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Abstract

Background: In the past decade, various reviews described the relationship between the physical environment
and different physical activity (PA) domains. Yet, the majority of the current review evidence relies on North
American/Australian studies, while only a small proportion of findings refer to European studies. Given some clear
environmental differences across continents, this raises questions about the applicability of those results in
European settings. This systematic review aimed at summarizing Europe-specific evidence on the relationship
between the physical environment and different PA domains in adults.

Methods: Seventy eligible papers were identified through systematic searches across six electronic databases.
Included papers were observational studies assessing the relationship between several aspects of the physical
environment and PA in European adults (18-65y). Summary scores were calculated to express the strength of the
relationship between each environmental factor and different PA domains.

Results: Convincing evidence on positive relationships with several PA domains was found for following
environmental factors: walkability, access to shops/services/work and the composite factor environmental quality.
Convincing evidence considering urbanization degree showed contradictory results, dependent on the observed
PA domain. Transportation PA was more frequently related to the physical environment than recreational PA.
Possible evidence for a positive relationship with transportation PA emerged for walking/cycling facilities, while a
negative relationship was found for hilliness. Some environmental factors, such as access to recreational facilities,
aesthetics, traffic- and crime-related safety were unrelated to different PA domains in Europe.

Conclusions: Generally, findings from this review of European studies are in accordance with results from North
American/Australian reviews and may contribute to a generalization of the relationship between the physical
environment and PA. Nevertheless, the lack of associations found regarding access to recreational facilities,
aesthetics and different forms of safety are likely to be Europe-specific findings and need to be considered when
appropriate interventions are developed. More research assessing domain-specific relationships with several
understudied environmental attributes (e.g., residential density) is needed.
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Background
Regular moderate-to-vigorous intensity physical activity
(MVPA) contributes to several beneficial short- and long
term health effects [1-3]. Unfortunately, about 31 per-
cent (28% men, 34% women) of the global adult popula-
tion is inadequately active to achieve health benefits [4].
To promote physical activity (PA) in the adult popula-
tion, research investigating its possible underlying
determinants and correlates is essential. While earlier re-
search on this topic focused mainly on the contribution
of personal determinants of PA behavior, social eco-
logical models have been of growing interest during the
last decade. These models put forward that domain-
specific PA is influenced by multiple factors, which
interact across different levels [5-7]. Of particular inter-
est is the environmental level, including the physical en-
vironment. Davison and Lawson defined the physical
environment as the objective and perceived characteris-
tics of the physical context in which people spend their
time (e.g., home, neighborhood), including aspects of
urban design (e.g., presence of sidewalks), traffic density
and speed, distance to and design of venues for PA (e.g.,
parks), crime and safety [8]. As physical environmental
attributes are changeable and such changes can influ-
ence health-related behaviors such as PA, insight into
physical environmental correlates of PA is crucial when
developing interventions to promote PA.
At present, several reviews have summarized the avail-

able evidence on the relationship between the physical
environment and different PA domains in adult popula-
tions [9-16]. Remarkably, the majority of discussed stud-
ies in these reviews were carried out in North American
and Australian settings, while the proportion of studies
conducted in other continents like Europe are more lim-
ited. Moreover, none of these reviews provided separate
results for different geographical regions. Currently, it is
not clear yet whether the results on environmental corre-
lates of PA found in America or Australia are applicable
to European countries, so further research is needed be-
fore transferring findings across continents. Since re-
search on environmental correlates of food-intake shows
that associations may well differ between countries [17],
it is plausible that this is also true for environmental cor-
relates of PA. Moreover, physical environmental attri-
butes in Europe are likely to differ from an American or
Australian context. For example, European urban street-
scapes are characterized by a more compact structure,
whereas most American cities are less dense due to sub-
urbanization and existence of peripheral centers [18].
Because of these dissimilarities in density, average trip
distances in Europe are shorter than in the US [19,20],
which in turn can influence human behavior like active
versus passive transport mode choices. Bassett and col-
leagues strengthen the assumption that also the behavior
itself can be a continent-specific phenomenon, by show-
ing that active transportation trips are much more com-
mon in Europe when compared to North America and
Australia [21]. In addition to the above-mentioned geo-
graphical and behavioral differences, there has been a re-
cent boost in European studies investigating physical
environmental correlates of PA in adult populations,
making it relevant to update the existing European litera-
ture on this topic.
In summary, there is uncertainty about the applicabil-

ity of North American and Australian results on the re-
lationship between the physical environment and adults’
PA in European settings. Additionally, European re-
search in this field is growing and therefore, this system-
atic review aims to provide an overview of the available
European evidence during the last decade. As PA can be
subdivided into several domains (e.g., transportation, re-
creation) and particular environmental attributes may
relate differently to specific PA domains [12,22], rela-
tionships between several physical environmental factors
and specific PA domains will be investigated.

Methods
Search strategy
Systematic searches were conducted across six electronic
databases: Cinahl, Cochrane, PubMed, SportDiscus,
TRIS and Web of Science. A two-stage search was con-
ducted to identify eligible studies published between
January 2000 and August 2011. In a first stage, the third
author (JVC) screened databases until January 2010. In
the second stage, an update of electronic database
screening was conducted by the first author (VVH), who
also performed all subsequent screening steps. Figure 1
provides an overview of the search protocol, according
to the PRISMA statement [23] and specifies the used
search terms. After excluding duplicates and making
exclusions based on title and abstract, 73 papers
remained. Twenty of these studies were excluded based
on full text. Backward screening of the remaining 53
papers’ reference lists and forward screening of citations
yielded 17 more papers, resulting in a total amount of
70 eligible papers [24-93] for this review. During the en-
tire screening process, eligibility of doubtful publications
was discussed with the second author (BD) until consen-
sus was reached.

Eligibility criteria
During database screening, following inclusion criteria
were applied: suitable papers were restricted to English-
written observational studies on European adult samples
(mean age of the study population between 18 and 65y,
or – in case no mean age was provided – an age range
restriction from 18-65y). Eligible publications had to be
cross-sectional or longitudinal studies, investigating the
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Figure 1 Flow chart of the systematic literature search. Included search terms: (determinant OR determinants OR correlate OR correlates OR
influence OR influences OR association OR associations) AND (environment OR environmental OR physical OR built OR neighborhood OR
neighbourhood OR facilities OR walkability OR aesthetics OR safety OR equipment) AND (physical activity OR physically active lifestyle OR leisure
activities OR exercise OR exercising OR walk OR walking OR cycle OR cycling OR commute OR active commuting OR active transportation OR
active travel) NOT (intervention OR comment OR disabled OR patients OR institutionalized).
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relationship between objective or subjective measures of
PA and the physical environment. Exclusion criteria
were set as follows: studies describing exclusively non-
European samples and/or populations outside the speci-
fied age range were not eligible. Papers were also
excluded when they considered exclusively physical en-
vironmental measures, or PA, respectively. Furthermore,
studies focusing only on occupational and/or household
PA as dependent variable were excluded, since these
behaviors are bounded to very specific contexts (i.e., the
workplace and home residence) and, consequently, are
less susceptible to changes in physical environmental
attributes of the residential neighborhood. Concerning
the independent variable, studies that only focused on
the socio-cultural, economic or policy environment were
excluded. From a study design perspective, qualitative
reports, interventions, experiments, case studies and
experts’ opinions were not eligible. At last, studies focus-
ing on disabled, unhealthy, overweight, obese or preg-
nant participants were excluded.

