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ARTICLE INFO ABSTRACT

Little has been published about the historical development of scientific evidence in the physical activity (PA) and
public health research field. The study aimed to examine the evolution of knowledge in this field.
A structured literature review using formal citation network analysis methods was conducted in June-2016.
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Historyh Using a list of influential PA publications identified by domain experts, a snowball sampling technique was used
ﬁ;s;::: to build a compact citation network of 141 publications that represents the backbone of the field. Articles were

coded by study type and research team characteristics, then analyzed by visualizing the citation network and
identifying research clusters to trace the evolution of the field.

The field started in the 1950s, with a health sciences focus and strong North American and European lea-
dership. Health outcome studies appeared most frequently in the network and policy and interventions least.
Critical articles on objective measurement and public policy have influenced the progress from an emphasis on
health outcomes research at early stages in the field to the more recent emerging built environment and global
monitoring foci. There is only modest cross-citation across types of study. To our knowledge, this paper is the
first to systematically describe the development of research on PA and public health. The key publications
include fundamental ideas that remain citable over time, but notable research and dissemination gaps exist and
should be addressed. Increasing collaboration and communication between study areas, encouraging female
researchers, and increasing studies on interventions, evaluation of interventions and policy are recommended.

1. Introduction

Physical inactivity is an important risk factor for chronic diseases
such as diabetes, coronary heart disease, some cancers, depression and
dementia (Bauman, 2004; Ding et al., 2016; Ekelund et al., 2016; Kohl
et al., 2012; Lee et al., 2012; Sallis et al., 2016), and costs 67.5 billion
dollars globally annually in health care expenditures and lost pro-
ductivity (Ding et al., 2016). Since the first epidemiologic studies
published in the 1950s there has been enormous growth in the number
of papers, researchers, study types, and disciplines engaged in research
on physical activity. However, little has been published about the his-
torical development of scientific evidence in the field of physical ac-
tivity and public health. Available publications are in the format of

commentaries, review articles, and historic narratives (Blair and
Powell, 2014; Paffenbarger et al., 2001; Park, 1995); but all lack a
quantitative research approach. Citation analysis is a powerful tool that
allows for a visual and objective representation of the past, present, and
potential future directions of a research field (Lecy and Beatty, 2012).
This information is important to identify knowledge gaps and com-
munication barriers among research and practice communities, and
may be helpful in moving the field forward. The aim of this study was to
use citation analysis to provide insight into the evolution of knowledge
in the field of physical activity and public health.
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2. Methods

A structured literature review was conducted from February 2015 to
June 2016 using citation network analysis (Lecy and Beatty, 2012). A
stepwise protocol (before, during, after) for citation data collection was
conducted, through seven steps:

2.1. Prior to citation data collection

2.1.1. Identification of most cited publications

In June 2015, the most cited documents in the field since 1950 were
searched in ISI Web of knowledge and Google Scholar (Lecy and Beatty,
2012), using the following search criteria: “physical activity AND
public health”, allowing keywords to be found anywhere in the text. All
languages, countries, and study types were included. Documents in-
cluded published articles, commentaries, books, and others (reports,
dissertations). Resulting documents were ranked by number of cita-
tions. A final list of the forty most cited publications was derived from
ISI Web of Knowledge and Google Scholar, by combining both lists,
removing duplicates (n = 11), and leaving the 40 unique most cited
articles. Citation counts data was not normalized by publication date.

2.1.2. Identification of most cited authors

To validate the preliminary list generated in Step 1, we undertook a
systematic process for expert identification. A separate search for the
most cited authors in the field was conducted in Scopus, Google Scholar
and ISI Web of Knowledge using the same search criteria from step 1.
Lists from each source were combined, duplicates were excluded, and
authors were ranked based on their H index. Country of affiliation was
included in the list. Authors were divided into five categories based on
their expertise: 1) Physical activity levels, trends and measurement —
the science of physical activity surveillance and measurement; 2)
Determinants and correlates of physical activity — understanding why
some people are active and others are not; 3) Health outcomes of
physical activity — studies on the health outcomes of physical activity
with physical activity as the main exposure variable; 4) Interventions in
the field of physical activity that aim to increase physical activity as the
primary objective; and 5) Policy and practice in the field of physical
activity and public health. This classification system was originally
developed for the 2012 Lancet Physical Activity Series (A. E. Bauman
et al., 2012; Hallal et al., 2012; Kohl et al., 2012).

