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Walter Ricciardi'®'®, Ciaran MacDonncha®', Laura Capranica'", Stefania Boccia'®"

and on behalf of the DEDIPAC consortium

Abstract

Background: Low levels of physical activity (PA) are a global concern and increasing PA engagement is becoming
a priority in current public health policies. Despite the large number of studies and reviews available, the evidence
regarding the behavioral determinants of PA is still inconclusive. Thus, the aim of this umbrella systematic literature
review (SLR) was to summarize the evidence on the behavioral determinants of PA across the life course.

Methods: A systematic online search was conducted on MEDLINE, ISI Web of Science, Scopus, and SPORTDiscus
databases. The search was limited to studies published in English from January, 2004 to April, 2016. SLRs and
meta-analyses (MAs) of observational studies that investigated the behavioral determinants of PA were considered
eligible. The extracted data were assessed based on the importance of the determinants, the strength of evidence,
and the methodological quality. The full protocol is available from PROSPERO (PROSPERO 2014:CRD42015010616).

Results: Seventeen reviews on 35 behavioral determinants of PA were eligible for this umbrella SLR. Regardless of
age, the most investigated determinants were those related with ‘screen use” and ‘smoking’. For youth, probable
positive evidence emerged for ‘previous PA" and ‘independent mobility and active transport’ among children and
adolescents. For the adult population, ‘transition to university’ and ‘pregnancy/having a child’ showed probable
negative associations.
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Conclusions: Although the majority of the evidence was limited and most of the determinants were not
associated with PA, this umbrella SLR provided a comprehensive overview of the associations between behavioral
determinants and PA. Youth should be physically active in the early years and increase active transportation to/from
school, independent mobility, and ‘free-range activities” without adult supervision, whilst adult PA behaviors are
mostly influenced by the life events. Finally, more research is needed that incorporates prospective study designs,
standardized definitions of PA, objective measurement methods of PA assessment, and the use of interactionist and
mediational approaches for the evaluation of different behavioral determinants influencing PA behaviors.

Keywords: Physical activity, Behavioral determinants, Umbrella systematic literature review, Health promotion

Background

Physical activity (PA) is widely recognized, together with
appropriate nutritional and mental status, to be an im-
portant component of healthy lifestyle [1]. Since the
benefits of being physically active for the prevention and
the management of the non-communicable diseases are
well known [2], the European Union (EU) is strongly en-
gaged in promoting health-enhancing physical activity
[3] for all individuals independently from age and social
status. However, in Europe, a large proportion of chil-
dren, adolescents, adults, and older adults still adopts
sedentary lifestyles [4] and, consequently, are more at
risk of non-communicable diseases.

Several ecological models for the exploration of the
lifestyle choice have been proposed [5-8], including in-
dividual (e.g., biological, psychological, and behavioral
aspects), interpersonal (e.g., relationships with parents,
relatives, peers, and socio-cultural networks), environ-
mental (e.g., access/availability of tools/services, and
proximal/distal built/natural surroundings), and policy
(e.g., organizational and governmental aspects) dimen-
sions. Within those dimensions, positive, negative, incon-
clusive, or no associations might exist between several
determinants and PA. However, both determinants and
PA present a great diversity in research designs, measure-
ment approaches, populations studied, types of measure-
ment, terminologies, which still make difficult to draw a
comprehensive understanding. In general, the term ‘deter-
minant’ is used to address causal variables also including
correlates (i.e, multiple variables intervening in cause-
effect relationships), whilst mediators (i.e., variables influ-
encing a cause-effect relationship between variables),
moderators (i.e., variables effecting the strength of a rela-
tionship between variables), and/or confounders (i.e., vari-
ables associated with the outcome that distort the
observed relationships) are considered different variables
[9, 10]. Furthermore, a lack of commonality exists in the
PA terminology applied in the studies and different forms
of PA are considered, ranging from unstructured daily ac-
tivities, occupational PA, leisure time PA to structured PA
(e.g., exercise, grassroots sports, and competitive sports)
and considering the most relevant parameters of PA, such

as frequency (e.g., daily, weekly, monthly), duration (e.g.,
total time of activity, rest intervals), and intensity (e.g., low,
moderate, moderate-vigorous, vigorous, maximal efforts).
Within the individual dimension, the determinants re-
lated to behaviour are widely investigated. Commonly,
behavioral determinants have been already defined as
“those that can be eliminated or reduces through life-
style or behavioral changes” [11]. Thus, among all ages,
investigations into the behavioral determinants consid-
ered those related with major life changing events (e.g.,
pregnancy and retirement) [12], habits (e.g., smoking
and alcohol consumption) [13], sedentary behaviors (e.g.,
TV viewing and video/computer game use) [14], and
available mobility (e.g., active school transport and inde-
pendent mobility) [15, 16]. They have been studied in a
number of primary epidemiological studies, systematic
literature reviews (SLRs), and meta-analyses (MAs).
However, the diversity in research designs, theoretical
and measurement approaches, population groups, deter-
minants investigated, and PA outcomes, across the lit-
erature, makes it difficult to understand the evidence
and to draw appropriate conclusions on the importance
of these determinants in influencing PA behaviors.
Recently, the European Commission endorsed a Joint
Programming Initiative to increase research capacity
across Member States to engage in a common research
agenda on a Healthy Diet for a Healthy Life [17] and the
DEterminants of Dlet and Physical ACtivity-Knowledge
Hub (DEDIPAC-KH) project was created [18]. In order
to expand knowledge and to develop new insights and
solutions in PA, the Thematic Area 2 of the DEDIPAC-
KH project organized and carried out an umbrella system-
atic literature review (SLR) [19] on all the possible deter-
minants of PA. Overall, seven categories of determinants
of PA have been identified: biological, psychological, be-
havioral, physical, socio-cultural, socio-economic, and pol-
icy determinants. Due to the amount of researches
available, the DEDIPAC-KH Management Team decided
to organize the findings in seven separated umbrella SLRs,
each focused on a single category. The DEDIPAC-KH
Management Team is conscious that splitting the categor-
ies may cause a lost in the analysis of the interactions
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between those categories of determinants which may
share commonalities. However, this strategy was consid-
ered necessary for a clear dissemination of insights on the
determinants of PA.

The aim of this umbrella SLR was to provide a system-
atic overview of studies investigating behavioral determi-
nants of PA across the life course by evaluating existing
SLRs and MAs. The summary also captures the different
study designs and definitions applied for behavioral de-
terminants and PA. Additionally, overall results of the
retrieved SLRs and MAs have been evaluated in terms of
the importance of the determinants, the strength of the
evidence, and the methodological quality.

Materials

The manuscript has been drafted following the PRISMA
checklist [20]. A common protocol of the seven um-
brella SLRs (biological, psychological, behavioral, phys-
ical, socio-cultural, socio-economic, and policy) was
registered and is available on PROSPERO (Record ID:
CRD42015010616), the international prospective register
of systematic reviews [21]. Review title, timescale, team
details, methods, and general information were all re-
corded in the PROSPERO register prior completing data
extraction.

Search strategy and eligibility criteria

The present study applied the same search strategy as was
used for the other umbrella SLRs of the DEDIPAC-KH.
SLRs and MAs investigating the determinants of PA
across the life course were systematically searched on
MEDLINE, ISI Web of Science, Scopus, and SPORT Dis-
cus. The search was limited to SLRs and MAs published
in English, between January 2004 and April 2016. To avoid
duplications of the earliest individual studies, reviews pub-
lished before 2004 were not included. Table 1 shows the
MEDLINE search strategy, and Fig. 1 summarizes the

Table 1 Search strategy: key words used for the literature research
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process of the literature research, common to the subse-
quent 7 umbrella SLRs. Thus, Table 1 provides the overall
list of searched terms, whilst Fig. 1 shows the count of the
overall excluded/included reviews, related and not-related
with behavioral determinants. SLRs or MAs of observa-
tional primary studies on the association between any de-
terminant and PA, exercise (Ex) or sport as the main
outcome, were included in the seven umbrella SLRs. The
following studies were excluded: i) SLRs and MAs of
intervention studies; ii) SLRs and MAs that focused on
specific population groups (e.g., chronic diseases); and iii)
umbrella SLR’s on the same topic (e.g., reviews of SLRs or
MAs of epidemiological studies on variables in association
with PA). In line with Peel and colleagues [10], behavioral
determinants were defined as “those that can be elimi-
nated or reduced through lifestyle or behavioral changes”.

Selection process

Relevant articles were independently screened and assessed
by two reviewers belonging to the DEDIPAC-KH, who
screened the titles, the abstracts, and the full texts. Before
the final study inclusion or exclusion, a common decision
was reached for each study. Any uncertainty and disagree-
ment was resolved by consulting three further authors of
the DEDIPAC-KH (BS, CL, PA).

