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Abstract

Background: Features of neighbourhoods affect body mass index (BMI) but this has been poorly acknowledged within the highly heteroge-
neous and unequal contexts of Latin American cities. We evaluated associations between social, built, and natural environment characteristics
of neighbourhoods with BMI, and investigated whether these associations were modified by individual socioeconomic position (SEP).

Methods: We linked individual data (n=43968) from national health surveys to data on neighbourhoods (n=3428) and cities (n=165) in
Argentina, Chile, Colombia, and Mexico. Linear mixed models were used to estimate associations between neighbourhood education, intersec-
tion density, and greenness with BMI, adjusting for individual- and city-level characteristics.

Results: Associations between neighbourhood education and BMI varied by country, in both magnitude and direction. In Argentina and Chile,
higher neighbourhood education was associated with lower BMI. This negative association was also observed among women in Colombia and
Mexico, although it was weaker. Among men in Colombia and Mexico, however, the association was positive. Associations of neighbourhood
intersection density and greenness with BMI were less robust. In general, we did not find strong evidence of effect modification by individ-
ual SEP.

Conclusion: Neighbourhood education is associated with BMI beyond individual and city characteristics, although the associations are heterog-
enous across countries and by gender. Associations with built and natural features were less clear. Our results highlight the relevance of
context-specific analysis for planning interventions that are aimed to reduce BMI and its unequal distribution in Latin American cities.
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Key Messages

Global North.

* We examined how neighbourhood features—social, built, and natural environments—are associated with body mass index (BMI) in 165
Latin American cities and whether these associations are modified by individual socioeconomic position (SEP) and gender.

* The association between neighbourhood education and BMI differs between countries and gender whereas the associations with
intersection density and greenness and the effect modifications by individual SEP are less clear.

* Our findings suggest that neighbourhood characteristics in cities of Latin America appear to influence BMI differently from those in the

Introduction

The growing burden of overweight and obesity since the
1980s is a major public health issue [1]. In 20135, it was esti-
mated that high body mass index (BMI) contributed to 4 mil-
lion deaths—7.1% of total deaths [2]—with significant
variations across regions and countries. The temporal and
spatial nature of this phenomenon points to the social origins
of population-level increases in BMI [3]. Specifically,
increases in BMI and the prevalence of overweight and obe-
sity in low- and middle-income countries (LMICs) are often
ascribed to changes in global trade patterns or increases in
national income [4]. These changes are likely to affect people
differently based on their place of residence and/or socioeco-
nomic position (SEP) [4].

A large body of evidence, mainly from North America and
Europe, describes associations between neighbourhood SEP
and the nutritional status of individuals [5, 6]. Most of these
studies have shown that individual and neighbourhood SEPs
are independently and inversely associated with BMI. In addi-
tion, features of the built or natural environment in the place
of residence have also been linked to BMI or obesity. For ex-
ample, many studies that evaluated indicators of street con-
nectivity or walkability such as intersection density at the
neighbourhood level demonstrate an association with a
higher likelihood of walking and physical activity [7] and
also an inverse association with BMI or obesity [8].
Neighbourhood greenness has also been found to be inversely
associated with overweight indicators [9]. Overall, longitudi-
nal evidence suggests that long-term exposure to residential
environments with greater resources to support physical ac-
tivity is associated with a lower incidence of obesity-related
outcomes [10].

Neighbourhood features may affect obesity and related
outcomes independently of individual SEP through several
mechanisms, including effects on health behaviours and
stress-related processes [11], the availability of healthy foods
[12], or physical-activity-promoting resources in neighbour-
hoods [13]. For example, low-SEP neighbourhoods likely
have a lower number of exercise-promoting resources [14],
creating barriers to engaging in physical activity [15]. In addi-
tion, the effect of neighbourhood features might differ
according to individual-level SEP; for instance, a higher
neighbourhood SEP may benefit cardiovascular health for
those of lower, not higher, individual SEP [16].

Most studies on neighbourhood features and BMI have
been conducted in high-income countries in the Global North
and it is unclear whether these patterns of associations are
also observed in other regions of the world. Latin America is
one of the most urbanized and unequal regions in the world,
with fast urban growth and inadequate urban planning [17],
which result in large social inequalities. In addition, Latin

America is one of the regions with the highest prevalence of
adult obesity [18]. Providing knowledge on how disparities in
BMI related to the neighbourhood’s social and built environ-
ment vary within and between Latin American cities is impor-
tant for planning healthier and more equitable cities in the
region. We expect to find different associations in Latin
American cities compared with those of the Global North
given the faster pace of urbanization and that neighbourhood
environments are more heterogeneous. Particularly, and due
to the social heterogeneity of Latin American cities, we expect
to find stronger associations for characteristics of the social
environment of neighbourhoods compared with other neigh-
bourhood features.

