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Summary
Perceived barriers towards physical activity and healthy eating as well as local
availability of opportunities (destinations in the neighbourhood) are important determinants of obesity-related behaviours in adults. Little is known, however, about
how these factors interact with the behaviours.
Data were analysed from 5,205 participants of the SPOTLIGHT survey, conducted
in 60 neighbourhoods in urban regions of five different countries across Europe. A
virtual audit was conducted to collect data on the presence of destinations in each
neighbourhood. Direct associations of, and interactions between, the number of
individual perceived barriers and presence of destinations with obesity-related behaviours (physical activity and dietary behaviours) were analysed using multilevel
regression analyses, adjusted for key covariates.
Perceiving more individual barriers towards physical activity and healthy eating
was associated with lower odds of physical activity and healthy eating. The presence of destinations such as bicycle lanes, parks and supermarkets was associated
with higher levels of physical activity and healthier dietary behaviours. Analyses
of additive interaction terms suggested that the interaction of destinations and barriers was competitive, such that the presence of destinations influenced obesityrelated behaviours most among those perceiving more barriers.
These explorative findings emphasize the interest and importance of combining
objective (e.g. virtual neighbourhood audit) methods and subjective (e.g. individual
perceived barriers collected in a survey) to better understand how the characteristics
of the residential built environment can shape obesity-related behaviours depending
on individual characteristics. © 2016 The Authors Obesity Reviews published by
John Wiley & Sons Ltd on behalf of International Association for the Study of
Obesity (IASO)
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Introduction
Socio-ecological models posit (1,2), and empirical evidence
shows (3) that obesity-related behaviours, i.e. physical activity, sedentary behaviours and dietary behaviours, are
determined by a combination of individual factors and environmental constraints and opportunities. Individual determinants of obesity-related behaviours include psychosocial
factors such as motivation, perceived opportunities and barriers, and behavioural norms, in addition to socio-demographic factors such as age, sex and socio-economic factors
(4,5). The opportunity to be physically active or eat healthily
may depend on the availability, affordability and accessibility
of relevant destinations, i.e. destinations where one can be
physically active or where healthy or unhealthy foods can be
bought or consumed (6). The availability of local places is –
to a certain extent – a modifiable aspect of the built environment and therefore amenable to intervention.
The spatial accessibility of shops, services and recreational facilities has been linked to physical activity and primarily walking (7–12), as well as to dietary behaviours
(13–19), cardio-metabolic risk factors (20) and coronary
heart disease (21). It is possible through urban planning to
design where, and how many, destinations are in areas
(22). But in order for research findings to be translated into
policy and practice, more detailed information is required,
particularly regarding specific types of neighbourhood destinations and their influence on obesity-related behaviours.
It is likely that different types of destinations exert different
influences on physical activity and dietary behaviours.
While a high prevalence of destinations in the neighbourhood
contributes to a ‘walkable’ environment and may thus stimulate walking and cycling for transport (23), specific recreational facilities may be more closely related to exercise and
sports. The type of destination is especially important for
the prevalence of food outlets; while the presence of supermarkets where a range of foods – including healthy options
such as fruits and vegetables – is readily available may facilitate healthier diets, the presence of fast food outlets has been
found to be associated with less-healthy dietary behaviours
(16). However, the evidence for associations with specific
types of food outlets remains mixed (24), and it is likely that
dietary behaviours are influenced in multiple ways by the presence of different food outlets within the local neighbourhood
and elsewhere.
Socio-ecological models of health behaviour suggest that
built environmental factors can influence obesity-related
behaviours directly, possibly moderated by individual characteristics, or indirectly, via psychological mediator processes (2). Environments that facilitate physical activity
may motivate individuals (or may require less motivation)
to be more physically active (25–27). Similarly, empirical
evidence suggests that individuals living in an unhealthy
© 2016 The Authors Obesity Reviews published by John Wiley & Sons Ltd
on behalf of International Association for the Study of Obesity (IASO)
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food environment have lower self-efficacy related to eating
than individuals living in healthy food environments (28).
However, individuals often perceive barriers to a healthy lifestyle that are independent of the environment, such as lack of
motivation or lack of time. Few studies have assessed if the association between presence of destinations and obesity-related
behaviours is moderated by individual perceived barriers. This
moderation may be synergistic (in that the presence of destinations mainly enables those who perceive few barriers to perform
healthy behaviours) or can be competitive (in which case the
presence of destinations could stimulate those who perceive
many barriers to perform healthy behaviours) (29). There is
some evidence for both scenarios in various settings (29–35).
For example, a recent three-country study showed that the associations of the environment with leisure-time physical activity
were strongest in adults who reported less favourably on psychosocial factors relating to obesity-related behaviours (30).
Whereas previous studies examining interactions between
environmental and individual factors have mainly used physical activity as an outcome (29–35), individual and environmental factors are likely to influence both sides of the energy
balance equation. Therefore, in this study, we linked
neighbourhood destinations and individual factors to both
physical activity and dietary behaviours. The aim of this
study was to investigate interactions between the presence
of destinations in the residential environment and individual
perceived barriers to physical activity and healthy eating in
relation to obesity-related behaviours.

