co-dependent behaviour competing for time with
physical activity and sleep throughout the day” [1]. Since
then there has been a rapid rise in sedentary behaviour
research [1]. While identifying the most seminal seden-
tary behaviour articles with a long-lasting impact in the
field can be difficult, it can be beneficial in several ways.

Bibliometric analyses are a useful way to understand
research focus and publication output in a specific field,
which can help to determine research trends [29, 30].
Citation analysis, a type of bibliometric analysis, deter-
mines most cited papers in a field by quantifying them
according to the citation count [31-35]. In addition,
by identifying the most seminal papers in the field (i.e.,
what research is cited the most, where is the focus of the
field), citation analysis can be useful in finding knowledge
gaps, which may eventually help move the field forward
[31, 35]. Furthermore, the list of most cited papers in a
field may be used as a guiding tool for students and new
researchers [32, 34]. Several methods have been used to
determine the number of most cited papers in a citation
analysis depending on the breadth of the field of research
[36—38]. For example, some studies present either the top
1% most cited papers [37], only top 50 most cited papers
[31-33], or papers with at least 400 citations [34, 38].

Recently, a citation analysis of 500 most cited physical
activity papers was conducted [39]. However, as physi-
cal inactivity and sedentary behaviour are now recog-
nized as two distinct health behaviours, there is merit
in examining the bibliometric parameters of the most
cited sedentary behaviour papers as well. To the best of
our knowledge, no study to date has focused on identi-
fying the most cited publications in sedentary behaviour
research. Therefore, this study aimed to identify 100 most
cited papers in sedentary behaviour and present their
bibliometric characteristics.

Methods

Study design

The methodology used in this study was informed by a
previous bibliometric study on top-cited physical activity
papers [39]. The relevant literature for this bibliometric
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study (i.e., citation analysis) was searched using the “all
databases” option in the Web of Science database (Clari-
vate Analytics, USA) as it enabled us to cover the papers
indexed in the MEDLINE database. The Web of Science
database was preferred over Scopus database for the cur-
rent study because the citation data in Scopus database
only covers articles published after 1996 [40]. As this
study did not involve human participants or animal mod-
els, ethical approval was not required.

Study selection and search strategy

To be included, peer-reviewed journal publications
focusing on sedentary behaviour as the main topic from
a behavioural and public health point of view (including
guidelines, policy statements, discussion papers, valida-
tion of sedentary behaviour assessment methods, and
interventions aiming to reduce or interrupt sedentary
behaviour) were considered, without any restriction for
study design (e.g., observational, experimental), type of
publication (e.g., editorial, brief report, reviews), lan-
guage of publication (e.g., English, Spanish), or year of
publication. The main focus of this study was to examine
sedentary behaviour publications from a broad behav-
ioural and public health view, not from a physiological
point of view. We chose to include the 100 most cited
papers in this study bibliometric study as it ensures that
a wide variety of paper types will be included (i.e., not
just systematic reviews, but also original research studies,
policy papers/guidelines) [39].

The exclusion criteria were: (1) papers focusing on
physical inactivity or sleep (e.g., “calibration of two objec-
tive measures of physical activity for children” or “short
sleep duration is associated with increased obesity mark-
ers in European adolescents: effect of physical activity and
dietary habits. The HELENA study”); (2) papers focusing
on exercise physiology (e.g., “heart rate variability and
autonomic activity at rest and during exercise in various
physiological conditions” or “hemodynamic response to
work with different muscle groups, sitting and supine”),
biomechanics/ergonomics (e.g., “are neck flexion, neck
rotation, and sitting at work risk factors for neck pain?
results of a prospective cohort study” or “low back joint
loading and kinematics during standing and unsup-
ported sitting” or “sitting comfort and discomfort and
the relationships with objective measures” or “the effect
of different standing and sitting postures on trunk muscle
activity in a pain-free population”), and/or physiotherapy
or rehabilitation (e.g., “accelerometers in rehabilitation
medicine for older adults” or “effect of neck exercise on sit-
ting posture in patients with chronic neck pain”); and (3)
studies conducted on animals (e.g., “inducible depletion
of satellite cells in adult, sedentary mice impairs muscle
regenerative capacity without affecting sarcopenia”) and/
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or in controlled condition or laboratory studies (e.g.,
“comparison of pedometer and accelerometer accuracy
under controlled conditions”). Furthermore, the focus of
each included publication had to be solely on sedentary
behaviour (studies that examined physical activity as a
co-variate or mediator of sedentary behaviour were still
eligible to be included if the overall focus of the paper
was still on sedentary behaviour). As such, papers that
focused on physical activity and sedentary behaviour in
combination were excluded (e.g., “physical activity and
sedentary behavior in people with major depressive disor-
der: a systematic review and meta-analysis” or “physical
activity and sedentary behavior among schoolchildren:
a 34-country comparison”). Sedentary behaviour was
defined as “any waking behaviour characterized by an
energy expenditure < 1.5 metabolic equivalents (METS),
while in a sitting, reclining or lying posture” [26]. There-
fore, papers reporting on “physical inactivity” — insuffi-
cient level to meet physical activity recommendations
— to denote sedentary behaviour were also excluded.