A list of the three most cited authors per category was created. To
ensure adequate global research representation for each category, if all
three authors were from the USA, the top two only were included and a
third was identified by selecting the highest cited author from a non-US
institution. The final list included academics from USA, Australia,
Brazil, Japan, and Norway.

2.1.3. Expert validation of the list of most cited publications

Between April and June 2015 a letter of request including the list of
40 most cited physical activity articles from step 1 was sent by email to
the 15 experts identified in step 2. Experts chose the ten articles they
considered most influential for the field's development, and ranked by
importance (ranking: 1-10). They were encouraged to suggest articles
that were not on the list. The final list of most influential articles con-
sisted of 15 articles with 4 or more expert votes each. The response rate
from the initial author list was 80% (12/15). Three authors did not
reply and therefore the next author in the list was invited to participate
until 15 responses were achieved.

2.2. Citation data collection

2.2.1. Data collection with Citation Network Analyzer tool

The Citation Network Analyzer-CNA tool developed by Lecy et al.
(Lecy and Moreda, 2011) was chosen for data collection because of its
functions of citation link identification, citation patterns tracking, and
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selection of highly influential publications based on the PageRank in-
dicator, which fit the study objectives.

A citation network was collected in August 2015 using the most
influential papers (n = 15, step 3) as “seeds” for a snowball sample.
The sampling technique builds the network by identifying articles citing
the seeds, articles citing those, etc. Since a snowball sample grows ex-
ponentially, we utilized a constrained snowball, which collects only a
percentage of articles at each level, retaining the highly-cited articles
and discarding the rest, resulting in a compact sample that represents
the backbone of a literature since it contains the most-cited articles and
linkages between them and is not biased by researcher preferences
(Lecy and Beatty, 2012).

Two parameters were considered for the constrained snowball
sampling: a) number of levels of data collection from the seeds; and b)
percentage of articles to be sampled by level. Seed articles constitute
the baseline level of data collection. Two levels of data were collected:
articles that cite the seeds are in level 1 and articles that cite level 1 are
in level 2. For this study, it was estimated that an initial five level se-
lection strategy would produce over 10,000 publications, too many for
practical analysis and effective interpretation. Thus, data were collected
in two levels from the previously selected fifteen seeds, with a sampling
of the top 2% most cited articles at each level (Lecy and Beatty, 2012).
This produced a citation network with 5217 articles and 9132 citation
links.

This sample was further refined by filtering by the group of those at
the 75th percentile and above for total citations, i.e., only articles with
at least 674 Google Scholar citations. This subsample contained 1131
articles, including 80% of the original seed articles identified by field
experts (step 3). Since this is the most highly-cited set of articles in the
network it represents the arterial flows of research through the field
(Lecy and Beatty, 2012). Appendix graph A includes a representation of
the complete citation network explaining the need for filtering in order
to conduct the main path analysis.

2.3. After citation data collection

2.3.1. Main path identification

The sample was further refined through main path analysis, a
method to identify the set of articles that mathematically represents the
optimal path for information to flow through the network between the
seed articles and the last level of collected data. Links with the highest
transversal weights were retained. Transversal weight is the proportion
of all paths between the first/source document (not citing any others in
the network) and the last/sink document (not cited by any others in the
network) that contain a particular link or article. It represents the ex-
tent to which an article or link is needed for keeping the network
connected (De Nooy et al., 2011; Harris et al., 2009). Using the search
path count strategy to extract the main path (De Nooy et al., 2011), and
based on a transversal weight cut point of 0.03 to ensure the inclusion
of at least 80% of the seed articles, we obtained a network of 141 ar-
ticles. This set contains the nodes with strongest citation linkages as you
move forward in time from the seeds, representing the strongest path by
which knowledge in the field has been generated and disseminated, i.e.,
it is the backbone of the literature (Harris et al., 2009).

2.3.2. Network data extraction

Abstracts from the main path articles (n = 141) were coded ac-
cording to the previously described five categories, plus first author
gender and country of residence based on affiliation. Main path abstract
coding was conducted independently by authors AR and DS, who
agreed with a weighted kappa of 0.77 and percent agreement of 82.8%.
Discrepancies were resolved until reaching 100% agreement.