Methods
Study design and study sample
This study was part of the SPOTLIGHT project (36), conducted in five urban regions in Belgium, France, Hungary,
the Netherlands and the UK. Sampling of neighbourhoods
and recruitment of participants has been described in detail
elsewhere (37). Briefly, neighbourhood sampling was based
on a combination of residential density and socio-economic
status (SES) data at neighbourhood level. Neighbourhoods
were defined according to small-scale local administrative
boundaries as used in each country except for Hungary.
Budapest is divided into districts and suburbs that are highly
heterogeneous in terms of population and much larger than
the equivalent administrative areas in the other study countries. In order to ensure comparability between study areas,
we defined 1 km2 areas to represent neighbourhoods in
Budapest and suburbs. Across all five locations the average
area of a neighbourhood was 1.5 km2, and the mean population density was 2,700 inhabitants per neighbourhood.
Detailed characteristics of the neighbourhoods are described
elsewhere (37). Data on residential density were obtained
from the Urban Atlas database (European Environment
17 (Suppl. 1), 68–80, February 2016
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Agency, 2002) using two categories: high and low residential
density (>2/3 and <1/3 of areas covered by residential buildings, respectively). Neighbourhoods were classified as low and
high SES on the basis of recent data on neighbourhood median
income (i.e. the first and third tertiles, respectively) retrieved
from each country’s national statistics office. This resulted in
four types of neighbourhoods: low SES/low residential density,
low SES/high residential density, high SES/low residential density and high SES/high residential density. In each country, three
neighbourhoods of each type were randomly sampled (i.e. 12
neighbourhoods per country and 60 neighbourhoods in total).
Subsequently, a random sample of adult (age ≥ 18 years) inhabitants was invited to participate in an online survey. The survey
contained questions on demographics, neighbourhood perceptions, social environmental factors, health, motivations and
barriers for healthy behaviours, obesity-related behaviours
and weight and height (to calculate BMI; body mass index). A
total of 6,037 (10.8% out of 55,893) individuals participated
in the study between February and September 2014. The study
was approved by the corresponding local ethics committees of
participating countries and all participants to the survey provided informed consent.

Measures
Outcome variables: obesity-related behaviours
Transport-related and leisure-time physical activity were
estimated using questions from the International Physical
Activity Questionnaire (IPAQ) (38), asking about frequency
(number of days in the last seven days) and duration (average
time/day) per domain. Good reliability (intra-class correlations range from 0.46 to 0.96), and acceptable criterion
validity (median ρ = 0.30) has been demonstrated for this
questionnaire in a 12-country study (38).
Dietary behaviours were assessed using commonly used
food frequency questions (frequency of consumption per
week, on a nine-point frequency scale ranging from ‘once
a week or less’ to ‘more than twice a day’) of fruit, vegetables, fish, sweets, sugar-sweetened beverages and fast food.
Given the non-normal distribution of obesity-related
behaviours, we dichotomized outcome consumption variables per week, based on the median: fruit ≥7 times, vegetables ≥7 times, fish ≥2 times, sweets ≥3 times, sweetened
beverages ≥2 glasses and fast food ≥2 times. Also based on
the median, leisure-time physical activity was dichotomised
at ≥25 min per day and transport-related physical activity at
≥30 min per day. These dichotomous outcome measures are
referred to in the text as ‘low levels’ and ‘high levels’ of the
obesity-related behaviours.
Presence of destinations in the residential neighbourhood
Objective environmental data on destinations in the
neighbourhood were collected using the validated SPOTLIGHT
Virtual Audit Tool (S-VAT) (39). Intra-observer reliability of the
17 (Suppl. 1), 68–80, February 2016
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tool ranged from 92% agreement (kappa = 0.65) to 100%
agreement (kappa = 1.00), and inter-observer reliability ranged
from 79% agreement (kappa = 0.44) to 99% agreement
(kappa = 0.58). A total number of 4,486 street segments in
59 neighbourhoods (one Hungarian neighbourhood was not
covered by Google Street View at the time of the virtual audit)
were audited to collect data on the presence of destinations
related to physical activity and eating. Street segments were
defined as the part of the street between two intersections (with
a minimum length of 50 m and a maximum length of 300 m).
Using a standard operating procedure, researchers collected
data on 40 different items in each street segment (39). ‘Destinations’ recorded in this audit were indoor recreational facilities,
outdoor recreational facilities, public parks, café or bars, takeaway restaurants, fast food restaurants, restaurants, on-street
vendors of food, convenience stores, wine or liquor stores,
street food markets, local shops and supermarkets. Additionally,
we had information on the presence of bicycle lanes. Food outlets were classified according to the food outlet classification of
Lake et al. (40) Data collection resulted in a database of the
characteristics of street segments in each of the audited
neighbourhoods. For the present study, we aggregated data on
destinations from the street-segment level to the neighbourhood
level by taking the percentage of street segments with destinations in the neighbourhood. For example, ‘supermarket presence’ represents the percentage of street segments in the
neighbourhood where at least one supermarket was present.
First, we related the presence of indoor recreational facilities, outdoor recreational facilities, public parks and bicycle
paths to physical activity. As earlier studies also indicate that
the presence of any type of destinations in the neighbourhood
stimulates active transport (and thus physical activity) to
these nearby destinations (7–12), we further related an overall ‘neighbourhood destinations’ variable to physical activity.
This variable was created by summing the percentage of
street segments in each neighbourhood with each of the key
destinations (indoor recreational facilities, outdoor recreational facilities, public parks, cafés or bars, take away restaurants, fast food restaurants, restaurants, on-street food
vendors, convenience stores, wine or liquor stores, street food
markets, local shops and supermarkets) and taking an unweighted average.
Second, we related the presence of supermarkets and fast
food restaurants to several dietary behaviours. These are the
two types of food outlets that have most consistently been
linked to obesity-related behaviours and obesity (41). In a
sensitivity analysis, we also related the presence of local
shops, convenience stores and restaurants to dietary behaviours. Although the literature on these specific destinations
in relation to dietary behaviours is less consistent, it is reasonable to assume that the presence of bakeries, butchers,
convenience stores and restaurants have some influence on
dietary behaviours. All neighbourhood destination variables are described in detail in supplementary Table S1.
© 2016 The Authors Obesity Reviews published by John Wiley & Sons Ltd
on behalf of International Association for the Study of Obesity (IASO)
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Previous studies often simply classified destinations as present
or absent (42,43) but may ignore the more graded shift from
what is accessible and what is not (44). Each neighbourhood
destination variable was therefore divided into tertiles (based
on the full sample) representing least, medium or greatest presence of destinations. For example, T1 (tertile 1) of ‘presence of
parks in the neighbourhood’ represented the tertile with the
fewest parks, while T3 (tertile 3) represented the tertile with
the most parks. The only exception is for the presence of
fast food restaurants, which was coded reversely because
of fast food restaurants’ potentially unhealthy influence;
T1 comprised neighbourhoods with the fewest fast food
restaurants, while T3 comprised neighbourhoods with the
most fast food restaurants.
Individual perceived barriers towards physical activity and
healthy eating
Seven items from the Neighborhood Quality of Life Study
(NQLS, Table S2) (45) were included to assess individualperceived barriers to regular physical activity (e.g. ‘lack of
interest in exercise or physical activity’, ‘lack of time’, ‘lack
of equipment’; Cronbach’s alpha = 0.73). Each five-point
Likert scale barrier was categorized into not perceived to
be a barrier (‘never’ or ‘rarely’) and perceived to be a barrier
(‘sometimes’, ‘often’ or ‘very often’). A categorical variable
‘number of perceived physical activity barriers’ was created
by summing the number of barriers per individual, and then
categorizing the number of barriers into 0 (‘none’ (10% of
the sample), 1–3 (‘few’; 54% of the sample) and 4–7
(‘many’; 36% of the sample).
Barriers to healthy eating were derived from the panEuropean consumer attitudinal study (e.g. ‘busy lifestyle’ and
‘price’) and consisted of 10 items (Table S2) (46). The two last
items (containing double denials) were discarded as participants
reported these items to be confusing. The reliability of the eight
remaining items was high (alpha = 0.80). Each five-point Likert
scale barrier was categorized into not perceived to be a barrier
(‘never’ or ‘rarely’) and perceived to be a barrier (‘sometimes’,
‘often’ or ‘very often’). A variable ‘number of healthy eating
barriers’ was subsequently created by summing the number
of barriers per individual, and then categorizing the number of barriers into 0 (‘none’; 26% of the sample), 1–3
(‘few’; 45% of the sample) and 4–8 (‘many’; 29% of the
sample).
Table S2 describes the mean scores and reliability of
individual perceived barriers.
Covariates
Information on age, gender, employment status (yes, no),
household composition (number of adults and children in
the household) and educational level was collected in the
survey. As education systems differed between countries, we
divided self-reported education levels into ‘higher education’
© 2016 The Authors Obesity Reviews published by John Wiley & Sons Ltd
on behalf of International Association for the Study of Obesity (IASO)

