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Abstract

Background Obesity is a global health problem, and its connection with social and environmental factors is well-
established. Social factors, such as urban segregation, may impact obesity through various mechanisms, includ-

ing food and physical activity environments, as well as social norms and networks. This multilevel study aims

to examine the effect of socio-economic residential segregation of Latin American cities on the obesity of individuals
within those cities.

Methods We analyzed data from national surveys for a total of 59,340 individuals of 18-70 years of age, conducted
in 156 cities across Brazil, Chile, Colombia, and Mexico between 2007 and 2013. We adjusted two-level linear mixed
models for body mass index (BMI) stratified by sex and country, controlling for age, educational level and poverty.
Separate models were built for dissimilarity and isolation segregation indices.

Results The relationships between segregation indices and BMI were mostly not statistically significant, and in some
cases, they were opposite to what was expected. The only significant relationships were observed in Colombian men,
using the dissimilarity index (-7.5 [95% Cl: -14.4,-0.5]) and in Colombian women, using the isolation index (-7.9 [95%
Cl:-14.1,-1.7]).

Conclusions While individual-level factors cannot fully explain differences among people in the same city, segrega-
tion indices may help. However, we found that in some cases, the relationship between BMI and segregation indices
is opposite to what is expected based on prior literature. This should be considered in examining the phenomenon.
Further research on obesogenic environments in segregated neighborhoods could provide valuable evidence.
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Background

Obesity is a global health problem, not only because of
its associated health complications, but also because of
its high economic and social cost [1]. The World Health
Organization (WHO) reports that from 1975 to the pre-
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2016 Food and Nutrition Security Landscape Report that
58% of Latin America and the Caribbean inhabitants are
overweight and 23% are obese, with Chile, Mexico and
Bahamas presenting the highest national prevalence [3].

Obesity is caused by a number of structural, environ-
mental and individual factors. Among these are social
determinants. According to WHO, social determinants
are "the circumstances into which people are born, grow,
work, live and age, including the broader set of forces
and systems that influence the conditions of everyday
life" [4]. This model attempts to explain how health is
affected by the interaction between social determinants
and individual factors. There are two levels of determi-
nants: 1) Structural, which influence social stratification
and define the socioeconomic position of the individual,
such as gender, ethnicity, race, political context; 2) Inter-
mediate, which determine differences in exposure and
vulnerability to health-detrimental conditions, including
material conditions (e.g. housing, characteristics of the
built environment), biological factors such as nutrition or
lifestyles, among other factors [5, 6]. Therefore, the social
determinants of health act at the individual level through
intermediate determinants, but also at the population
level through structural determinants and their interac-
tion with intermediate determinants, causing inequalities
and inequity in health [4].

The most consistent upstream social determinant
of obesity is socio-economic status and inequality. In
higher-income countries, lower socio-economic sta-
tus—and inequality in general—is associated with higher
levels of obesity in adult [7]. In Europa [8, 9] and Latin
America, obesity in children under 11 is linked to lower
socio-economic status and poor environmental condi-
tions, with more obesity where socio-economic depriva-
tion is greater [10—12]. This may occur because families
lack adequate access to healthcare and opportunities for
healthy behaviours, consequently increasing the inci-
dence of childhood overweight due to poor nutrition [8,
13]. This effect manifests not only at the individual level
but also at the population level, shaped by urban segrega-
tion and environmental characteristics.

Urban segregation impacts in the socio-cultural or
social environment (i.e., the way we relate to each other),
something that has been studied extensively. The charac-
teristics of other people, such as family members, friends,
colleagues, neighbors, and other "social network" mem-
bers, importantly correlate with obesity risk. Christa-
kis et al. have shown that obesity spreads through social
networks over time, mainly via siblings and friends.
[14] Some explanations of the perceived effect of social
networks include social contagion (whereby the net-
work influences obesity-related behaviors), social capi-
tal (whereby a sense of belonging and social support
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influence obesity-related behaviors), and social selection
(whereby an individual’s network is a function of simi-
larity of their weight) [15]. A recent systematic review
showed that the strongest social environmental corre-
lates of obesity were social capital and collective efficacy,
however, in general, few social environmental factors
were consistently related to adult obesity [16].