2.3.3. Statistical and graphic analyses
Traditional and network descriptive statistics and exponential
random graph modeling (ERGM) were conducted to examine network
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composition and patterns of ties in the main path (Harris et al., 2011;
Harris et al.,, 2009). Descriptive characteristics included out-degree
centrality, defined as the number of ties (citations) received by a node
(citations). Nodes with higher out-degree are more prestigious/influ-
ential.

ERGMs offer an empirical means of describing citation patterns as a
probabilistic function based upon characteristics of articles and their
position within the network. They provide an odds ratio as an effect
measure, similar to logistic regression, but take into account depen-
dence between observations as a result of network structure (Harris
et al., 2009). The model was built to formally test the hypothesis that
nodes cluster in a network as a result of common characteristics (in this
case, type of study). ERGMs in this context predict the likelihood of one
article citing another as a function of either characteristics of the
publication, or global network structures.

To better understand the development of the field an ERGM was
estimated using the articles from the main path and including first
author gender and article topic as covariates. Author's country of re-
sidence was not included in the model given the dominance of the US
and the large proportion of non-US countries contributing just a single
article to the network. Consistent with other citation network studies
using ERGM (Harris et al., 2009, 2011), model building started with a
null model, added main effects terms for author gender and article topic
(model 1), added terms for same sex or same study topic citation (model
2), and added geometrically weighted terms to account for the under-
lying distribution of ties often observed in networks (model 3) (Harris,
2014). To further identify who the most influential authors of the field
are, we ran an additional analysis including all authors and co-authors
of the main path of the article citation network analysis, using node size
to represent number of publications. This was filtered to only include
authors with three or more publications in the main path of the network
(n = 141 articles), to facilitate visual interpretation (Appendix graph
B). Analyses were conducted in R 3.2, and visualization in the Pajek
4.10 and Gephi 0.9.2 programs.

3. Results

The first peer reviewed paper in the field of physical activity and
public health was published in 1953: Morris et al., a study of physical
activity and mortality at work (Morris et al., 1953). The field gradually
evolved, reaching over one thousand publications per year by 2015,
and developed with a predominance of US or UK male authors with a
health sciences background. Over this period, most studies focused on
health outcomes. Intervention studies appeared in the 1990s. Appendix
Table A shows the list of most influential physical activity articles
(resulting from step 3 and including 1 suggested article from the ex-
perts) since 1950 until June 2015, which were used as seeds for the
citation network analysis.

The overall identified network included 5217 nodes and its citation
links. The median, mean, and 75th percentile for citations were 381,
619 and 674 respectively. Among these 5217 nodes, the most cited
article network (= 75th percentile) included 1131 nodes, which were
used to identify the main path.

3.1. Most influential studies and authors

The main path had 98 lead authors, each contributing an average of
1.43 articles (s.d. = 1.26; range 1-10). Most lead authors (n = 79)
contributed one article, and one third were women (29/98). Fig. 1
shows the timeline of the main path publications by study type, year of
publication and number of citations.

Appendix Table B shows the 25 most cited articles in the main path
network. Most articles had a lead author from the USA (n = 69), fol-
lowed by the UK (n = 10); Canada (n = 5); Australia (n = 3);
Netherlands (n = 3); and Brazil, Finland, Germany, Ireland, Israel, New
Zealand, Spain, and Sweden (n = 1).
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There were 45 journals contributing an average of 2.71 articles each
(s.d. = 3.44). Top-ten journals were: JAMA (n = 16); Circulation
(n = 12); American Journal of Preventive Medicine (n = 10); Medicine
and Science in Sports and Exercise (n = 10); New England Journal of
Medicine (n = 10); The Lancet (n = 7); Journal of the American
College of Cardiology (n = 5); Archives of Internal Medicine (n = 3)
and Preventive Medicine (n = 3). Fourteen of the 141 documents were
books.

3.2. What characterized the composition and network structure as it
developed over time?

Fig. 2 shows the publication and citation patterns by type of study
from 1950 to 2015. Fig. 3 shows the main path publications forming the
field of physical activity and health research, organized by type of study
and author. Of the 141 articles in the main path, 15.6% were classified
as levels, trends, and measurement (n = 22); 19.9% determinants or
correlates (n = 28); 41.1% health outcomes (n = 58); 7.1% interven-
tions (n = 10); and 16.3% policy and practice (n = 23).