Selection of the variables
Included dependent variables were measures of 1) to-
tal PA, 2) leisure-time PA (LTPA), 3) total walking
and/or cycling, 4) recreational walking and/or cycling,
5) active transportation in general, 6) transportation
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walking and 7) transportation cycling. Physical environ-
mental characteristics were classified according to the
categories applied in the valid and reliable Neighbor-
hood Environment Walkability Scale (NEWS question-
naire, [94-96]), which is the most internationally used
questionnaire to assess perceptions of the environmental
correlates of PA [97,98]. Retained independent variables
were 1) walkability and its three key elements: 2) residen-
tial density, 3) land use mix diversity, and 4) street con-
nectivity. Further included independent variables were 5)
access to shops/services/workplace, 6) access to public
transport, 7) access to recreational facilities, including
greenery and places or facilities for PA, 8) quality and
presence of walking and cycling facilities, 9) general
safety, 10) traffic safety, 11) safety from crime and 12)
aesthetic features. In addition to the NEWS categories,
three other environmental attributes were included as in-
dependent variables. As worldwide studies already
revealed that urban–rural differences are associated with
variations in PA [99], “degree of urbanization” was added
as a 13th variable, often expressed as a measure of a
region’s population density or the size of the municipal-
ity. Throughout the screening process, the 14th variable
“hilliness” and 15th variable “quality of the environment”,
a composite environmental measure assessing general ac-
tivity-friendliness, were identified as important variables
in the research domain. Studies were included if they
provided results on relationships between at least one of
the above-mentioned dependent and at least one of the
independent variables.

Data extraction
Next, data extraction tables were constructed for each
separate PA category mentioned above. Study results were
coded as significant positive “+”, significant negative “-”,
or insignificant “0” relationships. If both univariate and
multivariate results were provided, the univariate results
were considered, in order to keep comparability between
different studies as high as possible. For the same reason
and when available, study results controlling for the least
variables were retained [100]. When analyses were con-
ducted separately for male and female participants, re-
spectively ”M” or ”F” was indicated in superscript. If
Table 1 Criteria for summary coding of the evidence

Percentages of records supporting association1 Summ

0-39% associated

40-50% associated in one direction and ≥25% in the opposite

40-50% associated in one direction and< 25% in the opposite (+

51-100% associated in one direction and ≥25% in the opposite (+

51-100% associated in one direction and< 25% in the opposite
1 Only valid when relationship was investigated in at least three independent samp
2 Double signed summary codes are applied when convincing positive “++”, convin
associations were present in at least four independent samples.
analyses were conducted for different subgroups in a study
(e.g. low vs high SES or separate countries in a multi-
country study), superscript numbers were added. If ana-
lyses were done for different time periods, superscripts “I”
and “II” were added. Finally, as outcomes based upon ob-
jective and perceived measurements of both PA [101] and
the physical environment [102] can differ, a distinction
was made between these measurement methods: regular
font was used when both PA and the physical environ-
ment were measured subjectively. Objective measures of
PA and the physical environment were indicated by using
italics and bold font, respectively. A more detailed descrip-
tion of all measures per individual study is accessible in
“Additional file 1”.

Coding of the evidence
Further classification of the evidence was based upon
criteria provided in the review of Wendel-Vos and col-
leagues [14]. In specific, the number of times an envi-
ronmental factor was significantly related to a PA domain
was divided by the total amount of records on this rela-
tionship. When associations in one direction were found
in more than 50% of all records, this was regarded as
convincing evidence, summary coded “+” for a positive
association and “-” for a negative. However, in case sim-
ultaneously at least 25% of all records reported results in
the opposite direction, this was regarded as only possible
evidence, summary coded “(+)” or “(−)” for a possible
positive or negative association, respectively. Summary
codes for possible evidence were also applied if an asso-
ciation was found in 40-50% of all records. Associations
found in less than 40% of all records, or in 40-50% of all
records in one direction with at least 25% in the oppos-
ite, was regarded as no evidence, summary coded “0”.
Double signed summary codes were applied when con-
vincing positive “++”, convincing negative “−−”, possible
positive “(++)”, possible negative “(−−)” or no “00” asso-
ciations were present in at least four independent samples,
and this was regarded as strong evidence. Yet, all aforemen-
tioned coding only counted when a relationship was inves-
tigated in at least three independent samples, otherwise
evidence was considered as not applicable, coded “N/A”.
An overview of the summary coding is provided in Table 1.
ary code2 Description

0 Evidence unrelated

0 Evidence unrelated

);(−) Possible evidence for a positive/negative relationship

);(−) Possible evidence for a positive/negative relationship

+; - Convincing evidence for a positive/negative relationship

les, otherwise evidence was regarded "not applicable" (coded N/A).
cing negative “–”, possible positive “(++)”, possible negative “(−−)” or no “00”
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Results
Study characteristics
Across the 70 retained papers, data gathered in 66
unique samples across 27 European countries was avail-
able. As depicted in Table 2, the largest part of studies
were conducted in the United Kingdom, Belgium and
The Netherlands, respectively covering 19, 16 and 13
publications. Twenty-one studies calculated split results
for men and women and four studies analyzed data for
separate subgroups. Only one study [43] provided longi-
tudinal data. Regarding PA measurement methods, six
studies used objective data, compared to 59 studies
using subjective data. Another five studies used both ob-
jective and subjective PA measurement methods. For en-
vironmental measurement methods, the distribution was
more balanced: 31 studies used only objective data, 28
studies only subjective and 11 studies combined both.
Total PA was the most studied PA variable, measured in
34 studies, while total cycling was the least studied, with
only two studies that assessed it as a separate variable.
Table 2 Overview of the European countries' distribution acro