Other important social determinant of health is urban
residential segregation, which refers to the different ter-
ritorial distribution of individuals belonging to a social
group, compared to those belonging to another social
group [17-19]. According to Sabatini, residential segre-
gation can be defined "as the degree of spatial proximity
or territorial agglomeration of families belonging to the
same social group, whether it is defined in ethnic, age, reli-
gious or socioeconomic preferences, among other possibili-
ties" [19]. Massey and Denton define five dimensions to
evaluate residential segregation, the most used are equal-
ity and exposure, measured by the dissimilarity and the
isolation indices [17].

Some authors have studied race, ethnic, or socioeco-
nomic residential segregation in Latin America, particu-
larly in Mexico and Chile, concluding that the sectors
with the lowest income and socioeconomic level are
more segregated, and that larger are cities are more seg-
regated than smaller ones [20-22]. The same is observed
in Colombia and Brazil, where racial residential segrega-
tion is also highly present [23, 24]. The main factors that
influence segregation in Latin America are globaliza-
tion, market deregulation, market diversification in land
use, high degree of insecurity in cities, and the desire for
exclusivity of emerging groups [23-26].

Residential segregation is measured by segregation
indices that compare characteristic of individuals (e.g.,
religion, race, SES) living in a subarea (e.g., neighbor-
hoods) to those of the overall area (e.g., cities) [15, 27].
The indices that are more frequently used in health stud-
ies, particularly in health and obesity research, are the
dissimilarity index, which measures equality; and iso-
lation index, which measures the interaction between
social groups [28-34]. Residential segregation may
have an impact on obesity by shaping the availabil-
ity of resources, access to and promotion of healthy or
unhealthy foods, as well as physical activity resources.
Similarly, the quality and features of homes, infrastruc-
ture, and neighborhood facilities can influence behaviors
and subsequent health outcomes [7].

Diet-related non-communicable diseases, including
obesity, are affected by environmental, social conditions
and some social determinants [35]. Contexts (environ-
ments) that promote less healthy eating are called obe-
sogenic environments. These are characterized by a high
supply of ultra-processed food, low availability of fruits,
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vegetables and other healthy foods, and powerful mar-
keting strategies for less healthy foods [36]. The built
environment is a component of the obesogenic environ-
ment defined as the community’s global structure for the
physical context, including green areas availability, "walk-
ability”, and sunlight access [37], and influences the risk
of obesity through the area of residence, income, time
watching TV, environment "walkability", land use, urban
expansion, and level of deprivation [38].

Residential segregation has been linked to obesogenic
environments that promote unhealthy diets. Various
studies show that residential segregation affects diet and
exercise, concluding that disparities between neighbor-
hoods create disparities both in nutritional and health
status [39-42]. For instance, the distribution of super-
markets, small markets, and food stores is related to the
environment’s socio-economical level, which influences
the diversity of available food types [43]. A 2002 study
in the United States found more supermarkets in the
wealthiest neighborhoods, and three times less alcohol
spending stores than in the poorest ones [44]. Pool and
collaborators in 2018 conducted a longitudinal study of
the relationship between exposure to obesogenic envi-
ronments and race residential segregation. They found
that black women living in highly segregated neigh-
borhoods were 30% more likely to become obese than
black women living in neighborhoods with low levels
of segregation [45]. In relation to gender, according to
Robinovich et al,, the low SES of the neighborhood is
associated with greater obesity in women in Chile. [46] In
relation to race, in 2012 Corral and collaborators found
that the probabilities of being obese for the Afroamerican
population living in highly segregated areas were 26.5%
higher than for those living in areas with low residential
segregation index [39, 47].

Previous studies in the USA indicate that there is an
association between residential segregation and BMI,
with changes in neighborhood racial composition and
economic resources being strong predictors of the dif-
ferences, posing as challenges that it is necessary to con-
tinue searching for mediators between segregation and
BMI in order to plan effective policies [48]. Few studies
have examined the relationship between segregation and
obesity in the large growing cities of Latin America, one
of the most urbanized regions in the world. The literature
in this Region has focused primarily on relating indi-
vidual socioeconomic conditions to nutritional status,
not necessarily on how the grouping of people influences
malnutrition.