Physical activity and health outcomes publications represent the
beginning of the research field with first publication found in 1953 and
45.0% (26/58) of work published before 2000. In this study category,
the median number of citations was 690 with a mean of 1037 (range
127-3530). First author countries included USA (49), UK (4), Finland
(1), Australia (1), Germany (1) and Ireland (1) and Israel (1). Female
first authors were found in 31% (18/58) of the papers. The Lancet, New
England Journal of Medicine and Circulation were the most frequent
journals for this category.

The first physical activity measurement and trends publication was
in 1960, with 50.0% (11/22) were published between 2000 and 2010.
Median and mean citations were 689 and 1041, respectively (range
245-5065). First author affiliations included USA (13), Canada (3), UK
(2), Australia (2), Sweden (1), and Brazil (1). Thirty-two percent of
authors were female (7).

The first correlates and determinants paper was published in 1985,
and 68.0% (19/28) were published between 2000 and 2010. Median
citations were 660 with a mean of 1011 (range 153-1118). First author
affiliations included USA (20), UK (2), Canada (3), Australia (1),
Netherlands (1) and New Zealand (1). A quarter of papers had female
first authors (7).

The first policy publications appeared in 1992 and have been reg-
ularly distributed over the last 3 decades with 35% (8/23) published in
the 1990s, 39.1% (9/23) during the 2000s, and 26% (6/23) after 2010.
Median citation counts were 614 with a mean of 940 (range 123-7830).
First authors were from USA (19), UK (2), Netherlands (1) and Spain
(1). This category had the lowest proportion of female first authors:
13.4% (3).

Intervention publications were the most recent type of study to
enter the network, starting in 1996. Half (50.0%, 5/10) of the studies
were published during between 2002 and 2007. Median citation count
was of 674, with a mean of 1019 (range 403-1753). First author af-
filiations included USA (8) and UK (2). Half of the first authors were
female 50.0% (5), the highest proportion among all categories.

Determinants articles were 49% less likely than physical activity
levels, trends, and measurement articles to be cited by other main path
articles (0.51, 95% CI 0.32-0.83). No other article type was sig-
nificantly more or less likely to be cited compared to physical activity
levels, trends, and measurement articles.

As shown in Table 1, with the exception of policy and practice ar-
ticles, articles of all topics were more likely to cite other articles of the
same topic. Specifically, two articles about physical activity levels,
trends, and measurement had 2.94 times higher odds of being linked by
a citation (95% CI: 1.67-5.18) compared to two articles of other types.
Odds Ratios of linkage among two articles of the same type, using ar-
ticles of other types as reference, were as follows: 6.74 for determinants
and correlates, 2.44 for health outcomes, and 8.52 for interventions.
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Fig. 1. Timeline with the main path publications according to