Data extraction

For each included review, data was extracted on a prede-
fined data extraction form, developed by the DEDIPAC-
KH and checked by two authors (AK, PA). In reporting
data, authors agreed to use the terms “reviews” as those
SLRs and MAs found eligible for the umbrella SLR, and
‘primary studies’ as those studies included in the eligible
SLRs and MAs. Moreover, authors agreed to consider all
of the terminologies and forms of PA, including unstruc-
tured (i.e., PA linked with daily life) and structured (i.e.,

Set Search terms

#1  “physical activit*” OR “physical exercise*” OR sport OR “motor activit*” OR “locomotor activit*” OR athletic* OR fitness OR “physical movement*”
OR “physical performance*” OR “aerobic exercise*” OR “physical effort*” OR “physical exertion*”

#2  determinant OR determinants OR correlate OR correlates OR mediator OR mediators OR moderator OR moderators OR contributor OR
contributors OR factor OR factors OR association OR modifier OR modifiers OR confounder OR confounders OR pattern OR patterns OR

predictor*

#3  demographic* OR motivation OR cognition OR emotion* OR attitude* OR “self-perception” OR “self-confidence” OR “self-efficacy” OR
competence OR reward* OR success* OR challenge* OR knowledge OR belief* OR “personal trait*” OR “body image” OR satisfaction OR “time
availability” OR “perceived environment” OR family OR peer* OR school* OR leader* OR coach* OR group* OR “climate” OR network* OR
employment OR retirement OR “educational level” OR SES OR “socioeconomic status” OR “local identity” OR “national identity” OR value* OR
tradition* OR “social expectation*” OR “social trend*” OR “social barriere*” OR “availability of tool*” OR “availability of service*” OR “access to tool*”
OR “access to service*” OR neighborhood OR “community route*” OR “school environment” OR “work environment” OR architecture OR
urbanization OR transport OR traffic OR “facilit* in public space*” OR advertisement OR “availability of sport club*" OR “availability of fitness
center*” OR advocacy OR lobbying OR “corporate social responsibility” OR “physical activity promotion initiative*" OR legislation OR health OR
education OR tourism OR environment OR “urban planning” OR transport* OR sport OR sports OR culture OR dance OR theater OR “gender
mainstreaming” OR “social inclusion” OR “fiscal measure*” OR program* OR plan OR plans OR communication OR media OR guideline*

#4  “systematic literature review” OR “meta-analysis”
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17,941 reviews identified through databases searching (Medline,
Scopus, ISI Web of Science, SPORTDiscus)

15,147 reviews were screened by title (Medline n=2,694, Scopus
n=11,856, ISI Web of Science n=381, SPORTDiscus n=216)

l

2,733 reviews were screened by abstract (Medline n=716, Scopus
n=1826, ISI Web of Science n=169, SPORTDiscus n=22)

2,794 after duplicates elimination ]
12,414 reviews were excluded ]
2,198 reviews were excluded ]

i

535 full-text reviews were assessed for eligibility (Medline n=225,

Fig. 1 Flowchart of the literature research by database

_ " » . & N iews w :

Scopus n=275, IS Web of Science n-28, SPORTDiscus n=7) . o A72reviews were excluded
- Manuscripts were not written in English language
- Studies were not in the form of either an SLR (Systematic Literature Review) or of a MA (Meta-Analysis)
- SLRs or MAs did not report physical activity as primary outcome
- SLRs or MAs about disease management or treatment
- SLRs or MAs regarding specific intervention or strategy
- SLRs or MAs that included other SLRs or MAs in the analysis

63 eligible reviews
l/ —_— [ 46 reviews did not assess behavioral determinants }
17 eligible reviews on behavioral determinants

exercise and sports) independently from their frequency,
duration, and intensity.

The following information was extracted from each in-
cluded review: year of publication, type of review (either
SLR or MA), number of eligible primary studies in-
cluded in the behavioral umbrella SLR over the total
number of primary studies included in the review, con-
tinent/s of the included primary studies, primary study
design, overall sample size, age range or mean age, gen-
der proportion, year of publication range of included pri-
mary studies, outcome details, type of determinant/s,
aim of the review, overall results (qualitative or quantita-
tive), overall recommendations, and limitations as pro-
vided by the review itself.

Evaluation of importance of determinants and
strength of the evidence

The results retrieved from the eligible primary studies
included in the reviews were summarized combining two
slightly modified grading scales, previously used by
Sleddens et al. [22]. The first scale, grades the importance
of the determinants, referring only to the consistency and
direction of the associations among the reviews, or the in-
dividual primary studies. The second scale, grades the
strength of evidence, referring to the study design used
among individual primary studies. For its importance, a de-
terminant scored a “~” if all reviews, without exception, re-
ported a negative association between the determinant and

“w »

the outcome and a “-” if the negative association was found
in more than 75% of the reviews or of the original primary
studies. The importance of the determinant was scored a
“0” if the results were mixed, or more specifically, if the
variable was found to be a determinant and/or reported an
association (either positive or negative) in 25 to 75% of
available reviews or of the primary studies of these reviews,
but not in others. Furthermore, the importance of the de-
terminant scored a “+” if a positive association was found
in more than 75% of the reviews or of the included primary
studies and a “++” if a positive association was found in all
reviews, without exception. Despite in the literature the
codes “+” and “++” were used in presence of an associ-
ation, independently from its direction (e.g, positive or
negative) [22], in the present SLR these codes denote both
the strength and positive direction of the association.

The strength of the evidence was described as ‘convin-
cing’ (Ce) if it was based on a substantial (n > 10) number
of longitudinal observational studies showing associations
between the determinant and PA. The strength of the evi-
dence was defined as ‘probable’ (Pe) if it was based on at
least two cohort studies or five cross-control studies
showing associations between the determinant and PA.
Furthermore, the strength of the evidence was given as
‘limited suggestive evidence’ (Ls) if it was based mainly on
findings from cross-sectional studies showing associations
between the determinant and PA. Evidence was labelled as
‘limited, no conclusive evidence’ (Lns) if the study findings
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were suggestive but insufficient to provide an association
between the determinant and PA [and if no longitudinal
data available].

Quality assessment

The methodological quality of the included reviews was
assessed using a modified version of the AMSTAR Check-
list [23]. After a consensus between the DEDIPAC-KH
partners, the question (number 11) referring to the pres-
ence of any conflict of interest was modified to allow for
any conflict of interest to be evaluated in any of the in-
cluded reviews but not in the primary studies included in
each review.

Two authors belonging to the DEDIPAC-KH inde-
pendently evaluated the included reviews, using the
same methodology of Sleddens et al. [22]. Any uncer-
tainty and disagreement was resolved by consulting
three further authors (SB, LC, AP). The eleven criteria
were evaluated and scored with 1 when the criterion was
applicable to the analyzed review or with 0 when the cri-
terion was not fulfilled, not applicable to the analyzed re-
view, or could not be answered based on the information
provided by the review. As a consequence, the total qual-
ity score for each included review ranged from 0 to 11.
The quality of the review was labelled as weak (score ran-
ging from O to 3), moderate (score ranging from 4 to 7),
or strong (score ranging from 8 to 11).

Results

SLRs and MAs selection process

As summarized in Fig. 1, the systematic literature search
identified 17,941 reviews that were potentially relevant
for inclusion in our umbrella SLR. After the removal of
duplicates, 15,147 reviews remained for screening. After
reading title and abstract, 12,414 and 2,198 reviews, re-
spectively, were excluded because they did not meet the
inclusion criteria. Thus, a total of 535 full-text reviews
were assessed for eligibility. From these, another 472 re-
views were removed because they did not meet the in-
clusion criteria. Thus, after the full-text reading phase,
the number of reviews eligible for the umbrella review
was 63. Of these, 46 reviews did not include behavioral
determinants of PA. Therefore, the final number of re-
views included in the present umbrella SLR on behav-
ioral determinants of PA was 17 (15 SLRs and 2 MAs).

Characteristics of the reviews and quality assessment

The characteristics of the 17 included reviews are summa-
rized in Table 2. All the primary studies included in the in-
dividual SLRs or MAs referring to non-behavioral
determinants and PA were not considered. Most of the re-
views included primary studies from multiple continents,
mostly from Europe, North America, and Australia. The
predominant study design used among the primary studies
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was cross-sectional [12, 13, 15, 16, 24—33]. Nine reviews
included prospective and cohort studies, either as the only
eligible study design [34, 35] or as part of the included
studies [12, 15, 16, 25, 26, 29, 32]. In six reviews, it was not
possible to retrieve the total population sample size of the
included primary studies because it was either not reported
or not complete [26, 27, 29, 30, 32, 33]. In the remaining
studies, the total population sample size ranged from 26
[12] to 82,918 [13].