Destinations, barriers and behaviours J.D. Mackenbach et al.

71

(college or university level) and ‘lower education’ (from less
than primary to higher secondary education).

Statistical analyses
After exclusion of individuals who could not be allocated to
one of the 59 selected neighbourhoods (n = 732), a sample of
5,205 participants was available for analyses. Differences in
characteristics of individuals perceiving none, few and many
barriers are examined using ANOVA and chi-Square tests.
As item non-response ranged from <1% (age) to 26%
(individual perceived barriers), complete case analysis was
likely to result in biased estimates (47). Assuming that data
were missing at random (i.e. the probability that a variable
value is missing depends on other data that are observed
in the dataset but not on any of the missing values), multiple
imputations were performed. Given the percentage of missing values, 30 imputed datasets were generated, as recommended by Rubin (48) and Bodner (49). Missing values
were imputed using Predictive Mean Matching in SPSS version 22.0. All variables described in the methods section
were entered in the imputation models (50).
Multilevel multivariable logistic regression models with random intercepts were used to explore the associations of number
of individual perceived barriers and presence of destinations
with obesity-related behaviours of participants (Level 1) nested
within neighbourhoods (Level 2). All associations were
adjusted for age, gender, education, employment status and
household composition. As availability of destinations and residential density tend to coexist (11), and our analyses (not
shown) also demonstrated that presence of destinations was
significantly higher in neighbourhoods with high residential
density, we additionally adjusted the analyses with ‘presence
of destinations’ as independent variable for residential density.
All destinations were examined in separate models to avoid
multicollinearity.
We explored multiplicative interactions between the two
main effects by adding an interaction term to the models.
We subsequently explored additive interactions, whereby
each neighbourhood destination–individual barrier interaction term was added separately to the model. Because additive interactions are considered more intuitive and relevant
to public health (51), additive interaction terms were also
calculated if multiplicative interactions were not statistically
significant. However, to avoid the risk of multiple testing,
additive interactions were only explored where there were
significant associations with both individual perceived barriers and presence of destinations. Finally, we calculated
the relative excess risk due to interaction (RERI) to quantify
interaction on the additive scale. The RERI is a measure of
interaction between two parameters with a value further
away from zero indicating stronger interaction. The tool
created by Knol et al. was used to calculate the RERI and
the accompanying 95% confidence interval (CI) (52,53).
17 (Suppl. 1), 68–80, February 2016
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Results
Tables 1 and 2 describe characteristics of participants perceiving no, few or many barriers to physical activity and
healthy eating. Participants perceiving many barriers to
physical activity were on average younger, male and less
well educated than those perceiving few or no barriers. They
also had a higher mean BMI and were less physically active.
Similarly, those perceiving many barriers to healthy eating
were younger, had a higher mean BMI and had fewer
healthy eating behaviours; they consumed less fruit, vegeta-

Table 1

bles, and fish, and more sweets, sugar-sweetened beverages
and fast food.
Table 3 shows associations of presence of destinations in
the neighbourhood with levels of physical activity. Participants having fewer parks in the neighbourhood (T1) had
25% lower odds of having high levels of leisure-time physical
activity (OR = 0.75, 95%CI = 0.62; 0.90). Further, having
fewer indoor recreational facilities present was associated
with lower odds of transport-related physical activity, having
fewer outdoor recreational facilities present was associated
with lower odds of leisure-time physical activity, and having