The search strategy was developed based on a previ-
ous review [39], and the initial search strategy was pilot
tested and assessed by all the authors to check for any
modifications. This was done several times to finalise a
search syntax that covers all relevant papers, with mini-
mal false positives. The literature search was conducted
on October 21, 2022, and papers with the following key-
words in the title and/or abstract and/or keywords plus
were searched: sedentariness, sedentary behaviour, sit-
ting, reclining time, stationary behaviour/time, seden-
tary time, non-screen-based sedentary time, television
(TV) watching or viewing, video watching, internet use,
gaming/video games or electronic game playing, social/
electronic media, screen time, small screen, media time/
use, smartphone/mobile phone/cell phone use, app use,
and PC/computer/tablet use or time. The detailed search
strategy was added as Additional file 1.

Identification and assessment of papers

Initially, as a test, 50 randomly chosen highly cited papers
on sedentary behaviour were reviewed by all the authors
to refine the eligibility criteria. Then, a list with the
500 most cited papers was reviewed by all the authors.
Finally, a list of 2,000 most cited papers was indepen-
dently assessed by two authors (ARM, SC). This number
of papers was to ensure enough eligible papers would
remain when all those not eligible were removed. Any
disagreements were resolved through consensus or by
involving a senior author (CV).

The eligibility of papers was determined through
screening the titles and abstracts of the papers by all
authors. When the title and abstract did not provide
sufficient information, the full-text of such papers was
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assessed in a consensus meeting. The process of literature
search, screening, and inclusion of papers in the current
study is presented in Fig. 1. Only the highest cited version
of duplicate papers was included, their lower cited ver-
sion was included in the list but not ranked.

The final list of 100 most cited papers was compiled
from the information that was extracted from the Web
of Science database, including the number of citations,
publication year, citation density, publishing journal, and
author’s country and institution of affiliation. The bib-
liometric parameters imported from the Web of Science
database were based on the affiliation details mentioned
in the paper at the time of its publication. If an author
had more than one affiliation listed on the paper, then the
data of those all affiliations were imported. The country
of affiliation of authors was used to determine single-
country (national) and multi-country (international) col-
laboration. Citation density was determined by dividing
the number of citations by the number of years since
publication of the paper. We extracted journal-based
metrics up to the year 2021, including journal impact fac-
tor and journal citation indicator from the Web of Sci-
ence database. Information on publishing model was
obtained from the Web of Science database.

On the basis of number of authors, articles were cat-
egorised as single-authored, double-authored, and multi-
authored publications. Information on different age
groups covered within the articles was obtained from
their full-texts and categorised as: children and adoles-
cents, adults, and combined age groups. Information
on health outcomes overed within the articles was also
obtained from their full-texts and categorised as: mor-
tality (e.g., all-cause, cardiovascular, cancer mortality
or mortality from other causes), cardiovascular disease,
diabetes, cancer, metabolic health (e.g., blood pressure,
glucose, lipids), anthropometric indices (e.g., body mass
index, waist circumference, skin fold), fitness (e.g., car-
diorespiratory fitness), psychological health (e.g., self-
esteem, pro-social behaviour, anxiety, and depression),
cognition (e.g., memory, academic performance), bone
health, sleep, pain, asthma, sciatica, musculoskeletal
problems (e.g., low back pain), and fatigue.