Our study aims to (i) evaluate associations of neighbourhood
social, built, and natural environment factors with individual-
level BMI; and (ii) investigate whether these associations are
modified by individual SEP. We hypothesize that (i) neighbour-
hood education, intersection density, and greenness are in-
versely associated with BMI, independently of individual and
city characteristics, and (ii) these inverse associations of neigh-
bourhood education, intersection density, and greenness with
BMI are stronger among participants with lower individual edu-
cation than those with higher education.

Methods

Data and sample

Data was compiled and harmonized by the SALURBAL proj-
ect—an interdisciplinary, multinational, and collaborative
initiative that is focused on characterizing the drivers of ur-
ban health and urban health inequalities across cities with a
population of >100000 inhabitants in 11 Latin American
countries [19]. In our study, the people living in these cities
represent the majority of the population in every country
(ranging from 60% to 71%). We used harmonized data from
Argentina, Chile, Colombia, and Mexico from (i) national
representative health surveys linked to contextual data, (ii)
aggregated socioeconomic and socio-demographic character-
istics from a national population census, (iii) street network
maps (OpenStreetMap), and (iv) remote sensing of green
space and land cover (Finer Resolution Observation and
Monitoring—Global Land Cover). Supplementary Table S1
provides the characteristics of the health surveys that were
used to derive the sample at the individual level.
Supplementary Table S2 summarizes the characteristics at the
neighbourhood and city levels. Survey (and census) years
were 2013 (2010) for Argentina, 2017 (2017) for Chile,
2007 (2005) for Colombia, and 2012 (2010) for Mexico.

As a proxy for the neighbourhoods, we used the administra-
tive delimited units for census data collection. Neighbourhoods
vary in population and areal size between countries
(Supplementary Table S2), ranging from a median population
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of 1700 (Mexico) to 10 600 (Argentina). We focused on adults
aged >18 years (except for Colombia, which only sampled par-
ticipants aged 18-69 years) who participated in modules for
which anthropometric measures were collected (1n=47642).
The final analytic sample included 43 968 participants from
165 cities and 3418 neighbourhoods (see Supplementary
Figure S1 for further details). Included participants comprised
a greater proportion of women and had slightly higher
individual-level education and BMI compared with those who
were excluded (Supplementary Table S3).

Outcome

We used individual-level BMI [weight (kg)/height (m)?] as the
outcome. For all countries, except for Argentina, weight and
height were measured by following standard procedures. For
Argentina, we used self-reported weight and height as physi-
cal measures were not part of the survey.

Exposures

As a proxy for neighbourhood-level SEP, we used the propor-
tion of the population aged >25 years who had completed
primary education or above—obtained from a population
census—with higher levels representing neighbourhoods with
higher SEP. As the built environment indicator, we used inter-
section density to proxy street connectivity, defined as the
number of intersections per km? (nodes/km?). The higher the
value of this metric, the greater the degree of connectivity,
which would thus enable more direct travel between two
points by using existing streets and facilitate active transpor-
tation. As the natural environment indicator, we used the
proportion of green spaces in neighbourhoods that was
obtained by dividing the total green-space area by the land
area of the geographic unit. Green-space area and land area
were net of water bodies and excluded limited no-
observation areas in remote sensing images (due to cloud and
shadow). Details on the measurement of each exposure are
available elsewhere [19]. All continuous exposure variables
were standardized by country with mean=0 and SD=1.

Other variables

We obtained data on individual-level age, gender, and educa-
tion (primary incomplete, primary complete, secondary com-
plete, university complete) from the health surveys. We also
linked city-level per-capita Gross Domestic Product [GDP,
derived from modelled data in constant 2011 international
United States dollars (USD)] and log-transformed city-level
total population from population projections [20].