Characteristics of participants perceiving no, few or many barriers towards physical activity
zero perceived barriers
towards physical activity
(N = 423)

Age (mean (SD))
Body mass index (mean (SD))
Gender (% men)
Education (% high)
Minutes leisure-time physical
activity/day (mean (SD))
Minutes transport-related physical
activity/day (mean (SD))

1–3 perceived barriers
towards physical activity
(N = 2,327)

,

51.5 (15.6)1 3
24.9 (4.3)3
54.1%
61.0%
,
40.6 (46.1)1 3

,

45.1 (46.9)1 3

57.4 (14.8)2 3
24.4 (3.6)3
48.0%
54.1%
,
63.1 (55.3)2 3
59.7 (53.0)2 3

4–7 perceived barriers
towards physical activity
(N–1,526)
,

2

F or χ
statistic (p-value)

p-value

60.5
24.1
13.0
51.1
83.7

<0.001
<0.001
0.001
<0.001
<0.001
<0.001

,

48.2 (16.0)1 2
,
25.8 (5.0)1 2
57.6%
49.3%
,
31.2 (41.1)1 2

,

40.4 (47.7)1 2

27.1

4–8 perceived barriers
towards healthy eating
(N = 1246)

F or χ
statistic (p-value)

p-value

256.3
23.6
2.4
22.6
61.6

<0.001
<0.001
0.30
<0.001
<0.001

34.8

<0.001

27.4

<0.001

9.5

<0.001

27.0

<0.001

20.5

<0.001

,

Descriptive characteristics are presented for the non-imputed data. SD = standard deviation.
1
indicates that the mean value differs from the ﬁrst group (0 perceived barriers),
2
indicates that the mean value differs from the second group (1–3 perceived barriers) and
3
indicates that the mean value differs from the third group (4–7 perceived barriers).

Table 2

Characteristics of participants perceiving no, few or many barriers towards healthy eating
zero perceived barriers
towards healthy eating
(N = 1098)

Age (mean years (SD))
Body mass index (mean (SD)
Gender (% men)
Education (% high)
Fruit consumption/week
(mean (SD))
Vegetable consumption/week
(mean (SD))
Fish consumption/week
(mean (SD))
Sweets consumption/week
(mean (SD))
Glasses sweetened beverages/week
(mean (SD))
Fast food consumption/week
(mean (SD))

,

59.0 (14.9)2 3
24.6 (3.7)3
46.30%
52.70%
,
8.1 (4.9)2 3

1–3 perceived barriers
towards healthy eating
(N = 1897)
,

,

50.6 (15.7)1 3
25.0 (4.4)3
45.90%
60.00%
,
7.0 (5.0)1 3

,

7.1 (3.6)1 3

,

44.8 (14.5)1 2
,
25.8 (5.0)1 2
43.40%
52.70%
,
5.9 (4.6)1 2

,

6.4 (3.7)1 2

1.2 (1.1)1 3

,

1.1 (1.1)1 2

,

3.8 (3.3)1

3.7 (3.2)1

,

3.6 (4.6)1 3

,

0.6 (0.5)1 3

7.6 (3.5)2 3
1.4 (1.2)2 3
3.3 (3.0)2 3
3.0 (3.9)2 3
0.6 (0.4)2 3

,

,

,

4.4 (5.1)1 2

,

,

0.7 (0.7)1 2

,

2

Descriptive characteristics are presented for the non-imputed data. SD = standard deviation.
1
indicates that the mean value differs from the ﬁrst group (0 perceived barriers),
2
indicates that the mean value differs from the second group (1–3 perceived barriers) and
3
indicates that the mean value differs from the third group (4–7 perceived barriers).
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Table 3 Odds ratios (OR) and 95% conﬁdence intervals (95% CI) as derived from multilevel regression analyses between the exposure of interest and
physical activity outcome measures (N = 5205)
Leisure-time physical activity ≥25 min/day
OR
Presence of parks

Presence of indoor recreational facilities

Presence of outdoor recreational facilities

Presence of bicycle lanes

T3 (most)
T2
T1 (least)
T3 (most)
T2
T1 (least)
T3 (most)
T2
T1 (least)
T3 (most)
T2
T1 (least)

REF
0.97
0.75
REF
0.97
0.89
REF
0.95
0.82
REF
1.19
1.12

95% CI

0.81; 1.16
0.62; 0.90
0.68; 1.40
0.73; 1.07
0.77; 1.17
0.68; 0.98
0.97; 1.44
0.93; 1.36

Transport-related physical activity ≥30 min/day
OR
REF
1.04
1.09
REF
1.02
0.71
REF
1.03
0.77
REF
1.11
0.73

95% CI

0.80; 1.47
0.80; 1.41
0.59; 1.75
0.53; 0.93
0.75; 1.41
0.58; 1.01
0.83; 1.49
0.55; 0.97

Bold values indicate signiﬁcant odds ratios. REF = reference category. All models are adjusted for age, gender, education, household composition, employment status and neighbourhood residential density.

fewer bicycle lanes present was associated with lower odds of
transport-related physical activity. The overall neighbourhood
destinations score (presence of any non-residential destinations) was not associated with leisure-time physical activity
(OR for T3 = 0.93, 95% CI = 0.76; 1.15) or transport-related
physical activity (OR for T3 = 1.08, 95% CI = 0.78; 1.48).
Participants perceiving more barriers were less likely to
report high levels of physical activity. For example, participants perceiving many (4–7) barriers had 73% lower odds
of engaging in high levels of leisure-time physical activity
than participants perceiving no barriers towards physical
activity. Similar patterns were observed when transportrelated physical activity was the outcome variable (Table 4).
Table 5 shows the associations of the presence of supermarkets and fast food restaurants with dietary behaviours.
Having fewer supermarkets in the neighbourhood (T1)
was associated not only with lower levels of vegetable and
fish consumption but also with lower levels of fast food consumption. Individuals living in neighbourhoods with more
fast food restaurants present (T1) had higher consumption of
sugar-sweetened beverages and fast food as well as higher vegetable and fish consumption. Table S3 shows the associations