Based on a previous bibliometric study [39], we classi-
fied the papers into original articles, reviews and policy
papers/practice guidelines. However, we added an addi-
tional category (i.e., discussion papers) for papers that
did not fit in those categories. Original articles were fur-
ther classified into: (a) validation or evaluation papers,
(b) observational (e.g., cross-sectional, cohort, case—con-
trol) or qualitative studies, and (c) interventional (e.g.,
randomized, non-randomized) studies. The complete
list of 100 most cited papers stratified by the type of
paper is presented as Additional file 2. Furthermore, we
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Papers identified through Web of Science database
searching through “All Database” indexes; n = 123,090)

A 4

Papers imported for screening
(n=2,000)

A\ 4

(n =2,000)

Papers (tiles and abstracts) screened by authors

Papers excluded
(n=1,867)

A 4

Papers eligible for inclusion
(n=133)

A4

Papers included inthe analysis
(n=100)

Fig. 1 Identification and assessment of articles

classified the papers into six groups in accordance with
the Behavioural Epidemiology Framework: (1) Relation-
ship of sedentary behaviour with health outcomes; (2)
Measurement and assessment of sedentary behaviour; (3)
Prevalence and epidemiology of sedentary behaviour; (4)
Determinants and correlates of sedentary behaviour; (5)
Interventions and programs to reduce and/or interrupt
sedentary behaviour; and (6) Public health guidelines and
policy for sedentary behaviour. [1, 41-43].

Statistical analysis

We used SPSS v26 for data analysis, and findings were
presented as counts (or percentages), minimum-maxi-
mum, mean or median, and standard deviation. Spear-
man’s correlation coefficient was used to determine
the association between the number of citations and
the number of years since publication, with a p-value
of<0.05 considered statistically significant. Co-author-
ship and keyword analysis was performed using the
VOSviewer software (Leiden University, Netherlands)
to examine collaborative networks between authors and

most commonly used keywords in most cited sedentary
behaviour papers [44].

Results

Publication and citation characteristics

A total of the top 100 papers were included in this study
which were published between 1985 and 2019. The high-
est number of most cited papers (n=31) was recorded
during 2010-2012. In total, the 100 most cited papers
received 49,062 citations, with a citation density of
4672.8 citations per year. The average number of cita-
tions was 490.6 £361 (median =335), with a range from
202 to 1779 (Table 1). The median citation density was
32.5 citations per article per year, ranging from 6.1 to
262 (mean=46.7 and SD =44). The number of citations
continuously grew over time after 1997, whereas a sharp
increase was observed for papers published after 2009.
The distribution of the number of papers and citations
by year is shown in Fig. 2. Three articles were single-
authored, 9 were double-authored, and 88 were multi-
authored publications. In terms of study population, 25%
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Year of publications
Fig. 2 Yearly distribution of publications and citations for 100 highly cited papers

articles focused on children and adolescents, 58% on
adults, whereas 12% combined age groups, and 5% were
unclassified. The health outcomes covered in top-cited
sedentary behaviour articles included mortality (23%),
cardiovascular diseases (14%), diabetes (11%), cancer
(6%), metabolic health (24%), anthropometric indices
(28%), fitness (7%), psychological health (8%), cognition
(6%), bone health (2%), musculoskeletal problems (2%),
sleep (1%), pain (1%), asthma (1%), sciatica (1%), and
fatigue (1%). There was no correlation between the num-
ber of citations and the number of years since publication
(r=0.082; p=0.419) i.e., the number of citations was not
affected by the year of publication of the paper.

The most cited paper “Amount of time spent in seden-
tary behaviors in the United States, 2003—2004” was pub-
lished by Matthews et al. in 2008 in American Journal of
Epidemiology and received 1,779 citations (citation den-
sity: 127.07). The paper with the highest citation density
(i.e., 262) was “Sedentary Behavior Research Network
(SBRN)—Terminology Consensus Project process and out-
come” which was published by Tremblay et al. in 2017 and
received 1,310 citations. This was followed by “Does phys-
ical activity attenuate, or even eliminate, the detrimental
association of sitting time with mortality? A harmonised
meta-analysis of data from more than 1 million men and
women” and “Sedentary time and its association with
risk for disease incidence, mortality, and hospitalization

in adults: a systematic review and meta-analysis” with a
citation density of 221 and 218.7, respectively.