Statistical analysis

We conducted the analysis in four steps. First, we described
the distribution of individual, neighbourhood, and city char-
acteristics by gender and country. Second, we estimated the
variability in BMI between neighbourhoods and cities within
countries by running a four-level pooled empty linear mixed
model of individuals nested in neighbourhoods, cities, and
countries, and calculated the percentage of the variance at
each level. Third, to explore the associations between neigh-
bourhood characteristics and BMI (Hypothesis 1), we ran a
series of three-level random-intercept linear mixed models of
individuals nested in neighbourhoods and cities, with a nor-
mally distributed random error at each level. All models were
stratified by country and gender. Models 1a—c included one
neighbourhood exposure at a time—(a) education, (b)

intersection density, or (c) greenness—and were adjusted for
age (linear), age-squared, per-capita city GDP (linear), and
city total population (log-transformed). Models 2a—c had in-
dividual education added to Models la—c to test whether
these associations held after adjusting for individual SEP.
Model 3 had adjustments for the other neighbourhood expo-
sures added to Models 2a—c (mutually adjusted model).
Fourth, to test the effect of measure modification by individ-
ual SEP (Hypothesis 2), we added an interaction term be-
tween each main exposure in Models 2a—c and individual-
level education, i.e. each interaction was tested in a separate
model. Statistical analyses were performed by using Strata 15
and R.

Results

Women have slightly higher age-adjusted BMI compared with
men in all countries except Argentina (Table 1). Participants
from Colombia have lower age-adjusted BMI. There are differ-
ences in the individual-level educational background across
countries, with adults from Argentina, Chile, and Colombia
having a higher proportion of participants with secondary or
higher education compared with adults living in Mexico.
Neighbourhoods in Colombia have the lowest mean neighbour-
hood education and percentage of greenness but the highest lev-
els of intersection density. Colombia also has a lower mean city
GDP whereas Argentina has the highest mean city population
compared with other countries (Table 1).

The mean BMI (SD) in the total sample was 27.5 (5.3) kg/m>.
Opverall, although most of the variability in BMI occurs at the in-
dividual level (90.3%), a modest proportion is accounted for by
differences at the neighbourhood (1.1%), city (1.0%), and coun-
try (7.6%) levels (Supplementary Table S4). The neighbourhood
variation in BMI is higher in Chile and Argentina
(Supplementary Table S4).

There are inverse associations between neighbourhood ed-
ucation and BMI in Argentina and Chile for both men and
women, even after adjusting for individual and city character-
istics (Models 1 and 2a, Figures 1 and 2). These associations
are stronger among women compared with men, with a 1-SD
higher unit in the percentage of the population with complete
primary education or above associated with 0.593
(Confidence Interval (CI) -0.716, —-0.470) and 0.709 (CI
-0.984, —0.435) kg/m? lower BMI in women versus 0.192
(CI -0.308, —0.075) and 0.235 (CI -0.519, 0.049) kg/m?>
lower BMI in men from Argentina and Chile, respectively, af-
ter adjusting for individual-level education (Model 2a). These
associations hold after adjusting for other neighbourhood
exposures (Model 3a). In Colombia and Mexico, we also ob-
serve inverse associations between neighbourhood education
and BMI among women but the associations are weaker. In
contrast, among men living in Colombia and Mexico, we ob-
serve a pattern in the opposite direction, with a 1-SD higher
unit in neighbourhood education being associated with 0.456
(CI 0.224, 0.689) and 0.177 (CI 0.058, 0.295) kg/m? higher
BMI in men from Colombia and Mexico, respectively (Model
2a; individual education model). In multiple-exposure models
(Models 3), associations were scarcely attenuated (for men)
and strengthened (for women) only in Mexico (see
Supplementary Tables S5 and Sé6 for the complete estimates
of the association analyses).

For intersection density (Models 2b and 3), associations
with BMI were null among men and women in all countries.
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(a) Education

(b) Intersection density

(c) Greenness
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Figure 1. Adjusted association between neighbourhood (a) education (z-score), (b) intersection density (z-score), and (c) green space (z-score) and BMI
(kg/m?) for men. Models 1 and 2: multilevel single-exposure models (each neighbourhood characteristic in a separate model) with random intercepts for
neighbourhoods and cities; Model 3: multilevel multiple-exposure model (multiple exposures together). Model 1: analyses are adjusted by age (linear
continuous), age-squared, city GDP per capita (z-score linear continuous), and city total population (z-score log-linear continuous); Model 2 adds individual
education to Model 1; Model 3 adds the other neighbourhood exposures to Model 2. All continuous exposure variables are standardized by country with

mean=0and SD=1.

For neighbourhood greenness, after adjusting for individual
education (Model 2c), associations with BMI among men
and women were null in Chile, slightly positive in Argentina
(women B 0.132; CI 0.009, 0.255), and negative in Mexico
[1-SD higher unit in neighbourhood greenness associated
with 0.187 (CI -0.304, —0.070) and 0.185 (CI -0.306,
-0.064) lower BMI in men and women, respectively] and
Colombia (although weaker). When adjusting for multiple
exposures (Models 3), associations were attenuated to the
null in Argentina and to a lesser extent in Mexico (Figures 1
and 2, and Supplementary Tables S5 and S6).

