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Abstract

Background: Most studies of the association between neighborhood socioeconomic deprivation and individual
lifestyles leading to cardiovascular disease focused on a single cardiovascular risk factor. The concomitant
assessment of more than one risk factor may provide clues to specific mechanisms linking neighborhood
disadvantage to individual lifestyles. We investigated the association of neighborhood deprivation with fruits and
vegetables consumption and leisure-time physical activity in adults living in an urban center in Portugal.

Methods: In 1999–2003, we assembled a random sample of 2081 adult residents in the city of Porto. Data on
sociodemographic characteristics were collected by trained interviewers using structured questionnaires. Fruits and
vegetables consumption was estimated using a validated 82-item semiquantitative food frequency questionnaire
covering the previous year and expressed in portions per day. Physical activity was evaluated using a questionnaire
exploring leisure-time activities over the previous year and expressed in metabolic equivalents (MET).minute/day.
Self-reported address was used to place individuals in neighborhoods. Neighborhoods’ socioeconomic
characterization was based on aggregated data at the census block level provided by the 2001 National Census.
Latent class analysis models were used to identify three discrete socioeconomic classes of neighborhoods. Random
effects models with random intercepts at the neighborhood level were used to explore clustering and contextual
effects of neighborhood deprivation on each of the outcomes.

Results: We found evidence of neighborhood clustering of fruits and vegetables consumption and leisure-time
physical activity that persisted after adjustment for neighborhood deprivation only among women. Women living
in the most deprived neighborhoods presented a consumption increase of 0.43 (95% CI: -0.033 to 0.89) portions
of fruits and vegetables per day and a decrease in leisure-time physical activity of 47.8 (95% CI: -91.8 to 1.41) MET.
minute/day, when compared to those living in the most affluent neighborhoods. Among men, no contextual
neighborhood deprivation effects were observed.
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Conclusion: Overall, neighborhood deprivation had a small effect on the consumption of fruits and vegetables and
leisure-time physical activity. Neighborhood factors other than socioeconomic deprivation may still impact on the
studied outcomes among women. This study provides relevant information for the design of interventions directed
to neighborhood characteristics in the prevention of cardiovascular diseases.

Keywords: Neighborhood deprivation, Socioeconomic position, Fruits and vegetables consumption, Leisure-time
physical activity
Background
In high income countries, an increased incidence of cardio-
vascular disease among individuals of lower socioeconomic
position is a common finding [1]. Inequalities are observed
at different levels, from the individual to neighborhoods up
to cities and countries. At neighborhood level, socioeco-
nomic characteristics are associated with coronary heart
disease (CHD) mortality [2] and incidence [3].
Obesity is an established modifiable risk factor for CHD

whose prevalence has been consistently rising [4,5]. Excess
weight results from a persistent imbalance between energy
intake and expenditure. Although genetic factors play an
important role in the development of obesity [6], lifestyle
changes, including increased energy intake and sedentari-
ness, seem to explain most of the increase in the prevalence
of this condition over the past decades [7,8].
Most obesity research and interventions thereafter

have focused on risk factors at the individual level with
the aim of improving diet and physical activity patterns
through lifestyle changes, and surgical or pharmaco-
logical interventions [9]. Although this approach has
been partially successful in treating individuals, it has
largely failed to modify obesity trends at the population
level [10]. Interventions aiming at specific population
groups could complement the traditional individual-level
interventions, by offering preventive strategies acting
more upstream in the causal web. This reasoning is sup-
ported by the accumulation of evidence linking neigh-
borhood socioeconomic characteristics and weight status
[11]. The literature consistently shows that living in so-
cioeconomically deprived neighborhoods independently
increases the odds of excess weight [12-15]. Although in
conflicting directions, important lifestyles such as fruits
and vegetables intake [16,17] and physical activity
[18,19] have also been independently associated with
neighborhood socioeconomic characteristics.
Although most research has focused on the study of one