between dietary behaviours and the presence of local shops,
convenience stores and restaurants.
Table 6 shows that individuals perceiving more barriers
to healthy eating were less likely to consume high levels of
fruit, vegetable and fish, and more likely to consume high
levels of sweets, sugar-sweetened beverages and fast food.
For example, individuals perceiving many (4–8) barriers to
healthy eating were more than three times more likely to
have high levels of fast food consumption than those who
perceived fewer barriers.
Multiplicative interaction terms for individual perceived
barriers and presence of destinations were not statistically
significant for any of the outcomes variables (data not shown).
In contrast, additive interaction terms indicated that both
the presence of destinations and perceived barriers had both
independent and joint effects on obesity-related behaviours
(shown in Tables 7 and 8).
Among those living in a neighbourhood with the fewest
parks, individuals perceiving many barriers to physical activity were 80% less likely to engage in high levels of
leisure-time physical activity than those perceiving no barriers (Table 7a). Similarly, among those individuals living

Table 4 Odds ratios (OR) and 95% conﬁdence intervals (95% CI) as derived from multilevel regression analyses between the potential effect modiﬁer and
physical activity outcome measures (N = 5205)
Leisure-time physical activity ≥25 min/day

Number of individual perceived barriers
towards physical activity

zero
1–3
4–7

Transport-related physical activity ≥30 min/day

OR

95% CI

OR

95% CI

REF
0.43
0.27

0.34; 0.54
0.21; 0.35

REF
0.67
0.53

0.53; 0.84
0.42; 0.67

Bold values indicate signiﬁcant odds ratios. OR = odds ratio. All models are adjusted for age, gender, education, household composition, and employment status.
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(most)

(least)
(least)

(most)

REF
1.04
0.93
REF
1.00
1.16
0.73; 1.38
0.97; 1.38

0.86; 1.27
0.76; 1.15

REF
1.19
0.59
REF
1.58
1.52
0.84; 2.95
1.05; 2.21

0.81; 1.74
0.40; 0.88

REF
0.86
0.52
REF
1.73
2.58

OR

0.84; 3.58
1.64; 4.06

0.52; 1.45
0.31; 0.88

95% CI

ﬁsh consumption
≥2 times a week

REF
1.40
1.06
REF
0.73
0.85

OR

0.43; 1.22
0.63; 1.15

1.02; 1.92
0.76; 1.47

95% CI

sweets consumption
≥3 times a week

REF
1.21
0.77
REF
0.98
1.36

OR

0.61; 1.58
1.03; 1.79

0.90; 1.63
0.57; 1.04

95% CI

sugar-sweetened
beverage consumption
≥2 glasses a week

REF
0.63
0.50
REF
1.79
2.10

OR

1.22; 2.63
1.10; 4.03

0.42; 0.95
0.32; 0.80

95% CI

fast food consumption
≥2 times a week

0.53; 0.74
0.34; 0.49

—
0.63
0.41

—
0.54
0.32

OR

0.46; 0.65
0.27; 0.39

95% CI

vegetable consumption
≥7 times a week

—
0.73
0.56

OR

0.62; 0.85
0.46; 0.68

95% CI

ﬁsh consumption
≥2 times a week

—
1.36
1.41

OR

1.17; 1.59
1.18; 1.69

95% CI

sweets consumption
≥3 times a week

—
1.22
1.61

OR

1.04; 1.43
1.33; 1.95

95% CI

sugar-sweetened
beverage consumption
≥2 glasses a week

—
1.87
3.09

OR

1.18; 2.96
1.94; 4.91

95% CI

fast food consumption
≥2 times a week

Bold values indicate signiﬁcant odds ratios. OR–odds ratio. All models are adjusted for age, gender, education, household composition, and employment status. Perceiving zero barriers towards physical activity (zero) served as the reference category (ref).

zero (ref)
1–3
4–8

95% CI

OR

fruit consumption
≥7 times a week

Odds ratios (OR) and 95% conﬁdence intervals (95% CI) as derived from multilevel regression analyses between the potential effect modiﬁer and dietary behaviour outcome measures (N = 5205)

Number of individual perceived
barriers towards healthy eating

Table 6

Bold values indicate signiﬁcant odds ratios. OR = odds ratio. All models are adjusted for age, gender, education, household composition, employment status and neighbourhood residential density.

Presence of fast
food restaurants

T3
T2
T1
T3
T2
T1

95% CI

OR

OR

95% CI

vegetable consumption
≥7 times a week

fruit consumption
≥7 times a week

Odds ratios (OR) and 95% conﬁdence intervals (95% CI) as derived from multilevel regression analyses between the exposure of interest and dietary behaviour outcome measures (N = 5205)

Presence of
supermarkets

Table 5
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Table 7 a–d. Odds ratios (OR) and 95% conﬁdence intervals (95% CI) as derived from multilevel regression analyses describing the effect modiﬁcation
of individual perceived barriers in the association between the exposure of interest and levels of leisure-time physical activity (≥25 min/day) and transportrelated physical activity (≥30 min/day). N = 5205
7a. Presence of park – leisure-time physical activity
RERI (95%CI) = 0.27 ( 0.10; 0.65)
0 barriers
1–3 barriers
4–7 barriers
7b. Presence of outdoor recreational facilities –
leisure-time physical activity
RERI (95%CI) = 0.20 (0.02; 0.39)
0 barriers
1–3 barriers
4–7 barriers
7c. Presence of indoor recreational facilities transport-related physical activity
RERI (95%CI) = 0.10 ( 0.28; 0.49)
0 barriers
1–3 barriers
4–7 barriers
7d. Presence of bicycle lane - transport-related
physical activity
RERI (95%CI) = 0.21 ( 0.79; 0.38)
0 barriers
1–3 barriers
4–7 barriers