Country Reference number

Bosnia-Herzegovina 45*

Estonia 45*

Georgia 45*

Ireland 69*

Luxembourg 69*

Poland 51

Turkey 45*

Ukraine 45*

Croatia 45*, 56

Denmark 69*, 81

Greece 66, 69*

Lithuania 37*, 55*, 73*

Austria 69*, 77, 79, 80

Czech Republic 36, 42, 45*, 74

Hungary 37*, 45*, 55*, 73*

Slovakia 37*, 45*, 55*, 73*

Finland 24*, 37*, 68*, 69*, 76*

Switzerland 37*, 55*, 68*, 73*, 76*

France 24*, 27, 55*, 69*, 73*

Italy 24*, 30, 55*, 69*, 73*

Sweden 25, 26, 28, 44, 69*, 78

Germany 24*, 37*, 55*, 68*, 69*, 73*, 76

Portugal 37*, 55*, 69*, 70, 71, 72, 73*

Spain 24*, 29, 45*, 57, 65, 68*, 69*,

The Netherlands 24*, 38, 43, 49, 50, 52, 53, 68*

Belgium 33, 34, 35, 59, 68*, 69*, 76*, 8

UK 24*, 31, 32, 39, 40, 41, 46, 47,

*Country was involved as part of a multi-country study.
The most studied environmental variable was access to
recreation facilities, which was measured in 31 studies,
and the least studied environmental variable, appearing
in three studies, was hilliness. A complete overview of
sample sizes, mean ages, study designs and measurement
methods is shown in Table 3.

Physical environment and the relationship with total
physical activity
Thirty-four studies assessed relationships between as-
pects of the physical environment and measures of total
PA. Summary results considering this relationship are
depicted in Table 4. Convincing evidence for a positive
relationship with total PA was found for the factors
walkability and quality of the environment, with a strong
relationship for walkability (results of at least four in-
dependent samples underpin the relationship). For ur-
banization degree, there was convincing evidence for a
negative relationship, which means that people living in
less urbanized areas tended to be more physically active.
ss studies

Total

1

1

1

1

1

1

1

1

2

2

2

3

4

4

4

4

5

5

5

5

6

* 7

7

76* 8

, 69*, 76*, 88, 92, 93 13

2, 83, 84, 85, 86, 87, 89, 90, 91 16

48, 54, 58, 60, 61, 62, 63, 64, 66, 69*, 75 19



Table 3 Categorization of samples by size, mean age, design, environmental and physical activity variables

Reference number Total

Sample size

<100 36 1

100 – 199 441, 82 2

200 – 299 33M, 33F, 341, 342, 74M 5

300 – 499 35, 442, 59, 60, 61, 6914, 74F, 77M, 84, 86 10

500 – 999 31, 38, 53M, 53F, 55M, 57, 62M, 62F, 6912, 77F, 79, 80 12

1000 – 2999 25, 26, 30, 39M, 39F, 55F, 58, 68M, 68F, 691, 692, 693, 694, 695, 696, 697, 698, 699, 6910, 6911, 6912,
6913, 6915, 6916, 6917, 73M, 73F, 78, 83, 85, 93

31

3000 – 4999 24, 27M, 27F, 39, 42M, 47, 49, 51M, 51F, 52, 56M, 56F, 66, 71M, 71F, 72M, 72F, 76, 87, 881, 882 21

5000 – 9999 29M, 29F, 32, 37, 40M, 40F, 41M, 41F, 42F, 43MI, 43MII, 43FI, 43FII, 48, 54, 64, 70, 73, 75 19

≥ 10000 28, 45M, 45F, 46, 50, 63, 65M, 65F, 67, 81, 89, 90, 91, 92 14

Mean age (years)

18.0 – 29.9 57, 79 2

30.0 – 39.9 34, 36, 51, 71, 72, 74, 75, 77, 80, 90, 91 11

40.0 – 49.9 24, 25, 26, 28, 29, 33, 35, 38, 39, 42, 44, 45, 46, 49, 52, 53, 55, 58, 59, 65, 66, 67, 68, 73, 76, 78, 81,
82, 83, 84, 85, 86, 87, 88, 89, 93

36

50.0 – 59.9 27, 32, 48, 60, 61 5

60.0 – 64.9 40, 41, 47, 62 4

only provision of age range 30, 31, 37, 43, 50, 54, 56, 63, 64, 69, 70, 93 12

Study design

Cross-sectional 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 44, 45, 46, 47, 48, 49, 50, 51,
52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74, 75, 76, 77, 78,
79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93

69

Longitudinal 43 1

Measurement environment

Objective 27, 28, 30, 32, 36, 37, 40, 41, 43, 45, 47, 51, 52, 53, 56, 65, 66, 70, 78, 79, 80, 82, 83, 84, 86, 87, 88,
89, 90, 91, 92

31

Subjective 24, 25, 26, 33, 34, 35, 38, 39, 42, 44, 46, 49, 50, 59, 60, 63, 67, 68, 69, 71, 72, 73, 74, 75, 76, 77, 85, 93 28

Both 29, 31, 48, 54, 55, 57, 58, 61, 62, 64, 81 11

Measurement PA

Objective 36, 64, 74, 75, 90, 91 6

Subjective 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 37, 38, 40, 39, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51,
52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 65, 66, 67, 68, 69, 70, 71, 72, 73, 76, 77, 78, 79, 80, 81,
87, 88, 89, 92, 93

59

Both 82, 83, 84,85, 86 5

Environmental variables

Walkability 36, 59, 61, 78, 82, 83, 85, 86, 87 9

Residential density 32, 33, 34, 53, 55, 87 6

Land use mix diversity 32, 33, 34, 62, 80 5

Street connectivity 32, 33, 34, 62, 85 5

Access to shops/services/work 31, 33, 34, 35, 38, 39, 46, 53, 54, 57, 58, 62, 63, 64, 67, 70, 74, 77, 85, 88, 90, 91 22

Access to public transport 33, 34, 35, 46, 50, 53, 57, 93 8

Access to recr. facilities 24, 28, 29, 30, 32, 33, 34, 40, 39, 44, 46, 47, 48, 49, 52, 54, 58, 60, 61, 62, 65, 67, 68, 69, 70, 73, 74,
76, 81, 85, 91, 92

32

Walking/cycling facilities 26, 33, 34, 35, 57, 58, 62, 64, 74, 80, 85, 90, 91 13

Safety 39, 46, 48, 49, 54, 55, 63, 71, 72, 73, 74, 80, 85 13

Traffic-related safety 26, 31, 32, 33, 34, 35, 40, 39, 41, 46, 55, 58, 62, 64, 70, 79, 80, 85, 90, 91 20

Crime-related safety 26, 31, 33, 34, 35, 40, 46, 49, 58, 62, 63, 67, 70, 75, 79, 85, 88, 90, 91 19

Aesthetics 29, 31, 33, 34, 69, 39, 49, 54, 55, 58, 63, 73, 74, 79, 80, 85, 88, 91 18
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Table 3 Categorization of samples by size, mean age, design, environmental and physical activity variables (Continued)

