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Abstract

Background: Understanding which factors influence participation in physical activity is important to improve the
public health. The aim of the present review of reviews was to summarize and present updated evidence on
personal and environmental factors associated with physical activity.

Methods: MEDLINE and EMBASE were searched for reviews published up to 31 Jan. 2017 reporting on potential
factors of physical activity in adults aged over 18 years. The quality of each review was appraised with the Assessing
the Methodological Quality of Systematic Reviews (AMSTAR) checklist. The corrected covered area (CCA) was
calculated as a measure of overlap for the primary publications in each review.

Results: Twenty-five articles met the inclusion criteria which reviewed 90 personal and 27 environmental factors.
The average quality of the studies was moderate, and the CCA ranged from 0 to 4.3%. For personal factors, self-
efficacy was shown as the strongest factor for participation in physical activity (7 out of 9). Intention to exercise,
outcome expectation, perceived behavioral control and perceived fitness were positively associated with physical
activity in more than 3 reviews, while age and bad status of health or fitness were negatively associated with
participation in physical activity in more than 3 reviews. For environmental factors, accessibility to facilities, presence
of sidewalks, and aesthetics were positively associated with participation in physical activity.

Conclusions: The findings of this review of reviews suggest that some personal and environmental factors were
related with participation in physical activity. However, an association of various factors with physical activity could
not be established because of the lack of primary studies to build up the organized evidence. More studies with a
prospective design should be conducted to understand the potential causes for physical activity.
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Background

Participation in regular physical activity contributes to
health promotion, improving physical fitness, and preven-
tion of non-communicable diseases [1-4]. The inter-
national health guideline for physical activity recommends
that adults should be doing at least 150 min of moderate-
intensity physical activity throughout the week or doing at
least 75 min of vigorous-intensity physical activity regard-
less of the domains of physical activity such as leisure,
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transportation, occupational, and household chores [5].
However, the level of inactivity is reported to be high
globally [6, 7]. Thus, motivating the public to participate
in physical activity by finding which factors influence
participation in physical activity is important to im-
prove the public health and to mitigate the global
burden of chronic diseases.

There are several theories that describe behavioral
models of physical activity, and it is common to in-
corporate ideas from these theories into ecological
models. According to an ecological model, factors
which influence health behavior consisted of intra-
personal, inter-personal, and environmental factors as well
as policy [8]. Personal factors include demographic and
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biological factors, psychological, cognitive and emotional
factors, behavioral factors, and social and cultural factors
[9]. Environment factors include the facility, neighbor-
hood, safety, home environment, location of region, and
climate [10].

Although there has been one meta-analysis of associa-
tions between environmental factors and physical activity
[11], most factors related to physical activity have been
summarized by systematic reviews rather than by meta-
analysis because of an insufficient number of primary
studies on each factor and distinct analytical methods. In
a study by Bauman, the authors conducted a review of
reviews which is a capable method of summarizing previ-
ous evidence from systematic reviews, with or without
synthesis [12, 13]. They reviewed variables as determi-
nants of physical activity in children or adolescent among
adults to investigate those factors throughout their life
span; however, the variables studied in adults, but not in
children or adolescents, were not reviewed [14].

The primary purpose of this study was to summarize and
present updated evidence for personal and environmental
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factors potentially associated with participation in physical
activity overall or by the domains of physical activity.

Methods

Search strategy and eligibility criteria

To identify systematic reviews, MEDLINE and EMBASE
were searched for quantitative, peer-reviewed studies
published up to 31 Jan. 2017 reporting on potential
correlates, predictors or determinants of any type of
physical activity in adults aged over 18 years (Fig. 1).
Search terms indicative of physical activity were used in
combination with correlates or determinants. For the
adaption of search strategies, specific filters were used
from the databases including study design, publication
year, language, and age. In MEDLINE, medical subject
headings (MeSH) such as ‘motor activity’ and ‘epidemio-
logic factors’ were also used in the search strategy.