cardiovascular risk factor at a time, the simultaneous as-
sessment of more than one risk factor may provide add-
itional clues on specific mechanisms linking neighborhood
socioeconomic profile and individual behaviors. We ana-
lyzed data from the baseline evaluation of a representative
cohort of the adult population of Porto, the second largest
Portuguese urban center. First, we examined the crude
neighborhood-to-neighborhood variation in the fruits and
vegetables consumption and leisure-time physical activity.
Second, we evaluated to which extent the adjustment for
factors that lead people to reside in a particular neighbor-
hood, for plausible individual-level confounders and neigh-
borhood deprivation changed the between-neighborhood
variance in each outcome. Third, we quantified the context-
ual effect of neighborhood deprivation on each outcome.
Methods
Study design and sample selection
The study design has been previously described in detail
[20]. Between 1999 and 2003, we assembled a represen-
tative sample of community dwellers of Porto, an urban
center in the northwest of Portugal with approximately
300,000 inhabitants at that time. Households were se-
lected by random digit dialing of landline telephones.
Within each household, a permanent resident aged
18 years or more was selected by simple random sam-
pling and refusals were not replaced. The proportion of
participation was 70% [21] and the final sample size was
2485 individuals. The ethics committee of Hospital de
São João approved the study. Participants provided writ-
ten informed consent.
Subjects with missing information on education, mari-

tal status, smoking, alcohol intake, abdominal obesity,
fruits or vegetables consumption, leisure-time physical
activity, or neighborhood socioeconomic class were ex-
cluded (n = 404). Thus, the final sample comprised 2081
participants, 1294 women and 787 men. Compared to
participants, excluded subjects were younger (mean age:
51.2 vs. 53.2 years, pStudent’s t test = 0.01), more frequently
sedentary (77.4% vs. 65.2%, pchi-square test < 0.001) and
smokers (32.8% vs. 23.0%, pchi-square < 0.001) and less fre-
quently reported excessive alcohol intake (25.6% vs.
34.1%, pchi-square test = 0.02). There were no significant
differences regarding gender, education, marital status
and daily fruits and vegetables consumption.
Data collection and definition of variables
Trained interviewers collected data on sociodemo-
graphic and behavioral characteristics, using structured
questionnaires.
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Education was recorded as completed years of school-
ing and classified in 3 categories: less than 5, 5–11, and
more than 11 years (reference). Marital status was
grouped as married/living together (reference) and sin-
gle/divorced/separated/widowed.
Participants were classified as current smokers, includ-

ing both daily and occasional smokers, or else (refer-
ence) [22].
To estimate the lifetime alcohol consumption, partici-

pants were asked about the lifetime mean frequency of
consumption of different types of alcoholic beverages.
The period of highest exposure was considered. The
average portion consumed was asked to be lower than,
equal to or higher than a glass of 125 ml for wine, a bot-
tle or can of 330 ml for beer, and a cup of 40 ml for
spirits. The alcoholic beverages consumption was con-
verted into total alcohol intake assuming the following
alcohol concentrations in volume: 12% for wine, 4.7% for
beer, 25% for liquors and similar beverages, including
Port wine, and 50% for vodka and the like. Two categor-
ies of alcohol consumption were defined by the cut
points 15.0 grams per day (g/day) for women and
30.0 g/day for men, according to the American Heart
Association recommendations [23].
Dietary intake was estimated using an 82-item semi-

quantitative food frequency questionnaire, covering the
previous year. Each participant was asked about the
average frequency of consumption (nine categories ran-
ging from “never or less than once a month” to “≥6
times a day”), the average portion consumed (lower than,
equal to or higher than the mean portion size) and the
seasonal variation of consumption. The reported average
portion consumed was based on a photograph manual
shown to each participant in which three portion sizes
were displayed for each food item. The questionnaire
had 16 items related to vegetables and 16 items related
to fruits. Only fresh fruits and natural fruit juices, and
fresh vegetables and vegetable soups were considered.
The food frequency questionnaire had been previously
validated by comparison with four 7-day food records,
each in a different season of the year [24]. The estimated
portions of fruits and vegetables consumed per day were
dichotomized using the cut-off of 5 portions per day
[25].
Physical activity was evaluated using a questionnaire