T3 (most parks)
OR (95% CI)
1.00 (ref)
0.39 (0.26; 0.60)
0.27 (0.18; 0.42)
T3 (most facilities)

T2
OR (95% CI)
1.00 (0.55; 1.82)
0.41 (0.26; 0.64)
0.23 (0.15; 0.36)
T2

T1 (least parks)
OR (95% CI)
0.65 (0.38; 1.11)
0.31 (0.20; 0.47)
0.19 (0.12; 0.30)
T1 (least facilities)

OR (95%CI)
1.00 (ref)
0.42 (0.29; 0.60)
0.28 (0.19; 0.42)
T3 (most facilities)

OR (95%CI)
1.12 (0.61; 2.05)
0.43 (0.28; 0.64)
0.22 (0.15; 0.35)
T2

OR (95%CI)
0.76 (0.46; 1.24)
0.36 (0.24; 0.53)
0.24 (0.16; 0.36)
T1 (least facilities)

OR (95% CI)
1.00 (ref)
0.63 (0.43; 0.95)
0.59 (0.40; 0.89)
T3 (most bicycle lanes)

OR (95% CI)
1.96 (0.70; 5.52)
0.70 (0.36; 1.38)
0.37 (0.17; 0.79)
T2

OR (95% CI)
0.66 (0.40; 1.10)
0.49 (0.31; 0.77)
0.36 (0.23; 0.58)
T1 (least bicycle lanes)

OR (95% CI)
1.00 (ref)
0.91 (0.61; 1.34)
0.67 (0.45; 1.01)

OR (95% CI)
1.68 (0.94; 3.00)
0.87 (0.55; 1.38)
0.81 (0.51; 1.31)

OR (95% CI)
0.99 (0.58; 1.69)
0.64 (0.41; 1.02)
0.45 (0.29; 0.72)

Bold values indicate signiﬁcant odds ratios. OR = odds ratio. All models are adjusted for age, gender, education, household composition, employment
status and neighbourhood residential density.

in a neighbourhood with few bicycle lanes, individuals perceiving many barriers to physical activity were 55% less
likely to engage in high levels of transport-related physical
activity than those perceiving no barriers. However, individuals perceiving no barriers and living in a neighbourhood
with few bicycle lanes did not have significantly lower odds
of engaging in high levels of transport-related physical activity than individuals living in a neighbourhood with many
bicycle lanes (Table 7d).
Table 8a–h and Table S4a–e show the results of the additive
interaction effects of food outlets with perceived-individual
barriers in relation to dietary behaviours. Individuals perceiving no barriers to healthy eating and living in neighbourhoods
with few supermarkets (T1) had 40% lower odds of having
high levels of vegetable consumption than individuals living
in a neighbourhood with many supermarkets (Table 8a).
Living in a neighbourhood with many supermarkets but perceiving many barriers to healthy eating was also associated
with lower odds (OR = 0.33) of high-level vegetable consumption. Individuals in neighbourhoods with few supermarkets,
ánd perceiving many barriers were worst off: they had an
81% lower odds of having high levels of vegetable consumption. The same pattern was observed with fish consumption as
outcome (Table 8b). A number of RERIs were statistically
significant, indicating that the joint effect of individualperceived barriers and objective presence of destinations was
greater than the sum of the two single effects.
© 2016 The Authors Obesity Reviews published by John Wiley & Sons Ltd
on behalf of International Association for the Study of Obesity (IASO)

Discussion
This cross-European study demonstrated that individual
perceived barriers, as well as the presence of objectively
measured destinations in the residential neighbourhood,
are significant correlates of physical activity and dietary
behaviours. Moreover, we found that individual barriers
moderated the associations between neighbourhood destinations and obesity-related behaviours.
As expected from behaviour-change theory and from previous studies (54), individuals perceiving many barriers to
physical activity and healthy eating showed less favourable
obesity-related behaviours than individuals perceiving few
or no barriers to physical activity and healthy eating.
Individual perceived barriers to physical activity were somewhat less strongly associated with transport-related physical
activity than with leisure-time physical activity. This may be
because choosing to perform leisure-time physical activity
requires a conscious decision, while transport-related physical activity such as commuting to work can be part of a
daily routine. Alternatively, it may be that the questions regarding barriers to ‘regular physical activity’ were
interpreted as barriers to leisure-time physical activity. For
dietary behaviours, strongest associations were found between number of individual perceived barriers and levels
of vegetable and fast food consumption.
Consistent with previous literature (7–15), we found associations with destinations that could specifically be linked to
17 (Suppl. 1), 68–80, February 2016
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Table 8 a–h. Odds ratios (OR) and 95% conﬁdence intervals (95% CI) as derived from multilevel regression analyses describing the effect modiﬁcation of
individual perceived barriers in the association between the exposure of interest and levels of fruit consumption (≥7 times/week), vegetable consumption
(≥7 times/week), ﬁsh consumption (≥2 times/week), sweets consumption (≥3 times/week), sugar-sweetened beverage consumption (≥2 glasses/week) and
fast food consumption (≥2 times/week). N = 5205
8a. Presence of supermarkets – high vegetable consumption
RERI (95% CI) = 0.26 ( 0.04; 0.57)
0 barriers
1–3 barriers
4–7 barriers
8b. Presence of supermarkets – high ﬁsh consumption
RERI (95% CI) = 0.37 (0.14; 0.60)
0 barriers
1–3 barriers
4–7 barriers
8c. Presence of supermarkets – high sweets consumption
RERI (95% CI) = 0.31 ( 1.03; 0.41)
0 barriers
1–3 barriers
4–7 barriers
8d. Presence of supermarkets – high fast food consumption
RERI (95% CI) = 2.28 ( 5.60; 1.04)
0 barriers
1–3 barriers
4–7 barriers
8e. Presence of fast food restaurants – high vegetable
consumption
RERI (95% CI) = 0.18 ( 0.80; 0.42)
0 barriers
1–3 barriers
4–7 barriers
8f. Presence of fast food restaurants – high ﬁsh
consumption
RERI (95% CI) = 1.15 ( 2.24; 0.05)
0 barriers
1–3 barriers
4–7 barriers
8g. Presence of fast food restaurants – high SSB
consumption
RERI (95% CI) = 0.17 ( 0.50; 0.84)
0 barriers
1–3 barriers
4–7 barriers
8h. Presence of fast food restaurants - high fast
food consumption
RERI (95% CI) = 2.60 (0.80; 4.40)
0 barriers
1–3 barriers
4–7 barriers

