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Abstract

Background: Increasing empirical evidence supports associations between neighborhood environments and
physical activity. However, since most studies were conducted in a single country, particularly western countries,
the generalizability of associations in an international setting is not well understood. The current study examined
whether associations between perceived attributes of neighborhood environments and physical activity differed by
country.

Methods: Population representative samples from 11 countries on five continents were surveyed using comparable
methodologies and measurement instruments. Neighborhood environment × country interactions were tested in
logistic regression models with meeting physical activity recommendations as the outcome, adjusted for
demographic characteristics. Country-specific associations were reported.

Results: Significant neighborhood environment attribute × country interactions implied some differences across
countries in the association of each neighborhood attribute with meeting physical activity recommendations.
Across the 11 countries, land-use mix and sidewalks had the most consistent associations with physical activity.
Access to public transit, bicycle facilities, and low-cost recreation facilities had some associations with physical
activity, but with less consistency across countries. There was little evidence supporting the associations of
residential density and crime-related safety with physical activity in most countries.

Conclusion: There is evidence of generalizability for the associations of land use mix, and presence of sidewalks
with physical activity. Associations of other neighborhood characteristics with physical activity tended to differ by
country. Future studies should include objective measures of neighborhood environments, compare psychometric
properties of reports across countries, and use better specified models to further understand the similarities and
differences in associations across countries.
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Background
Physical inactivity accounts for a substantial proportion
of the global burden of non-communicable diseases
[1-3]. Population-level physical activity varies greatly by
country [4-6]. The reasons for such variation are not
well understood. As postulated by ecological models
[7,8], physical activity is affected by multiple levels of in-
fluence, including the built and social environments
[9,10]. Empirical evidence suggests that neighborhood
design features, such as land use mix, are related to
physical activity, primarily walking [11-13]. Recreation
environments, such as parks and exercise facilities, are
associated with leisure-time and overall physical activity
[14]. Findings regarding neighborhood traffic, crime, and
aesthetics are equivocal [12,15,16].
To date, most studies examining associations between

built environments and physical activity were conducted
in single countries, primarily the USA and other high-
income countries. Review papers have identified this as a
limitation and called for more geographic diversity in
study locations [14,17,18]. An international comparison
approach is important to advancing the theoretical foun-
dation and empirical evidence of the field. Theoretically,
most studies on built environments and physical activity
are based on ecological models, which postulate cross-
level interactions of influence [8,19]. Conceptually,
countries represent unique macro-environments as a re-
sult of socio-historical and cultural processes [8,20-22].
Attributes of macro-environments are likely to modify
the associations between neighborhood environments
and physical activity, but this has rarely been tested.
Empirically, comparisons of associations across coun-
tries provide tests of generalizability in an international
setting.
Recently, researchers from the USA, Australia, Belgium,

and Sweden conducted studies with comparable designs
to examine the association between neighborhood
walkability and physical activity [20,23-25]. Most find-
ings from these studies supported similar associations
across countries, suggesting evidence of generalizability
of some associations, such as the association between
objectively measured neighborhood walkability and
accelerometry-based physical activity. However, such
comparisons should be expanded to a larger geographic
area, particularly including lower and middle income
countries.
The present study addresses generalizability through

country-specific analyses of associations between attri-
butes of neighborhood environments and physical activity.
Data were collected from 11 countries on five continents
using common methodologies, making it possible to com-
pare associations across countries [6]. Similar patterns of
associations indicate evidence of generalizability. Distinct-
ive patterns of associations suggest country as a potential
moderator for the association between neighborhood
environments and physical activity. We hypothesize that
there is generalizability across most countries, in which
activity-friendly neighborhood attributes (e.g., mixed
land use) are positively associated with physical activity.
We expect, however, that the consistency of associa-
tions across countries will differ for some attributes of
neighborhood environments that may vary widely (e.g.,
residential density, transit access) or be more subjective
(e.g., safety from crime).