exploring all professional, domestic and leisure time ac-
tivities over the past 12 months [26]. Subjects reported
the average time per day, week or month spent at rest
(sleeping or sitting/lying awake), transport to or from
work (walking, motorized vehicle or other), professional
activity (very light, light, moderate or heavy) and leisure-
time physical activities like watching TV, playing cards
or reading (very light activities) as well as exercise (light,
moderate or heavy). For the present paper, each group of
leisure-time physical activities was assigned a metabolic
equivalent (MET) value. One MET corresponded to a
resting oxygen consumption of 3.5 ml/kg/min. An aver-
age of 1.5, 2.5, 5.0 and 7.0 METs was attributed to very
light, light, moderate and heavy activities, respectively
[27]. Energy expenditure was estimated by multiplying
the related MET value by the self-reported duration of
each activity, converted to minutes per day. Participants
were considered to be sedentary if they were classified in
the lowest sex-specific third of daily leisure or exercise
energy expenditure. The cut-off values were 210 and 270
METs.min/day for women and men, respectively.

Neighborhood socioeconomic assessment
A thorough description of the methods used to characterize
neighborhoods from the socioeconomic point of view is
presented in the Additional file 1. Briefly, the socioeco-
nomic characterization of neighborhoods in Porto was
based on aggregated data at the census block level provided
by the 2001 National Census. The census block, broadly
equivalent to a city block in an urban setting, constituted
the operational definition of neighborhood. For the current
analyses, a total of 1662 neighborhoods was considered.
Using different statistical criteria and consensus be-

tween three investigators (MFP, DC and LA), we selected
11 variables to characterize neighborhoods regarding age
and education/occupation distribution of its residents,
and housing characteristics.
Using latent class analysis models, we identified three

discrete classes of neighborhoods homogeneous regarding
the socioeconomic characteristics. The number of classes
was defined according to the Bayesian information criter-
ion, the Akaike information criterion, entropy and inter-
pretability. Starting from one single class and increasing
one class at each step, the best solution was identified when
the increase in the number of classes did not result in an
overall improvement of fit and interpretability. In Table 1,
we summarize the socioeconomic characterization of each
neighborhood class. The interpretation of the mean values
of these variables allowed us to consider neighborhoods
classified in the latent classes 1 and 3 as least deprived and
most deprived, respectively.

Georeferencing procedure
Data on self-reported address was used to place individuals
in a specific neighborhood. Georeferencing was made using
the streets network, with information on initial and final
numbering for each street segment. The position of door
entrances was estimated by interpolation on each street
segment.

Statistical analysis
A 2-level hierarchical data structure was considered. In this
structure, individuals were nested in neighborhoods. As



Table 1 Characterization of neighborhood latent classes

Class 1 Class 2 Class 3

n = 386 (23.2%) n = 781 (47.0%) n = 495 (29.8%)

Mean SE Mean SE Mean SE

Proportion of retired individuals 16.01 (0.98) 31.26 (0.63) 32.10 (0.82)

Proportion of families with an individual aged ≤15 years 29.53 (1.18) 17.36 (0.45) 27.22 (0.95)

Aging index 111.64 (12.06) 318.41 (14.38) 179.01 (16.79)

Proportion of illiterate subjects 0.98 (0.10) 4.34 (0.29) 9.37 (0.37)

Proportion of subjects with higher education 37.51 (1.18) 15.29 (0.96) 1.94 (0.24)

Proportion of subjects with lower occupation 8.22 (0.77) 23.69 (1.13) 55.08 (1.45)

Unemployment rate 5.40 (0.33) 9.57 (0.28) 15.29 (0.54)

Mean expenditure on housing (owner occupied housing) 403.27 (11.09) 273.50 (8.73) 79.72 (9.56)

Mean expenditure on housing (rented housing) 245.46 (11.38) 109.29 (5.57) 45.77 (2.72)

Attractiveness 25.84 (1.24) 14.62 (0.47) 7.59 (0.60)

Proportion of buildings with reparation needs 32.73 (2.20) 61.71 (1.29) 67.52 (1.66)