In this context, the aim of this study was to examine
the effect of socio-economic segregation of Latin Ameri-
can cities on the obesity of individuals within those cit-
ies. Recognizing the gender disparities highlighted by
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previous research, our research specifically aims to
investigate how socio-economic segregation affects obe-
sity rates differently between men and women in these
urban environments. By considering 156 cities in Brazil,
Chile, Colombia, and Mexico, and employing harmo-
nized survey data from the SALURBAL (Urban Health in
Latin America), we conducted a multilevel analysis that
integrates a gender perspective to better understand the
socio-economic determinants of obesity.

Methods
Data
We used a harmonized dataset built by the SALURBAL
project [49], which contains information for n; = 59,340
individuals of both sexes with ages between 18 and
70 years nested in #; = 156 cities in four Latin Ameri-
can countries: Brazil, Chile, Colombia, and Mexico.
Information is recorded both at the individual and city
levels (Table 1). City units were defined by SALURBAL
as urban agglomerations of at least 100,000 residents in
2010 defined by a collection of adjacent municipalities
(or similar) that are part of the apparent urban extent.
The individual-level variables were collected from
governmental national health surveys, and they include
BM]I, sex, age, and educational level. At the city level, the
dataset includes the SES residential segregation indices
of dissimilarity (equality dimension) and isolation (expo-
sure dimension) constructed from census information for
smaller areas (akin to census tracts or neighborhoods)
in each city [17, 19]. We derived two sets of segrega-
tion indices based on SES proxies: one based on educa-
tion, defined by the proportion of people over 25 years
old (15 years old for Mexico for further details, see the
Supplementary material) who have completed primary
education, and one bases on income defined by the pro-
portion of people living with <2 minimum wages. At the
city level we also included the percentage of people liv-
ing below the poverty line based on governmental socio-
economic surveys performed by each country. Only cities
and individuals with complete information for all the
variables were included in the analyses. For more details
regarding the surveys and variables, see Table 1.

Construction of segregation indices

There are five theoretical dimensions to evaluate resi-
dential segregation. Equality (also known as evenness),
exposure, concentration, centralization, and agglom-
eration [18]. The dimensions are independent from each
other, each of them can be measure by different segrega-
tion indices. The first two dimensions are the most used
in the study of the effects of residential segregation in
health, and the most used indices are the dissimilarity
index and the isolation index, respectively [18, 28, 50].
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Table 1 Variable description and sources
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Level and subindexes Source

Variable name Mean (SD) [Min, Max] / %

Individual Health surveys PNS 2013 - Brazil BMI? 275(5.3)[185,674]
i=1,...,59340 ENS 2010 - Chile Education® None: 18.6%
ENSI 2007 — Colombia Primary: 35.3%
ENSANUT 2012 - Mexico Secondéry:'33.8%
Tertiary: 12.4%
Age [18,31]:31.4%
(31,44]: 32.0%
(44,571: 22.7%
(57,70]: 13.8%
Sex Female: 57.7%
Male: 42.3%

City Census 2010 - Brazil Dissimilarity 0.264 (0.055) [0.113, 0.409]
J=1,..,156 2002-Chile Isolation 0.225 (0.131) [0.085, 0.594]
2005 - Colombia

2010 — Mexico
Socioeconomic surveys PNAD 2010 - Brazil Poverty® 0.376(0.159) [0.044,0.711]

CASEN 2015 - Chile
GEIH 2010 - Colombia
ENIGH 2010 - Mexico

SD Standard Deviation, Min Minimum, Max Maximum, % Percentage, BMI Body Mass Index, PNS Pesquisa Nacional de Saude, ENS Encuesta Nacional de Salud, ENSIN
Encuesta Nacional de la Situacién Nutricional, ENSANUT Encuesta Nacional de Salud y Nutricién, PNAD Pesquisa Nacional por Amostra de Domicilios, CASEN Encuesta
de Caracterizaciéon Socioecondémica Nacional, GEIH Gran encuesta integrada de hogares, ENIGH Encuesta Nacional de Ingresos y Gastos de los Hogares

@ BMI was calculated from measured weight and height in all surveys

b Education was the highest education level completed by respondent of the National Health Survey of each country

€ Poverty was the proportion of the population in the defined geographic area living in households with household income below the national income poverty line

(from census data of each country)

The dissimilarity index represents the proportion of a
group’s population that would have to change residence
to achieve an even distribution across the city area over-
all, while the isolation index measures the probably that
members of a social group share neighborhoods with
only members of the same social group. Both indices
contribute to a better understanding of inequalities.