Eleven reviews referred to primary studies that in-
cluded young people only. Among these, preschool chil-
dren aged between 4 and 6 years old were assessed in
one review [26], whilst children and adolescents (8—18
years) were included in ten of the reviews [14—16, 28—
30, 32—35]. Three reviews considered adults older than
40 years [24, 25, 27], while three other reviews consid-
ered the population as a whole [12, 13, 31]. Finally, the
percentage of the female participants, when reported,
ranged from 0 [25] to 100% [16, 25, 35], though that
data was absent in the majority of the studies [12-14,
26-30, 32-34].

Measurements of PA

From the 17 reviews included, 461 primary studies were
found eligible. Among these, 218 studies from 15 re-
views used non-objective measurement methods of PA
assessment (e.g., self-report, parental report, direct PA
observation) [12, 13, 15, 16, 24, 25, 27-35]. Objective
measurements of PA, either assessed by accelerometer
or pedometer, were used in 201 of the eligible primary
studies and were included in nine of the included re-
views [15, 16, 28-30, 32-35]. Eleven primary studies in-
cluded in four reviews combined objective with non-
objective measures of PA [15, 28, 29, 34]. Finally, 31 pri-
mary studies from two reviews did not report the exact
number of the studies that used objective and non-
objective measures [14, 26].

As reported in Table 3, the majority of the included re-
views evaluated overall PA as an outcome (1 = 13) [12-16,
24-26, 28, 29, 32, 34, 35]. One review also measured
moderate-to-vigorous physical activity (MVPA) and active
transport [26] next to overall PA. Two reviews measured
overall PA/Ex [27, 31], one review measured time-specific
PA (i.e., school break time PA and after-school PA) [30]
and one review measured recess PA [33].

Categorization of the included determinants

During the preliminary phase, 52 behavioral determi-
nants of PA were identified. Among those, similar deter-
minants were identified to form a single determinant.
For example, the determinants ‘TV viewing, ‘TV viewing/
playing video games, ‘television viewing/sedentary, ‘enjoy
television viewing, ‘video/computer game use, ‘computer,
‘screen time, and ‘video games were merged into the
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determinant ‘screen use’. Differently, other similar deter-
minants were identified to form a sub-group with a spe-
cific label. For example, the determinants ‘being retired,
‘change in employment status, and ‘moving into an insti-
tution’ were part of the sub-group ‘job-related’. Thus, a
final consensus between authors had been achieved for
this categorization and the final number of behavioral
determinants was 35 (Table 4). Any uncertainty and dis-
agreement was resolved by consulting three further au-
thors of the DEDIPAC-KH (BS, CL, PA).

Findings of the reviews
The findings of the included reviews on the associations
between the behavioral determinants and PA, consider-
ing different age groups and different types of PA, are
summarized in Table 4.

Preschool children

One review specifically assessed the behavioral correlates
of PA in preschool children that were aged between 4
and 6 years old [26]. Among the correlates investigated,
only those related with ‘screen use’ were negatively asso-
ciated with MVPA in all the studies included in the re-
view with a limited suggestive level of evidence (--, Ls).
Inconclusive findings were found regarding ‘participa-
tion in organized sports’ (0, Lns) and ‘screen use’ (0,
Lns) with respect to overall PA and no association was
found between ‘children have no energy to use active
transport’ and active transport (0, Lns).

Children

Few determinants were investigated among children
aged between 10 and 13 years old in respect to overall
PA [34]. ‘Previous PA’ was the only determinant posi-
tively associated with overall PA in more than 75% of
the studies included in the review with a probable level
of evidence (+, Pe). Conversely, ‘participation in sport
teams outside school’ (0, Ls) and ‘alcohol consumption’
(0, Ls) were not associated with overall PA in children.
Considering after-school PA, one review investigated the
behavioral correlates of PA in children between 8 and
14 years old [30]. Among the correlates investigated,
only those related with ‘screen use’ were negative associ-
ated with after-school PA in more than 75% of the stud-
ies included in the review with a limited suggestive level
of evidence (-, Ls). ‘Member of organized activities’ (0,
Lns) was not associated with after-school PA, whilst for
‘use of facilities’ the evidence was limited and inconclu-
sive (0, Lns).

Adolescents

Two reviews investigated the behavioral determinants
[34] and correlates [32] of PA in adolescents aged be-
tween 14 and 18 years [32, 34]. ‘PE/school sports’ [32]
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and ‘previous PA’ [34] were both positively associated
with overall PA in all the studies included in the review,
without exception, both with a limited suggestive level
of evidence (++, Ls). ‘Vigorous PA’ was negatively associ-
ated with overall PA in all the studies included in the re-
view, without exception, with a limited suggestive level
of evidence (-—, Ls) [34]. No association was found be-
tween ‘dietary habits’ and overall PA (0, Ls) [34].

Children and adolescents

Ten reviews examined the behavioral determinants and
correlates of PA for children and adolescents (<18 years
old) in relation to overall PA [13-16, 28, 29, 32, 34, 35]
and recess PA [33]. Independent mobility and active trans-
port’ [15, 16, 28] was positively associated with overall PA
in more than 75% of the studies included in the reviews,
with a probable level of evidence (+, Pe). ‘Homework’ [29]
was positively associated with overall PA in all the studies
included in the review, without exception, with a limited
suggestive level of evidence (++, Ls). In particular, a posi-
tive effect size (r = 0.014, 95% CI = —-0.043, 0.095) emerged
from the results of the MA [29]. Conversely, ‘Internet use;
‘reading, and ‘composite sedentary behavior’ were nega-
tively associated with overall PA in all the studies included
in the review, without exception, with a limited suggestive
level of evidence (-—, Ls). The results of the MA [29]
showed small to moderate negative effect sizes for the
three determinants (r=-0.051, 95% CI=-0.097, —0.006;
r=-0.009, 95% CI=-0.039, 0.021; r=-0.265, 95%
CI=-0.364, -0.165, respectively). Limited evidence was
found regarding ‘smoking’ (0, Ls) [13, 32, 34], ‘screen use’
(0, Ls) [14, 29, 32, 35],‘sedentary behavior’ (0, Ls) [34], and
‘past physical activity’ (0, Ls) [35]. ‘Sports activities;, ‘playball
games, and ‘physical conflict frequency’ were positively
associated with recess PA in all the studies included in the
review, without exception, with a limited suggestive level of
evidence (++, Ls) [33]. ‘Sedentary activities’ was negatively
associated with recess PA in all the studies included in the
review, without exception, with a limited suggestive level of
evidence (--, Ls) [33]. No association was found between
‘day-to-day variability’ and recess PA (0, Lns) [33].

Adults

Three reviews assessed the behavioral determinants of
PA in adults older than 40 years [24, 25, 27]. ‘Baseline
activity level’ was positively associated with overall PA/
Ex in all the studies included in the review, without ex-
ception, with a limited suggestive level of evidence (++,
Ls) [27]. Conversely, a negatively association was found
between ‘language difficulties’ [24] and overall PA/Ex in
all the studies included in the review, without exception,
with a limited suggestive level of evidence (--, Ls). For
‘being retired’ (0, Lns) and ‘lifelong participation in PA’
(0, Ls), the evidence was limited and inconclusive [25].
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Table 4 Summary of the results of the included reviews: the importance of a determinant and its strength of evidence

Preschool children  4- Preschool children *r¢*¢h00! children
4:6 years

6 years Overall PA) - 4-6 years (MVPA) - (oHERE

Children 10-13 years

Determinant (Overall PA)

Children 8-14 years
(after-school PA)

Children and Children and
adolescents <18 years adolescents < 18 years
(Overall PA) (Recess PA)

Adolescents 14-18
years (Overall PA)

Adults 40 Older Adults >70 All ages
(Overall PA/EX)  (Overall PA/EX)  Overall PA/Ex

Smoking
Alcohol consumption 0,Ls [34]
Dictary habits
Sport/PA out of sehool
Participation in organized sports
Participation in sport teams outside school

0,Lns [26]
0.Ls [34]

Physical conflict frequency
PE/school sports
Physical Activity

Lifelong participation in PA

Vigorous PA

Previous PA

Baseline activity level

PastPA

+ Pe [34]

Sedentary behavior
Sedentary behavior

Composite sedentary behavior

Sedentary activities

Screen use
Other daily activities

0, Lns [26] -~ Ls[26]