As reported in Table 2, of all included publica-
tions, 48 reviews received 22,856 citations (citations/
paper=476.2), followed by 46 original research articles
with 21,582 citations (citations/paper=469.2), 5 discus-
sion papers with 4,279 citations (citations/paper = 855.8),
and 1 policy paper/guideline with 345 citations (Addi-
tional file 1). The highest citation per paper rate was
observed for narrative reviews (6,916 citations; 532 cita-
tions/paper), followed by observational studies (16,231
citations; 491.8 citations per paper) and interventional
studies (3,809 citations; 476.1 citations per paper). The
highest citation density, however, was observed for sys-
tematic reviews/meta-analyses (15,940 citations; 1939.3
citation density). With respect to behavioural epidemi-
ology framework classification, most papers (n=64)
reported on the relationship of sedentary behaviour with
health outcomes and received 34,598 citations (cita-
tions/paper =540.6). Sixty papers were authored through
single-country (national) collaboration and 40 through
multi-country (international) collaboration.

Journal of publication

Overall, 44 journals published the 100 most cited seden-
tary behaviour papers, with 50% papers published in the
10 most prolific journals (Table 3). The journal American
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Table 2 Types of papers in the list of top 100 highly cited sedentary behaviour papers

Type of paper Papers Number of Citation range CPP SCC MCC

citations (min—max)

1. Original article 46 21,582 205-1779 469.2 34 12
Observational (cross-sectional) 16 7517 210-1779 469.8 10 6
Observational (longitudinal) 17 8714 205-1195 5126 13
Interventional studies 8 3809 227-1280 476.1 7 1
Validation studies 5 1542 227-578 3084 4 1

2. Review articles 48 22,856 202-1531 476.2 24 24
Narrative reviews 13 6916 202-1459 532 4 9
Systematic reviews/meta-analyses 35 15,940 205-1531 4554 20 15

3. Discussion papers 5 4279 366-1310 855.8 2 3

4. Policy papers 1 345 345-345 345 0 1

Behavioural epidemiology framework stage
Relationship of sedentary behaviour with health outcomes 64 34,598 205-1531 540.6 40 24
Measurement of sedentary behaviour 13 6296 202-1310 4843 7 6
Prevalence and epidemiology of sedentary behaviour 12 5172 208-1779 431 8 4
Determinants and correlates of sedentary behaviour 7 2193 205-537 3133 2 5
Interventions and programs to influence sedentary behaviour 7 1983 213-537 2833 4 3
Policy and practice in sedentary behaviour and public health 2 594 249-345 297 0 2

CPP Citations per paper, SCC Single-country (national) collaboration, MCC Multi-country (international) collaboration

Table 3 Top 10 Journals that published 100 highly cited sedentary behaviour papers

Rank Journal Papers Number CPP Affiliation JIF,05;  JClyy; Quartile Category
of
citations
1 American Journal of 9 4162 46244  American College of 6604 16 Q1 Public, Environmental, and
Preventive Medicine Preventive Medicine Occupational Health
and the Association for
Prevention Teaching and
Research
2 Medicine and Sciencein 6 3548 591.33 American College of 3061 081 Q2 Sport Science
Sports and Exercise Sports Medicine
3 Applied Physiology, Nutri- 6 2879 479.83 Canadian Society for 6289 183 QI Sport Science
tion, And Metabolism Exercise Physiology, the
Canadian Nutrition Soci-
ety, and Exercise & Sports
Science Australia
4 Archives of Pediatricsand 5 2022 40440 - 268 577 Q1 Pediatrics
Adolescent Medicine
(now JAMA Pediatrics)
5 Pediatrics 5 2150 430.00 American Academy of 9703 317 QI Pediatrics
Pediatrics
6 British Journal of Sports 4 1043 260.75 Several 18479 369 QI Sport Science
Medicine
7 Diabetes Care 4 2345 586.25 The American Diabetes 17155 355 Q1 Endocrinology & Metabo-
Association lism
8 International Journal of 4 1173 293.25 International Epidemio- 9685 247 QI Public, Environmental, and
Epidemiology logical Association Occupational Health
9 PLOS One 1292 32300 - 3752 088 Q2 Multidisciplinary Sciences
10 Journal of the American 3 3070 1023.33 American Medical Asso-  157.375 1046 Q1 Medicine, General &