Dissimilarity index
The dissimilarity index is a measure of equality or even-
ness of a social group in a geographic area, and captures
the proportion of a group’s population, which in this
case corresponds to people who have not completed pri-
mary education, that would have to change residence to
achieve an even distribution [51]. The index ranges from
0 (complete integration) to 1 (complete segregation) [45].
It is calculated as:

ak b

1
dissimilarity; = fznk "B
j J

2 k=1

Where ny is the number of neighborhoods units, ay is
the number individuals of group A in the k™ unit, Ajis
the total number of group A in the j city area, by is the
total number of group B in the k™ unit, and Bj is the total

number of group B in the city area. The city unit consists
of urban agglomerations formed by a collection of adja-
cent municipalities and the neighborhood units consist
of census tract, as defined by each country’s census.

For Brazil, the index is constructed based on house-
hold income, Group A includes individuals with house-
hold income < 2 times the minimum wage; while Group
B include those with household income > 2 times mini-
mum wage. For Chile, Colombia, and Mexico it is based
on completion of primary education by the population
over 25 years old (15 years old for Mexico): Group A
contains individuals with incomplete primary education
and Group B, those with completed primary education.

Isolation index

The isolation index measures the extent to which a social
group lives in neighborhoods where they are exposed only to
other members of the same social group, in this case, people
with the same educational level. It is computed as a weighted
average of the proportion of the social group in each area [51].
The values range from O to 1, where a score near 0 indicates
that the social group is completely integrated with the other
social groups, and 1 means the social group is completely iso-
lated from others, that is, more segregated. It is calculated as:
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n by b
isolationj = E ok Tk
k=1 B/ tk

Where by is the number of group B in the k™ sub-city
unit, B is the total number of group B in the j city area,
and t; is the total population in the k'™ unit. The city unit
is defined analogously to the dissimilarity index.

For Brazil, the index is constructed based on household
income, <2 minimum wage vs. others. For Chile, Colom-
bia, and Mexico it is based on the proportion of the popu-
lation under 25 years old (15 for Mexico) with incomplete
primary education. Mexico’s cut-off age was lower for the
same reason stated for dissimilarity index construction.

Statistical analysis

We conducted an exploratory analysis of the distribu-
tion of the variables stratifying by sex and country. The
response variable of interest is the individual BMI within
the cities, and the exposure variables are both segregation
indices at the city level (Table 1). Adjustment variables
were defined at the individual and city levels (Table 1).
Since city economic conditions may influence both BMI
and segregation indices [20, 25, 52, 53], we controlled for
the city’s poverty and for individual education level. Since
BMI is correlated with age [47], we adjusted for age using
age categories to capture any non-linearities. To account
for the possible correlation between individuals from the
same city and the exposure variables, we used two-level
linear mixed models of continuous response. These mod-
els allow us to partition the variance components in two:
city variance and individual within city variance. Also,
due to the different effects that residential segregation
has on individual of each gender [46, 54], and the differ-
ent stages of nutritional transition in each country [55—
57], we stratified by sex (proxy of gender) and by country
with a random intercept for each city. Additionally, we
separately modeled each segregation index because they
measure two dimensions of the same construct, pos-
sibly leading to collinearity issues if mutually adjusted
[19]. To analyze the variance components, we used a null
model for each of the sex and country strata, which only
included the individual response variable nested in the
cities. Additionally, three analysis models were fitted for
each segregation index, also stratified by sex and country
[58]. The first model included only residential segrega-
tion; the second included segregation and the adjustment
covariates at the individual level, age, and education; the
third was the complete model and it included segrega-
tion and all covariates at the city and individual level. The
complete model can be described as:
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Where segregation corresponds to the dissimilarity or
isolation index; Sy represents the common intercept and
Boj represents the city-specific intercepts; $; and S rep-
resent the coefficients for each of the variables at the city
level; B3 and B4 represent the coefficients for the variables
at the individual level; €;; ~ Normal(0, o2,) corresponds
to the random errors of the model and o2, to the vari-
ance within cities; Bo; ~ NOVWI&ZI(O,O’ZJ') corresponds to
the random component due to variability among cities,
while 0% is the between cities variance. The goodness
of fit of the models was compared using the Akaike and
Bayesian information criterion (AIC and BIC). We car-
ried out a secondary analysis to evaluate the possible
effect modification of SES adjustment variables on segre-
gation indices by adjusting two new versions of the fully
adjusted model, adding an interaction between the segre-
gation variable and the SES adjustment variable (poverty
at city level and education at individual level). We based
our interpretations on the fully adjusted model.