Homework
Internet use

Reading

Day-to-day variability

Job-related

Marital status
Pregnancy/having a child

Transition to university

Experiencing harassment at work, violence and disaster
Children have no energy to use active transport
Independent mobility and active transport

Use of facilities

Language difficulties

Time limitation

0,Lns [26]

0,Ls [133234] ~ Ls[27] 0,Lns [13]

0,Ls [34]

++Ls [33])
++, Ls [33]
4 Ls [33)
-+ Ls [32]

s34

++Ls [3

0.Ls[35]

0.Ls[34]
-~ Ls[29]
- Ls[33]
- Ls [30] 0,Ls [14293235]

+,Ls [29]
-~ Ls[29]
-~ Ls[29]
0,Lns [33]
0, Lns [30]

0,Lns [25]

+ Pe [15,1628]
0, Lns [30]

- Ls [2431]

Notes: Pe: Probable evidence; Ls: Limited, suggestive evidence; Lns: Limited, no conclusive evidence; PA: Physical Activity;

MVPA: moderate-to-vigorous physical activity; Ex: exercise

Older adults

For older adults (>70 years), only one review [27] inves-
tigated the association between ‘smoking’ and overall
PA/Ex suggesting negative associations in all the studies
included in the review, without exception, with a limited
suggestive level of evidence (--, Ls).

All ages

Five reviews examined the behavioral determinants of PA
across all ages [12, 13, 24, 25, 31]. A negative association
was found between ‘moving into an institution’ and overall
PA/Ex in all the studies included in the review, without ex-
ception, with a limited suggestive level of evidence (--, Ls)
[12]. ‘Pregnancy/having a child’ and ‘transition to univer-
sity’ were negatively associated with overall PA/Ex in more
than 75% of the studies included in the review with a prob-
able level of evidence (-, Pe) [12], while ‘time limitation’
was negatively associated with overall PA/Ex in more than
75% of the studies included in the reviews with a limited
suggestive level of evidence (-, Ls) [24, 31]. Finally, for
‘marital status’ (0, Lns) [12, 25, 31], ‘smoking’ (0, Lns) [13],
‘change in employment status’ (0, Ls), and ‘experiencing
harassment at work, violence, and disaster’ (0, Ls) [12] the
evidence was limited and inconclusive.

Evaluation of the quality of the SLRs and MAs

The results of the quality assessment using the
AMSTAR checKklist are reported in Table 5. Among the
17 included reviews, the majority were of moderate
quality (n=13) [12, 14-16, 24-28, 30, 33-35], three
were weak [13, 31, 32], and only one was considered to

be of strong quality [29]. Among those reviews of mod-
erate quality, five were scored with 4 points [12, 26, 28,
30, 33], one with 5 points [16], four with 6 points [14,
15, 24, 34], and three with 7 points [25, 27, 35].

Few reviews provided all the characteristics of the pri-
mary studies [12, 13, 15, 16, 25, 28, 31, 34, 35] and none
of the reviews provided a full list of included and ex-
cluded studies.

Discussion

This umbrella SLR aimed to provide a comprehensive and
systematic overview of behavioral determinants of PA
across the life course, evaluating importance, strength of
the evidence, and methodological quality. Through a
systematic evaluation of the existing SLRs and MAs, an
overview of the associations between the considered be-
havioral determinants and PA is presented to promote ef-
fective health enhancing policies and identify gaps for
future research strategies. To our knowledge, this is the
first umbrella SLR that examined various potential behav-
ioral determinants of PA across the life course.

Whether or not individuals choose to engage in PA
behaviors is affected by a number of inter-dependent
and multilevel factors. A relevant contribution of the
DEDIPAC-KH project was the development of a dynamic
framework of determinants of PA, which identified two
main themes related to the person and to the society,
respectively [36]. Behavioral determinants are part of
the individual theme, together with the biological and
psychological determinants, whereas the other theme
comprises physical (e.g., environmental), socio-cultural,
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socio-economic, and policy determinants. Through the
systematic analysis of scientific evidence, the present find-
ings expand the knowledge and the understanding of be-
havioral determinants of PA to prepare the ground for a
coherent approach towards PA behaviors research and in-
terventions to favor active lifestyle choices.

Overall, for the majority of determinants, the evidence
was limited and inconclusive or there was not an associ-
ation with the different forms of PA. Furthermore, for
several potential determinants it was not possible to as-
certain definite conclusions on their association with PA.
These findings urge researchers to consider new and
innovative approaches when investigating factors influ-
encing PA behaviors.

In relation to the investigated populations, more studies
(n=11) focused on youth (e.g., <18 years) with respect to
those on individuals older than 18 years (n =5). The rea-
son for a greater focus on young populations might be
due to the fact that being physically active at the youngest
stages of age is crucial to maintain high levels of PA at the
adulthood [32, 37], decreasing the risk factors for non-
communicable diseases [2] and having a favorable effect
on public health [37]. Nonetheless, the understanding of
the relationships between behavioral determinants and PA
is also crucial among older adults as they are more vulner-
able and more likely to have decreasing level of PA and in-
creasing levels of sedentary behaviors.

Among all the young population groups, 7 determi-
nants were positively associated and 6 determinants
were negatively associated with PA. A probable positive
association was evident between ‘previous PA’ and over-
all PA in children, with the review showing a moderate
quality [34], confirming the importance of PA in child-
hood. Moreover, a probable positive association was
found in three reviews [15, 16, 28] between ‘independent
mobility and active transport’ and overall PA in children
and adolescents, with the reviews showing a moderate
quality. Larouche and colleagues [15] argued that it is
likely that an active traveler is also more inclined to be
active throughout the day. However, other determinants
(e.g., low socioeconomic status and lower income house-
holds), which were not considered in their review, may
influence the relationship between ‘independent mobility
and active transport’ and PA. Furthermore, potential
biases due to classification, such as active school trans-
port only once per week and direction of active trans-
port (e.g., only to school and not from school) could also
play a role. Other relevant aspects proposed by
Schoeppe and colleagues [16] concern the positive asso-
ciations of active travel to destination other than school,
the health benefits for children of being involved in
‘free-range’ activities, like active travel or play outdoor
without adult supervision, and the higher frequency of
active travel from school to home rather than from
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home to school. Other determinants related to ‘sport/PA
in and out of school’ [32, 33] and to ‘other daily activ-
ities’ [29] were positively associated with PA but with a
limited suggestive level of evidence. The present findings
are in line with the determinants related to school phys-
ical activity and youth sport participation (e.g., “PA Pro-
grams in School”, “Availability/Access/Proximity of PA
Organized Sport Facilities/Tools”, “PA Education (at
School/Work)/Knowledge of Effects of PA”, “Group
Activities (Outdoor/Indoor)”, “Involvement in Organized
Sport”, “Time Spent Outdoor/Playing Spaces”) highlighted
by the European PA determinants (EU-PAD) framework
as having a high priority for research [36]. To improve the
strength of evidence, future research adopting longitudinal
research designs is strongly needed. Indeed, motor skills
in early childhood, school physical education, and youth
sports are important aspects for a holistic development of
children and adolescents, so an effective interaction be-
tween researchers and policy makers should be established
to promote of health-enhancing lifestyles in early years, in
line with the recommendations of the Expert Group on
Health-Enhancing Physical Activity of the European
Commission [38].

The determinants ‘composite sedentary behavior,
‘internet use, ‘reading; ‘sedentary activities; and ‘vigorous
PA’ [26, 29, 33, 34] were negatively associated with PA
with a limited suggestive level of evidence. Even though
mainly based on cross-sectional studies, the negative as-
sociations of ‘composite sedentary behavior, ‘internet
use, and ‘reading’ are corroborated by the results of the
MA, showing small to moderate negative effect sizes
[29]. Regarding ‘vigorous PA; Bruner and colleagues [39]
suggested that a decline in PA over the course of the
school year, in adolescents, is mainly due to a decrease
in level of vigorous intensity activity rather than moder-
ate intensity activity. Despite a clear dose-response spe-
cificity of low, moderate, and vigorous PA intensities on
cardiovascular risk, metabolic health, osteoporosis, im-
mune function, and mental health [40], the relationship
between intensity (but also frequency, duration, and
mode of activity) and adherence of PA is controversial
[35, 41]. To deepen our understanding of the quality of
the PA and to provide sound guidelines for PA prescrip-
tions, further research on this area is recommended to
consider the intensity of PA on both absolute (e.g., oxy-
gen uptake, oxygen uptake relative to body mass, kcal or
k] per minute, and METs) and relative (e.g., percentages
of maximal oxygen uptake, oxygen uptake reserve, heart
rate reserve, maximal heart rate, Borg’s Rating of
Perceived Exertion) terms [42].