T3 (most supermarkets)
OR (95% CI)
1.00 (ref)
0.61 (0.44; 0.85)
0.33 (0.24; 0.47)
T3 (most supermarkets)
OR (95% CI)
1.00 (ref)
0.63 (0.45; 0.87)
0.46 (0.32; 0.64)
T3 (most supermarkets)
OR (95% CI)
1.00 (ref)
1.62 (1.19; 2.20)
1.83 (1.33; 2.53)
T3 (most supermarkets)
OR (95% CI)
1.00 (ref)
2.53 (1.01; 6.37)
4.38 (1.75; 10.93)
T3 (least fast food restaurants)

T2
OR (95% CI)
1.18 (0.70; 1.97)
0.60 (0.37; 0.96)
0.39 (0.23; 0.64)
T2
OR (95% CI)
0.67 (0.37; 1.21)
0.51 (0.29; 0.91)
0.43 (0.23; 0.79)
T2
OR (95% CI)
1.80 (1.17; 2.77)
2.52 (1.65; 3.84)
2.06 (1.31; 3.24)
T2
OR (95% CI)
0.86 (0.26; 2.86)
1.96 (0.73; 5.23)
2.69 (1.01; 7.16)
T2

T1 (least supermarkets)
OR (95% CI)
0.60 (0.36; 1.01)
0.32 (0.19; 0.51)
0.19 (0.12; 0.32)
T1 (least supermarkets)
OR (95% CI)
0.42 (0.23; 0.78)
0.32 (0.17; 0.58)
0.25 (0.13; 0.46)
T1 (least supermarkets)
OR (95% CI)
1.38 (0.88; 2.16)
1.64 (1.06; 2.52)
1.90 (1.22; 2.95)
T1 (least supermarkets)
OR (95% CI)
1.10 (0.35; 3.39)
1.20 (0.43; 3.36)
2.19 (0.80; 6.02)
T1 (most fast food restaurants)

OR (95% CI)
1.00 (ref)
0.52 (0.42; 0.65)
0.30 (0.23; 0.38)
T3 (least fast food restaurants)

OR (95% CI)
1.55 (0.86; 2.23)
0.76 (0.38; 1.55)
0.64 (0.31; 1.32)
T2

OR (95% CI)
1.39 (0.86; 2.23)
0.85 (0.56; 1.29)
0.49 (0.32; 0.76)
T1 (most fast food restaurants)

OR (95% CI)
1.00 (ref)
0.73 (0.60; 0.89)
0.58 (0.45; 0.75)
T3 (least fast food restaurants)

OR (95% CI)
1.26 (0.52; 3.06)
1.42 (0.64; 3.14)
1.14 (0.50; 2.59)
T2

OR (95% CI)
2.98 (1.77; 5.01)
1.92 (1.17; 3.14)
1.41 (0.85; 2.35)
T1 (most fast food restaurants)

OR (95% CI)
1.00 (ref)
1.24 (1.01; 1.51)
1.60 (1.25; 2.05)
T3 (least fast food restaurants)

OR (95% CI)
0.89 (0.42; 1.85)
1.16 (0.63; 2.12)
1.61 (0.84; 3.06)
T2

OR (95% CI)
1.39 (0.93; 2.09)
1.63 (1.13; 2.33)
2.17 (1.49; 3.16)
T1 (most fast food restaurants)

OR (95% CI)
1.00 (ref)
1.25 (0.71; 2.20)
1.94 (1.08; 3.15)

OR (95% CI)
1.73 (0.37; 8.16)
2.81 (1.10; 7.18)
3.56 (1.45; 8.75)

OR (95% CI)
0.50 (0.15; 1.72)
2.30 (1.22; 4.36)
4.05 (2.17; 7.55)

Bold values indicate signiﬁcant odds ratios. OR = odds ratio. SSB = sugar-sweetened beverage. All models are adjusted for age, gender, education,
household composition, employment status and neighbourhood type.

physical activity (such as the presence of parks and outdoor
recreational facilities) and no associations between the presence of ‘any type of destination’ and physical activity. This
suggests that research focusing on the associations between
destinations and physical activity may benefit from behavioural specificity: in order to translate scientific findings into
interventions or policies, ‘determinants’ of behaviour should
be as close as possible to the studied behaviour (55). Previous
17 (Suppl. 1), 68–80, February 2016