Methods
Sampling and procedures
The International Prevalence Study was a collaborative
international project. The primary aim of the study was
to determine nationally representative prevalence of
physical activity for international comparisons. Investiga-
tors were invited to participate, but needed to demon-
strate capacity and agree to follow rigorous protocols to
ensure comparability of data collection methods across
countries. A description of the research protocols and
inclusion criteria was published elsewhere [6]. Of the 24
countries that expressed interest, 20 met the inclusion
criteria and conducted data collection. Eleven countries
included an environmental survey: Belgium, Brazil, Canada,
Colombia, Hong Kong (Special Administrative Region of
China), Japan, Lithuania, New Zealand, Norway, Sweden,
and the USA. Of these countries, Brazil, Colombia, and
Lithuania are upper-middle-income countries and the rest
are high-income countries/regions [26]. Informed consent
was provided in verbal or written format from all parti-
cipants and ethics approval was obtained in each partici-
pating country.
Sampling, recruitment, survey translation/adaptation,

and data collection followed established protocols while
allowing for minor modification in local settings (e.g., using
random digit dialing or computer-assisted telephone inter-
view) [6]. In each country, the study sample was required
to be 18–65 years of age (18–40 in Japan) and representa-
tive of the overall population in a country or a significant
region within a country (i.e. population of > 1,000,000).
Households were randomly selected within each country/
region, and individuals within households were selected at
random or by most recent birthday. The data collection
was conducted in spring or fall 2002/2003 to reduce sea-
sonal variation in physical activity. Questionnaires were
either self-administered or administered by interviewers
through phone or face-to-face interviews. Current ana-
lyses were restricted to participants living in towns or ci-
ties with populations ≥30,000 because the environmental
measures were not suitable for rural neighborhoods.
Demographic characteristics and other descriptive statis-
tics of the analysis sample were presented in a previous
paper [27].



Ding et al. International Journal of Behavioral Nutrition and Physical Activity 2013, 10:57 Page 3 of 11
http://www.ijbnpa.org/content/10/1/57
Measures
In all non-English speaking countries, surveys were
back-translated to English and approved by investigators
before data collection.

Environmental attributes
Attributes of neighborhood environments were mea-
sured using items from the Physical Activity Neighbor-
hood Environment Survey (PANES) [27,28]. The test-
retest reliability of the questionnaire was supported in
several countries [28-30]. Each single item of the ques-
tionnaire was validated against a relevant multi-item
subscale of the abbreviated Neighborhood Environment
Walkability Scale (NEWS-A) (Spearman correlations:
0.27 - 0.81) [29]. Neighborhoods were defined as the
area within a 10-to 15-minute walk from home. Seven
common items were asked in all 11 countries and were
used in the current analysis. Participants reported the
main type of housing in their neighborhood (e.g., apart-
ment, townhouse, single family home) as a proxy meas-
ure for residential density. Having shops and other retail
destinations in the neighborhood was used as a marker
for land-use mix. The presence of transit stops (e.g. bus
stops or train stations) near home was asked because
public transportation often involves walking [31]. Questions
were asked about the presence of sidewalks, bicycle facil-
ities, and free or low-cost recreation facilities (e.g., parks,
public swimming pools) as they provide opportunities for
physical activity. Participants reported whether crime in
the neighborhood made it unsafe to go on walks at night,
as a marker for personal safety. The original response
options ranged from 1 (strongly agree) to 4 (strongly dis-
agree) and were recoded as “strongly agree/agree” vs. “dis-
agree/strongly disagree,” with the exception of housing
type that was dichotomized to contrast detached single-
family homes (i.e., lower residential density) from the rest
(higher residential density) [27]. Based on the literature
[15,19], we hypothesized that higher residential density,
the presence of shops, transit stops, sidewalks, bicycle fa-
cilities, low-cost recreation facilities near home, and better
personal safety were positively associated with physical ac-
tivity. We reversed the coding when necessary to reflect
the expected direction of associations.