Average latent class probabilities

Class 1 0.957 0.023 0.000

Class 2 0.043 0.956 0.043

Class 3 0.000 0.021 0.957

SE, standard error.
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proposed by Oakes [28], we started by assessing
neighborhood-to-neighborhood differences in the health
outcomes. This was accomplished by fitting fully uncondi-
tional random effects models with random intercepts at the
neighborhood level for each of the outcomes of interest
(Model 1). These models allowed us to estimate the intra-
class cluster coefficient (ICC) that can be interpreted as the
proportion of total variance in each outcome that could be
attributed to neighborhood factors. Next, we focused on
the identification of background factors leading people to
reside in a particular neighborhood. As such, linear and
quadratic terms for individual age and education, and mari-
tal status as a dichotomous variable were added to the
models (Model 2). The following step aimed to control for
plausible known individual-level confounders for each out-
come. As appropriate to each of the studied outcomes, di-
chotomous variables representing fruits and vegetables
consumption, alcohol intake, physical activity and smoking
status were also included in the models (Model 3).
Finally, we added the variable neighborhood socioeco-
nomic class (Model 4). This modeling sequence
allowed us to assess the ICC variation across all
models. Furthermore, we were able to estimate the
proportion of neighborhood variance that could be
explained by the addition of each set of variables
using the Model 1 neighborhood variance estimates
as reference. Finally, we estimated the neighborhood
contextual effect on each outcome by interpreting the
beta-coefficients of the neighborhood socioeconomic
class variable. The outcome variables were entered in
all models as continuous.
Results
General individual characterization
Women were slightly younger (mean age: 52.7 vs.
54.2 years, pStudent’s t-test = 0.032) and less educated
(median education: 6 vs. 9 years, pMann-Whitney’s
test < 0.001) than men. The mean intake of fruits and
vegetables was higher in women than in men (mean:
5.6 vs. 5.2 portions per day, p < 0.001). Leisure-time
physical activity levels were lower in women than in
men, (mean: 376.7 vs. 448.0 MET.min/day, p < 0.001).
In Table 2, we summarize the sample characteristics

across neighborhood socioeconomic classes. For both
genders, we observed a clear gradient in education
across the neighborhood socioeconomic classes. With
increasing levels of neighborhood deprivation, we ob-
served both a graded significant increase in the pro-
portion of subjects with the lowest levels of education
and a decrease in the proportion of subjects with the
highest levels of education. Among women, smoking
was more common in less deprived neighborhoods.
Among men, excessive alcohol intake was more fre-
quent in more disadvantaged neighborhoods.
The results on the association of neighborhood

deprivation with fruits and vegetables consumption
and leisure-time physical activity are summarized in



Table 2 Characteristics of the 2081 participants included in the analyses, by gender and neighborhood socioeconomic
class

Women Men

Class 1* Class 2* Class 3* Class 1* Class 2* Class 3*

n (%) n (%) n (%) n (%) n (%) n (%)

Age

18-34 years 53 (16.4) 83 (11.0) 25 (11.5) 24 (12.4) 47 (10.7) 21 (13.7)

35-54 years 152 (47.1) 281 (37.3) 101 (46.3) 92 (47.7) 158 (35.8) 57 (37.2)

55-74 years 106 (32.8) 332 (44.1) 80 (36.7) 67 (34.7) 193 (43.8) 60 (39.2)

75 or more years 12 (3.7) 57 (7.6) 12 (5.5) 10 (5.2) 43 (9.8) 15 (9.8)

p 0.017 0.081

Education

4 years or less 76 (23.5) 344 (45.7) 133 (61.0) 32 (16.6) 156 (35.4) 72 (47.1)

5 to 11 years 90 (27.9) 204 (27.1) 49 (22.5) 61 (31.6) 164 (37.2) 57 (37.2)

12 or more years 157 (48.6) 205 (27.2) 36 (16.5) 100 (51.8) 121 (27.4) 24 (15.7)

p <0.001 <0.001

Marital status

Married/living together 193 (59.8) 446 (59.2) 142 (65.1) 160 (82.9) 358 (81.2) 125 (81.7)

Else 130 (40.2) 307 (40.8) 76 (34.9) 33 (17.1) 83 (18.8) 28 (18.3)

p 0.273 0.747

Current smoking

No 245 (75.8) 654 (86.8) 177 (81.2) 122 (63.2) 306 (69.4) 99 (64.7)

Yes 78 (24.2) 99 (13.2) 41 (18.8) 71 (36.8) 135 (30.6) 54 (35.3)

p 0.025 0.665

Excessive alcohol intake†

No 265 (82.0) 580 (77.0) 165 (76.7) 108 (56.0) 194 (44.0) 60 (39.2)