studies that found an association between the presence of
general destinations with physical activity may have been
confounded by residential density (11,56). Indeed, while
findings from the International Physical Activity and Environment Network (IPEN) study showed that close proximity
to several local destinations was associated with BMI, the
authors concluded that this may be due to the compactness
of these neighbourhoods (57).
© 2016 The Authors Obesity Reviews published by John Wiley & Sons Ltd
on behalf of International Association for the Study of Obesity (IASO)
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However, studying the associations between presence of
destinations and dietary behaviours may require a different
approach. Having more supermarkets present in the residential neighbourhood was associated not only with higher
vegetable and fish consumption but also with higher fast
food consumption. Similarly, more fast food restaurants in
the neighbourhood was associated with higher vegetable,
fish and fast food consumption. Although we adjusted for
residential density, it is possible that the presence of fast
food restaurants is a proxy for the presence of both ‘healthy’
(supermarkets) and ‘unhealthy’ (fast food restaurants) destinations. Some evidence for such an interaction between different food outlets was provided by Burgoine et al., showing
that associations between exposure to fast food outlets and
fast food consumption were only significant once adjusted
for exposure to other food outlets (58). This adds to the notion that, rather than a few critical environmental characteristics being strongly associated with dietary behaviours,
there appears to be a cumulative effect of both negative
and positive environmental factors. Further, destinations
in the residential neighbourhood may not be the destinations that individuals actually visit (for example, because
they do their grocery shopping near their work place (59),
and other factors, such as price (60), may be important as
well. Contradictory results may also be due to multiple testing, or due to the crude measure of presence of destinations
in the neighbourhood. Our approach using tertiles suggests
that having more parks, recreational facilities or supermarkets is better for physical activity and healthy eating. This
is preferred over an approach that classifies destinations as
present or absent, as it allows for a more graded shift from
what is accessible and what is not. Yet, the marginal difference of additional supermarkets in addition to at least one
may be minimal, whereas multiple recreational facilities
may support physical activity in a more incremental way.
Our main results showed that individual barriers moderated the associations between neighbourhood destinations
and obesity-related behaviours. That is, obesity-related behaviours were least favourable in individuals who perceived many
barriers to healthy behaviours and who had few destinations
in their neighbourhood. The competitive mechanism was
clearly favoured in our results, indicating that the influence
of the environment (presence of destinations) was greatest in
individuals perceiving many barriers. We did not find evidence
for a synergetic mechanism, whereby the influence of the environment is greatest in individuals perceiving few barriers.
Rather, we found that the presence of destinations was not
associated with obesity-related behaviours in those perceiving
no barriers to healthy behaviours. This is in line with previous
studies (29–35,61,62) and calls for a more sophisticated
approach to studying the built environment, taking into
account different subgroups. Future studies could also examine so-called ‘hidden interactions’, in which case the main
effects of the built environment-behaviour associations are
© 2016 The Authors Obesity Reviews published by John Wiley & Sons Ltd
on behalf of International Association for the Study of Obesity (IASO)
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not statistically significant. Testing for such interactions may
reveal that the built environment is related to obesity-related
behaviours in some groups, but not in others.

Methodological considerations
The main limitation of this study is the cross-sectional
design, which has a number of implications. The associations between perceived individual barriers and obesityrelated behaviours may suffer from same-source bias: it
may be that individuals with less-favourable obesity-related
behaviours adjust their beliefs to match their actions, in
order to avoid cognitive dissonance (63). Similarly, any
observed associations between the presence of destinations
and obesity-related behaviours may be due to residential
self-selection; that is, individuals may select their area of residence based on their health behaviour (64,65). Additionally,
although we hypothesized that associations between the presence of destinations in the neighbourhood with obesity-related
behaviours would be moderated by individual perceived barriers, it is not possible to reach a definitive conclusion on
any ‘moderator role’ of individual perceived barriers because
of the cross-sectional nature of this study. It may be that when
there are ample opportunities to be physically active, individuals may become more motivated (or may need less motivation) to perform physical activity (26,27). Finally, objective
data on the presence of destinations was collected using a virtual audit tool in Google Street View. Images depicted often
did not reflect the built environment in 2014 (the year in
which the survey was conducted). Despite this limitation, the
use of virtual audits using remote imaging (such as Google
Street View) has proven to be as valid and reliable as street
audits (39,66).
Two other important limitations are the low response rate
and the use of self-report questionnaires. The use of selfreport data on obesity-related behaviours may have led to
misclassification and same-source bias, especially because
we were unable to dichotomize these variables based on current guidelines. Low response rates (10.1% in this study)
are increasingly common in large surveys; this is likely to
have led to the inclusion of a selective group of participants.
As the study was conducted among residents of
neighbourhoods in large urban areas across five European
countries, the results cannot be directly generalized to other
settings. Fourth, our study design prevented us from isolating the effect of destinations from other built environmental
factors. This is especially important as the presence of destinations may be a proxy for other environmental factors
(56). We did however adjust our analyses for high or low
residential density, as availability of destinations and residential density tends to coexist (11).
There are several strengths to this study. First, we objectively
measured the presence of destinations in the neighbourhood
using a validated tool (39). Previous studies using neighbourhood
17 (Suppl. 1), 68–80, February 2016
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perceptions instead of objective measures of the neighbourhood
environment may have suffered from same-source bias as people
who are physically active are more likely to be aware of their
neighbourhood.
Another strength was that the study was undertaken in
different European countries, which increases the external
validity of our findings. We also addressed both sides of
the energy balance equation: physical activity and dietary
behaviours. Lastly, we measured individual perceived barriers that were specifically related to physical activity and
healthy eating, rather than barriers to a healthy lifestyle in
general. This addresses the ecological model principle of
behavioural specificity (55).

Conclusions
This cross-European study explored interactions between
the built environment and individual perceived barriers for
explaining higher and lower levels of obesity-related behaviours. The results confirm the importance of residential
destinations for obesity-related behaviours and emphasize
the interest and importance of combining objective (such
as the use of a virtual audit) and subjective methods (such
as perceptions measured in a survey) better to understand
how the characteristics of the residential built environment
can shape obesity-related behaviours depending on individual factors.
Perceiving individual barriers towards physical activity
and healthy eating was strongly associated with physical
activity and several dietary behaviours. Additionally, we
showed that such barriers amplify the associations of the
presence of neighbourhood destinations with obesity-related
behaviours. Intervention studies could assess whether individuals perceiving many barriers indeed benefit most from
urban design that invites healthy behaviours, and observational studies could describe the characteristics of groups
that perceive multiple barriers to healthy behaviours. Nonetheless, this study is another documentation of the importance of providing walkable environments with good spatial
accessibility to shops, services and recreational facilities,
where people have the opportunity to be more physically
active and eat healthily.
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