Medical Association

ciation

Internal

CPP Citations per paper, JIF ,,; Journal impact factor for 2021, JCl,y,; Journal citation indicator for 2021
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Journal of Preventive Medicine published 9 (9%) papers
and received 4,162 citations (462.4 citations/paper). The
highest cited paper was published in the International
Journal of Epidemiology which was ranked as the eighth
most prolific journal. Eight of the top 10 journals were
Q1 journals in their respective category, and were owned
by or affiliated with a specialty-specific organization or
society. The journal distribution shows that the papers
were published in public health, sport sciences, paedi-
atrics, health-related speciality (i.e., endocrinology and
metabolism, nutrition and dietetics, cardiac and cardio-
vascular systems, psychology, and orthopaedics), general
or internal medicine, and multidisciplinary sciences jour-
nals. The impact factors of the top 10 journals publishing
the 100 most cited sedentary behaviour papers ranged
from 3.06 to 157.38, with Journal Citation Indicator val-
ues ranging from 0.81 to 10.46. Overall, the impact factor
of journals publishing the 100 most cited papers ranged
from 2.11 to 202.73 (median=6.64), with 67 papers
published in Q1 journals, 29 in Q2, 3 in Q3, and 1 in Q4
journals in the journal citation reports. We found a sig-
nificant correlation between the journal impact factor
and the number of citations (r=0.27; p=10.008).

Contributing authors

Overall, top 10 most prolific authors held the first (lead)
author role in 21 and last (senior) author role in 31 papers
(Table 4). In 58 papers, top 10 highly prolific authors
were listed as co-authors (i.e., not as first or last author).
Eight of the top 10 authors had a current affiliation from
Australia, 2 from Canada, and 1 from the USA. Owen
N published 23 (23%) papers, with 13,813 citations and
600.6 citations per paper. While Owen had the highest
number (n=10) of last (senior) author papers, Healy GN,
who was ranked as third most prolific author, published
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the most (n=>5) first author papers. Saunders TJ had the
highest citations per paper (855.4) with 4,277 citations on
only 5 papers.

Co-authorship network analysis produced a map for
authors with a minimum of 3 papers and showed 37
authors in 6 clusters (Fig. 3). Each cluster was shown
with a specific colour showing co-authorship in pub-
lished papers. For example, Owen N, Healy DN, Dun-
stan DW, Salmon J, Zimmet PZ, Shaw JE, and Hamilton
MT appeared in the same (blue) cluster. The visualiza-
tion map showed that Owen N had 21 links on 23 papers
(i.e., collaboration with 21 authors in the map) and a link
strength of 82 (i.e., they appeared in different sequences
for a total of 82 times as co-authors). Healy GN had 19
links and a link strength of 75 for 17 papers, whereas
Dunstan DW had 18 links and a link strength of 69 for
17 papers.

Contributing countries and institutions

Based on the institutional address of the author, individu-
als from 17 countries contributed to the 100 highly cited
sedentary behaviour papers. Among these, the United
States had 55 papers, with 29,811 citations (542.02 cita-
tions/paper). Other countries with over 10 publications
included Australia (n=37), UK (n=23), and Canada
(n=15). Although the USA received 29,811 citations
on 55, the highest citations per paper was 837 for Nor-
way with 1,674 on just 2 papers (Table 5). Four of the
top 10 contributing countries were from Europe, 3 from
Asia—Pacific, 2 from North America, and 1 from South
America.