Hilliness 64, 80, 91 3

Urbanization 25, 26, 27, 29, 35, 42, 43, 45, 51, 54, 56, 62, 64, 66, 67, 70, 81, 84, 89, 90, 91 21

Quality of the environment 29, 54, 61, 71, 72, 74, 77 7

PA variables

Total PA 24, 25, 26, 28, 30, 31, 32, 33, 34, 36, 37, 42, 44, 45, 46, 48, 52, 56, 57, 58, 61, 67, 68, 69, 72, 74, 76, 78,
82, 83, 84, 85, 86, 87

34

Leisure-time PA (LTPA) 27, 29, 34, 40, 42, 43, 47, 49, 52, 55, 60, 61, 65, 66, 67, 70, 70, 73, 75, 77, 81, 84, 85, 86, 88, 89 26

Total walking 26, 33, 39, 42, 54, 61, 67, 71, 92, 93 10

Total cycling 92, 93 2

Recreational walking 34, 40, 52, 63, 78, 82, 83, 84, 85, 86, 92 11

Recreational cycling 40, 41, 52, 82, 84, 92 6

Active transportation 34, 51, 57, 58, 62, 88 6

Walking for transportation 50, 52, 63, 77, 78, 82, 83, 84, 85, 86, 92 11

Cycling for transportation 35, 38, 41, 50, 52, 53, 59, 64, 77, 79, 80, 82, 83, 84, 85, 86, 90, 91, 92 19

M = male subgroup; F = female subgroup; I = subgroup 1st measurement period; II = subgroup 2nd measurement period; superscript numbers indicate
subgroups based on other classification criteria (e.g., country).
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Further, possible evidence for a positive relationship
emerged between total PA and access to recreation facil-
ities. All other environmental factors were unrelated to
total PA.
Table 4 Summary results of evidence on the relationship env

Environm. variables Positive association Negative
associati

Walkability 36, 61, 78, 82, 822, 83, 85, 86, 87

Residential density 87

Land use mix diversity 34

Street connectivity 32, 32, 32

Access to shops/
services/work

31, 31, 31, 31, 31, 33F, 67, 74F 8

Access to public
transport

Access to recreation
facilities

24, 28, 28, 30, 30,33M, 33F, 441, 442, 46,
481, 482, 61, 67, 68M, 68F, 691, 692, 693,
694, 695, 696, 697, 699, 6910, 6911, 6912,
6914, 6915, 6916, 76

Walking/cycling
facilities

26

Safety 46, 46, 481, 482

Traffic-related safety 26, 31, 31 32, 32, 4

Crime-related safety 26, 31 46, 67

Aesthetics 31, 37, 37, 74M

Urbanization 25, 26, 42
42F, 42F 4
56M, 56F

Quality of environment 61, 72F, 72F, 74M, 74F

* A = n° of independent studies; B = n° of associated records divided by all records;
Regular vs italics font = subjective vs objective PA measures; regular vs bold font = s
M = specific results for males; F = specific results for females; 1 = specific results for 1s

subgroup.
Physical environment and the relationship with leisure-
time physical activity
The relationship between the physical environment and
LTPA was examined in 26 studies, of which summary
ironmental factors and total PA

on
No association A* B* C* D*

821 8 9/10 90 ++

32, 33M, 33M, 33F, 33F, 34, 34 4 1/8 13 0

32, 33M, 33M, 33F, 33F, 34 3 1/7 14 0

33M, 33M, 33F, 33F, 34, 34, 85 4 3/10 30 0

33M, 33M, 33F, 34, 34, 46, 57, 58,
58, 58, 67, 74M, 74M, 74F, 82, 82, 85

9 8/26 31 00

33M, 33M, 33F, 33F, 34, 34, 46, 57 4 0/8 0 00

32, 33M, 33F, 34, 34, 481, 481, 481,
481, 481, 481, 482, 482, 482, 482,
482, 482, 52, 52, 58, 61, 61, 698,
6913, 6917, 74M, 74M, 74F, 74F, 85

17 31/61 51 (++)

26, 33M, 33M, 33M, 33M, 33F, 33F,
33F, 33F, 34, 34, 34, 34, 57, 58,
74M, 74F, 85, 85

7 1/20 5 00

72M, 72M, 72F, 72F, 74M, 74F, 85 6 4/11 36 0

6, 58 26, 33M, 33M, 33F, 33F, 34, 34, 46,
58, 85

7 4/17 24 00

26, 33M, 33M, 33F, 33F, 34, 34, 46,
46, 58, 67, 85

7 2/16 13 00

33M, 33M, 33F, 33F, 34, 34, 58, 74F, 85 7 4/13 31 00
M, 42M,
5M, 45F,

25, 26, 67, 84 7 10/14 71 –

72M, 72M 3 5/7 71 +

C= % of evidence; D= summary code.
ubjective vs objective environmental measures.
t subgroup; 2 = specific results for 2nd subgroup; n = specific results for nth
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results are presented in Table 5. There was only possible
evidence for a positive relationship between LTPA and
quality of the environment, whereas the factors walkabil-
ity, access to shops/services/work, access to recreation fa-
cilities, general safety, traffic- and crime-related safety,
aesthetics and urbanization were all unrelated to LTPA.
Summary results could not be calculated for the three sep-
arate components of walkability, access to public transport
and walking/cycling facilities because too few studies
investigated the relationship of these environmental fac-
tors with LTPA.

Physical environment and the relationship with total
walking and cycling
Summary results for the studies investigating the relation-
ship between physical environmental factors and total
walking and cycling are shown in Table 6. Out of the 10
studies, eight [26,33,39,42,54,61,67,71] studied only walk-
ing and two [92,93] studied both walking and cycling as
separate variables. Possible evidence for a positive rela-
tionship was found between urbanization degree and total
walking, which means that people living in more urba-
nized areas possibly walked more than people living in less
urbanized regions. Summary calculations resulted in no
association of total walking and cycling with access to
Table 5 Summary results of evidence on the relationship env