The investigation of determinants in adults showed a
higher proportion of negative associations (n = 6) with re-
spect to positive associations (# = 1). Regarding the nega-
tive associations, a probable level of evidence was found
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only for ‘transition to university’ and ‘pregnancy/having a
child’ with respect to overall PA/Ex in all ages >18 years,
with the review showing a moderate quality [12]. Further-
more, ‘moving into an institution’ [12], ‘time limitation’
[24, 31], language difficulties’ [24], and ‘smoking’ [27] were
negatively associated but with a limited suggestive level of
evidence. Conversely, ‘baseline activity level’ was positively
associated with overall PA/Ex in adults 240 years but with
a limited suggestive level of evidence and the quality of
the review was moderate [27]. Although without a consist-
ent convincing evidence among all the determinants, these
findings highlight the possible impact of specific life
events (ie., ‘transition to university, ‘pregnancy/having a
child; and ‘moving into an institution’) on the relationship
between behavioral determinants and PA and the need for
effective interventions and planning to increase health-
enhancing PA.

An interactionist approach may help further our un-
derstanding of the role played by specific life events. Dif-
ferent life events with shorter-term (e.g., pregnancy) or
longer-term effects (e.g., retirement) might exert their
effects on PA behaviors separately, in different life
phases. Differently, life events, whose shorter- and
longer-lasting effects partially overlap in time (e.g.,
pregnancy and marital status) might generate inter-
active effects. Moreover, the impact of life events on PA
behaviors might be moderated by other behavioral factors.
For instance, the extent to which ‘retirement’ impacts ac-
tual PA behavior may be moderated by past PA habits.
Moreover, the relationship linking the influence of differ-
ent behavioral determinants of PA may be mediational in
nature, with ‘time limitation’ probably mediating most of
the life event effects on PA behaviors.

However, not only people older than 18 years should
represent a target group population for the investigation
of those life events and for considering health promotion
interventions. Adequate attention should be placed also to
those related to ‘job; such as temporary or long-term un-
employment, retirement, change in employment status, as
well as to those concerning the ‘marital status, such as
starting a new close personal relationship, starting to live
with someone, marriage, separation, divorce, widowhood,
interpersonal loss, which are frequent during adulthood
and may interfere and influence PA behaviors.

This umbrella SLR demonstrated that some potential
determinants were found to be specific for each age
group, whilst other determinants can be considered
across all ages. For the latter, ‘screen use’ and ‘smoking’
were the most often investigated determinants, with six
and four reviews examining the associations with several
forms of PA, respectively. Actually, ‘screen use’ comprises
several determinants, such as “T'V viewing, “T'V viewing/
playing video games, ‘television viewing/sedentary, ‘enjoy
television viewing, ‘video/computer game use, ‘computer,
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‘screen time, ‘video games, which have been investigated
for their potential associations with PA from preschool
children to adolescents. The negative association be-
tween ‘enjoy television viewing’ and MVPA in preschool
children emphasized the need for intervention programs
to decrease screen related behaviors in the early years
age group [26]. A similar negative association was also
found in children with respect to after-school time pe-
riods (i.e., after-school PA) [30]. Particularly due to the
fact that ‘TV viewing’ may negatively influence PA dur-
ing time spent at home with high TV accessibility, inter-
vention programs should be encouraged for increasing
after-school PA [30]. Future research should adopt longi-
tudinal study designs to investigate the effectiveness of
long-term PA promoting strategies in children after
school for several components, like fitness, health,
cognitive functioning, engagement, motivation, psycho-
logical well-being, and social inclusion [43].

No consistent and conclusive association was found
between ‘screen use’ and overall PA when children and
adolescents were considered together [14, 26, 29, 32, 35].
However, a MA reported small to medium effect sizes be-
tween TV viewing’ and PA and between ‘video/computer
game use’ and PA and also considering possible moderators
affecting the strength of their relationship [14]. In particu-
lar, the moderator analysis showed that only vigorous PA,
but not combined, MVPA, and sports, is negatively associ-
ated with “TV viewing’. These and the present findings cor-
roborate the need of further research on the effects of
different variables of PA (e.g., intensity, duration, frequency)
on PA behaviors. Moreover, the potential impact of the new
technologies on PA behaviors of young people should be
considered. Although TV viewing remains the most prom-
inent leisure time sedentary behavior amongst youth, new
techniques providing unlimited access to social and internet
platforms (e.g., mobile phones and tablet computers) may
have both a social and educational role for children and ad-
olescents [29]. Recently, technologically augmented realities
have been created to combine real and virtual objects in a
real environment [44], also linked to PA (e.g., the
smart phone game Pokémon Go). Such advancements in
technology-driven PA (“exergaming”) [45, 46] are attracting
the attention of decision makers involved in PA promotion
as a potential innovative strategy for reducing physically in-
active time, increasing adherence to exercise programs, and
promoting enjoyment of PA [47]. However, this still very
young line of research does not allow to draw definitive
conclusions on effectiveness and long-term effects of exer-
gaming and its role as a determinant of PA behaviors for
different populations [48, 49].

Smoking is considered one of the biggest public health
threats, killing around 6 million people globally every
year [50]. It is associated with several diseases, including
various types of cancer, coronary heart diseases, stroke,



Page 19 of 23

Condello et al. International Journal of Behavioral Nutrition and Physical Activity (2017) 14:58

91eI2POIN ¥ SIA ON WV'N SOA SOA OoN ON OoN OoN SOA ON
[OL] (41S)
€10¢
21eIPOIN S OoN ON VN SOA SOA SOA ON oN SOA OoN SOA 'S addaoydsg
(€€l (41S)
[q4
91RISPON 14 SOA VN V'N V'N ON SSA ON ON SOA VD REN ‘AN s196p1y
[67] (VW)
¥10¢
pbuong 6 SIA SIOA SOA SIA SOA SIA ON SIA SIA SIA ON ‘N UOsIead
w1 (YW)
00¢
91RIPOIN 9 ON ON SOA SOA SOA OoN ON R0) SOA SOA SOA S |[eysiey
[82] (471S)
91eIPOIN ¥ SOA ON ON OoN ON SOA ON ON SOA ON S9N 800C DN 991
[SL] (47S)
¥710¢
21RIPOIN 9 oN ON ON SOA SOA SOA ON oN SOA SOA SOA ‘Y aydnoJe]
2] (47S)
L10C
91eI2POIN / SOA SOA i) SOA SOA SOA ON OoN SIA SIA ON VN UBWSUS0Y
[€L] (41S)
800¢
eI € SOA ON V'N ON ON SOA ON SOA A ON ON "LV MsuAzoey]
[cL] (47S)
[414
91RISPOIN ¥ SOA ON ON ON ON SOA ON ON SOA SOA ON '3 Biagbu3
[97] (415)
[44
91eISPOWN ¥ SOA ON Wv'N VN ON OoN ON OoN SOA SIA SOA W Jswees) og
[r€] (41S)
S1eISPON 9 SOA OoN VN SOA SOA SOA ON ON OoN SOA SOA 110z D shben
(2 (41S)
21RIPOIN / OoN v SOA SOA SOA SOA ON SOA SOA SOA ON 710z ‘| nauleg
vl (471S)
[44
91eIDPOIN 9 oN ON SOA OoN SOA SOA ON SIA SOA SOA ON 'SM Snyeqeg

;o1eldoidde JSUOISNDUOD  §PAIUSUINDOP ;uop1d
ipassasse SaIpNIS Bunenwio}  pue passasse ipapinold  ipapiroid uoisnjpul juonoenxa
ipapnpul selq Jo sbulpuly ul Aereudoidde SaIpNIS SaIpNIS  (PapNPXe ue se pasn elep pue

159J91ul  uonedgnd  dYyl SuUIqUIOD pasn papn|pul papnjaul pue (In1eJ3)| ipawiopad  uopdIPPRSs ;papircid
gMaInal 91005 Jo Jo 01 Pasn  SaIpNIs papnpul - ay3 Jo Aujenb 9U1Jo  papnpul) A21D ") yDJeas ainielay| Apnis ubisap [4oY] (maInal
ayrjo  Auenb  1yuod  pooyiRy| spoyaw 2y Jo Ajenb JIUBIDS  SDNsHRIoRIRYD - Salpnis Jo  uonedygnd Jo - aAisuayaidwiod  a1eddnp Joud Jo adA)Y)
Aujend wnsg 2yl sep 3yl sep 3} 2ISA\  DHIUSIDS 3Y1 SN 3y sep SU1 219\ 3SI| B SBAA SNIBIS SY1 SBAN B SeAN 919Ul SBAA B, UB SBAA a1eQg Joyiny