Anderson (2007)
R L1 LB M"':‘_‘[’;’]’I type of study, year of publication and number of citations.
Determinants Troiano (2008) On each 5-year period, publications are organized from top to
Health outcomes Sacco (2006) . . . .
Smih (2006) bottom by number of citations in a decreasing order.
Policy Daniels (2005)
Sallis (2006)
Siade 2007)
Comier (2008)
Frank (2005)
‘Saelens (2008)
Sigal (2008)
Nader (2008)
Mitched (2008)
Brownson (2005)
Craig(2003)  Prince (2008)
Hu (2001) Hoshner (2005)
Pate (1995) Bassuk (2005) Roger (2012)
Salis (1998) Stampfer (2000) Roger (2011)
Blar (1996) Saelens (2003) Pate (2006) Saratno (2014)
Gortmaker (1996) Hu (2003) Bedimo (2005) Fune (2011)
Sals (2000) Mora (2007) Lee (2012)
Manson (1999) Saelens (2003) Coalter (2007) Hallal (2012)
Flotcher (1996) Gilos (2002) Ward (2005) Strosbe (2011)
Moginnis (1993) COC (1997) Brownson (2001) Brownson (2010)
Helmeich (1891) Hu (1989) Saris (2003) Fihn (2012)
Berin (1990) King (2000) Sallis Kohi (2012)
Manson (1990)  Epstein (1998)  Paluska (2000) & ODonovan (2010)
Jacobs (1993) Mayer (1998) Bauman (2004) Masse (2005) Barton (2010)
Manson (1991) _ Sesso (2000) Blair (2000) Tudor-Locke (2011)
Caspersen (1985)  Manson (1992) Hu (2001) Kaczynski (2007) Ding (2011)
Biair (1989) Sallls (1994) King (1995) Jakicic (2001) Sallis (2009) Powel (2011)
Paffenbarger (1986)  Lakka (1994) Gorelick (1999) Frumkin (2004) Sallis (2009) Bauman (2011)
Powel (1987) Marcus (1992) Frank (2003) Hagstromer (2007) Egan (2013)
Salis(1985)  Wood(1991) Kng(1998)  Wikems(2001)  Bul(2000) Carson (2010)
Paffenbarger (1978) Leon (1967) Blair (1992) King (1987) Biddle (2003) Stessman (2009) Kokkinos (2010)
Paftenbarger (1975) Blair (1985) Manson (1992) Salks (1997) Wilcox (2000) Badiand (2008) Lee (2011)
Morris (1975) Keys (1980) Laporte (1985) Flatcher (1992) CDC (1996) Camathon (2003) Loligen (2009) De Nazelle (2011)
Morris (1953) ‘Macmahon (1960) Kannel (1979) Morris (1980) Blair (1985) Sallis (1992) Booth (1997) Hu (2000) U (2008) Ekelund (2011) Thomas (2015)
1950-1959 1960-1969 1975-1979 1980-1984 1985-1989 1990-1994 1995-1999 2000-2004 2005-2009 2010-2014 2015+
Health Outcomes Measurement, Levels & Trends Determinants
® 69378
25728
18,665
T T 1 r T 1 r T 1
1950 1970 1990 2010 1950 1970 1990 2010 1950 1970 1990 2010
Policy Interventions
25716
@/o——o 7.209
I T T 1 I T 1
1950 1970 1990 2010 1950 1970 1930 2010

Fig. 2. Cumulative number of citations of publications in each type of study over time. (White dot is when the first publications appeared and black dots when the citations start; Y axis is

number of citations).

First author gender was not significantly associated with citations
(0.91, 95% CI 0.72-1.15).

3.3. Brief historical reconstruction according to the citation network
analysis

Fig. 3 shows the main path publications forming the field of physical
activity and health research, organized chronologically and by study
topic and author. The five largest nodes in the network (most cited
articles) are publications by Pate et al. (1995), Troiano et al. (2008),
Powell et al. (1987), Morris et al. (1953) and Kahn et al. (2002). Ap-
pendix graph B shows the main path author network analysis, showing
the most influential authors in the field and the connections among
them.

The field developed in the 1950s around the association between
physical activity and health with the classic study of coronary heart
disease and physical activity of workers in London (Morris et al., 1953;
Morris et al., 1958), followed by studies on the same topic in the US
(Paffenbarger and Hale, 1975; Paffenbarger et al., 1978).

In the 1980s, important methodological contributions (LaPorte
et al.,, 1985) and standardization of the field's terminology emerged
(Caspersen et al., 1985). One of the first reviews in the field (Powell
et al., 1987) concluded that there was consistent epidemiological evi-
dence of an inverse and causal relation between physical activity and
incidence of coronary heart disease and, that physical activity promo-
tion was fundamental to public health (Powell et al., 1987). This evi-
dence was central to the population based physical activity re-
commendation launched in 1995 from the Centers for Disease Control
and Prevention and the American College of Sports Medicine (Pate
et al., 1995).

In the following years, randomized trials with physical activity as
the intervention were conducted and the role of physicians in pre-
scribing physical activity began to be discussed in the literature (Calfas
et al., 1996; Dunn et al., 1999). By the end of the 1990s, studies eval-
uating sociodemographic inequalities and physical activity (Sallis and
Owen, 1998) and correlates of activity among children, adolescents and
the elderly started to be published.

From 2000 onward, research was conducted across all study types.
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Fig. 3. Main path publications forming the field of physical activity and health research, organized by type of study and author (Node size display publication out-degree centrality*).

*Out-degree is highest in nodes receiving more citations and therefore are more prestigi:
cite them aware of their results and therefore are better known among peers.