Environm. variables Positive association Negative
association

No as

Walkability 61 85, 85

Residential density 34, 34

Land use mix diversity 34 34

Street connectivity 34, 34

Access to shops/
services/work

70, 88 34, 34

Access to public
transport

34, 34

Access to recreation
facilities

29M, 29F, 40F, 52, 60,
60, 67, 70, 81, 81, 85

60, 60 34, 34
40F, 4
61, 6
73M, 7

Walking/cycling facilities 34, 34

Safety 49 73, 73M,
73F, 73F

55M, 5

Traffic-related safety 34, 34

Crime-related safety 70, 75 34, 34

Aesthetics 49, 55F, 73, 73,
73M, 88, 88

29M, 2
55M,

Urbanization 29M, 40, 81, 89, 89M 27F, 42M,
42F , 66

27M,
84, 84
89F, 8

Quality of environment 77M, 77F 29M, 2

* A = n° of independent studies; B = n° of associated records divided by all records;
Regular vs italics font = subjective vs objective PA measures; regular vs bold font = s
M = specific results for males; F = specific results for females; I = specific results for 1st
shops/services/work, access to recreation facilities, general
safety, traffic- and crime-related safety and aesthetics.
Study results were not applicable for the relationship be-
tween the remaining physical environmental factors and
total walking and cycling due to a lack of sufficient indi-
vidual studies in these categories.
Physical environment and the relationship with
recreational walking and cycling
Twelve studies, presented in Table 7, assessed relation-
ships between the physical environment and recreational
walking and cycling. Six studies [34,63,78,83,85,86] inves-
tigated only walking, one study [41] focused on only cyc-
ling and five studies [40,52,82,84,92] measured both.
Convincing evidence for a positive relationship with recre-
ational walking and cycling emerged for traffic-related
safety, which means that people living in less trafficked
(and thus potentially safer) areas walked or cycled more
for recreation. Further, evidence showed no association of
recreational walking and cycling with walkability, access
to shops/services/work, access to recreation facilities,
crime-related safety and aesthetics. Results considering
the remaining factors were not applicable due to a lack of
sufficient studies in each category.
ironmental factors and leisure-time PA (LTPA)

sociation A* B* C* D*

, 86 3 1/4 25 0

, 55M, 55M,55F, 55F 2 N/A N/A N/A

1 N/A N/A N/A

, 85, 85 2 N/A N/A N/A

, 67, 67, 70, 70, 70, 77, 77, 85, 85 5 2/13 15 00

1 N/A N/A N/A

, 40M, 40M, 40M,40M, 40M, 40F, 40F,
0F, 47, 49, 52, 52, 52, 60, 60, 61, 61,
5M, 65M, 65F, 65F, 70, 70, 70, 73, 73,
3M, 73F, 73F, 85

14 11/48 23 00

, 34, 34, 85, 85, 85, 85 2 N/A N/A N/A

5M, 55F, 55F, 73, 73M, 85, 85 3 4/13 31 0

, 55M, 55M, 55F, 55F,70, 70, 85, 85 3 0/10 0 0

, 49, 67, 67, 70, 85, 85, 88, 88 6 2/12 17 00

9M, 29M, 29M, 29F, 29F, 29F, 29F, 34, 34,
55M, 55F, 73M, 73F, 73F, 85, 85, 88

6 7/26 27 00

29F, 43MI, 43MII, 43FI, 43FII, 67, 70, 70,
, 89, 89, 89, 89M, 89M, 89M, 89F, 89F,
9F

10 5/30 17 00

9F,61 3 2/5 40 (+)

C= % of evidence; D= summary code.
ubjective vs objective environmental measures.
measurement period; II = specific results for 2nd measurement period.
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Physical environment and the relationship with general
active transportation
Six studies investigated relationships of the physical en-
vironment with general active commuting. Results of the
summary calculations are depicted in Table 8. Con-
vincing evidence for a positive relationship was found be-
tween active transportation and access to shops/services/
work and possible evidence for a positive relationship
with active transportation emerged for walking/cycling
facilities. Access to recreation facilities, traffic- and crime-
related safety and aesthetics were all unrelated to active
transportation. Summary results of relationships for gen-
eral active transportation with other environmental fac-
tors were not applicable.
Physical environment and the relationship with walking
for transportation
Table 9 presents 11 studies that investigated the relation-
ship between the physical environment and walking for
transportation. Summary results demonstrated convin-
cing evidence for a strong positive relationship with
walkability. Further, transportation walking was unre-
lated to both access to shops/services/work and access
to recreation facilities. Due to a lack of enough separate
studies focusing on relationships between the other en-
vironmental factors and transportation walking, sum-
mary calculations were not applicable here.
Table 6 Summary results of evidence on the relationship env

Environm. variables Positive
association

Negative
association

No assoc

Walkability 61

Residential density 33M, 33F

Land use mix diversity 33F 33M

Street connectivity 33M, 33F

Access to shops/services/work 54, 54, 54, 67 33M, 33F,

Access to public transport 33F 33M, 93, 9

Access to recreation facilities 54, 54, 61, 92 33M, 33F,
61, 67, 92
92, 92, 92

Walking/cycling facilities 26, 33M 33M, 33F,

Safety 54, 71 39M, 39M,

Traffic-related safety 26, 33M, 3

Crime-related safety 26, 33M, 3

Aesthetics 54 33M, 33F,

Urbanization 26, 54 42M, 42F,

Quality of environment 71 71 61

* A = n° of independent studies; B = n° of associated records divided by all records;
Regular vs italics font = subjective vs objective PA measures; regular vs bold font = s
M = specific results for males; F = specific results for females.
Physical environment and the relationship with cycling
for transportation
Summary results for the 19 studies assessing transporta-
tion cycling are depicted in Table 10. Convincing evidence
for strong positive relationships of cycling for transporta-
tion were shown for walkability, access to shops/services/
work and degree of urbanization. This latter finding
means that people living in more urbanized areas tended
to cycle more for transportation purposes. Possible evi-
dence for a positive association was found between trans-
portation cycling and walking/cycling facilities, whereas
evidence showed a possible negative relationship for hilli-
ness. There were no relationships with transportation cyc-
ling for access to public transport, access to recreation
facilities, traffic- and crime-related safety and aesthetics.
Too few individual studies examined relationships be-
tween the remaining factors and transportation cycling, so
no summary results could be calculated there.

Discussion
During the past decade, researchers extensively studied
the relationship between attributes of the physical envir-
onment and different domains of PA in developed coun-
tries. Various reviews have been published about this
topic, but only a small proportion of findings in these
publications refer to European studies. Reviews’ conclu-
sions and recommendations for further research there-
fore mostly rely on North American and Australian
ironmental factors and total walking/cycling

iation A* B* C* D*

1 N/A N/A N/A

1 N/A N/A N/A

1 N/A N/A N/A

1 N/A N/A N/A

39M, 39M, 39F, 39F 54, 54, 54, 54, 54, 67 4 4/16 25 00

3 2 N/A N/A N/A

39M, 39M, 39M, 39M, 39F, 39F, 39F, 39F, 61,
, 92, 92, 92, 92, 92, 92, 92, 92, 92, 92, 92,
, 92, 92, 92, 92

6 4/36 11 00

33F 2 N/A N/A N/A

39M, 39M, 39F, 39F, 39F, 39F, 71 3 2/11 18 0

3F, 39M, 39M, 39F, 39F 3 0/7 0 0

3F, 67, 67 3 0/5 0 0

39M, 39M, 39F, 39F, 54, 54, 54 3 1/10 10 0

67 3 2/5 40 (+)

2 N/A N/A N/A

C= % of evidence; D= summary code.
ubjective vs objective environmental measures.