ISIPPRYD YYLSINY 243 BUisn SmalAa) papnjdul 943 JO 1UsWssasse A)enD § ajqel



Page 20 of 23

Condello et al. International Journal of Behavioral Nutrition and Physical Activity (2017) 14:58

(L1 01 8 wouy Buibues 2103s) buouls (£ 01 + woiy Buibues 2103s) 1eISPO ‘(€ 03 0 wouy buibues 310ds) JedMg

MBIASJ PIPN[DUl 33 Joj 3|qedljdde sem eLSILD SY) USYM | ‘M3IASI PIPN|DUL S Joj Sjedlidde Jou Sem eLISID 3Y) USYM 0,
d|gedidde jou i\ ‘Jomsue Jued )

:S910N

ABSM

91RISPON

523

ON

SOA

ON

ON

VN

ON

[c€] (41S)
£00T M

VN VN ON SOA ON ON SOA SOA ON  1SIOH Jop uea

[G€] M¥1S)
7102 "1

VN SOA SOA SOA ON ON SOA SOA SOA  uabujmapifin

[1€] (47S)
£00C 'N

VN ) OoN SOA OoN OoN SOA ) ON  spezzedulioz|

[0€] |19)
14104
Wy Asjuers

(PaNUUOD) ISIP3YD YYLSWY 241 BUISN SMIASI papN|dUl 33 JO JUSWISSasse AljenD § ajqeL



Condello et al. International Journal of Behavioral Nutrition and Physical Activity (2017) 14:58

and chronic obstructive pulmonary diseases [50]. How-
ever, only one review with one primary study [27] re-
ported a negative association between ‘smoking’ and
overall PA/Ex in older adults (=70 years old). Neverthe-
less, due to both the low quality of the primary study
and its study design, Koeneman and colleagues [27] con-
cluded to have insufficient evidence. Similarly, inconclu-
sive associations were found for children and adolescents.
Thus, they recommend additional research and the devel-
opment and use of valid and reliable measurement instru-
ments for both determinants and PA or Ex outcomes [27].
For the other reviews, the amount of primary studies pro-
viding negative associations did not reach 75% of the total
amount of eligible studies. In particular, Kaczynski et al.
[13] deeply examined the relationships between ‘smoking’
and overall PA and they found only 47% and 61% of the
total studies included to report negative associations in
youth and adult populations, respectively. Several factors
need to be considered to explain these findings, such as
the variety of definitions used to define a smoker and the
differing terminology used to describe PA intensity [13].
Moreover, the use of PA as a harm-reduction strategy for
smokers, the need of a threshold level of exercise to be
reached for changes to occur, and the increased opportun-
ities for smoking initiation due to the presence of peers
for adolescents should also be considered. However, em-
pirical evaluation of these explanations is necessary in
order to clarify the possible relationship between ‘smok-
ing’ and PA, which, at present, remains unclear [13].

Some determinants have received little attention so far
and some new potential determinants need to be consid-
ered across the life course. In particular, future investiga-
tions on determinants of PA should study long time frames
(e.g., from childhood to adulthood), to verify whether they
predict active lifestyles with advancing years [37]. Among
other determinants, life events require a high concern in
their potential interactive or mediated effects on PA behav-
jors, starting from young populations. Our understanding
of PA determinants could also benefit from investigations
on sport participation at both young ages and during transi-
tion to adulthood, as well as on some dietary habits like al-
cohol consumption, which deserve to be better explored
across the life course. In particular, it is surprising that alco-
hol consumption has been reported only in one SLR related
to children. Finally, it could be advisable to examine how
specific determinants of PA behaviors (e.g., ‘participa-
tion in organized sports; ‘participation in sport teams out-
side school, ‘sports activities; ‘lifelong participation in PA;
‘vigorous PA, ‘previous PA ‘PE/school sports’) cluster with
those related to unhealthy behaviors (e.g., ‘smoking; ‘alco-
hol consumption; ‘sedentary activities; and screen use’).

Despite scholars from different disciplines actually
contributed to the considerable amount of scientific pa-
pers, some methodological caveats have to be considered
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when analyzing and interpreting findings to guarantee
core strength for the cumulated knowledge on determi-
nants of PA behaviors. The first concern relates to the
need of clear definitions of PA behaviors to prevent con-
fusion and difficulty in interpretation of homonymous
terms [42, 51]. To note, the present study was based on
the consensus of the DEDIPAC-KH research team (con-
sisting of 23 participants from five partner Nations) on a
common nomenclature for PA that encompasses any
bodily movement produced by skeletal muscles that re-
sults in energy expenditure, which may be unstructured
and everyday life activity, exercise that includes prear-
ranged, deliberate, and repetitive activity, and grassroots
sports and competitive sports [36]. Despite this compre-
hensive definition ensures an extensive perspective of
determinants of PA behaviors, it does not guarantee that
the authors of the considered SLRs and MAs adopted
the same pragmatic approach. The second concern
pertains the absence of clear and well-established defini-
tions used by scholars to summarize the information of
determinants included in the primary studies they
analyzed. To avoid misinterpretation of labels due to cul-
tural biases, in the present umbrella SLR it was decided to
refer to the actual terminology provided in the SLRs and
MAs. The third concern refers to the difficulty in detecting
information related to specific aspects of PA engagement,
such as frequency and duration, and typology of exercise.
Finally, a wide range of study designs, measurement tech-
niques, population groups, determinants investigated, and
PA outcomes emerged from the primary studies, making it
difficult to evaluate all the evidence and to draw definitive
conclusions. In particular, the most common study design
used was cross-sectional, which limited the strength of any
evidence. In fact only few determinants received a probable
level of evidence. Moreover, the majority of PA outcomes
were obtained by non-objective measurement methods,
which provide less accurate data with respect to objective
methods of PA evaluation.

Conclusions

The promotion of PA should be pursued also considering
the behavioral determinants. For youth, the most relevant
evidence obtained by this umbrella SLR revealed the im-
portance of being physically active in the early years, the
necessity to increase active transportation to/from school,
independent mobility, and the importance of being in-
volved in ‘free-range activities’ that are away from adult
supervision. Conversely, a reduction of time spent in front
of screens, which is thought to negatively influence PA be-
haviors, needs to be carefully considered in light of the
probable impact these new technologies have and the po-
tential social and educational roles they play in the lives of
young people. For adult populations, PA behaviors are
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mostly influenced by the life events, which represent a
time constraint for possible involvement in PA.

The outcomes of the present umbrella SLR are not only
limited to the identification of the behavioral PA determi-
nants, which have a sufficient evidence-base to inform
policy development, and of those determinants, which re-
ceived little or no attention and are therefore in need for
further research. The present findings also allow to suggest
what type of research designs may be most useful for fu-
ture research to yield stronger conclusions and generate
substantial recommendations to multiple experts conver-
ging on the promotion of active lifestyles. Firstly, long-term
prospective and longitudinal experimental designs should
be employed to tackle the change in relevance of different
determinants in critical transition phases from childhood
to adulthood and from adulthood to older years. Secondly,
an interactionist approach may help understand the joint
contribution of different behavioral factors in determining
PA behaviors and therefore the need to consider them
jointly for effective PA promotion actions. Also, a media-
tional approach may allow to understand whether different
behavioral determinants are directly liked to PA, or indir-
ectly through a mediational chain, in order to identify
which is the factor to be primarily targeted to obtain a
positive PA behavior change. Finally, future research
should address potential clustering and interactions of be-
havioral and non-behavioral (e.g., psychological, social, en-
vironmental) determinants, which may be crucial to
inform multisectoral strategies of PA promotion.

Abbreviations

Ce: Convincing evidence; DEDIPAC-KH: DEterminants of Dlet and Physical
ACtivity-Knowledge Hub; EU: European Union; EU-PAD: EUropean-Physical
Activity Determinants; Ex: Exercise; Lns: Limited, no conclusive evidence;
Ls: Limited suggestive evidence; MA: Meta-analysis; MVPA: Moderate-to-
vigorous physical activity; PA: Physical activity; Pe: Probable evidence;

SLR: Systematic literature review

Acknowledgements

The authors thank Lien N, Lakerveld J, Mazzocchi M, O'Gorman D, Monsivais
P, Nicolaou M, Renner B, Volkert D, and the DEDIPAC-KH Management team
for their helpful support.

Availability of data and materials
All data generated or analyzed during this study are included in this published
article [and its supplementary information files].