After the removal of reviews that were duplicates in
both literature databases or published in a non-English
language or that targeted adolescents, the additional
following reviews were excluded: 1) reviews of animal

Records identified through database
searching from 1 Jan. 1999 to 31 Jan. 2017

Search term: Physical activity AND (correlate
OR correlates OR determinant OR
determinants OR predictor OR predictors)
AND (review OR meta-analysis)

s

Searched in Searched in
MEDLINE' EMBASE
(N=5,441) (N=1,452)

~,

Remaining articles after
removing duplicate
(N=6,390)

Records excluded (N=4,992)

1. Study conducted in only children or
adolescents (age<18)

2. Non English paper

A 4

Included review or
meta-analysis
(N=1,398)

A 4

Records excluded (N=1,375)

1. Review of animal studies

2. Review of qualitative studies

3. Reviews of studies using other
dependent variables rather than physical

Full-text articles
assessed for eligibility
(N=23)

> activity

4. Reviews that focused on participants
with a specific status

5. Not applicable to either a list or
significant level of previous primary
studies

Article from other

A 4

Studies included in
qualitative synthesis
(N=25)

Fig. 1 Flow chart of inclusion and exclusion criteria for previous reviews. '"Medical subject headings (MeSH) such as ‘Motor Activity’ and

‘Epidemiologic Factors’ were also used in the search strategy

source
(N=2)
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studies, 2) reviews of qualitative studies, 3) reviews of
studies using other dependent variables rather than
physical activity, 4) reviews that focused on participants
with a specific status such as cancer, pregnancy, and
alcohol use disorder, and 5) studies which did not pro-
vide either a list or significant level of previous primary
studies because that information was used in the classifi-
cation of the variables. Reference lists of the included
reviews and primary studies in each review were
checked to identify any unrevealed studies.

Rating the methodological quality

To assess the quality of each included review, the
11-item Assessment of Multiple Systematic Review
(AMSTAR) checklist was used for the assessment
[15]. The measure satisfies inter-observer agreement,
reliability, construct validity and feasibility. The quality
score ranges from O (lowest quality) to 11 (highest
quality). In the current study, a review with a 0-2
AMSTAR score was considered as having a low quality,
3—-6 as having a moderate quality and 7-11 as having a
high quality. The checklist of the AMSTAR score is
provided in Additional file 1: Table S1.

Data extraction

The following characteristics were extracted from the
included reviews: report type (e.g., systematic review or
meta-analysis), publication year, age of population, num-
ber of quantitative studies, outcomes, and proportion of
longitudinal studies, and measurement method of phys-
ical activity and environmental factors. The domains of
physical activity were collected as the outcome if the
results of the primary studies included in each review
were identifiable by the domains of physical activity.

Classification of variables

Variables from each review were classified according to
the number of primary studies supporting the associ-
ation or no association and the percentage of expected
association among the total number of primary studies
(Additional file 1: Table S2) [14]: not a correlate (NC) or
not a determinant (ND), inconclusive (IC), a correlate
(Cor) or determinant (Det). When more than 50% of the
primary studies supporting an association or no asso-
ciation were derived from a longitudinal design, the
variables were coded as a determinant rather than a
correlate. If the factors were classified as a ‘correlate’ or
a ‘determinant; it was regarded as a definitely associated
factor (DAF).

Corrected Covered Area (CCA)

Because some primary studies were included in more
than one review, the summarized results from each
review can be biased by those overlaps. To assess this
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bias, the degree of overlap between reviews was calcu-
lated with the Corrected Covered Area (CCA) method.
The details of the CCA calculation have been described
elsewhere [16]. Briefly, the CCA was calculated with the
following equation showing how the primary studies in
each review are duplicated:

N-
Corrected Covered Area (CCA) = T
re-r

where N is the sum of the number of primary studies in
each review, r is the total number of primary studies,
and c is the number of reviews. This measure has been
validated in which the number of overlapped primary
publications has a strong correlation with the CCA. A
CCA score of less than 5% is regarded as a slight
overlap, 5-9.9% as moderate overlap, 10-14.9% as high
overlap and over 15% as a very high level of overlap [16].
The CCA was estimated for overall personal and envir-
onmental factors as well as for the factors classified as
DAFs in more than 3 reviews. A study by Duncan et al.
[11] was excluded in the CCA calculation because the
list of included primary studies was not available.

Results

A total of 25 reviews with 980 primary studies met the
inclusion criteria [9-11, 17-38]. Among those reviews,
there were 13 reviews with personal factors [9, 10, 17,
19, 22, 23, 26, 28, 32—34, 36, 38] and 19 reviews with
environmental factors [9-11, 18-21, 24, 25, 27-31, 33,
35-38], respectively (Table 1). The number of primary
studies for personal factors included in each review
ranged from 11 to 91, and the number of primary stud-
ies for environmental factors ranged from 3 to 70. Four
reviews included only primary studies conducted with a
longitudinal design [28, 33, 36, 38]. Thus, the results
derived from those reviews were regarded as a determin-
ant rather than as a correlate. Reviews published before
1999 were not considered in the present study because a
study by Trost et al. [9] had included and updated the
results of those reviews [39-42].