Table 1

ous/influential. Receiving more citations means that these nodes were able to make the nodes who

Predictors of citation patterns estimated with Exponential Random Graph Models - ERGM's.

Null

Main effects Same sex or study type citation Full

Odds ratio (confidence interval)

Characteristics
Edges (relationship among authors)
Male
Asymmetric ties by study type (probability of being cited)
Physical activity levels, trends and measurement
Determinants of physical activity
Health outcomes of physical activity
Interventions in the field of physical activity
Policy and practice in the field of physical activity
Mutual ties by study type (probability of clustering)
Physical activity levels, trends and measurement
Determinants of physical activity
Health outcomes of physical activity
Interventions in the field of physical activity
Policy and practice in the field of physical activity
Global terms
Geometrically weighted out-degree®
Models goodness of fit measures

0.01 (0.01-0.02)

0.01 (0.01-0.03)
0.69 (0.52-0.92)

0.01 (0.01-0.02)
1.24 (0.95-1.62)

0.03 (0.02-0.04)
0.91 (0.72-1.15)

1.00

0.68 (0.46-1.00)
0.75 (0.54-1.05)
1.18 (0.74-1.88)
0.71 (0.47-1.07)

1.00

0.42 (0.24-0.74)
0.61 (0.39-0.96)
1.07 (0.60-1.89)
0.81 (0.50-1.31)

1.00

0.51 (0.32-0.83)
0.71 (0.48-1.05)
0.98 (0.62-1.55)
0.97 (0.66-1.41)

2.93 (1.65-5.21)
6.58 (3.67-11.81)
2.42 (1.64-3.58)
8.14 (3.54-18.72)
1.83 (0.92-3.65)

2.94 (1.67-5.18)
6.74 (3.75-12.14)"
2.44 (1.64-3.64)
8.52 (3.61-20.15)
1.85 (0.94-3.66)

0.17 (0.11-0.26)’

Model AIC 2941 29038 2855 2808
Model BIC 2949 2985 2950 2910
“p < 0.05.

@ Out-degree is defined as the outgoing relations a node has. It is highest in nodes

receiving more citations.
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Important work on measurement, correlates and interventions shows
the importance of collaboration between disciplines for exploring new
topics and understanding physical activity monitoring and practice.
Examples worth mentioning include: 1) a milestone study on validity
and reliability of the International Physical Activity Questionnaire
(Craig et al., 2003); 2) the ecological model for physical activity and
active communities (Sallis et al., 2006); 3) studies exploring the asso-
ciations between physical activity, psychological wellbeing, environ-
ment and policy (Brownson et al., 2001; Saelens et al., 2003; Sallis
et al., 2006); 4) a systematic review reporting the most effective in-
terventions to increase physical activity (Kahn et al., 2002); and, 5) the
first population based study with objective measurement of physical
activity levels in U.S. adults (Troiano et al., 2008).

Since 2005, two paths related to the built environment and global
physical activity surveillance and policy have emerged. The built en-
vironment arm included pivotal studies about transport, urban design
and walking (Badland and Schofield, 2005), a multicountry study
(Sallis et al., 2009), and a review of evidence on active travel policies
for health (de Nazelle et al., 2011). The global surveillance and policy
arm included studies about the Global Physical Activity-GPAQ and In-
ternational Physical Activity-IPAQ Questionnaires (Bauman et al.,
2011; Bull et al., 2009), and articles of the first Lancet Physical Activity
Series (Hallal et al., 2012; Kohl et al., 2012; Lee et al., 2012) that
presented a global perspective on the prevalence, burden, and steps
needed to address the pandemic of physical inactivity.

4. Discussion

To our knowledge, this is the first systematic historical reconstruc-
tion of the development of the physical activity and public health re-
search field. This study is unique in that it is the first to use a quanti-
tative methodology to map the most influential research articles of this
field over a 60-year period starting with the first known peer reviewed
publication in 1953.

Our findings indicate that the physical activity and health research
field started in the 1950s, with a health sciences focus and North
American and European leadership. Health outcome studies are most
common and policy and intervention studies the least common. Critical
articles on policy and objective measurement influenced progression
from health outcomes research to more recent foci in built environment
and global monitoring.