Four of the top 10 institutions contributing to the
100 most cited papers were from Australia, four from
the United States, two from Canada and one the
United Kingdom. University of Queensland (Australia)

Table 4 Top 10 Authors that contributed to publishing 100 highly cited sedentary behaviour papers

Rank Author Papers Numberof CPP Co-author Firstauthor Lastauthor Current affiliation

citations
1 OwenN 23 13,813 600.57 9 4 10 Swinburne University of Technology, Australia
2 DunstanDW 17 9209 54171 8 3 6 Deakin University, Australia
3 Healy GN 17 9194 54082 10 5 2 University of Queensland, Australia
4 Salmon J 9 3944 43822 7 1 1 Deakin University, Australia
5 Biddle SJH 8 3268 40850 0 1 7 University of Southern Queensland, Australia
6 Matthews CE 8 5986 74825 4 2 2 National Cancer Institute, USA
7 Tremblay MS 7 5142 73457 1 4 2 Children’s Hospital of Eastern Ontario, Canada
8 Bauman A 6 3168 52800 4 1 1 University of Sydney, Australia
9 SaundersTJ 5 4277 85540 5 0 0 University of Prince Edward Island, Canada
10 Shaw JE 5 2883 57660 5 0 0 Baker Heart and Diabetes Institute, Australia
10 Zimmet PZ 5 2883 57660 5 0 0 Monash University, Australia

CPP Citations per paper
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Fig. 3 Co-authorship network visualization map for authors (with a minimum of 3 papers) of 100 highly cited sedentary behaviour papers.

Interactive map may be accessed here: https:/tinyurl.com/2g84c2sw

Table 5 Top 10 Countries that contributed to publishing 100
highly cited sedentary behaviour papers

Rank Country Papers Number of CPP
citations

1 USA 55 29,811 542.02
2 Australia 37 18,175 49122
3 UK 23 10,375 451.09
4 Canada 15 10,470 698.00
5 Netherlands 6 2762 46033
6 New Zealand 3 2107 70233
7 China 3 2050 683.33
8 Norway 2 1674 837.00
9 Brazil 2 997 498.50
10 Denmark 2 800 400.00
CPP Citations per paper

was the top institution with 24 publications and 13,862
citations (577.6 citations/paper) contributing to the
100 most cited sedentary behaviour papers. Harvard
T.H. Chan School of Public Health had the highest
citations per paper (i.e., 863.5) with 5,181 citations on
only 6 papers (Table 6).

Keywords

The map for keywords with occurrences of > 6 times pro-
duced 3 clusters of 37 keywords in total (Fig. 4). The most
common keywords included: physical-activity, obesity,
cardiovascular-disease, television viewing time, adults,
United-States, life-style, metabolic syndrome, risk, and
exercise. Sedentary behaviour specific keywords included
television, television viewing time, sitting, sitting time,
sedentary behaviour (including variations such as sed-
entary behaviors or sedentary behaviour), screen time,
and sedentary lifestyle. Overall, almost all keywords in
the map were on the relationship of sedentary behaviour
with health, sedentary behaviour prevalence and epide-
miology, measurement of sedentary and behaviour.

Discussion

In this study, we identified 100 most cited sedentary
behaviour papers and their bibliometric characteristics,
including the most prolific authors, journals, countries,
and institutions. The citation analysis demonstrates the
way the field has grown over time. Overall, 100 most
cited sedentary behaviour papers received 49,062 cita-
tions, with most citations received by observational stud-
ies, and most studies on the relationship of sedentary
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Table 6 Top 10 Institutions that contributed to publishing 100 highly cited sedentary behaviour papers

Rank Affiliation Country Papers Number of citations CPP

1 University of Queensland Australia 24 13,862 577.58
2 Baker Heart and Diabetes Institute Australia 15 8928 595.20
3 Deakin University Australia 14 7231 516.50
4 Loughborough University UK 10 4777 477.70
5 University of Ottawa Canada 9 6652 739.11
6 National Institutes of Health (NIH) USA 9 6322 70244
6 National Cancer Institute (NCI) USA 9 6322 70244
7 Children’s Hospital of Eastern Ontario Canada 8 6421 802.63
8 University of Sydney Australia 8 3609 451.13
9 Harvard T.H. Chan School of Public Health USA 6 5181 863.50
10 Pennington Biomedical Research Center USA 6 3377 562.83
CPP Citations per paper

gﬂ VOSviewer

@me) (Skeletal Muscle )

Fig. 4 Visualization map for keywords (with a minimum occurrence of 6 times) of 100 highly cited sedentary behaviour papers. Interactive map

may be accessed here: https://tinyurl.com/2oxrgyek

behaviour with health outcomes. Most studies were
through single country (national) collaboration and
were in the early stages of the Behavioural Epidemiol-
ogy framework. Finally, most papers were published by
authors affiliated with institutions from high-income
countries.