Yes 58 (18.0) 173 (23.0) 53 (24.3) 85 (44.0) 247 (56.0) 93 (60.8)

p 0.059 0.001

Fruits and vegetables consumption

<5 portions per day 174 (53.9) 410 (54.4) 117 (53.7) 101 (52.3) 211 (47.8) 69 (45.1)

≥5 portions per day 149 (46.1) 343 (45.6) 101 (46.3) 92 (47.7) 230 (52.2) 84 (54.9)

p 0.992 0.173

Sedentariness‡

No 211 (65.3) 513 (68.1) 130 (59.6) 118 (61.1) 290 (65.8) 92 (60.1)

Yes 112 (34.7) 240 (31.9) 88 (40.4) 75 (38.9) 151 (34.2) 61 (39.9)

p 0.285 0.948
*Neighborhood classes 1 and 3 are interpreted as least deprived and most deprived, respectively.
†Alcohol intake >15 g/day for women and >30 g/day for men.
‡Leisure-time physical activity ≤210 METs.min/day for women and ≤270 METs.min/day for men.
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Table 3 (clustering effects) and Table 4 (contextual
effects).

Fruits and vegetables consumption
Among women, we identified a clear neighborhood cluster-
ing of fruits and vegetables consumption, with the ICC
varying from 7.0% in the null model (model 1) to 6.1% in
the fully adjusted model (model 4). The adjustment for
neighborhood socioeconomic class further explained 7.2%
of variance attributable to neighborhood factors (16.7% ex-

plained variance in Model 4 - 9.5% explained variance in Model 3). Living
in a less affluent neighborhood was associated with a daily
increase of 0.43 (95% CI: -0.033 to 0.89) portions of fruits
and vegetables per day, when compared to the most afflu-
ent neighborhoods.
Among men, we observed no evidence of neighbor-

hood clustering or contextual effects on fruits and
vegetables consumption.



Table 3 Neighborhood clustering effects of fruits and vegetables consumption and leisure-time physical activity

Model 1* Model 2* Model 3* Model 4*

Fruits and vegetables consumption

Women

Variance (SE) 0.42 (0.17) 0.39 (0.17) 0.38 (0.16) 0.35 (0.16)

Proportion of explained variance (%)† Reference 7.1 9.5 16.7

ICC (%) 7.0 6.7 6.6 6.1

Men

Variance (SE) 0.22 (0.22) 0.22 (0.22) 0.18 (0.22) 0.18 (0.22)

Proportion of explained variance (%)† Reference 0 18.2 18.2

ICC (%) 4.4 4.4 3.6 3.6

Leisure-time physical activity

Women

Variance (SE) 7521.8 (2013.9) 6328.1 (1706.8) 6203.5 (1695.5) 6333.0 (1677.6)

Proportion of explained variance (%)† Reference 15.9 17.5 15.8

ICC (%) 10.6 10.2 10.1 10.3

Men

Variance (SE) 5310.5 (3721.6) 4033.9 (3399.5) 4135.2 (3391.3) 3631.8 (3343.1)

Proportion of explained variance (%)† Reference 24.0 22.1 31.6

ICC (%) 5.5 4.8 4.9 4.3

SE, standard error; ICC, intracluster correlation coefficient.
*Model 1: Null model; Model 2: Model 1 plus adjustment for age, education and marital status; Model 3: Model 2 plus adjustment smoking, alcohol consumption
and leisure-time physical activity (fruits and vegetables models) or fruits and vegetables consumption (leisure-time physical activity models); Model 4: Model 3 plus
adjustment for neighborhood socioeconomic class.
†Proportion of explained variance (%): corresponds to the proportion of between-neighborhood variance that could be explained by neighborhood selection vari-
ables, possible confounders and neighborhood socioeconomic class compared to Model 1. For instance, among women 15.9% of the neighborhood variance was
explained by neighborhood selection variables: (7521.8-6328.1)/7521.8x100.
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Leisure-time physical activity
Among women, we identified a clear neighborhood clus-
tering of leisure-time physical activity, with the ICC
varying from 10.6% in the null model (model 1) to 10.3%
in the fully adjusted model (model 4). Living in a less af-
fluent neighborhood was associated with a decrease of
Table 4 Contextual effects of neighborhood socioeconomic d
leisure-time physical activity

Fruits and vegetable

β

Women (n = 1294)