Authors’ contributions

CG, PA, AK, MDC, CL, BS shared equal responsibilities. All the co-authors were
involved in the review of this manuscript. The responsibility for the content
of this manuscript lies with the authors. All authors read and approved the
final manuscript.

Competing interests
The authors declare that they have no competing interests.

Consent for publication
Not applicable.

Ethics approval and consent to participate
Not applicable.

Page 22 of 23

Financial support

! 2919 MIUR: DEDIPAC F.S. 02.15.02 COD. B84G14000040008

3 Federal Ministry of Education and Research, Germany: 01EA1377

" MIUR: CDR2.PRIN 2010/11 COD. 2010KL2Y73_003.

461315 The Health Research Board, Ireland.

8 Grant from the Ministry of Agricultural, Food and Forestry Policies, Italy
(DEDIPAC-IRILD, D.M. 14474/7303/13).

' Federal Ministry of Education and Research: 01EA1374.

' VThis project was supported by grants from the Federal Ministry of
Education and Research, Germany (Bundesministerium fur Bildung und
Forschung, Forderkennzeichen 01EA1372C and 01EA1372E). The
responsibility for the content of this manuscript lies with the authors.

'8 Institut National de la Recherche Agronomique (INRA), Institut National de
Prévention et d'Education pour la Sante (INPES)

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in published
maps and institutional affiliations.

Author details

'Department of Movement, Human and Health Sciences, University of Rome
Foro ltalico, P.za Lauro de Bosis, 15, 00135 Rome, Italy. “Section of Hygiene -
Institute of Public Health, Universita Cattolica del Sacro Cuore, Rome, Italy.
3Leibniz Institute for Prevention Research and Epidemiology - BIPS, Bremen,
Germany. “Department of Sport, Leisure and Childhood Studies, Cork
Institute of Technology, Cork, Ireland. *Department of Movement and Sports
Sciences, Ghent University, Ghent, Belgium. ®Department of Physical
Education and Sport Sciences, University of Limerick, Limerick, Ireland.
’Univ-Lyon, CarMeN laboratory, Inserm U1060, INRA U1397, Centre de
recherché en Nutrition Humaine, Université Claude Bernard Lyon 1, INSA
Lyon, Charles Merieux Medical School, Fr-69600 Oullins, France. ®Council for
Agricultural Research and Economics -Research Centre for Food and
Nutrition, Rome, Italy. 9Depar’[mer\t of Human Sciences, Society, and Health,
University of Cassino and Lazio Meridionale, Cassino, Italy. '°Department of
Medicine and Aging Sciences, ‘G. d’Annunzio’ University of Chieti-Pescara,
Chieti, Italy. '"Department for Sport and Exercise Sciences, University of
Stuttgart, Stuttgart, Germany. '“Department of Epidemiology and Prevention,
IRCCS Istituto Neurologico Mediterraneo: NEUROMED, Pozzilli, Italy. "*School
of Health and Human Performance, Multisensory Motor Learning Lab, Dublin
City University, Dublin, Ireland. "Molecular Epidemiology Group, Max
Delbruck Center for Molecular Medicine in the Helmholtz Association (MDC),
Berlin, Germany. ®Centre for Preventive Medicine, School of Health and
Human Performance, Dublin City University, Dublin, Ireland. '®Institute of
Sport, Exercise & Active Living, Victoria University, Melbourne, Australia.
Institute of Epidemiology I, Helmholtz Zentrum Munchen, German
Research Center for Environmental Health, Neuherberg, Germany. '®Section
of Hygiene - Institute of Public Health, Universita Cattolica del Sacro Cuore,
Fondazione Policlinico Universitario “Agostino Gemelli”, Rome, Italy. Pltalian
National Institute of Health, (Istituto Superiore di Sanita - ISS), Rome, Italy.

Received: 5 October 2016 Accepted: 10 April 2017
Published online: 02 May 2017

References

1. World Health Organization. Physical activity. Fact sheet. 2016. http://www.
who.int/mediacentre/factsheets/fs385/en/. Accessed 1 July 2016.

2. World Health Organization. Global status report on Noncommunicable diseases.
2010. http//apps.who.int/iris/bitstream/10665/44579/1/9789240686458_eng.pdf.
Accessed 1 July 2016.

3. Council of the European Union. Council Recommendation of 26 November
2013 on promoting health-enhancing physical activity across sectors. 2013/
C 354/01. 2013. http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=0J.C:
2013:354:0001:0005:EN:PDF. Accessed 1 July 2016.

4. European Commission. Special Eurobarometer 412 Sport and Physical
Activity Report. 2014. http://ec.europa.eu/health/nutrition_physical_activity/
docs/ebs_412_en.pdf. Accessed 1 July 2016.

5. Bauman AE, Reis RS, Sallis JF, Wells JC, Loos RJ, Martin BW, Group LPASW.
Correlates of physical activity: why are some people physically active and
others not? Lancet. 2012;380(9838):258-71.

6. Glass TA, McAtee MJ. Behavioral science at the crossroads in public health:
extending horizons, envisioning the future. Soc Sci Med. 2006,62(7):1650-71.


http://www.who.int/mediacentre/factsheets/fs385/en/
http://www.who.int/mediacentre/factsheets/fs385/en/
http://apps.who.int/iris/bitstream/10665/44579/1/9789240686458_eng.pdf
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:C:2013:354:0001:0005:EN:PDF
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:C:2013:354:0001:0005:EN:PDF
http://ec.europa.eu/health/nutrition_physical_activity/docs/ebs_412_en.pdf
http://ec.europa.eu/health/nutrition_physical_activity/docs/ebs_412_en.pdf

Condello et al. International Journal of Behavioral Nutrition and Physical Activity (2017) 14:58

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Ooms L, Veenhof C, Schipper-van Veldhoven N, de Bakker DH. Sporting
programs for inactive population groups: factors influencing implementation
in the organized sports setting. BMC Sports Sci Med Rehabil. 2015;7:12.

Sallis JF, Cervero RB, Ascher W, Henderson KA, Kraft MK, Kerr J. An ecological
approach to creating active living communities. Annu Rev Public Health.
2006;27:297-322.

Bauman AE, Sallis JF, Dzewaltowski DA, Owen N. Toward a better understanding of
the influences on physical activity: the role of determinants, correlates, causal
variables, mediators, moderators, and confounders. Am J Prev Med. 2002:23(2):5-14.
Hayes AF. Introduction to mediation, moderation and conditional process
analysis: a regression-based approach. New York: The Guilford Press edn; 2013.
Peel NM, McClure RJ, Bartlett HP. Behavioral determinants of healthy aging.
Am J Prev Med. 2005;28(3):298-304.

Engberg E, Alen M, Kukkonen-Harjula K, Peltonen JE, Tikkanen HO,
Pekkarinen H. Life events and change in leisure time physical activity: a
systematic review. Sports Med. 2012;42(5):433-47.

Kaczynski AT, Manske SR, Mannell RC, Grewal K. Smoking and physical
activity: a systematic review. Am J Health Behav. 2008;32(1):93-110.
Marshall SJ, Biddle SJ, Gorely T, Cameron N, Murdey I. Relationships
between media use, body fatness and physical activity in children and
youth: a meta-analysis. Int J Obes Relat Metab Disord. 2004;28(10):1238-46.
Larouche R, Saunders TJ, Faulkner G, Colley R, Tremblay M. Associations
between active school transport and physical activity, body composition,
and cardiovascular fitness: a systematic review of 68 studies. J Phys Act
Health. 2014;11(1):206-27.

Schoeppe S, Duncan MJ, Badland H, Oliver M, Curtis C. Associations of
children’s independent mobility and active travel with physical activity,
sedentary behaviour and weight status: a systematic review. J Sci Med
Sport. 2013;16(4):312-9.

European Commission. EU Joint Programming Initiative A Healthy Diet for a
Healthy Life. 2013. http//www.healthydietforhealthylife.eu. Accessed 1 July 2016.
Lakerveld J, Van Der Ploeg HP, Kroeze W, Ahrens W, Allais O, Andersen LF,
Cardon G, Capranica L, Chastin S, Donnelly A. Towards the integration and
development of a cross-European research network and infrastructure: the
DEterminants of Dlet and Physical ACtivity (DEDIPAC) Knowledge Hub. Int J
Behav Nutr Phys Act. 2014;11:143.

loannidis JP. Integration of evidence from multiple meta-analyses: a primer
on umbrella reviews, treatment networks and multiple treatments meta-
analyses. Can Med Assoc J. 2009;181(8):488-93.