This body of work of the most influential papers includes important
concepts that have remained citable for decades and constitutes the
backbone of the physical activity research field (see Appendix graph C,
showing citation volumes of seed articles over time). Key concepts
identified from these publications include: 1) beneficial health effects of
physical activity; 2) international health organizations focus on phy-
sical inactivity for chronic disease prevention; 3) physical activity re-
commendations for all population groups; 4) enhanced understanding
of correlates and determinants, especially in low and middle income
countries, can reduce inactivity and contribute to global prevention of
chronic diseases; 5) effective interventions for increasing physical ac-
tivity; and 6) most countries have physical activity prevalence estimates
for informing surveillance and policy, but physical inactivity is at
pandemic levels globally.

Some of the most cited papers connect different study categories
around fundamental innovative concepts. For example, the two most
central articles in the network (the largest nodes in Fig. 3) are a policy
article (Pate et al., 1995) and an objective measurement article
(Troiano et al., 2008), each of which introduced a new concept. Fig. 3
shows that these papers are among the first to be published in their
category and are cited by papers of all study types, perhaps reflecting
multidisciplinary and transdisciplinary communication through pub-
lications. Pate et al. (1995) links the predominantly health outcomes
body of evidence to an emerging literature on determinants and inter-
ventions. This is also the case for Troiano et al. (2008) that links this
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previous literature to new studies using objective measurement and
trends. Surprisingly, the best known authors and papers compromise
only a small proportion of the 141 main path papers which are spread
across 98 lead authors.

It is interesting to note that through 2012 researchers continued to
primarily conduct health outcome studies, and that interventions and
policy studies remained the least conducted. This raises the question of
how much research provides new insights or fills research gaps in areas
that could impact health (i.e., policy change) versus covering familiar
ground (Control and Prevention, 1999). The low density of intervention
and policy publications in the network also suggests the need to con-
tinue to fill the evidence gaps on the effects of large scale interventions
and policy on physical activity and the extent to which evidence is
being translated into action. This may be in part due to the greater
complexity of design, funding requirement and specific training re-
quired to conduct intervention, intervention evaluation, policy and
translation research. Translational research in physical activity is an
important study area with relatively few examples of successful cases of
collaboration between scientists and with policy makers (Brownson
et al., 2006; Pratt et al., 2016; Reis et al., 2016). Studies on smoking
cessation strategies and secondhand smoke have found similar dis-
connects in how effectively research is being translated into policy
(Harris et al., 2009; Harris, 2010).

The citation patterns identified in this study show that studies about
the determinants of physical activity are significantly less likely to be
cited in the network compared to other types of articles. In addition,
with the exception of policy and practice articles, most articles are more
likely to cite other articles on the same topic, limiting the flow of in-
formation across the subfields of physical activity and public health
(Rutter et al., 2017) Limited co-authorship and citations across sub-
themes within the network may compromise the evolution of the field
and limit research translation and advocacy to address the global
pandemic of inactivity and the WHO 2030 global health agenda (WHO,
2015).

The study had some limitations. Sampling for citation network
analysis captures a representative but not exhaustive sample, and uses
very specific search terms, therefore, some relevant publications may
not have been identified. This limitation was addressed by inviting
experts to add to the final selection of articles. Also, citation rates might
not always accurately reflect the importance of the key papers due to
differential dissemination, scientific promotion, and popularity of pa-
pers. Finally, literature published in non-English languages was not
included.

5. Conclusion

This study identifies papers forming the backbone of the physical
activity and public health research field. These publications include
fundamental ideas that remain citable over time, however research and
dissemination gaps exist in this network and should be addressed.
Understanding the past and present of physical activity and public
health research is critical for strategically determining the next steps for
growing the field and its reach. The findings highlight the need to
achieve more integrated and multidisciplinary collaboration, and to
support emerging researchers in becoming a part of the backbone of the
network (similar research groups as those that had great influence in
the past remain the most influential currently). More emphasis should
be placed on achieving gender equity in the field, by supporting female
researchers. The results of this work could help in developing stream-
lined pathways to expedite growth of emerging sub-areas. One of the
most pressing needs is capacity building in low and middle income
countries. Finally, more studies on interventions, evaluation of inter-
ventions, policy, translation and scale-up are needed, as evidence in
these areas is scarce, and impacts on population health are likely to be
substantial. For this to happen, funding opportunities and research
positions favoring this type of work are critical.
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