All statistical analyzes were performed in R [59]. All
methods and procedures carried out in the study were
performed in accordance with relevant guidelines and
regulations and the results were reported following the
LEVEL guide [58].

Results

The final dataset consisted of 59,340 individuals (34,254
women and 25,086 men) grouped in 157 cities in Brazil
(n=27), Chile (n=22), Colombia (n=17), and Mexico
(n=91). Table 2 shows distributions of city and individ-
ual-level variables by country. The dissimilarity index
had the highest value in Brazil and the lowest in Chile.
The isolation index had the highest value in Brazil and
the lowest in Mexico. City poverty was highest in Mex-
ico and lowest in Chile.

Mean BMI was highest in Chile and Mexico and
lowest in Colombia. Higher values were observed for
women than men. The Chile survey sample tended
towards older and more educated individuals compared
to that from other countries. At the individual level, we
observed that BMI increases with age for both sexes,
however, in men it stabilizes at a younger age than in
women; on the other hand, for women in Mexico and
Brazil the BMI decreased when education increased,
while the opposite occurred with men (Fig. S1). Fig. 1
displays BMI by segregation levels, stratified by coun-
try. Associations were not consistent between coun-
tries. BMI increased with higher segregation in Chile

BMI;; = [Bo + Poj] + BiSegregation; + B Poverty; + B3Agej; + PaEducation;; + €j;
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Fig. 1 City’s body mass index distribution by sex and country for the explanatory variables in the study. BMI=Body Mass Index. Points represent
cities and lines represent loess smoothers of the relationship between segregation indices and cities mean BMI. Red lines and points represent

females and blue lines represent males

but decreased with higher segregation in Colombia. No
clear associations were observed in Mexico or Brazil.

Table 3 shows mean differences in BMI by selected
city and individual-level characteristics. BMI was gener-
ally higher in older than in younger ages. Higher educa-
tion was associated with lower BMI in women, but the
opposite pattern was observed in most countries in men
(Fig. S1). There were no consistent associations of the
segregation indices with BMI: positive associations were
observed in some countries and inverse association in
others, with most of them not being statistically signifi-
cant. Intraclass correlation coefficients (ICC) in the fully
adjusted models (Tables 3 and 4) ranged from 0.000 to
0.018, showing that most of the variability was within
cities.

Of the 3 models for each segregation index, the
complete model with all the covariates at the city and
individual level was kept for interpretation, which
corresponds to the one with the lowest AIC and BIC
(Table S1). After adjusting for poverty, age and educa-
tion, the relationship between BMI and segregation
suggested effect modification by countries and between
sexes, for both dissimilarity and isolation indices
(Table S2). Also, in some countries, the direction and

statistical significance of associations differed by sex
at the city level, highlighting the case of Chile where
women’s BMI increases when the dissimilarity index
decreases, while the opposite occurs for men (Table 3,
second line of coefficients). The interaction analyses
showed no significant effect modification by poverty or
by individual educational level.

High dissimilarity indicates an unequal distribution
of disadvantaged groups in the urban space, which are
underrepresented in some areas and overrepresented in
others. In this study, this points to an under or over-
representation of people with low SES in certain areas
of the city. In Brazil, Colombia, and Mexico there is a
negative relationship between dissimilarity and BMI for
both men and women (Table 3). This means that BMI
is lower in highly segregated cities, compared to those
where disadvantaged and non-disadvantaged groups
are more equally distributed in the urban space. How-
ever, although the coefficients were high, they were also
imprecise, so that the confidence interval included the
null in all cases except for Colombian men (-7.5 [95%CI
-14.4 — -0.5], p-value=0.0358). In Chile, there was
also a negative association between dissimilarity and
BMI but only for men while the opposite occurs with
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Table 3 Mean differences in BMI associated with city and individual-level variables in fully adjusted model
Females mean differences in BMI (95% Cl) Males mean differences in BMI (95% Cl)
Brazil Chile Colombia Mexico Brazil Chile Colombia Mexico