Table 7 Summary results of evidence on the relationship environmental factors and recreational walking/cycling

Environm. variables Positive association Negative
association

No association A* B* C* D*

Walkability 78, 83, 85 82, 82, 821, 822, 86 5 3/8 38 0

Residential density 34, 34 1 N/A N/A N/A

Land use mix diversity 34 34 1 N/A N/A N/A

Street connectivity 85 34, 34 2 N/A N/A N/A

Access to shops/services/work 34, 34, 63, 85 3 0/4 0 0

Access to public transport 34, 34 1 N/A N/A N/A

Access to recreation facilities 92, 92, 92 52, 52, 52 34, 34, 40M, 40M, 40M, 40M,
40F, 40F, 40F, 40F, 52, 85, 92,
92, 92, 92, 92, 92, 92, 92, 92,
92, 92, 92, 92, 92, 92, 92, 92

5 3/35 9 00

Walking/cycling facilities 34 34, 34, 34, 85, 85 2 N/A N/A N/A

Safety 63 85 2 N/A N/A N/A

Traffic-related safety 40M, 40F, 41M, 41F 34, 34, 85 4 4/7 57 +

Crime-related safety 34, 34, 40M, 40F, 63, 85 4 0/6 0 00

Aesthetics 63 34, 34, 63, 63, 85 3 1/6 17 0

Urbanization 84 84, 84, 84 1 N/A N/A N/A

* A = n° of independent studies; B = n° of associated records divided by all records; C = % of evidence; D= summary code.
Regular vs italics font = subjective vs objective PA measures; regular vs bold font = subjective vs objective environmental measures.
M = specific results for males; F = specific results for females; 1 = specific results for 1st subgroup; 2 = specific results for 2nd subgroup.
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study results. Given some clear differences in physical
environmental design and physical activity behaviors be-
tween North America/Australia and Europe, this raises
questions about the applicability of such results in a
European context. To our knowledge, this is the first re-
view that summarized specific European results on the
relationships between attributes of the physical environ-
ment and PA. Despite this lack of European review evi-
dence, the retrieval of 70 eligible papers for the present
review shows that the research area is growing in this
part of the world. Additionally, the fact that 60 out of
the 70 studies were published after 2005 illustrates in-
creasing interest in this topic during the last seven years
and the need for an update on the literature in this
continent-specific setting, which was the aim of the
current review.
The discussion below provides a comparison between

our Europe-specific results and outcomes of previous,
non-continent-specific reviews, in order to reveal the most
important differences and similarities. Our European sum-
mary results indicated convincing evidence for relation-
ships with five environmental factors: walkability was
positively related to total PA, transportation walking and
transportation cycling, and access to shops/services/work
was positively related to both general active transportation
and transportation cycling. Safety from traffic showed a
positive association with recreational walking/cycling,
while evidence for urbanization degree revealed a positive
relationship with transportation cycling and a negative re-
lationship with total PA. Lastly, quality of the environment
was positively related to total PA. This evidence primarily
revealed that the majority of above-mentioned environ-
mental attributes were more frequently associated with
transportation PA, compared to recreational PA. For in-
stance, the factors walkability, access to shops/services/
work and urbanization degree were all unrelated to recre-
ational PA, despite their associations with transportation
PA. Most earlier reviews that focused mainly on non-
European walking and cycling studies found comparable
results. Associations of walkability with active travel were
observed in the review of Panter and Jones [16] and two
other non-Europe-specific reviews reported positive asso-
ciations with utilitarian walking/biking trips, but not with
trips for exercise or recreation [10,12]. A similar pattern
in worldwide review evidence is present for access to
shops/services/work. For instance, Duncan and colleagues
[13] observed positive relationships with total PA, and
reviews by Owen and colleagues [12] and Panter and
Jones [16] identified positive associations with total walk-
ing and active travel, respectively. Saelens and Handy [15]
found consistent associations with walking for transporta-
tion, whereas little or no evidence was observed with total
and recreational walking. This patterning of findings for
both non-Europe-specific as our European results might
refer to a more prominent role of the above-mentioned
environmental attributes in the transportation PA domain,
rather than the recreational. Namely, higher walkability
translates into a higher density and easier accessibility of
destinations, such as work, which is especially inviting for
PA with a transportation purpose. Recreational activities
may be less dependent on the convenience of a route or
the proximity of destinations. Moreover, it is possible that



Table 8 Summary results of evidence on the relationship environmental factors and general active transportation

Environm. variables Positive association Negative
association

No association A* B* C* D*

Residential density 34, 34 1 N/A N/A N/A

Land use mix diversity 34, 34, 62M, 62F, 62F 62M, 62F 62M 2 N/A N/A N/A

Street connectivity 62M, 62F, 62M, 62F, 62M, 62F 34, 34 2 N/A N/A N/A

Access to shops/services/work 58, 58, 58, 62M, 62F, 62M, 62F, 882 34, 34, 57, 881 5 8/12 67 +

Access to public transport 34, 34, 57 2 N/A N/A N/A

Access to recreation facilities 34, 34, 58, 62M, 62F 3 0/5 0 0

Walking/cycling facilities 57, 62M, 62F, 62M, 62F 34, 34, 34, 34, 58 4 5/10 50 (+)

Traffic-related safety 62F, 62M, 62F, 62M, 62F, 62M, 62F , 58, 62M, 62F, 62M,
62F, 62M, 62M

34, 34, 58, 62M, 62F, 62F 3 7/20 35 0

Crime-related safety 62F, 62M 34, 34, 58, 62M, 62F, 881, 882 4 2/9 22 00

Aesthetics 881 34, 34, 58, 62M, 62F 881, 881,
882, 882, 882

3 1/11 9 0

Urbanization 62M, 62F 51M, 51F 62M, 62F 2 N/A N/A N/A

* A = n° of independent studies; B = n° of associated records divided by all records; C =% of evidence; D= summary code.
Regular vs italics font = subjective vs objective PA measures; regular vs bold font = subjective vs objective environmental measures.
M = specific results for males; F = specific results for females; 1 = specific results for 1st subgroup; 2 = specific results for 2nd subgroup.
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PA for recreational purposes is not necessarily undertaken
in the neighborhood, whereas physical environmental
measures mostly refer to the residential environment. In
the same line, a higher degree of urbanization translates
into denser areas, with more destinations that can be eas-
ily reached by bike, which might explain our convincing
evidence on a positive relationship of urbanization
degree with transportation cycling. However, our findings
also indicated counter-intuitive evidence concerning
urbanization, i.e., a negative association with total PA. Yet,
in this case it is possible that occupational or domestic-
oriented activities like gardening, rather than activities
with a transportation or sports/exercise purpose, made
the largest contribution to the total PA measures in the
Table 9 Summary results of evidence on the relationship env