The positive association between neighbourhood education
and BMI in men from Colombia and Mexico seems to be
stronger among those with less than primary education com-
pared with others (Figures 3 and 4, and Supplementary Table
S7). Individuals with less than primary education living in
neighbourhoods with higher intersection density had higher
BMI in Mexico (men and women) but perhaps lower BMI in
Argentina (women). For green space, although there were no
clear differences across the educational categories in any
country, the BMI of those who did not complete primary ed-
ucation in Mexico, Colombia, and Chile (men) seemed more
negatively associated with greenness.

Discussion

In this study, we explored the variability and characteristics
of neighbourhoods associated with BMI in 43 968 individuals
residing in 3418 neighbourhoods in 1635 cities in four Latin

American countries. We found inverse associations between
neighbourhood education and BMI in Argentina and Chile,
with higher neighbourhood-level education associated with
lower BMI. In Colombia and Mexico, the pattern of associa-
tions was weaker (among women) or opposite (among men).
Moreover, we found no consistent evidence for the associa-
tion between BMI and neighbourhood intersection density or
green space, except for a marginally inverse association with
the latter in Mexico and Colombia. Finally, we did not find
evidence of effect modification by individual SEP in the direc-
tion we hypothesized, except for the negative association be-
tween green space and BMI in Mexico and Colombia, where
associations appear to be negative and stronger among indi-
viduals with the lowest SEP.

Effects of residential neighbourhood environments on
health may vary across geographical space or individual SEPs
[21], with differences in local contexts influencing how much
neighbourhood characteristics matter for the health of local
residents [22]. Previous work has found significant variation
in BMI across neighbourhoods in high-income countries such
as the USA [23] or England [22] but also a considerable range
in neighbourhood variation in BMI in LMICs [21]. To the
best of our knowledge, no prior research has quantified the
neighbourhood variation in BMI in such a wide range of cit-
ies of different countries in Latin America. We found that the
magnitude of the neighbourhood variation in BMI varied by
country—highest in Chile and followed by Argentina—indi-
cating the relative importance of neighbourhoods among the
countries; i.e. in countries with greater neighbourhood
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Figure 2. Adjusted association between neighbourhood (a) education (z-score), (b) intersection density (z-score), and (c) green space (z-score) and BMI
(kg/m?) for women. Models 1 and 2: multilevel single-exposure models (each neighbourhood characteristic in a separate model) with random intercepts
for neighbourhoods and cities; Model 3: multilevel multiple-exposure model (multiple exposures together). Model 1: analyses are adjusted by age (linear
continuous), age-squared, city GDP per capita (z-score linear continuous), and city total population (z-score log-linear continuous); Model 2 adds individual
education to Model 1; Model 3 adds the other neighbourhood exposures to Model 2. All continuous exposure variables are standardized by country with

mean=0and SD=1.

variation, BMI may be more strongly influenced by local con-
ditions than in countries with less variation attributed to
neighbourhoods [21].

Our study showed interesting neighbourhood contextual
education patterns. We hypothesized that neighbourhood edu-
cation would be inversely associated with BMI, independently
of individual and city characteristics. Although this was true
in Argentina and Chile for both men and women, in
Colombia and Mexico, this association was weaker among
women and was actually the opposite among men. Our find-
ings for Argentina and Chile are consistent with large amounts
of evidence—mostly but not limited to high-income countries
[6]—reporting lower BMI in neighbourhoods with higher SEP
[5]. Moreover, we found gender differences in the strength of
the associations: the inverse associations in Argentina and
Chile were stronger among women whereas the direct associa-
tions in Colombia and Mexico were stronger among men.
Differences in the neighbourhood SEP-BMI associations
among countries could be because Argentina and Chile are in
a more advanced stage of epidemiological and nutrition transi-
tions compared with Colombia and Mexico. Our findings for
Colombia and Mexico are aligned with recent research in
Latin America describing a positive association between edu-
cational background and obesity for men living in cities with
lower levels of development [24]. For Argentina, our results
align with others that describe inverse associations between
neighbourhood education and obesity in this country [25].

With some exceptions [26], considerable evidence [8] from
high-income countries has found associations between

greater neighbourhood walkability (commonly using inter-
section density as a proxy) and lower BMI, even including a
study in Latin America [27]. Our null findings could be re-
lated to the unique features resulting from the rapid urbaniza-
tion of Latin America, where higher intersection density does
not necessarily indicate pedestrian-friendly pathways, and en-
gagement in physical activity may even be limited by concerns
of safety and violence [28].