Physical activity
The International Physical Activity Questionnaire (IPAQ)
short format was used to assess the frequency and dur-
ation of past-week walking, moderate-intensity, and
vigorous-intensity physical activity that lasted for at least
10 minutes. Questions were designed to measure physical
activity across all domains. Evaluation of the short IPAQ
in 12 countries concluded that the questionnaire had good
one-week test-retest reliability and fair-to-moderate crite-
rion validity when compared against accelerometer total
counts [32]. When used to classify achieving physical
activity guidelines or not, the short IPAQ was found to
have acceptable specificity but low sensitivity [33]. The
IPAQ questions were used to determine whether partic-
ipants met the recommended level of physical activity,
defined as 75 minutes/week of vigorous physical activ-
ity or 150 minutes of moderate physical activity accu-
mulated in a week through any combination of walking,
moderate, or vigorous physical activities [34].

Data analysis
Country-specific analyses
Data from each country were pooled and weighted to ac-
count for differential probabilities of sample selection
within each country and to improve sample representa-
tiveness. Logistic regression was used to examine the as-
sociation of each environmental variable with meeting
physical activity recommendations. To examine whether
the association of a neighborhood attribute with physical
activity differed by country, a neighborhood attribute ×
country interaction was included in each model. A sig-
nificant interaction suggests that the association between
an environmental attribute and physical activity was not
equivalent across all countries, and therefore country-
stratified analyses were warranted. Forest plots were
used to display the odds ratios and 95% confidence in-
tervals for associations in each country. All models were
adjusted for age and gender as they were the only com-
mon demographic variables. We conducted sensitivity
analyses by repeating the regression analyses with add-
itional key covariates (educational attainment and car
ownership) in countries where these data were available
(nine countries collected data on educational attainment,
seven countries on car ownership). Statistical analyses
were conducted in 2012 using SPSS 19.0 (SPSS Inc.).

Post-hoc power analyses
Because statistical power is a common concern in re-
search on environments and physical activity, post-hoc
power analyses were conducted to aide interpretation of
non-significant associations [35]. Statistical power was
calculated based on four key variables: the prevalence
rate of the exposure (i.e., the environmental attribute),
the prevalence rate of the outcome (i.e., meeting physical
activity recommendations), effect size (as measured by
odds ratio), and sample size. An association with a sig-
nificance level at p=0.05 was equivalent to the critical
value for rejecting the null hypothesis, which was also
equivalent to having 0.50 power. Those significant at
p<0.05 had more than 0.50 power and those non-
significant had less than 0.50 power. Statistical power in-
creases with increases in effect sizes and sample sizes
and decreases as the prevalence rates of the exposure
and outcome deviate from 0.50.
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Results
Neighborhood attribute × country interactions were signifi-
cant in all models tested. Therefore, analyses were stratified
by country. Country-specific associations are presented in
Figure 1.
Country-specific associations
Residential density
Higher residential density was associated with higher odds
of meeting physical activity recommendations in Norway;
however, the association was in the opposite direction in
Japan. Odds ratios in Hong Kong could not be calculated
due to the lack of variance in the main housing type (only 3
out of 1100 lived in neighborhoods where the main type of
housing was single-family homes).
Shops near home
In most countries, the association of having shops near
home and physical activity was positive as expected.
Associations in Brazil (OR=1.57; 95% CI: 1.05, 2.35;
p=0.027), Hong Kong (OR=1.80; 95% CI: 1.09, 2.97;
p=0.023), Japan (OR=1.60; 95% CI: 1.18, 2.17; p=0.002),
and New Zealand (OR=2.00; 95% CI: 1.26, 3.18; p=0.003)
reached statistical significance (p<0.05). Associations
approached significance (0.05<p<0.10) in Canada
(OR=1.58; 0.98, 2.57; p=0.062), Norway (OR=1.81; 95% CI:
0.98, 3.33; p=0.058), and the USA (OR=1.22; 95% CI: 0.98,
1.51; p=0.079), but the confidence intervals overlapped 1.
Transit stop near home
Having public transit stops near home had a positive and
significant association with meeting physical activity recom-
mendations in Belgium (OR=2.19; 95% CI: 1.29, 3.72;
p=0.04), Hong Kong (OR=2.41; 95% CI: 1.09, 5.37;
p=0.031), and Japan (OR=2.73; 95% CI: 1.80, 4.13; p<0.001).
In Colombia, the association was near-significant, but in
the opposite direction (OR=0.53; 95% CI: 0.27, 1.07;
p=0.075). The association in Sweden was in the expected
direction, but the confidence interval was too wide to make
an accurate estimate. Associations in most other countries
were close to zero.
Sidewalks present
In most countries, having sidewalks present in the neigh-
borhood had a positive association with physical activity.
The association was significant in Colombia (OR=1.60;
95% CI: 1.17, 2.19; p=0.003), Hong Kong (OR=3.06; 95%
CI: 1.42, 6.62; p=0.004), Japan (OR=2.26; 95% CI: 1.78,
2.86; p<0.001), and Lithuania (OR=1.97; 95% CI: 1.28,
3.03; p=0.002). In Canada, Norway, Sweden, and the USA,
the association was in the expected direction, but the con-
fidence intervals overlapped OR=1.
Bicycle facilities
Having bicycling facilities present in the neighborhood had
a significant association with higher odds of meeting phys-
ical activity recommendations in Hong Kong (OR=1.83;
95% CI: 1.19, 2.82; p=0.006), Japan (OR=1.36; 95% CI: 1.04,
1.79; p=0.026), and the USA (OR=1.31; 95% CI: 1.06, 1.62;
p=0.013). This association, however, was inverse and signifi-
cant in Brazil (OR=0.68; 95% CI: 0.50, 0.93; p=0.014).