Liberati A, Altman DG, Tetzlaff J, Mulrow C, Gatzsche PC, loannidis JP, Clarke
M, Devereaux PJ, Kleijnen J, Moher D. The PRISMA statement for reporting
systematic reviews and meta-analyses of studies that evaluate health care
interventions: explanation and elaboration. Ann Intern Med. 2009;151(4):
W65-94.

Capranica L, MacDonncha C, Puggina A. PROSPERO International
prospective register of systematic reviews Determinants of physical activity:
an umbrella systematic literature review. 2015. p. 1-5.

Sleddens EF, Kroeze W, Kohl LF, Bolten LM, Velema E, Kaspers PJ, Brug J,
Kremers SP. Determinants of dietary behavior among youth: an umbrella
review. Int J Behav Nutr Phys Act. 2015;12:7.

Shea BJ, Grimshaw JM, Wells GA, Boers M, Andersson N, Hamel C, Porter AC,
Tugwell P, Moher D, Bouter LM. Development of AMSTAR: a measurement
tool to assess the methodological quality of systematic reviews. BMC Med
Res Methodol. 2007;7:10.

Babakus WS, Thompson JL. Physical activity among South Asian women: a
systematic, mixed-methods review. Int J Behav Nutr Phys Act. 2012;9:150.
Barnett |, van Sluijs EM, Ogilvie D. Physical activity and transitioning to
retirement: a systematic review. Am J Prev Med. 2012;43:329-36.

De Craemer M, De Decker E, De Bourdeaudhuij I, Vereecken C, Deforche B,
Manios Y, Cardon G. Correlates of energy balance-related behaviours in
preschool children: a systematic review. Obes Rev. 2012;13(s1):13-28.
Koeneman MA, Verheijden MW, Chinapaw MJ, Hopman-Rock M.
Determinants of physical activity and exercise in healthy older adults: a
systematic review. Int J Behav Nutr Phys Act. 2011;8:142.

Lee MC, Orenstein MR, Richardson MJ. Systematic review of active commuting
to school and childrens physical activity and weight. J Phys Act Health. 2008;
5(6):930-49.

Pearson N, Braithwaite RE, Biddle SJ, van Sluijs EM, Atkin AJ. Associations
between sedentary behaviour and physical activity in children and
adolescents: a meta-analysis. Obes Rev. 2014;15(8):666-75.

30.

31

32.

33.

34,

35.

36.

37.

38.

39.

40.

41.

42.

43.

45.

46.

47.

48.

49.

50.

51

Page 23 of 23

Stanley RM, Ridley K, Dollman J. Correlates of children’s time-specific physical
activity: a review of the literature. Int J Behav Nutr Phys Act. 2012,9:50.
Tzormpatzakis N, Sleap M. Participation in physical activity and exercise in
Greece: a systematic literature review. Int J Public Health. 2007;52(6):360-71.
Van der Horst K, Paw M, Twisk JW, Van Mechelen W. A brief review on
correlates of physical activity and sedentariness in youth. Med Sci Sports
Exerc. 2007;39(8):1241-50.

Ridgers ND, Salmon J, Parrish AM, Stanley RM, Okely AD. Physical activity
during school recess: a systematic review. Am J Prev Med. 2012;43(3):320-8.
Craggs C, Corder K, van Sluijs EM, Griffin SJ. Determinants of change in
physical activity in children and adolescents: a systematic review. Am J Prev
Med. 2011;40(6):645-58.

Uijtdewilligen L, Nauta J, Singh AS, van Mechelen W, Twisk JW, van der
Horst K, Chinapaw MJ. Determinants of physical activity and sedentary
behaviour in young people: a review and quality synthesis of prospective
studies. Br J Sports Med. 2011;45(11):896-905.

Condello G, Ling FCM, Bianco A, Chastin S, Cardon G, Ciarapica D, et al.
Using concept mapping in the development of the EU-PAD framework
(EUropean-Physical Activity Determinants across the life course): a DEDIPAC-
study. BMC Public Health. 2016;16(1):1145.

Telama R. Tracking of physical activity from childhood to adulthood: a
review. Obes Facts. 2009;2(3):187-95.

World Health Organization. Sport clubs for health. 2011. http//Awww.eurowhoint/en/
health-topics/disease-prevention/physical-activity/activities/hepa-europe/hepa-europe-
projects-and-working-groups/sport-clubs-for-health. Accessed 1 July 2016

Bruner MW, Chad KE, Verrall TC, Vu L, Beattie-Flath JA, Humbert ML, Muhajarine
N. Examination of physical activity in adolescents over the school year. Pediatr
Exerc Sci. 2009;21(4):421-35.

Shephard RJ. Absolute and relative intensity of physical activity in a dose-
response context. Med Sci Sports Exerc. 2001;33(6 Suppl):5400-18.

Rhodes RE, Warburton DE, Murray H. Characteristics of physical activity
guidelines and their effect on adherence: a review of randomized trials.
Sports Med. 2009;39(5):355-75.

Howley ET. Type of activity: resistance, aerobic and leisure versus occupational
physical activity. Med Sci Sports Exerc. 2001;33(6 Suppl):S364-9.

Bangsbo J, Krustrup P, Duda J, Hillman C, Andersen LB, Weiss M, et al. The
Copenhagen Consensus Conference 2016: children, youth, and physical activity
in schools and during leisure time. Br J Sports Med. 2016,50(19):1177-8.

van Krevelen DWF, Poelman R. A survey of augmented reality technologies,
applications and limitations. Int J Virtual Real. 2010;9(2):1-20.

Anderson N, Steele J, O'Neill LA, Harden LA. Pokémon Go: mobile app user
guides. Br J Sports Med. 2016. doi:10.1136/bjsports-2016-096762.
Witherspoon L. ACSM Information On...Exergaming. 1st edn. [ebook].
American College of Sports Medicine, 2013:1-2/2. https.//www.acsm.org/
docs/brochures/exergaming.pdf?sfvrsn=6. Accessed 24 Feb 2016.

Bailey BW, Mclnnis K. Energy cost of exergaming: a comparison of the energy
cost of 6 forms of exergaming. Arch Pediatr Adolesc Med. 2011;165(7):597-602.
Sween J, Wallington SF, Sheppard V, Taylor T, Llanos AA, Adams-Campbell
LL. The role of exergaming in improving physical activity: a review. J Phys
Act Health. 2014;11(4):864-70.

Hochsmann C, Schipbach M, Schmidt-Trucksass A. Effects of exergaming
on physical activity in overweight individuals. Sports Med. 2016;46(6):845-60.
World Health Organization. Tobacco. Fact sheet. 2016. http://www.who.int/
mediacentre/factsheets/fs339/en/. Accessed 1 July 2016.

Hallal PC, Andersen LB, Bull FC, Guthold R, Haskell W, Ekelund U, Lancet
Physical Activity Series Working Group. Global physical activity levels:
surveillance progress, pitfalls, and prospects. Lancet. 2012,380(9838):247-57.


http://www.healthydietforhealthylife.eu/
http://www.euro.who.int/en/health-topics/disease-prevention/physical-activity/activities/hepa-europe/hepa-europe-projects-and-working-groups/sport-clubs-for-health
http://www.euro.who.int/en/health-topics/disease-prevention/physical-activity/activities/hepa-europe/hepa-europe-projects-and-working-groups/sport-clubs-for-health
http://www.euro.who.int/en/health-topics/disease-prevention/physical-activity/activities/hepa-europe/hepa-europe-projects-and-working-groups/sport-clubs-for-health
http://dx.doi.org/10.1136/bjsports-2016-096762
https://www.acsm.org/docs/brochures/exergaming.pdf?sfvrsn=6
https://www.acsm.org/docs/brochures/exergaming.pdf?sfvrsn=6
http://www.who.int/mediacentre/factsheets/fs339/en/
http://www.who.int/mediacentre/factsheets/fs339/en/

	Behavioral determinants of physical activity across the life course: A "DEterminants of DIet and Physical ACtivity" (DEDIPAC) umbrella systematic literature review
	Recommended Citation
	Authors

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Materials
	Search strategy and eligibility criteria
	Selection process
	Data extraction
	Evaluation of importance of determinants and strength of the evidence
	Quality assessment
	Results
	SLRs and MAs selection process
	Characteristics of the reviews and quality assessment
	Measurements of PA
	Categorization of the included determinants
	Findings of the reviews
	Preschool children
	Children
	Adolescents
	Children and adolescents
	Adults
	Older adults
	All ages
	Evaluation of the quality of the SLRs and MAs


	Discussion
	Conclusions
	Abbreviations
	Acknowledgements
	Availability of data and materials
	Authors’ contributions
	Competing interests
	Consent for publication
	Ethics approval and consent to participate
	Financial support
	Publisher’s Note
	Author details
	References