The 100 most cited sedentary behaviour papers were
cited between 202 and 1,779 times. This is lower when
compared with citations for publications on physical
activity (range =297 — 8,068), despite including a wider
range of studies (i.e., 500) [39]. This is most likely due
to the physical activity field being much larger, hence
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more papers will receive more citations. Furthermore,
100 top cited papers in some fields such as hyperten-
sion (range=582 - 7,248), diabetes (range=964 -
17,779), and acute kidney injury (range=215 — 1,971)
also received more citations [34, 45, 46]. Nevertheless,
the citations to the 100 most cited sedentary behaviour
papers were more than clinical orthopaedic sports medi-
cine (range=229 — 1,629) [47]. This is not surprising
because the citation pattern varies across different fields
based on the scope of the field, the number of research-
ers and journals or several other factors (e.g., journal
publishing model and indexing, primary language and
geographic origin of the authors) [1, 39]. Nevertheless,
almost no highly cited sedentary behaviour papers were
published before 2000 and most were published after
2010, this illustrates that this is a very young field of
research that has expanded very rapidly in a short time.
Forty eight percent of included studies were systematic
reviews, this is comparable to our study on most cited
physical activity papers which included 39% reviews [39].
The higher proportion of reviews as highly cited studies
is explained by systematic reviews being at the highest
hierarchical level of evidence, thus they are more likely to
get cited compared to original studies.

The majority (77%) of the most cited sedentary behav-
iour papers were published after 2007. Of note, prior to
2008 sedentary behaviour was used interchangeably for
physical inactivity. However, these fields started to segre-
gate with some discussion papers showing that sedentary
behaviour is distinct health behaviour — brining more
clarity to physical inactivity vs sedentary distinction [19,
25]. This distinction was made further clear during 2010s
with some publications showing that physical activity
(or inactivity) and sedentary behaviour are interrelated
but separate health behaviours [26-28]. As such, it may
be argued that the landmark paper on physical activity
that was published by Morris et al. in 1953 rather looked
at sedentary behaviour, instead of physical activity, and
mortality at work [17]. Noticeably, we did not find a cor-
relation between the number of citations and the number
of years since publication. Given that over half (n=>52) of
the included papers used some form of open access, this
finding is unexpected. The rapid rise in the field, particu-
larly during 2010s, bringing more clarity to physical inac-
tivity vs sedentary distinction might have caused more
recent papers becoming highly cited in a way that is pro-
portionate to older ones. While this tends to vary across
different fields, future research is needed to explain this
finding in more detail.

Strikingly, only one policy paper made it into the 100
most cited sedentary behaviour papers [48]. This may
be because papers combining physical activity and sed-
entary behaviour and papers examining 24-h movement
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behaviours were not included in this bibliometric analy-
sis. Moreover, the majority (n=64) of highly cited papers
belong to the first stage of the Behavioural Epidemiol-
ogy Framework (i.e., relationships with health), which
suggests that there has been sufficient research output
indicating the detrimental effects and associations of
sedentary behaviour. Most health outcomes were related
to physical health (anthropometric indices, metabolic
health, and mortality). However, there have been less
high impact studies examining outcomes of interventions
in randomised controlled trials demonstrating the ben-
efit of reducing sedentary behaviour, which are needed
to ultimately guide policy and public health implementa-
tion. Likewise, there have been less high impact studies
on determinants and correlates of sedentary behaviour
which may help identify targets and contexts for these
intervention trials.