Low-cost recreation facilities
The presence of free or low-cost recreation facilities in the
neighborhood was only significantly associated with higher
odds of meeting physical activity recommendations in
Hong Kong (OR=1.54; 95% CI: 1.03, 2.30; p=0.036) and
Lithuania (OR=1.78; 95% CI: 1.25, 2.54; p=0.002). Associa-
tions in most countries had wide confidence intervals that
overlapped 1.

Safety from crime
Crime-related safety had an inconsistent association with
physical activity across countries. The association was posi-
tive and significant in Japan (OR=1.63; 95% CI: 1.27, 2.11;
p<0.001), positive and approaching significance in Brazil
(OR=1.31; 95% CI: 0.95, 1.81; p=0.09) and Lithuania
(OR=1.50; 95% CI: 0.95, 2.36: p=0.08), inverse and signifi-
cant in Norway (OR=0.35; 95% CI:0.13, 9.40; p=0.037), and
inverse and approaching significance in Hong Kong
(OR=0.69; 95% CI: 0.45, 1.05; p=0.08).

Sensitivity analyses
Results from sensitivity analyses suggested that by including
educational attainment (as a marker for socioeconomic sta-
tus) in the nine countries where such data were collected,
the magnitude of association changed only by 0 to 3%. By
including car ownership as an additional covariate in the
seven countries with existing data, the magnitude of the
current association changed by 0 to 9%. This suggests that
including educational attainment and car ownership in the
model was unlikely to lead to sizable difference in the
results.

Post-hoc power analyses
Table 1 shows results from post-hoc power analyses. The
columns Prx [Pr(x=1)] present the prevalence rates of expo-
sures (i.e., the presence of an environmental attribute) in
each country. The columns Pry [Pr(y=1 ׀ x=0)] refer to the
probability of having the outcome (i.e., meeting physical
activity recommendations) given that the environmental
attribute was not present. The column “n” shows the actual
sample size in each country. Numbers in bold indicate tests
of associations with more than 0.50 power. Underlined
numbers signify the associations that are close to statistical
significance (0.05<p<0.1) with statistical power that is
slightly below 0.50.



Figure 1 (1a-1g) Country-specific odds ratios for associations between attributes of neighborhood environments and meeting physical
activity recommendations.
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Table 1 Weighted sample characteristics of participants by country (2002–2003)

Belgium
(n=348)

Brazil
(n=876)

Canada
(n=634)

Colombia
(n=2692)

Hong Kong
(n=1100)

Japan
(n=1221)

Lithuania
(n=1245)

New Zealand
(n=797)

Norway
(n=500)

Sweden
(n=440)

USA
(n=2560)

Age: Mean (SD) 42.3 (12.0) 35.6 (12.4) 39.3 (12.5) 36.7 (12.5) 39.5 (10.8) 32.2 (5.5) 37.5 (13.1) 39.0 (12.7) 38.2 (12.4) 38.8 (12.9) 40.2 (12.4)