Neighboorhood socioeconomic class 1‡ 1

Neighboorhood socioeconomic class 2‡ 0.24 −

Neighboorhood socioeconomic class 3‡ 0.43 −

Men (n = 787)

Neighboorhood socioeconomic class 1‡ 1

Neighboorhood socioeconomic class 2‡ −0.23 −

Neighboorhood socioeconomic class 3‡ −0.046 −

95% CI, 95% confidence interval.
*Model adjusted for age, education, marital status, smoking, alcohol consumption a
†Model adjusted for age, education, marital status, smoking, alcohol consumption a
‡Neighborhood classes 1 (reference class) and 3 are interpreted as least deprived a
47.8 (95% CI: -91.8 to 1.41) MET.min/day, when com-
pared to the most affluent neighborhoods.
Among men, there was less compelling evidence of

neighborhood clustering of leisure-time physical activity
and no contextual neighborhood deprivation effect was
observed.
eprivation on fruits and vegetables consumption and

s consumption* Leisure-time physical activity†

95% CI β 95% CI

0.11 to 0.58 −9.43 −46.4 to 27.6

0.033 to 0.89 −47.8 −97.8 to 1.41

0.62 to 0.17 26.6 −25.6 to 78.9

0.55 to 0.46 −12.4 −78.8 to 54.1

nd leisure-time physical activity.
nd fruits and vegetables consumption.
nd most deprived, respectively.
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Discussion
This study examined the influence of neighborhood
deprivation on the consumption of fruits and vegetables
and leisure-time physical activity in a sample of
community-dwellers of a Portuguese urban center in the
early 2000 s. Neighborhood clustering in fruits and vegeta-
bles consumption and leisure-time physical activity was
only evident among women. Women living in the most
deprived neighborhoods presented a marginally non-
significant increase in the daily consumption of fruits and
vegetables and decrease in leisure-time physical activity
levels.

Clustering effects
The evidence of stronger neighborhood clustering of fruits
and vegetables consumption and leisure-time physical ac-
tivity for women than for men implies that, at least in our
setting, women seem to be more susceptible to the influ-
ences of the living environment. The fact that fruits and
vegetables consumption and leisure-time physical activity
are more homogeneous within neighborhoods among
women may be explained by gender differences in the con-
struction of identities and role expectations which stress
entrenched inequalities in the domestic responsibilities and
sports preferences of women and men. Women tend to be
more centered on the domestic sphere of the home and
family, where their opportunities to engage in social inter-
actions are larger. Additionally, women are more likely to
be responsible for maintaining their family’s health and
well-being through groceries management or meal concep-
tion and preparation [29]. These nurturing activities are in-
fluenced by local dietary beliefs and symbolic values which
may help to understand gender differences in neighbor-
hood fruits and vegetables consumption clustering. On the
other hand, men are usually engaged in more diverse
groups outside the domestic sphere contributing to a larger
scattering of their spatial exposure. For instance, the prac-
tice of collective sports by men typically involves friends or
co-workers and implies the spatial dislocation of at least
some elements. On the other hand, women tend to engage
in more individual activities that are more dependent on
the availability of adequate sports facilities at the vicinity
level. This may help explain why neighborhood leisure-time
physical activity clustering is smaller among men. It is also
important to note that approximately 6% and 10% of the
variability in fruits and vegetables consumption and leisure-
time physical activity, respectively, among women could
still be attributed to unmeasured neighborhood characteris-
tics. Thus, further studies are needed to identify its
determinants.

