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We investigated the associations of social and built environment and demographic features of urban areas with
self-rated health among adults living in four Latin American countries. We estimated multilevel models with
harmonized data from 69,840 adults, nested in 262 sub-cities and 112 cities, obtained from the Salud Urbana en
Ameérica Latina project. Poor self-rated health was inversely associated with services provision score at the sub-
city-level and with social environment index at the city-level. We did not identify associations of built envi-

ronment and demographic features with self-rated health. Approaches and policies to improve health in Latin
American should be urban context-sensitive.

1. Introduction

Latin America has high levels of urbanization and high levels of so-
cioeconomic inequality (Becerra-Posada, 2015; UNDP, 2010). This so-
cioeconomic inequality is manifested in cities, with 19 of the world’s 30
most unequal cities located in the region (UN Habitat, 2012). Choices
about how cities develop and grow, how they organize transportation
and land use, how they manage access to quality housing and other
resources, and the social and economic policies they prioritize and
implement will have profound consequences for the health of the resi-
dents in Latin America (Diez-Roux et al., 2018).

Urban environment characteristics of cities may affect health
through a multiplicity of processes including influencing health-related
behaviors through features such as walkability, the location of parks and
green spaces, and access to and advertising for different types of foods.

Other mechanisms may include community stressors such as violence or
lack of safety and the availability of social connections and social sup-
port mechanisms (Hale et al., 2010; Gomez et al., 2019; Hofelmann
et al., 2015; Ou et al., 2018; Rodrigues et al., 2018; Santos et al., 2018;
Sharp et al., 2015). Given residential segregation by race and class,
urban environment features have profound implications for health eq-
uity (Diez-Roux et al., 2018; Vincens et al., 2018a).

Self-rated health is a significant predictor of morbidity and mortality,
as well as health care utilization (Filha et al., 2008; Falk et al., 2017;
Guimaraes et al., 2012; DeSalvo et al., 2005). In addition, it is a valid,
reliable, simple, and easily administered question, commonly used to
characterize health in population surveys (Filha et al., 2008). Studies
have shown that the contextual characteristics of the places where
people live play an important role in self-rated health. For example, in
developed countries, area deprivation has been linked to higher
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prevalence of poor self-rated health even after adjustment for
individual-level characteristics (Poortinga et al., 2008; Omariba, 2010;
Verhaeghe and Tampubolon, 2012; Becares et al., 2012; Wen et al.,
2006). In addition, built or physical environment features such as poor
diversity of land use (Gidlow et al., 2010), poor access to amenities, poor
neighborhood quality, perceived physical disorder, and dissatisfaction
with local services (Poortinga et al., 2008; Becares et al., 2012; Wen
et al., 2006) were also found to be associated with poor self-rated health.

Despite the growing urbanization of low- and middle-income coun-
tries, the relation of urban environmental features to self-rated health
across urban areas in these countries, including Latin America, has been
infrequently examined. Some studies have used multilevel analysis to
simultaneously investigate area and individual-level factors (Vincens
et al.,, 2018b; Santos et al., 2018; Cremonese et al., 2010; Caicedo--
Velasquez and Restrepo-Méndez, 2020; Hofelmann et al., 2015; Lucumi
et al., 2013), but the results have not always been consistent. The area
definitions examined have varied widely from large geographic areas
such as states (Vincens et al., 2018b) to smaller neighborhoods (Vincens
et al., 2018b; Santos et al., 2018; Hofelmann et al., 2015; Cremonese
et al., 2010; Caicedo-Velasquez and Restrepo-Méndez, 2020; Lucumi
et al., 2013). Variables examined have included contextual measures of
socioeconomic status (Hofelmann et al., 2015; Santos et al., 2018; Cre-
monese et al., 2010), measures of income inequality (Vincens et al.,
2018b; Caicedo-Velasquez and Restrepo-Méndez, 2020), measures of
population density (Cremonese et al., 2010; Caicedo-Velasquez and
Restrepo-Méndez, 2020), access to services and infrastructure (Vincens
et al., 2018b; Santos et al., 2018; Cremonese et al., 2010; Caicedo--
Velasquez and Restrepo-Méndez, 2020) and perceptions of neighbor-
hood problems (Hofelmann et al., 2015; Cremonese et al., 2010;
Caicedo-Velasquez and Restrepo-Méndez, 2020; Lucumi et al., 2013).