The quality assessment scores are presented in Additional
file 1: Table S1. The AMSTAR score for each review
ranged from 2 to 8. Most of the reviews (21 out of
25) were rated as having a moderate quality. Informa-
tion on study design (checklist 1), literature search
strategy (checklist 3) and list of included studies
(checklist 5) were provided in most studies. However,
information on the status of the publication as an in-
clusion criterion (checklist 4), the combining methods
(checklist 9), publication bias assessment (checklist
10) and conflict of interest of the included studies
(checklist 11) were rarely provided.
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Table 1 Characteristics of previous reviews of personal and environmental factors on participation in physical activity
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Author Year Population age Publication period No. of Outcomes Proportion of  No. of Ref
of studies quantitative longitudinal  assessed factors
studies studies
Reviews of personal factors
Rhodes 1999 265 ~1999 41 Leisure 14 (34%) 23 [17]
Eyler 2002 =18 women 1980-2000 81 Overall, leisure, 0 32 [10]
household, transport
Trost 2002 =218 1998-2000 36 Overall 7 (18%) 48 [9]
Plonczynski 2003 =65 women 1994-2001 15 Overall 1 (6%) 16 [19]
Rhodes 2006 =218 1969-2006 33 Overall 16 (50%) 6 [23]
Kaewthummanukul 2006 NA 1990-2002 I Overall 0 22 [22]
Allender 2008 NA 1977-2007 19 Overall 9 (47%) 5 [26]
VanStralen 2009 240 1900-2008 54 Overall 54 (100%) 36 [28]
Kirk 2011 18-64 1974-2010 62 Leisure 11 (18%) 6 [32]
Koeneman 2011 =55 1990-2010 34 Overall, leisure 34 (100%) 31 [33]
Engberg 2012 17-70 1992-2012 34 Leisure 27 (79%) 5 [34]
Rhodes 2015 18-64 2012-2014 78 Overall 75 (100%) 20 [36]
Prince 2016 18-65 women  ~2014 91 Overall 91 (100%) 29 [38]
Reviews of environmental factors
Eyler 2002 =218 1980-2000 15 Overall, leisure, 0 13 [10]
household
Trost 2002 =218 1998-2000 8 Overall 0 14 [9]
Humpel 2002  Adults NR 19 Overall 1 (5%) 14 [18]
Plonczynski 2003 =65 women 1994-2001 5 Overall 0 6 [19]
Cunningham 2004  Adults 1966-2002 27 Overall, leisure, 0 13 [20]
walking,
Owen 2004 Adults ~2004 18 Walking 2 (11%) 14 21]
Duncan® 2005 NA 1989-2005 16 Overall 0 (0%) 6 [11]
Tucker 2007 NA 1980-2006 6 Overall 0 2 [24]
Wendel-Vos 2007 =218 1980-2004 47 Overall 3 (6%) 20 [25]
Saelens 2008  Adults 2005-2006 29 Walking 0 8 [27]
Van Stralen 2009 240 1900-2008 13 Overall 13 (100%) 12 [28]
Panter 2010 18-65 1990-2009 43 Transport 0 4 [29]
Koeneman 2011 255 1990-2010 3 Leisure, overall 3 (100%) 4 [33]
McCormack 2011 =18 1996-2010 31 Overall, leisure, walking/ 2 (6%) 10 [30]
cycling, transport
Van Cauwenberg 2011 Mean > 65 2000-2010 31 Overall, leisure, walking/ 3 (10%) 10 [31]
cycling, transport
Van Holle 2012 18-65 2000-2011 70 Overall, leisure, walking/ 1 (0%) 11 [35]
cycling, transport
Rhodes 2015 18-64 2012-2014 12 Overall 12 (100%) 2 [36]
Day 2016 NA ~2014 42 Overall, leisure, 0 12 [37]
transport, occupation
Prince 2016 18-65 women  ~2014 9 Overall 9 (100%) 6 [38]

“Meta-analysis
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Correlates of physical activity overall

A total of 117 factors were reported in the previous
reviews. The definitions of each factor are shown in
Additional file 1: Table S3 in alphabetical order.