City level variables

Dissimilarity? -2.3 (-7.5—2.8) 50 (60—160) -65(-13.7—  -16(-61—29) -36(79—08) -23(-95—49) -7.5(-144— -20(-63—22)

0.8) 0.5)
Povertyb 08(-1.2—2.8) -1.7(-12.8— 33(03—6.3) -3.5(-5.8—- 06(-19—23) 4.(-32—12.1) 16(-1.2—44) -18(-4.0—04)
9.4) 1.3)

Individual level variables

Agel[18,30] Ref Ref Ref Ref Ref Ref Ref Ref

Age(31,44] 1.9 (1.7—2.1) 15(08—22) 21(16—26) 27(25—30) 19(1.7—21) 15(08—22) 22(1.7—28) 23(21—-26)

Age(44,57] 24 (2.2—2.7) 23(1.6—3.1) 4.0 (34—4.6) 3.5(3.2—3.8) 22(20—24) 21(14—28) 18(1.1—=24) 24 (2.1—=2.7)

Age(57,70]  24(22—27) 28(0—36) 36(28—43) 32(28—-36) 21(19—24) 21(13—29 1901.1-27) 1.8(1.5—2.2)
Education Ref Ref Ref Ref Ref Ref Ref Ref
None
Education -02 (-04—0.1) -02(-12—0.8) -04(-1.0—0.2) -0.7(-05—0.1) 0.2 (-0.0—04) 02(-1.1—15) 04(-03—1.0) 0.5(0.2-0.8)
Primary
Education -1.0(-1.2—-0.8) -1.5(-25—-0.5) -08(-14—-0.2) -1.0(-1.4—- 10(08—12) 01(-12—14) 05(-02—12) 0.7(04—1.1)
Secondary 0.7)
Education -19(-22—-16) -22(-34—-10) -1.0(-1.9—0.2) -1.9(-2.3—- 09(0.7—12) -08(-23—0.7) 1.2(02—2.2) 1.2(08—1.7)
Tertiary 14)
Random Variance Variance Variance Variance Variance Variance Variance Variance
effects
Betweencity  0.179 0372 0.234 0496 0.115 0.010 0.119 0417
Within city 26.507 24983 20.755 31.925 19.241 17.407 17.003 22.721
ICC 0.007 0.015 0.011 0.015 0.006 0.001 0.007 0018

Results for intermediate models and models without stratification are available in Tables S2 and S3. In bold: confidence intervals that exclude 0, indicating statistically

significant coefficients for the explanatory variable

P-values are available in Table S4

?The index ranges from 0 (complete integration) to 1 (complete segregation)
b Proportion of people living under poverty line

women, indicating that in this country women have a
higher BMI when the city is more segregated, while the
opposite occurs with men; however, confidence inter-
vals also included the null.

Segregation measured by the isolation index also
showed an association with BMI that differed by
country (Table 4). A high isolation index indicates
the grouping of disadvantaged groups in such a way
that the probability of them encountering the major-
ity group gets diminished, which here means limited
opportunities for interaction between people with low
and high levels of education. In Chile and Mexico, iso-
lation had a positive relationship with BMI for both
sexes, indicating that people who live in highly isolated
areas have a higher BMI in these countries. On the
other hand, in Colombia the relationship was negative
and statistically significant for women (5.6 [95%CI 2.1
- 9.0], p-value=0.0120), meaning that women who live
in highly isolated areas have a lower BMI than those
who live in areas with higher exposure to other social

groups. In Brazil, the relationship was positive for
women and negative for men.

Discussion and conclusions

The goal of this study was to analyze the relationship
between BMI and socio-economic residential segrega-
tion, measured from educational level or income. We
expected to find that the most segregated cities would
have more people with obesity and a correspondingly
higher mean BMI. This relationship could be medi-
ated by higher exposure to obesogenic environments in
more impoverished and segregated neighborhoods [40,
43, 50]. Our results add substantial information to the
very limited evidence on segregation and health across
cities in Latin America.