A recent systematic review concluded that existing studies of
neighborhoods and health in the Latin American region frequently have
small sample sizes and are often based on only one city, region or
country. Heterogeneity across studies does not allow for the identifica-
tion of patterns that could generalize to the largest urban settings of
Latin America (Gomez et al., 2019). While the literature has been
exploring the connection between social environment traits and
self-rated health, research remains scarce on the relationship between
built environment features and self-rated health in the region. In our first
paper, using individual data from four Latin American cities, we
observed that poor self-rated health was associated with a perceived
physical/built-deprived environment (Vaz et al., 2020). Studies, of
which we are aware, have yet to examine the relationship between
objective measurements of built environment characteristics, at city and
sub-city levels, and self-rated health. Therefore, the examination of as-
sociations of standardized urban area measurements with health status
across a large heterogenous sample of cities, allowing within and be-
tween countries comparisons, in Latin America may be especially
informative and this study aimed to address these gaps.

We hypothesized that people living in socially deprived environ-
ments, people living in fragmented environments, and those living in
cities with higher levels of unequal urbanization are more likely to
report poor health. Thus, we used harmonized data from health surveys
from four Latin America countries (Argentina, Brazil, Chile, and
Colombia), linked to social and built environment data, as well as de-
mographic characteristics, for 112 cities to investigate how features of
urban areas are related to self-rated health in adults. Understanding
these associations is relevant for public health policies and urban pol-
icies aimed at improving health, health equity and quality of life in the
region (Becerra-Posada, 2015; Caicedo-Velasquez and Restre-
po-Méndez, 2020).
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2. Methods
2.1. Study design and population

This cross-sectional study used data from Salud Urbana en América
Latina (SALURBAL), Urban Health in Latin America Project, an inter-
national collaboration that studies how urban environments and urban
policies impact the health of city residents throughout Latin America
(Diez-Roux et al., 2018).

The project has compiled and harmonized data on health as well as
social and built environments from all cities of 100,000 residents or
more in 2010, in 11 countries (n=371) (Quistberg et al., 2019). In this
study we used data from Argentina, Brazil, Chile and Colombia, coun-
tries for which survey data on self-rated health was available and had
good quality. In SALURBAL, “city” is defined as a single administrative
unit (e.g., municipio) or combination of adjacent administrative units (e.
g., several municipios) that are part of the urban extent as determined
from satellite imagery (Quistberg et al., 2019). Each “city” is defined
based on its component administrative units (municipios, comunas or
similar depending on the country) and each component administrative
unit is referred to as a “sub-city” unit. In some cases, a city may include
only one sub-city unit, in which case the definitions coincide. More
details are available elsewhere (Quistberg et al., 2019).

The outcome variable, self-rated health, was obtained from the
harmonized health survey data of adults aged 18 or older for the four
countries included in our study. These countries were included consid-
ering the availability and quality of data. Of 97,126 survey respondents
72,184 observations were eligible, but we excluded 2,344 because no
information on self-rated health was available (1,264 questions was not
asked and 1,080 had a missing answer to the question). The final sample
for this study consisted of 69,840 participants. Surveys were designed
for chronic disease surveillance using random probabilistic household
sampling. Survey details are provided in supplementary material
(Table S1).

2.2. Outcome

Self-rated health was assessed in the four countries using a 5-point
Likert scale. While the question asked was similar across the four
countries, “In general, would you say your health is ...” the response
options differed. The response options in Argentina and Chile were
“excellent”, “very good”, “good”, “fair”, and “poor”. In Brazil and
Colombia, the response options were “very good”, “good”, “fair”, “poor”,
and “very poor”. Therefore, a dichotomized self-rated health variable
was created, categorized as 1 = poor health (fair/poor/very poor) and 0
= good health (excellent/very good/good) to allow for comparison be-
tween countries.

2.3. Exposures

The main exposures were social and built environment indicators
and demographic variables, defined at either the sub-city or city level.
We chose within SALURBAL data the indicators that were most aligned
with our theoretical framework for self-rated health. We therefore hy-
pothesized whether specific effects would be better captured with more/
less distal/proximal indicators. In addition, to be consistent with other
studies developed by the SALURBAL project team, the variables chosen
were measured at the same level as those researches (Castillo-Riquelme
et al.,, 2022; Avila-Palencia et al., 2022; Braverman-Bronstein et al.,
2022). See supplementary material for exposures details (Table S2).