Female (%) 44.4 49.5 44.8 51.5 53.1 30.9 52.8 57.9 47.9 50.4 57.6

Meeting physical activity
recommendations

75.9 70.9 87.6 86.6 89.1 55.9 88.6 88.9 86.6 83.2 82.2

Environmental characteristics (%)

High residential density 66.4 12.0 39.8 78.9 99.7 70.8 84.3 24.4 58.1 70.4 40.2

Shops near home 63.1 85.0 67.1 92.2 88.4 82.8 82.2 73.4 83.9 77.0 59.0

Transit stops 74.6 94.8 85.2 95.9 96.4 90.6 90.6 91.4 97.4 97.1 68.4

Sidewalks present 83.5 24.8 79.7 88.5 96.9 58.1 86.3 94.5 76.9 95.4 74.6

Bicycle facilities 78.1 33.4 68.0 40.6 37.2 24.5 46.9 45.4 72.3 79.9 56.5

Recreation facilities 78.2 28.1 86.0 50.9 72.9 59.4 53.8 87.2 76.4 78.8 69.1

Crime-related safety 75.8 34.8 79.0 24.2 63.7 67.3 25.0 57.3 84.8 60.8 66.8
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Discussion
This study examined whether associations between neigh-
borhood environments and physical activity differed by
country. Based on representative samples from 11 countries,
we used standardized methodologies that allowed for cross-
country comparisons. We found that the associations of
physical activity with land use mix and sidewalks were rela-
tively consistent across countries, suggesting evidence of
generalizability. However, associations with other neighbor-
hood characteristics tended to vary more across countries.
The association of perceived land use mix (as measured

by shops near home) with physical activity was significant
in 4 countries and approached significance in another
3 countries. This suggests that mixed land use is an import-
ant attribute that is likely to facilitate physical activity in a
wide range of countries. This finding echoed that from a
recent meta-analysis where land-use diversity and access
were the strongest correlates of walking [13].
The presence of sidewalks was significantly associated

with physical activity in 4 countries. In several other
countries (e.g., Belgium, Canada, New Zealand), the associ-
ation was in the same direction and of similar magnitude
but without reaching statistical significance. The insufficient
power was due to combined factors of low variance in the
independent or dependent variable and small sample sizes
in these countries. Previous reviews concluded that the
presence of pedestrian infrastructure was positively associ-
ated with overall physical activity and walking [12,36]. The
present study extended current knowledge by providing
evidence of generalizability from a wider range of countries.
The presence of bicycle facilities was significantly associ-

ated with physical activity in Hong Kong, Japan, and the
USA. However, the mechanism for this association is un-
known because bicycle use was not measured. Interestingly,
in this study, the presence of bicycle facilities was not pre-
dictive of meeting physical activity recommendations in
European countries where bicycling is more common [37].
Generally speaking, Western European countries have good
infrastructure, policies, and social norms for bicycling [38].
Therefore the current measure of bicycle facilities could
not capture sufficient variance.
Public transit access has been less frequently examined as

a correlate of physical activity. In the current study, the
presence of transit stops was significantly associated with
physical activity in Belgium, Hong Kong, and Japan. The
association was strong in these three countries (OR>2), but
weak in most other countries. One potential explanation is
that because transportation mode was not measured, it is
unknown how much physical activity in each country was
attributable to public transit use. Particularly in countries
like the USA where public transit use is rare [37], the con-
tribution of transit use to overall physical activity could be
trivial. Another possible explanation for the lack of associ-
ation is that in most countries access to public transit was
highly prevalent (more than 90% of participants reported
having a transit stop near home in eight countries). The
lack of variance could result in underestimated associations.
To enrich current data and improve variance, future studies
should examine additional aspects of public transit, such as
pricing, frequency, and quality of service [39].
Only a small number of associations that involved access

to recreation facilities were significant. However, most non-
significant associations were in the expected direction.
Because the effect sizes were small, the power for detecting
significant associations was limited. This finding suggests
that the presence of parks and other recreation facilities in
the neighborhood could be a generalizable but weak correl-
ate of physical activity in most countries.
Both residential density and land-use mix are key compo-