We found that Chile, Mexico, and Brazil show that
urban segregation measured by the isolation index is
positively related to BMI, however, this was not the case
in Colombia. We also found that in Brazil, Colombia,
Chile, and Mexico there was an unexpected negative
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Table 4 Continuous response linear mixed model coefficients for the complete model with isolation index as segregation variable

Females Males
Brazil Chile Colombia Mexico Brazil Chile Colombia Mexico
Fixed effects  Coef (95%Cl) Coef (95%Cl) Coef (95%Cl) Coef (95%Cl) Coef (95%Cl) Coef (95%Cl) Coef (95%Cl) Coef (95%Cl)
(Intercept) 259 (24.9— 26.7 (24.8— 253(23.7— 286 (27.5— 252 (243— 252 (234— 24.0(22.3— 262 (25.1—
27.0) 28.7) 26.9) 29.7) 26.1) 27.0) 25.8) 27.3)
City level
Isolation® 09(-40—58) 78(-40—19.7) -7.9(-141—- 59(-15—134) -33(-74—0.7) 65(-20—15.0) -45(-10.8— 3.7(-36—11.0)
1.7) 1.8)
Poverty® -0.5(-53—44) -76(-232— 56(21—90 -41(-64—- 30(-1.0—70) -24(-129— 24(-12—6.0) -19(-41—04)
7.9) 1.8) 8.1)
Individual level
Agel[18,30] Ref Ref Ref Ref Ref Ref Ref Ref
Age(31,44] 19(1.7—21) 15(08—22) 21(16—26) 27(25-30 19017—21) 16(09—23) 22(16—27) 23(21—26)
Age(44,57]  24(22—27) 23(16—30) 403B4—46) 35(32—38 22Q20—24) 22(14—29 1.7(0.10—=24 2421-=27)
Age(57,70]  24(2.2—2.7) 28(20—36) 36(28—43) 32(28—-36) 21(1.9—24) 21(013—30 19(01.1—26) 18(15—2.2)
Education Ref Ref Ref Ref Ref Ref Ref Ref
None
Education -02(-04—0.1) -02(-1.1—08) -04(-1.0—0.2) -02(-05—0.1) 02(-00—04) 02(-1.1—14) 03(-04—1.0) 0.5(02—0.8)
Primary
Education -1.0 (-1.2—- -1.5(-24—- -0.8 (-1.5—- -1.0 (-14—- 1.0(08—19) 01(-1.1—14) 05(-02—12) 0.7(04—1.1)
Secondary 0.7) 0.5) 0.2) 0.7)
Education -1.9 (21— -22 (34— -1.0 (-1.9—- -1.9(-23—- 09(0.7—1.2) -08(-22—0.7) 11(02—21) 12(08—1.7)
Tertiary 1.6) 1.0) 0.2) 14)
Random Variance Variance Variance Variance Variance Variance Variance Variance
effects
City 0.186 0.320 0.152 0456 0.113 0.000 0.147 0412
Residuals 26.507 24.991 20.765 31.932 19.241 17.386 17.014 22.722
ICC 0.007 0.013 0.007 0.014 0.006 0.000 0.009 0018

Results for intermediate models and models without stratification are available in Tables S2 and S3. In bold: confidence intervals that exclude 0, indicating statistically

significant coefficients for the explanatory variable
P-values are available in Table S4
2The index ranges from 0 (complete integration) to 1 (complete segregation)

® Proportion of people living under poverty line

relationship between the urban dissimilarity segrega-
tion measure and BMIL

Sex was another variable that may have influenced the
results. For example, the isolation index in Brazil pre-
sented an inverted relationship with BMI in men, while
dissimilarity index effect in women in Chile went in the
expected direction. These results are similar to those of
other studies that show that gender disparities in the
prevalence of overweight and obesity differ by setting,
and are potentially influenced by factors like urbaniza-
tion, physical activity, cultural values, and biological fac-
tors [24, 45, 52, 60]. Our findings on gender disparities
are consistent with Robinovich et al. analysis for Chile
in the isolation index, but not in the case of dissimilarity
index. These effects might be explained by factors other
than SES segregation, like psychosocial pathways and
obesogenic environments, [29, 31, 40, 43, 45, 46, 52, 61]
which we did not measure.