Environm. variables Positive association Negative
association

Walkability 78, 82, 83, 85, 86

Street connectivity

Access to shops/services/work 63, 77 85

Access to public transport 50

Access to recreation facilities

Walking/cycling facilities

Safety

Traffic-related safety

Crime-related safety

Aesthetics 63 63, 85

Urbanization 84, 84

Quality of environment

* A = n° of independent studies; B = n° of associated records divided by all records;
Regular vs italics font = subjective vs objective PA measures; regular vs bold font = s
M = specific results for males; F = specific results for females.
involved studies, and suburban or rural places lend them-
selves more for such pursuits than urban ones. Our con-
vincing evidence on a positive relationship between
quality of the environment and total PA contrasts with an
earlier, non-Europe-specific review [9]. In that paper, the
authors did not find a relationship between a similar en-
vironmental “combined scale” and total PA. Our results,
however, might indicate that the cumulative contribution
of several physical environmental aspects does have an
impact on European health behavior, apart from the indi-
vidual influence of separate environmental attributes. Yet,
quality of the environment was insufficiently investigated
in relation to other PA domains, which makes it hard to
draw definite conclusions.
ironmental factors and transportation walking

No association A* B* C* D*

82 5 4/5 80 ++

85 1 N/A N/A N/A

77 3 2/4 50 0

1 N/A N/A N/A

52, 52, 85, 92, 92, 92, 92,
92, 92, 92,92, 92, 92

3 0/13 0 0

85, 85 1 N/A N/A N/A

63, 85 2 N/A N/A N/A

85 1 N/A N/A N/A

63, 85 2 N/A N/A N/A

63, 85 2 N/A N/A N/A

1 N/A N/A N/A

77M, 77F 1 N/A N/A N/A

C= % of evidence; D= summary code.
ubjective vs objective environmental measures.



Table 10 Summary results of evidence on the relationship environmental factors and transportation cycling

Environm. variables Positive association Negative
association

No association A* B* C* D*

Walkability 59, 83, 85, 86 82, 82 5 4/6 67 ++

Residential density 53M,1, 53F,1 53M,2, 53M,3, 53F,2, 53F,3 1 N/A N/A N/A

Land use mix diversity 80 1 N/A N/A N/A

Street connectivity 85 1 N/A N/A N/A

Access to shops/services/work 35, 35, 35, 38, 53M,1, 53F,1, 53F,2,
53F,3, 64, 77, 77, 91, 91, 90

53M,2, 53M,3, 77, 77, 85 7 14/19 74 ++

Access to public transport 50 35, 53M,1, 53M,2, 53M,3, 53F,1, 53F,2, 53F,3 3 1/8 13 0

Access to recreation facilities 85, 91 52 52, 92, 92, 92, 92, 92, 92, 92, 92, 92, 92 5 2/14 14 0

Walking/cycling facilities 64, 64, 64, 80, 90, 91 35, 35, 64, 64, 64, 80, 85, 85 6 6/14 43 (++)

Safety 80, 85 2 N/A N/A N/A

Traffic-related safety 41M, 41F, 64, 90, 91 792, 91, 91 35, 35, 35, 35, 64, 791, 80, 85 8 5/16 31 00

Crime-related safety 792, 85, 90 91 35, 35, 791, 90, 91 5 3/9 33 0

Aesthetics 791 91 792, 80 3 1/4 25 0

Urbanization 35, 64, 84, 90, 90, 91, 91, 91 84 5 8/9 89 ++

Hilliness 80 64, 91 3 2/3 67 (−)

Quality of environment 77M, 77M, 77F, 77F 1 N/A N/A N/A

* A = n° of independent studies; B = n° of associated records divided by all records; C = % of evidence; D= summary code.
Regular vs italics font = subjective vs objective PA measures; regular vs bold font = subjective vs objective environmental measures.
M = specific results for males; F = specific results for females; 1 = specific results for 1st subgroup; 2 = specific results for 2nd subgroup; 3 = specific results for 3rd

subgroup.
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Our review’s summary results further yielded possible
evidence on relationships with different PA domains for
five environmental factors: access to recreation facilities
was positively related to total PA, while presence and
quality of walking/cycling facilities showed positive rela-
tionships with general active transportation and cycling
for transportation. Urbanization degree was positively
associated with total walking/cycling and the composite
factor quality of the environment was positively related to
LTPA. For the factor hilliness, possible evidence for a
negative relationship was found with cycling for trans-
portation. Similar to the convincing evidence, most pos-
sible relationships of environmental attributes were
found in relation to transportation PA, rather than recre-
ational PA. The positive relationship of active transport
and transportation cycling with walking/cycling facilities
and the negative association of transportation cycling
with hilliness were found in the expected directions, as
the results probably refer to the importance of respect-
ively adequate infrastructure and the need for absence of
difficulties during active transportation. Moreover, cyc-
ling for transport is a more common behavior in Europe
compared to other continents [21], which may also ex-
plain the observed associations within the European
studies. Worldwide evidence on the role of walking/cyc-
ling facilities is conflicting. One non-Europe-specific re-
view [14] supports our findings by showing positive
associations with commuting activities and a meta-
analysis by Duncan and colleagues [13] observed positive
relationships with total PA. By contrast, other reviews on
worldwide studies identified either inconsistent results
[16,103], or a lack of evidence for relationships with
transportation PA, while positive relationships with rec-
reational PA did appear [12,15]. Because of the above-
mentioned inconsistencies in the existing worldwide
review evidence and the fact that our own review results
show less strong relationships (possible evidence), more
studies need to reveal whether walking/cycling infra-
structure plays an important role as a correlate of PA,
and whether the strength of the relationship is more con-
sistent for the transportation or recreational PA domain.
In addition, more research on relationships between hilli-
ness and PA is needed, as non-Europe-specific reviews
also observed inconsistencies about the direction of
associations with different PA domains [11,14].
Neighborhood aesthetics and safety from crime were