The social environment indicators were obtained from national
censuses in each country after harmonization (Quistberg et al., 2019).
Given that they may vary within cities and sub-cities they were diversely
defined either at city or at the sub-city level.

At the sub-city level, three domains (living conditions, services
provision, and educational attainment) were identified using a principal
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component analysis (Ortigoza et al., 2021). They corresponded to
conceptually distinct aspects of the social environment, and all may be
related to self-rated health through various mechanisms including be-
haviors, stressors, and environmental exposures. For each of the do-
mains, the scores were defined as the average of the z-scores of the
indicators in that domain. Higher score values imply better social
environment conditions (Ortigoza et al., 2021). The living conditions
score is composed of three variables: (1) the percentage of households
with piped water inside the dwelling; (2) the percentage of households
with overcrowding conditions (defined as more than 3 people per room,
excluding kitchen and bathroom); and (3) the percentage of population
aged 15-17 attending school. For the construction of the score, the
overcrowding indicator was multiplied by —1 to be in the same direction
as the other indicators. The services provision score refers to services
provided to dwellings. This score included two variables: (1) percentage
of households with access to water source from a municipal public or
private water network; and (2) percentage of households with sewage
system connected to a municipal public or private sewage network. The
population educational attainment score refers to educational achieve-
ment in the overall population. This score included two variables: (1)
percentage of population age 25 or older that completed high school
level education or above; and (2) percentage of population age 25 or
older that completed university level education or above (Ortigoza et al.,
2021).

At the city level, another social environment index was included,
using the following variables from national censuses: (a) proportion of
households with piped water access inside the dwelling; (b) proportion
of households connected to a public sewage network; (c) proportion of
households with more than 3 people per room (reversed); and (d) pro-
portion of the population aged 25 or older who completed primary ed-
ucation or above. The index was defined as the average of the z-scores,
with a higher score indicating a better social environment (Bilal et al.,
2021).

The built environment variables investigated were: intersection
density and population density at sub-city level, landscape isolation and
fragmentation of urban development at city level. Intersection density
measures the number of intersections per square kilometer of area
within the street network. Population density was defined as the pop-
ulation per square kilometer in all the urban patches inside the
geographic boundary. Landscape isolation is defined as the mean dis-
tance (in meters) to the nearest urban patch within the geographic
boundary, weighted by the area (in squared meters) of each patch.
Fragmentation was measured using urban patch density (defined as the
number of urban patches divided by the total area of the geographic
unit) (He et al., 2020; Tian et al., 2020; Zhang et al., 2017). Higher patch
density reflects a higher fragmentation of the urban development.
People living in environments with higher intersection density and high
population density at the sub-city level, as well as higher landscape
isolation and higher fragmentation at the city level, are more likely to
report poor health. These built environment characteristics may be
related to self-rated health through mechanisms involving access to
services and jobs, including access to health services, since they can
represent geographic barriers, especially for city residents living in pe-
ripheral areas of large urban centers (Carrasco-Escobar et al., 2020).

We included total population and population growth, as de-
mographic variables, both at city level. Total population is defined as the
city population in the year of the corresponding census for each country
(2010 for Argentina and Brazil, 2007 for Chile and Colombia), computed
using intercensal projections. Population growth was computed as the
relative difference in the city population between the year of the census
and the 5 years prior (e.g. [population in 2015 - population in 2010]/
population in 2010, for each city in Argentina and Brazil). Considering
that Latin America has high levels of disorganized urbanization,
resulting in patterns of residential segregation and inequality, we hy-
pothesized that people living in cities with higher total population and
higher population growth are more likely to report poor health.
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2.4. Covariates

Individual-level covariates that may be confounders of our main
associations of interest included: age (in years), sex (male and female)
and education (less than complete primary; complete primary; complete
high school; and complete university or higher), and were obtained from
each country’s health survey. The percentage of urban area (defined as
the total built-up urban area divided by the total area of the geographic
unit in meters and multiplied by 100) was also included as a covariate to
account for cities that may spread across areas that include largely
unpopulated sections of land and facilitate interpretation of the frag-
mentation measure.