Contextual effects
Among women, the adjustment for neighborhood socio-
economic class further explained approximately 7% of
the neighborhood-related variance in fruits and vegeta-
bles consumption. Those living in a less affluent neigh-
borhood presented a marginally non-significant increase
of 0.43 (95% CI: -0.033 to 0.89) portions of fruits and
vegetables per day, when compared to those living in the
most affluent neighborhoods. The fact that the spatial
density of small food retailers that usually sell fresh
fruits and vegetables is much larger among Porto’s most
deprived neighborhoods [30] could contribute to the un-
derstanding of why fruits and vegetables consumption is
higher in the least deprived neighborhoods. Also, eating
away from home has been associated with a lower diet-
ary quality [31]. So, if a larger proportion of away meals
take place among people living in neighborhoods of in-
creasing affluence, this could also explain the observed
neighborhood effect of fruits and vegetables intake. Fi-
nally, although we do not have a direct measure of the
spatial distribution of vegetable plots across neighbor-
hood socioeconomic classes, in Porto, subsistence agri-
culture is more common in the most deprived
neighborhoods, thus facilitating fruits and vegetables
consumption. Our findings are consistent with those of
an urban Dutch study [16] in which it was also con-
cluded that participants living in more deprived areas
had more favorable fruit consumption patterns than
their counterparts in prosperous areas. However, studies
in the UK [32] and in the US [16] have mainly con-
cluded that living in more affluent neighborhoods was
associated with an increased consumption of fruits and
vegetables. It is, thus, apparent, that the association be-
tween neighborhood deprivation and fruits and vegeta-
bles consumption strongly depends on local factors.
Although the adjustment for neighborhood socio-

economic class did not importantly change the
neighborhood-level variance estimate among women,
those living in the least affluent neighborhoods had a
small decrease in leisure-time physical activity of 47.8
(95% CI: -91.8 to 1.41) MET.min/day, when compared
to those living in the most affluent neighborhoods. Un-
equal distribution of physical activity resources (e.g.,
walking trails) in more or less deprived neighborhoods is
likely to influence opportunities for exercise [33]. Also,
gender differences in sports participation [34] may help
understand these findings. Although the gender gap
seems to be decreasing, women still prefer more aesthet-
ical and individual activities like swimming or aerobics
[35,36], which have to be paid and practiced in appropri-
ate facilities which are more scarce in deprived neigh-
borhoods. Finally, compared to women living in the
most deprived neighborhoods, those living in more afflu-
ent areas may be more susceptible to societal pressures
regarding participation in sports that have a strong em-
phasis on appearance of thinness. This finding is in
agreement with the average body mass index being
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associated with a higher likelihood of reporting body dis-
satisfaction in neighborhoods of above average affluence
[37].

Strengths and limitations
The results presented in this paper should be interpreted
considering the methodological strengths and limitations
of this study. First, the cross-sectional nature of this
study limits our ability to address causality. However,
our analysis did conform to a causal framework. As pro-
posed by Oakes [28], the sequential adjustment for back-
ground factors leading individuals to reside in a
particular neighborhood and plausible individual-level
confounders is a transparent methodological approach
to address compositional neighborhood effects. To the
extent that these models are successful in addressing
confounding between people in neighborhoods, our fully
adjusted model should provide valid estimates of neigh-
borhood contextual effects. Second, we are confident
that most of our findings are still relevant in the present,
even though the sovereign debt crisis that affected
Portugal over the last years may have changed the rela-
tion between neighborhood deprivation and individual
lifestyles linked to cardiovascular disease. Third, our
study was under-powered to detect statistically signifi-
cant contextual effects. However, the association of area
socioeconomic position with each outcome variable was
in the expected direction, thus while a larger study may
have found statistically significant area effects due to in-
creased precision, it is unlikely that a larger sample
would have reached substantially different conclusions.
Fourth, our definition of neighborhood was based on
artificial administrative territorial divisions for analytical
convenience rather than for reasons that were hypothe-
sized to influence each outcome. These facts probably
lead to an underestimation of area socioeconomic pos-
ition effects.

Conclusion
This study contributes to judge the potential of interven-
tions directed to neighborhood socioeconomic charac-
teristics to prevent cardiovascular diseases. To the
extent that we were able to adjust for neighborhood se-
lection factors and confounding factors, we estimated
both the neighborhood clustering and the contextual ef-
fects of neighborhood deprivation on two important
modifiable cardiovascular risk factors. Overall, interven-
tions aimed to decrease neighborhood deprivation are
expected to have a small impact on the studied out-
comes. Still, women in deprived neighborhoods had
higher fruits and vegetables consumption and lower
leisure-time physical activity levels. Also, neighborhood
factors other than socioeconomic deprivation may still
impact on these outcomes among women. However,
further studies are necessary to identify which modifi-
able neighborhood characteristics explain these cluster-
ing patterns.
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Additional file 1: Neighborhood socioeconomic assessment. A
detailed description of the methods used to characterize neighborhoods
from the socioeconomic point of view.
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