We also tested the hypothesis that individuals living in
greener neighbourhoods have lower BMI, finding mostly null
results. Most of the literature from high-income countries
such as the USA [29], UK [30], Australia [31], or China [9]
described inverse associations between neighbourhood green
space and BMI. Our null findings, with the exception of an
inverse association in Mexico and less clearly in Colombia,
suggest that the association of green spaces with BMI may
not be universal; e.g. safety concerns in green spaces may in-
fluence their use [32].

Neighbourhood effects on BMI may also differ by individ-
ual SEP. We hypothesized that the inverse associations be-
tween characteristics of neighbourhoods and BMI would be
stronger among participants with lower individual SEP than
those with higher SEP. This seems to be true in Mexico and
Colombia, where the negative associations between green
space and BMI appear to be somehow stronger among indi-
viduals with the lowest SEP. In contrast, we found that most
of the associations between neighbourhood characteristics
and BMI did not differ substantially across individ-
ual education.
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Figure 3. Mean differences (95% CI) in BMI per 1-SD higher value in the neighbourhood characteristic by levels of individual education in Argentina,
Chile, Colombia, and Mexico (men). Adjusted multilevel single-exposure models (each neighbourhood characteristic in a separate model) including all
main effects and the interaction between the neighbourhood characteristic (percentage of the population with complete primary education or above/
intersection density/percentage of greenness) and individual education, and random intercepts for neighbourhood and cities. Models are adjusted by age
(linear continuous), age-squared, city GDP per capita (z-score linear continuous), and city total population (z-score log-linear continuous). All continuous
exposure variables are standardized by country with mean =0 and SD = 1. Significant global P-value for interaction: percentage of population with
complete primary education (Mexico; P< 0.05), intersection density (Mexico; P< 0.05), and percentage of green space (Mexico; P< 0.05).

There are a number of important strengths of our work.
To our knowledge, no prior study in Latin America has ex-
amined the importance of neighbourhood features on a large
urban scale or analysed the interplay between proxies of the
social, built, and natural environment and individual BMI.
We included data from 4 countries, 1635 cities, 43 968 indi-
viduals, and linked datasets containing harmonized,
individual-level, neighbourhood, and city indicators. A limi-
tation of our study is the cross-sectional nature of the data,
which prevented us from deriving any type of causality from
our study, and the possibility of residual confounding.
Another limitation is that the definition of ‘neighbourhoods’
varied somewhat across countries and the characteristics of
neighbourhoods were retrieved from different data sources
that were not aligned with the years for which health survey
data were obtained for each country. Therefore, we had to
assume that neighbourhood characteristics were stable across
the years examined (however, the maximum window of time
between surveys and census was only 3 years). The social,
built, and natural environments are much broader and more
complex than the proxy variables that were employed in this
study could reflect. Indeed, it is likely that intersection density
per se might not be a good proxy for neighbourhood walk-
ability in Latin America. We did not include data on neigh-
bourhood infrastructure such as street lighting, security, etc.,
which might also be important determinants of how walkable
the neighbourhoods in our study are. The use of self-reported
weight and height in Argentina is also a limitation, which

likely introduces measurement error and could be affected by
access to care that may differ by SEP.

Conclusions

In summary, our study provided the largest characterization
of the links between social, built, and natural environment
residential characteristics and BMI in cities of Latin America,
suggesting that BMI is potentially and differently conditioned
by neighbourhood features, beyond individual and city char-
acteristics. Our findings suggest that neighbourhood charac-
teristics in Latin America appear to influence BMI differently
from those in the Global North, reinforcing the need for the
generation of further evidence on residential associations in
these settings. Interventions to reduce BMI and its unequal
distribution should primarily encompass improving the
neighbourhood social environment as well as targeted inter-
ventions in the most disadvantaged groups.
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Figure 4. Mean differences (95% Cl) in BMI per 1-SD higher value in the neighbourhood characteristic by levels of individual education in Argentina,
Chile, Colombia, and Mexico (women). Adjusted multilevel single-exposure models (each neighbourhood characteristic in a separate model) including all
main effects and the interaction between the neighbourhood characteristic (percentage of the population with complete primary education or above/
intersection density/ percentage of greenness) and individual education, and random intercepts for neighbourhood and cities. Models are adjusted by age
(linear continuous), age-squared, city GDP per capita (z-score linear continuous), and city total population (z-score log-linear continuous). All continuous
exposure variables are standardized by country with mean =0 and SD = 1. Significant global P-value for interaction: intersection density
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