Table 2 lists the relationships between personal factors
and physical activity overall. There were 90 personal
factors consisting of 24 demographic/biological factors,
40 psychological factors, 13 behavioral factors, and 13
social factors. Among the 90 personal factors, 53 factors
were considered as DAFs in more than one of the
reviews. For demographic and biological factors, age,
gender, ethnicity, marital status, education, income, and
employment were assessed in more than half of the
reviews (7 out of 13). Among those, age was regarded as
a negative DAF in 3 reviews. Bad health or fitness status
was assessed in 5 reviews and classified as a negative
DAF in 3 reviews. For psychological factors, cognitive
and emotional factors, attitude, intention to exercise,
outcome expectations, self-efficacy, and stress were
assessed in more than half of the reviews. Intention to
exercise, outcome expectations, perceived behavioral
control, self-efficacy and perceived good fitness were
assessed as positive DAFs in more than 3 reviews. Self-
efficacy classified as a DAF in 7 reviews had the stron-
gest association with participation in physical activity in
this review of reviews. For behavioral factors, smoking
was assessed in 7 reviews, which was not determined as
a DAF in any of the reviews. For social and cultural
factors, there were no variables evaluated in more than
half of the reviews.

Table 3 lists the relationships between environmental
factors and physical activity overall. There were 27 envir-
onment factors consisting of 4 facility factors, 8 neigh-
borhood factors, 6 safety factors, 3 home environment
factors, 3 location of region factors, and 3 climate
factors. Among the 27 environmental factors, ten factors
were considered as DAFs in more than one of the
reviews. For facility factors, accessibility was assessed in
more than half of the reviews (10 out of 19) and classi-
fied as a positive DAF in 5 reviews. For neighborhood
factors, the presence of sidewalks and aesthetics were
evaluated in 14 reviews and regarded as positive DAFs
in more than three reviews. For safety factors, high
crime rates in the region and heavy traffic were only
determined as DAFs in less than three reviews although
they were summarized in more than half of the reviews.
There were no factors which were assessed in more than
half of the reviews (10 out of 19) for home environment,
location of region, and climate factors.

Correlates of physical activity by the domains of the
physical activity

The results by the domains of physical activity are
summarized in Additional file 1: Tables S4 ~ S7. For

Page 5 of 13

personal factors, the factors for leisure-time physical
activity were summarized (Additional file 1: Table S4).
Of the 46 personal factors, twenty-two factors were
considered as DAFs in one of the reviews. There were
no personal factors considered more than twice as a
DAF. For environmental factors, factors were sum-
marized in leisure time physical activity, walking/cycling,
and transportation, respectively (Additional file 1:
Table S5 ~ S7). There were 6 factors regarded as
DAFs in more than one of the reviews. Accessibility
was considered as a DAF in all three domains. Popu-
lation density and high crime rate in the region were
considered as DAFs only in the leisure-time physical
activity domain (Additional file 1: Table S5). Land-use
mix and urban location were classified as DAFs in
transportation (Additional file 1: Table S6) and walk-
ing/cycling (Additional file 1: Table S7). Aesthetics
was considered once as a DAF only in the walking/
cycling domain (Additional file 1: Table S7). The re-
sults for the occupation and household domain could
be not summarized for both personal and environ-
mental factors because there was only one or no re-
views for those domains.

Other issues for correlates of physical activity

When summarizing the review of studies conducted in
older subjects, no differences were found when com-
pared with the results for all adults. There were 13 per-
sonal factors which were classified as DAFs in at least
one of two reviews that only focused on factors of older
adults (> 65 years) (See the results of Rhode et al. [17]
and Plonczynski et al. [19] in Table 2). There were no
environmental factors considered as DAFs for older
adults.

The results of objectively measured physical activity
could be not summarized in this review of reviews
because most of the reviews included less than four
primary studies using objectively measured physical
activity or did not provide information on the meas-
urement of physical activity in the primary studies. In
the results of objectively measured environmental
factors, the following 5 factors were considered as
DAFs in more than one of the reviews from among
17 factors: accessibility, population density, land-use
mix, urban location, and high crime rate in the region
(Additional file 1: Table S8).

Corrected Covered Area (CCA)

Additional file 1: Table S9 presents the CCA for each
factor. The primary studies had a slight overlap across
13 (CCA: 2.0%) and 18 reviews (CCA: 1.6%) for personal
and environmental factors, respectively. In addition, all
the CCAs for the factors classified as DAFs in more than
3 reviews were less than 5%.
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Discussion

This review of reviews summarized the results of 25
previous reviews that reported on the potential factors
of participation in physical activity all of which showed
mostly a moderate methodological quality. Several
personal factors including age, health or fitness status,
intention to exercise, outcome expectations, perceived
behavioral control, self-efficacy, and perceived fitness
and several environmental factors including accessibility,
presence of sidewalks, and aesthetics were assessed as
DAFs in more than three studies.