nents of neighborhood walkability [40]. In this study, how-
ever, there was little support for the association between
residential density and physical activity. This may be
because the measure of residential density was only a crude
proxy. This may also suggest that land-use mix had more
predictive validity and may be a more important compo-
nent of walkability than residential density. A previous
meta-analysis of built environments and travel behavior
had similar findings and suggested that density could be an
intermediate variable that influenced travel behavior
through other variables such as land use mix [13].
Crime is a frequently cited barrier to physical activity, but

its association with physical activity has been inconsistent
[41]. The current analyses revealed similarly inconsistent
findings. The association between crime-related safety and
physical activity is complex because different types of crime,
timing and context (e.g., day-time vs. night-time), emo-
tional responses, and coping strategies (e.g., constrained vs.
protective behavior) may affect physical activity differently.
Furthermore, people from different countries and cultures
may have different perceptions about safety and cope with
unsafe neighborhoods differently. Also, the association
between crime and physical activity might be confounded
by residential density, a component of walkability. Future
studies should test more complex models, compare psycho-
metric properties of crime/safety measures across countries,
and adjust for potential environmental confounders.
Previous pooled analyses of the 11 countries found that

five of the seven environmental correlates were significant,
including shops near home, transit stops, sidewalk present,
bicycle facilities, and low-cost recreation facilities [27]. The
higher percentage of significant associations compared to
current analyses was due to more power as a result of a
larger sample size and more variability in data. However, a
potential drawback of such pooled analysis is that it aver-
ages effects that could be different across countries. For
example, access to transit stops was significant in the
pooled analysis; however, in country-specific analyses this
association was close to zero in most countries. A more



Table 2 Post-hoc power analyses for logistic regression in 11 countries

Dependent variable: meeting physical activity recommendations

Residential density Shops near home Transit stops near home Sidewalks present Bicycle facilities Low-cost rec facilities Crime-related safety

n Prx Pry Power Prx Pry Power Prx Pry Power Prx Pry Power Prx Pry Power Prx Pry Power Prx Pry Power

Belgium 348 0.66 0.74 0.08 0.63 0.74 0.06 0.75 0.64 0.82 0.84 0.69 0.26 0.78 0.76 0.02 0.78 0.72 0.12 0.76 0.76 0.03

Brazil 876 0.12 0.70 0.41 0.85 0.63 0.62 0.95 0.65 0.08 0.25 0.71 0.04 0.33 0.74 0.70 0.28 0.71 0.04 0.35 0.69 0.40

Canada 634 0.40 0.87 0.08 0.67 0.83 0.47 0.85 0.88 0.05 0.80 0.83 0.33 0.68 0.85 0.19 0.86 0.84 0.09 0.79 0.88 0.10

Colombia 2692 0.79 0.86 0.06 0.92 0.88 0.10 0.96 0.92 0.42 0.89 0.81 0.84 0.41 0.86 0.29 0.51 0.86 0.03 0.24 0.86 0.23

Hong Kong 1100 1.00 NAa NA 0.88 0.83 0.64 0.97 0.78 0.53 0.97 0.74 0.78 0.37 0.87 0.79 0.73 0.86 0.54 0.65 0.91 0.42

Japan 1221 0.71 0.63 0.90 0.83 0.45 0.87 0.91 0.32 0.99 0.58 0.44 1.00 0.25 0.54 0.63 0.59 0.56 0.04 0.67 0.49 0.98

Lithuania 1245 0.84 0.87 0.06 0.82 0.89 0.04 0.91 0.86 0.14 0.86 0.81 0.88 0.47 0.87 0.17 0.54 0.85 0.88 0.25 0.88 0.43

New Zealand 797 0.24 0.88 0.09 0.73 0.83 0.85 0.91 0.88 0.04 0.95 0.82 0.32 0.45 0.88 0.10 0.87 0.85 0.21 0.57 0.89 0.19

Norway 500 0.58 0.81 0.69 0.84 0.79 0.47 0.97 0.85 0.05 0.77 0.88 0.11 0.72 0.86 0.03 0.76 0.82 0.32 0.85 0.94 0.55