Many studies -particularly those based in the United
States- have focused on race residential segregation,
given the pervasive impact of structural racism in shap-
ing living opportunities among Black people [18]. In
Latin America, some authors have studied racial, ethnic,
or SES residential segregation [20, 25]. For example, stud-
ies carried out in Mexico, Chile, Colombia and Brazil
[21-24, 60], showed that there is significant SES residen-
tial segregation and that lower-income households tend
to be more segregated than higher-income households.
In addition, segregation has been increasing [22], large
cities appear to be more segregated than small ones [21],
and segregation is concentrated in the periphery of cities
[23].

SES residential segregation in terms of education
and income is often associated with marked differ-
ences across neighborhoods in social and physical
environments, including limited availability and access
to healthy foods, limited access to healthcare services,
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and limited economic and social mobility [39, 40, 52].
Even in the most segregated areas, the impact of seg-
regation on obesity could be mitigated by changing
the retail food environment in the areas experienc-
ing higher obesity prevalence. However, the placement
of grocery stores in food deserts may not necessar-
ily lead to improvements in dietary behaviors or BMI.
This increase in access will only be effective if coupled
with policies and programs that make healthy choices
affordable and train residents on how to prepare healthy
meals, indicating that SES factors are also very impor-
tant in dietary behaviors [41, 43]. Goodman concludes
that when segregation is measured as exposure, the
food environment likely mediates the relationship
between segregation and BMI [31]. These could serve as
explanations for our findings, many factors are media-
tors between segregation and BMI.

The results of this study support that individual and
contextual factors are important in explaining individual
BMI. The hypothesis was only validated for segregation
measured by isolation index. The effect of residential
segregation on BMI was observed to be influenced by
sex at the individual level and as showed, has a different
strength of association between countries. These differ-
ences could be mediated by other contextual variables
not measured in this study.

The innovative nature of this inter-country study
should be highlighted, given that there are no previous
similar studies, and it is important for the debate on the
contextual determinants of obesity like unhealthy food
environments. However, some methodological limita-
tions of our study -that are also described in the litera-
ture- may affect the interpretation of our results. Some of
these difficulties result from data employed to determine
a person’s SES. Indeed, the effects of segregation on BMI
were studied at the city level and not at the neighborhood
level, although it is in neighborhoods where the greatest
effects of segregation have been studied [40, 43, 50], and
where these effects may have greater relevance for resi-
dent health behaviors. Despite this, our study manages to
show a slight effect on cities (ICC in Tables 3 and 4) on
their inhabitants, which would be expected to increase
when analyzed at the neighborhood level. It could be
explored by future work. Unlike previous studies of
urban segregation at a neighborhood level [17, 19, 24,
62], this research employs a city-level approach to assess
urban segregation. This is due to the small sample sizes
of the national surveys at the neighborhood level, which
impede the estimation of mean BMI for small spatial
units. For this reason, future inter-country studies should
consider an analysis that makes it possible to compare
the effects of urban segregation at neighborhood and city
levels on BMI.
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It is important to identify environmental factors behind
the inequalities affecting people’s health. In Latin Amer-
ica, according to the World Health Organization, 25% of
the disease burden is due to environmental influences,
like urban design, health food availability, marketing
exposure and others [63]. If we add inequalities produced
by the social determinants of health, this percentage
could increase considerably. An adjustment in the meth-
odology for calculating the segregation indices or defin-
ing new indices that are adapted to the Latin American
reality could be advantageous, particularly considering
that in Latin America about 80% of the population lives
in urban areas and these areas are experiencing a pro-
gressive increase in non-communicable diseases [39].
Identifying inequalities and comparing their magnitude
both between countries and within the same country can
contribute to developing public urban development poli-
cies with a health and quality of life perspective.

We conclude that the effect of socioeconomic segre-
gation of Latin American cities on the obesity of indi-
viduals in those cities shows that urban segregation as
measured by the isolation index is positively related to
BMI, except in some groups. Individual-level variables
explain most of the variability in BMI and have a smaller
but more consistent impact than city-level variables. City
level must be considered in the explanation of the phe-
nomenon because the individual level is not enough to
explain the correlation between people living in the same
city. Further studies are needed to establish other factors
that may be involved in the process, such as modifiable
environmental characteristics that could be the target of
future public policies.
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