the two environmental factors unrelated to several PA
domains. In addition, the factors access to recreation fa-
cilities and traffic safety also showed a low importance in
relation to specific PA domains. By way of comparison,
concerning aesthetics, one non-Europe-specific review
observed a lack of association between aesthetics and
several PA domains [14] and another literature review
[16] identified inconsistent relationships with active
travel. Conversely, other worldwide literature reviews did
find positive relationships with total PA [9,103] and
with recreational and total walking, but not with trans-
portation walking [12,15]. Furthermore, results in the
non-Europe-specific literature are ambiguous when
crime-related safety [9,15,104], as well as safety from
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traffic [9,12-16] are considered. Where certain reviews
on worldwide studies found positive relationships be-
tween these two forms of safety and PA [9,13,104], others
reported inconsistent or unrelated results regarding both
safety from crime [15] and safety from traffic [12,14-16]
with transportation and recreational PA. The present
review’s unrelated results might indicate that, from a
European PA perspective, aesthetics and safety levels
are not so important. It is plausible that differences
between low and high levels of these environmental
factors are less pronounced in Europe, when compared
to other geographical regions like North America, and
other environmental attributes might outweigh the in-
fluence of these factors. Also the low importance of
access to recreation facilities in the present review is
in contrast with earlier non-Europe-specific reviews,
where positive associations between access to recre-
ation facilities and different PA domains did appear
[9,13,14,16]. Especially the absence of relationships
with recreational PA is unexpected. An explanation
might again be that in Europe, leisure-time physical
activity and recreational walking/cycling are done else-
where than in the residential neighborhood, while most
environmental measures refer to these residential areas,
and environmental features of the places where recre-
ational activities are undertaken may differ from those
measured. Moreover, the recreational facilities may be
situated too far from the home residence in order to
be reached on foot or by bike, which could explain
our unassociated findings in the domain of transporta-
tion PA. Another explanation for the European lack of
associations is that the vast majority of these measure-
ments were based on perceptions, so inter-individual
differences in interpretations could contribute to the
unrelated summary scores.
Strengths
A first strength of the current study is its exclusive focus
on European research, as it was not entirely clear yet if
recommendations based on predominantly non-Europe-
focused reviews would be applicable to the development
of adequate interventions in this continent. Indeed, some
of our summary results are conflicting with earlier, world-
wide reviews, which supports the need for Europe-specific
approaches. Secondly, we were able to summarize a large
amount of studies that were previously unmentioned by
other reviews in this research field, pointing out the im-
portance of updating the evidence. Further, as researchers
already have shown that particular domains of PA relate
differently to certain measures of the physical environ-
ment [10,12,14], summarizing relationships according to
specific domains of PA is a third strength of the current
systematic review.
Limitations
As some of the environmental factors were understudied
in relation to specific PA domains, a first limitation of
this systematic review is that we could not calculate a
number of PA-domain-specific summary results. There-
fore, we were not able to complete the existing world-
wide evidence in all PA domains, regarding all included
environmental attributes. A second limitation refers to
the design of the studies: all included studies, except one,
were cross-sectional. As a consequence, we could not en-
sure that our convincing and possible evidence refers to
causal relationships between the environment and PA.
Thirdly, as shown in Table 2, the largest part of studies
were conducted in Western Europe (i.e., The U.K.,
Belgium and The Netherlands) while studies in Eastern
Europe contributed the least to the total amount of
publications. One of the reasons for this disproportion in
geographical region might be the restriction for English-
written publications. As a consequence, certain specific
summary results (e.g., relationships between total PA and
walkability) are dominantly determined by findings from
Western European countries (e.g., Belgium). Since a
broad inter-regional variety in cultural, policy and phys-
ical environmental aspects is present nowadays within
the European continent itself, this overrepresentation
may have biased the results. Therefore, caution should be
paid when these results are generalized to other geo-
graphical areas, such as Eastern Europe. A last limitation
of this review is that a quality assessment of the included
studies was lacking. Therefore, some of the summary
results may have been based upon the findings of meth-
odological weaker studies, which, in turn, increased the
risk of bias.

Recommendations for future research
A first suggestion for future research is to expand the
amount of European studies concerning relationships
between physical environmental attributes and separate
domains of PA. This review revealed that total PA was
the most commonly used measure of PA, while some
other domain-specific PA measures are lacking in rela-
tion to various environmental factors. Our findings show
that following specific environmental attributes are still
understudied in Europe: the three walkability compo-
nents (i.e., residential density, land use mix diversity and
street connectivity), access to public transportation,
quality and presence of walking and cycling facilities, hil-
liness and general measures of the environmental qual-
ity. Future European research should therefore challenge
the lack of studies on these attributes’ relations with
domain-specific PA, in order to complete the existing
worldwide evidence. Second, to encounter the above-
mentioned underrepresentation of Eastern European
studies, also the amount of studies on the relationship
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between the physical environment and different PA
domains in this part of the continent should be ex-
panded. A third recommendation relates to the used
methods for assessment of environmental attributes.
Our results indicated that the majority of included stud-
ies used environmental perceptions, while only a limited
amount of studies included objective assessments of the
physical environment. Objective and perceived measures
of the physical environment have been shown to relate
differently to PA [102], so an increase in studies combin-
ing both objective and subjective environmental mea-
sures is encouraged. Fourth, more longitudinal studies in
the research field are needed in order to reveal the influ-
ence of (changes in) physical environmental attributes
on different PA domains, in order to facilitate the devel-
opment of appropriate and effective interventions for
promoting PA. At last, given the fact that this review
identified some clear inter-continental differences con-
cerning the relationship between the physical environ-
ment and domain-specific PA in adults, it is plausible
that the environmental correlates of PA in other age
groups might also be continent- or region-specific.
Hence, it would be interesting to compare the current
review evidence on adults with that of other age groups,
such as young adults with little children, or older adults.

Conclusions
Our summary results revealed several relationships be-
tween the physical environment and different domains
of PA. Transportation PA, rather than PA with a recre-
ational purpose, appears to be more consistently related
to the physical environment. First, convincing evidence
on positive relationships between particular domains of
PA emerged for the environmental attributes walkability,
access to shops/services/work and environmental qual-
ity, and this evidence contributed to a more complete
view on the existing evidence worldwide. However,
causal relationships could not be revealed yet, because
longitudinal studies were absent. Next, there was pos-
sible evidence on a positive relationship for transporta-
tion PA and walking/cycling facilities, and on a negative
relationship of transportation cycling with hilliness. Al-
though these findings seem promising in completing
existing knowledge, this possible evidence is less strong
than the convincing results we found for other environ-
mental factors, such as walkability, and needs more
rigorous investigation before generalizations can be
made. The lack of associations between domain-specific
PA and access to recreation facilities, aesthetics, crime-
and traffic-related safety was contrasting with earlier,
non-Europe-specific reviews. This suggests that these
factors might play a less important role from a European
PA perspective. At last, the relationship between a con-
siderable amount of environmental attributes and
particular PA domains is still understudied in European
research. Therefore, increasing research on relationships
between PA and the three walkability components (i.e.,
residential density, land use mix diversity and street con-
nectivity), access to public transportation, quality and
presence of walking and cycling facilities, hilliness and
general measures of the environmental quality is highly
encouraged.

Additional file

Additional file 1: Detailed characteristics of the original studies in
the systematic review. Description: This table contains more detailed
information about following study characteristics: sample size, mean age
participants, % females, sampling methods, country, design, dependent
and independent variables and results (associations).
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