2.5. Statistical analysis

Descriptive analyses were performed using frequency distributions,
means and standard deviations (SD). Kruskal-Wallis or chi-square tests
were used to compare variables across countries and by status of self-
rated health. Multilevel logistic regressions were used to estimate the
association between individual poor self-rated health and the explana-
tory variables, including random effects for sub-city and city, and a fixed
effect for each country (Larsen et al., 2000). To account for unobserved
factors that may cause variation in self-rated health across different
countries, the model included fixed effects at the country level.

Initially, we fitted a null model to assess the variability of self-rated
health at different levels. We then fit four models, each adjusted for
individual sex, age and education: Model A included each exposure
separately; Model B included all of the social environment exposures
jointly; Model C included built environment and demographic exposures
jointly; and Model D included all of the exposures jointly. Every
explanatory variable was transformed into a Z-score to facilitate inter-
pretation. Median Odds Ratios (MOR) were computed for each model by
taking the exponential of 0.95 multiplied by the standard deviation of
each random intercept (city and sub-city level). We also computed
Variance Inflation Factors (VIF) for model D to assess potential collin-
earity issues.

Analyses were conducted using the glmmTMB package and VIFs
were computed using the performance package, both within the R
software environment. The SALURBAL study protocol was approved by
the Drexel University Institutional Review Board with ID #1612005035.

3. Results

The 69,840 individuals included in this study were distributed in 262
sub-cities nested in 112 cities. The median of participants per sub-city
was 78, ranging from 5 to 3,196 and the median of participants per
city was 506, ranging from 19 to 3,925 (Table 1).

The overall proportion of poor self-rated health was 27.4% (95%CI
= 27.1-27.7). Chile had the highest proportion of poor self-rated health
(41.6%) among its residents, followed by Brazil (29.9%), Colombia
(28.5%) and Argentina (21.6%). The mean age of the study population
was 42.8 years (SD = 16.6), the majority of participants (57.7%) were
female, and 38.5% had completed a high school degree. Although some
differences were observed, the distribution of participants by sex and
education did not differ substantially across countries. Colombia has a
lower mean age because the survey in this country did not enroll in-
dividuals older than 70 years (Table 1).

Living conditions scores were on average highest in Chile (mean =
1.9, SD = 0.7) and lowest in Colombia (mean = 0.1, SD = 1.3). Services
provision scores were also highest in Chile (mean = 1.8, SD = 0.5) but
lowest in Brazil (mean = 0.1, SD = 1.8), whereas educational attainment
scores were lowest in Chile (mean = —0.5, SD = 1.0) and highest in
Brazil (mean = 1.2, SD = 0.8). The social environment index’s values
were on average highest in Chile (mean = 0.9, SD = 0.2) and lowest in
Brazil (mean = —0.03, SD = 0.5) (Table 1).