Almost all the most cited sedentary behaviour papers
were published by authors from high-income coun-
tries, with either two or three publications from mid-
dle- or low-income countries (e.g., Brazil, China, and
Kenya). This is, however, not surprising because such
trend was also observed in physical activity research
and other medical fields [39, 45, 49]. Higher research
output from high-income countries may be due to a
higher number of researchers, higher research funding,
and stronger research collaborations [45, 49]. This was
further supported by an observation that most prolific
authors tend to collaborate with authors from other
high-income countries. For example, Owen N had the
strongest research links with researchers from other
high-income countries, including Tremblay MS, Mat-
thews CE, Van der ploeg HP and others (Fig. 3). Coun-
tries such as the USA, UK, Australia and Canada are
at the top in terms of most cited sedentary behaviour
papers because such countries have better economic
ranking, infrastructure, and research support [39, 49].
In addition, it has been argued that researchers from
high-income countries tend to cite researchers from
the same country or similar income group which may
be attributed to the way these researchers have col-
laborative networks within the field [39, 49, 50]. How-
ever, relative to the size of its population and number
of active researchers, the proliferation of contributions
from Australia (ranked second in this study) is remark-
able. This may be attributed to the fact that several of
the initial leaders of the sedentary behaviour field (i.e.,
those that were among the first to make a conceptual
distinction between physical inactivity and sedentary
behaviour and associated health outcomes) were based
in Australia. On the other hand, a lack of sedentary
behaviour research in low-income countries may be
attributed to a lack of researchers or research focusing
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on this field. In addition, a higher proportion of work
in low- and middle-income countries is characterized
as physical labour compared to high-income countries
where there is a greater service industry resulting in
more sedentary office-based work [49]. As such, seden-
tary behaviour research is less likely to have been pri-
oritised in low- and middle-income countries.

This is the first bibliometric study presenting the 100
most cited sedentary behaviour papers without restric-
tion to language and time of publication. However, some
of the limitations of the study should be acknowledged.
The search of all indexes of Web of Science was compre-
hensive and covered Medline, but there were inaccura-
cies in data compared to Web of Science Core Collection.
For example, there were duplicate author and institution
names in bibliometric parameters. More information
for the differences between Web of Science Core Col-
lection and Web of Science All Databases (indexes) may
be found elsewhere [51].F urther, we only included stud-
ies with main focus on sedentary behaviour, so studies
with a focus on physical activity or sleep combined with
sedentary behaviour were not included in the analysis.
Although we included studies where physical activity
was considered one of the ‘other’ variables (e.g., covari-
ates, mediators, moderators) in papers focusing on sed-
entary behaviour (e.g., Does physical activity attenuate,
or even eliminate, the detrimental association of sitting
time with mortality?), we acknowledge that this approach
might have excluded some seminal papers that combine
sedentary behaviour with physical activity or sleep. For
example, papers by Tremblay et al. [52] Bull et al. [15]
and Tremblay et al. [53] were not included in the analysis.
Furthermore, the bibliometric parameters obtained from
Web of Science database may differ from other databases
used for bibliometric analyses (e.g., Scopus) because they
differ in journals and other sources (e.g., books) indexed.
Although there would be a large overlap for most cited
sedentary behaviour papers in Web of Science compared
to Scopus, the list of the 100 most cited sedentary behav-
iour papers may not be generalizable to other databases.
Although we extracted open access information from
the Web of Science database, it is likely that some jour-
nals have changed their publishing model over time. We
also extracted information about the study population,
number of authors, multi-country collaborations, and
specific health outcomes. However, examining additional
variables (ie., study design, setting) was not related to
the main objective and research question of this study.
As this study was focused on sedentary behaviour only,
we were unable to examine 24-h movement behaviours
(which is now also informing guidelines). Therefore, we
suggest that future research should consider examining
most cited 24-h movement behaviour research papers.
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Conclusions

Systematic reviews and discussion papers have had the
most impact on sedentary behaviour research. Papers
on the relationship of sedentary behaviour with health
outcomes are cited more often, and research on meas-
urement, correlates and interventions was poorly repre-
sented. Papers published after 2007 were predominant
in the list of 100 most cited sedentary behaviour papers.
The most cited sedentary behaviour studies were pre-
dominantly focused on adult population, and on physical
health outcomes (e.g., anthropometric indices, metabolic
health, and mortality). The most influential institutions
and authors are from high-income countries, such as the
United States, Australia, the United Kingdom, Canada,
and some European countries. Future bibliometric stud-
ies should consider adding additional variables such as
the publishing model of the journal, population groups,
health outcomes, correlates or determinants in addition
to other bibliometric parameters.
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