This study is the first updated review of reviews on fac-
tors for physical activity after the study by Bauman in 2012
[13]. Four reviews for personal factors [10, 34, 36, 38] and
ten reviews for environmental factors [9, 10, 19, 24, 30, 33,
35-38] were added in the present study after the previous
review of reviews [13]. Most factors presented as correlates
in the study by Bauman were considered as DAFs in the
present study including personal history of physical activity
during adulthood which was classified as a DAF in two
reviews. Fifty-four factors were additionally summarized
which were not evaluated in the review by Bauman. Among
them, transition to university, pregnancy, past exercise
program, processes of behavioral change, change in family
structure, presence of sidewalks, and season were classified
as DAFs at least once. A summary of previous reviews by
the domains of physical activity and by measures of envir-
onmental factors was added.

For personal factors, self-efficacy was consistently
evaluated as the clearest correlate in the present study con-
sistent with the previous review of reviews [13]. According
to Bandura’s Social Cognitive Theory, self-efficacy functions
both directly and indirectly with outcome expectations and
other constructs [43] and has a role as a mediating factor of
social support in health behavior [44, 45].

For environmental factors, this study summarized the
factors by the domains of physical activity, and the
results of some factors such as accessibility were consist-
ent overall and by the domains of physical activity.
However, it can be concluded that it is too early to
summarize the results of the review because there were
a limited number of primary studies for each factor.

Although there were a number of factors whose effects
on physical activity were assessed, we could not perform a
meta-analysis because of the lack of primary studies for
each factor, different analytical measures, and the presence
of unclearly distinguished factors when compared with
each other. For example, some psychological factors had
similar definitions such as attitude and outcome expect-
ation. There were many factors classified as a group such
as employment-related factors including occupation type,
employment status, total work hours, overtime work hour,
fixed day time work, shift work, multiple job, and full time
employment and social support-related factors including
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social support for exercise overall and from friends/peers,
spouse/family, and staff/instructor and those factors were
listed in their originally written form from each review to
convey the most accurate meaning of each factor rather
than conducting a meta-analysis.

Instead of a meta-analysis, the present study con-
ducted a review of reviews. Although a review of reviews
can only show the tendency or direction of an associ-
ation rather than providing the magnitude or signifi-
cance level of an association [46], the current evidence
on participation in physical activity was comprehensively
summarized. When using the review of reviews, there
were some challenges. First, the quality of the review of
reviews was greatly affected by the quality of the original
reviews [47]. In this study, we confirmed that the quality
of the original reviews were mostly moderate or higher
by assessing the AMSTAR score. Second, if the primary
studies were included in several reviews, they may
produce bias related to overlapping effects [47]. By
calculating the CCA, we showed that the primary studies
included in each review were only slightly overlapped
and proved that the results from each review were
relatively independent.

The present study has limitations. First, a study by
Duncan [11] was not included in the calculation of the
CCA because it did not provide a list of the included
primary studies. However, the effect of not including
these primary studies is expected to be slight because
there were only 16 primary studies in the study by
Duncan. Second, the results of intervention and obser-
vational studies could not be separately summarized
because the results were not presented separately for
each design in most reviews. Further studies should
summarize the effects of potential factors on physical ac-
tivity by the design of the study. Third, policy-related
variables were not considered in the present study
because policies were rarely considered in previous
reviews. Although the effects of policy-related factors
were overlapped with the effects of environmental
factors such as the presence of sidewalks, the effects of
policies on participation in physical activity should be
investigated in a future study. Fourth, the interaction
effect between different types of factors such as age and
presence of sidewalks could not be assessed because the
previous reviews were only focused on the individual
effect of each factor. Like the interaction effect, the moder-
ating effect of individual factors such as gender and age
could not be evaluated also because there were no reviews
on this issue. Future research should be conducted to iden-
tify the interaction or moderating effect of each factor.

Conclusion
In conclusion, the present study summarized the associ-
ations of potential factors with physical activity which
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could provide directions for improving participation in
physical activity. More studies with a longitudinal design
are needed to validate the associations of many factors.
If more correlates are established with an accurate
method, those factors can be used to form public pol-
icies and programs that will encourage the public to
participate in physical activity and ultimately improve
the public health.

Additional file

Additional file 1: Table S1. AMSTAR score for each review. Table S2.
Modified classification of the variables from each review based the
evidence from the primary studies. Table S3. Definition of each factor.
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and leisure-time physical activity. Table S6. Relationships between
environmental factors and transportation. Table S7. Relationships
between environmental factors and walking/cycling. Table S8. Relationships
between objectively measured environmental factors and physical activity.
Table S9. CCA for each factor. (DOCX 85 kb)
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