Sweden 440 0.70 0.80 0.20 0.77 0.78 0.23 0.97 0.77 0.15 0.95 0.80 0.09 0.80 0.87 0.16 0.79 0.81 0.10 0.61 0.85 0.06

USA 2560 0.40 0.84 0.10 0.59 0.83 0.44 0.68 0.84 0.04 0.75 0.84 0.03 0.57 0.82 0.70 0.69 0.83 0.18 0.67 0.83 0.21

Prx: Pr(x=1), the probability of having a neighborhood attribute (e.g., having shops near home).
Pry: Pr(y=1׀x=0), the probability of having the outcome (meeting physical activity recommendations) given that the neighborhood attribute is not present.
Bolded numbers: statistical tests with >0.50 power based on post-hoc power analyses for logistic regression.
Underlined numbers: associations that are close to statistical significance (0.05<p<0.1) with statistical power that is slightly below 0.50.
a Could not be calculated due to the lack of variance in residential density.
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comprehensive overview of the evidence base should
consider both the overall patterns of associations in inter-
nationally pooled analyses and tests of generalizability in
country-specific analyses.

Limitations
The geographic variation, population representativeness,
standardized methodology and measures provided a rare
opportunity for comparisons across countries. However,
this study had some limitations. First, physical activity was
a dichotomous variable and was measured only by the
IPAQ short form, which has often led to considerable over-
estimation compared to objective measures [42]. Further-
more, it is unknown whether the degree of possible
overestimation of physical activity was different across
countries. For example, researchers found that in Latin
America people tend to over-report household and occupa-
tional physical activity [43]. Such systematic biases are likely
to affect associations between neighborhood environments
and total physical activity. The IPAQ short form also does
not differentiate between domains (e.g., transport, leisure-
time) or types of physical activity (e.g., bicycling, public
transit use). Therefore, it was impossible to test more
specific hypotheses. Second, standardized instruments
could not take into account country-specific situations. For
example, the PANES question about housing types resulted
in almost zero variance in Hong Kong, making tests of
association impossible. Future studies should consider
balancing the “trade-off” between using standardized in-
struments to improve comparability and using specific
instruments to capture uniqueness within certain geo-
graphic areas. It is also important to note that even with
standardized instruments, people from different countries
are likely to perceive environments, interpret questions,
and provide answers differently. This might be particularly
relevant to questions regarding personal safety and aesthet-
ics. Third, because neighborhood environments were mea-
sured by one’s perception only, we cannot exclude the
possibility that those who were more active were more
observant of their neighborhoods and were more likely to
report activity-friendly features, such as shops near home.
Fourth, questions were only asked about the neighborhoods
around home even though not all people would spend most
of their time in their neighborhood. Therefore, future
studies should take into account non-home neighborhood
environments in addition to home neighborhood environ-
ments [44]. Fifth, although study samples were intended to
be nationally or regionally representative, response rates
varied across countries. This might imply different sam-
pling biases across countries. However, sample representa-
tiveness is generally a bigger concern for prevalence studies
than association studies. Sixth, some key variables that
might modify or confound country-specific associations
were not collected, such as climate. Last but not least,
several countries had relatively small sample sizes and/or
skewed data distribution that led to under-powered statis-
tical tests. Therefore, an association of similar magnitude
could be significant in one country, but non-significant in
another. As statistical power is a major concern in environ-
mental studies, it is important to consider different factors
that affect statistical power. Future studies might use Table 2
as a tool for power calculation and results interpretation.

Conclusions
Using population representative data from 11 countries this
study provided evidence for the generalizability of the asso-
ciations between neighborhood land use mix, sidewalks
and physical activity. Associations of public transit access,
bicycle facilities, and recreation facilities with physical activ-
ity were more variable across countries. There was little
support for associations of physical activity with residential
density and crime-related safety. Future studies should
continue to examine the associations between neighbor-
hood environments and physical activity in an international
setting to better understand the similarities and differences
across countries. Priority areas of improvement may
include adopting objective measures and specific reports of
physical activity by domain, testing better specified models,
including a broader range of neighborhood environments,
and examining differential response bias to improve com-
parability of survey instruments across countries.
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