Mean intersection density (inter./kmz) was lowest in Argentina
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Table 1
Individual level, sub-city and city characteristics in the sample, by country.
VARIABLES TOTAL Argentina Brazil Chile Colombia p-value®
Sample characteristics
Number of participants 69,840 21,451 27,017 2,719 18,653 -
Number of cities 112 33 27 19 33 -
Participants per city
Median (1stQ-3rdQ) 506 (209-818) 511 (417-693) 854 (746-1,113) 85 (34-175) 422 (203-653) -
Min-Max 19-3,925 24-3,925 520-2,568 19-799 65-3,491 -
Number of sub-cities 262 108 27 70 57 -
Participants per sub-city
Median (1stQ-3rdQ) 78 (30-396) 86 (50-340) 854 (746-1,113) 21 (14-48) 202 (67-421) -
Min-Max 5-3,196 7-893 520-2,568 5-241 15-3,196 -
Individual characteristics
Poor self-rated health (%) 27.4 21.6 29.9 41.6 28.5 <0.001
Adjusted poor self-rated health® 27.4 21.9 29.9 37.4 25.1 -
Age m(SD) 42.8 (16.6) 44.7 (18.0) 43.1 (16.6) 46.8 (17.7) 39.3 (14.1) <0.001
Sex (%) <0.001
Female 57.7 56.2 59.0 59.8 57.4
Education (%)" <0.001
Less than primary school 16.2 9.3 21.4 10.8 17.3
Primary school 30.5 36.9 22.0 34.8 34.7
High school 38.5 37.0 38.6 45.9 39.2
Uni. degree or higher 14.8 16.8 18.0 8.5 8.8
Social environment characteristics (individuals within sub-cities within cities)
Living conditions m(SD) 1.4 (1.3) 1.7 (0.9) 1.9 (0.9) 1.9 (0.7) 0.1 (1.3) <0.001
Services provision m(SD) 0.5 (1.5) 0.4 (1.3) 0.1 (1.8) 1.8 (0.5) 0.9 (1.3) <0.001
Pop. educ. attainment m(SD) 0.4 (1.1) —0.3 (0.9) 1.2 (0.8) —0.5 (1.0) 0.1 (0.8) <0.001
Social Env. Index m(SD) 0.22 (0.5) 0.34 (0.3) —0.03 (0.5) 0.93 (0.2) 0.32 (0.7) <0.001
Built environment and demographic characteristics (individuals within sub-cities within cities)
Intersection density m(SD) 27.22 (30.5) 19.21 (28.4) 37.56 (31.1) 38.55 (56.3) 19.80 (19.6) <0.001
Population density m(SD) 8,714 (5,162) 5,115 (3,034) 8,041 (3,596) 7,234 (3,024) 14,044 (4,985) <0.001
Isolation m(SD) 84.28 (37.7) 88.95 (32.7) 71.45 (11.1) 93.79 (39.6) 96.13 (57.2) <0.001
Fragmentation m(SD) 0.46 (0.3) 0.34 (0.3) 0.61 (0.4) 0.29 (0.2) 0.40 (0.2) <0.001
Total population (xl()G) m(SD) 3.33(5.0) 3.16 (5.5) 4.29 (5.7) 2.00 (2.6) 2.32(2.9) <0.001
Population growth m(SD) 6.19 (3.1) 6.18 (2.1) 6.52 (3.4) 6.77 (2.9) 5.65 (3.5) <0.001

¢ p-values refer to Kruskal-Wallis tests (for continuous variables) and chi-square tests (for categorical variables).

@ Proportions of self-rated health adjusted by individual age, sex, and education.

b 1 observation missing.

(mean = 19.2, SD = 28.4) and highest in Chile (mean = 38.6, SD =
56.3), and mean population density (hab./kmz) was highest in Colombia
(mean = 14,043, SD = 4,895) and lowest in Argentina (mean = 5,115,
SD = 3,034). On average, isolation of urban patches (m) was highest in
Colombia (mean = 96.1, SD = 57.2) and lowest in Brazil (mean = 71.5,
SD =11.1), whereas fragmentation of urban expansion (patches/100ha)
was highest in Brazil (mean = 0.6, SD = 0.4) and lowest in Chile (mean
=0.3,SD =0.2) (Table 1). Mean city population (mm. hab.) was highest
in Brazil (mean = 4.3, SD = 5.73) and lowest in Chile (mean = 2.0, SD =
2.6), and mean population growth (%) was highest in Chile (mean = 6.8,
SD = 2.9) and lowest in Colombia (mean = 5.7, SD = 3.5) (Table 1).

Individuals who reported poor health were, on average, more likely
to be older (mean age of 49.4 for poor vs. 40.3 years old for good health),
female (65.8% of females reported poor health and 54.7% of them re-
ported good health), and less educated (65.0% of individuals with
complete primary education or less reported poor health vs. 39.8% of
those reported good health), than those who reported good health
(Table 2).

Sub-city living conditions and services provision scores and city so-
cial environment index were, on average, lower for persons who re-
ported poor health (mean = 1.3 for poor health vs. 1.4 for good health,
mean = 0.4 for poor health vs. 0.6 for good health and mean = 0.1 for
poor health vs. 0.2 for good health, respectively). Population growth (%)
was, also, lower for individuals who reported poor health (mean = 6.1
for poor health vs. 6.2 for good health). On the other hand, sub-city
population density (hab./km?) was higher for those who reported
poor health (mean = 8,927.3 for poor health vs. 8,633.5 for good
health). No significant difference was found between the means of sub-
city population educational attainment scores and intersection density
and city isolation, fragmentation and total population measures for
persons who reported poor health and those who did not (Table 2).

Table 2
Individual level, sub-city and city characteristics in the sample, by self-rated
health status.

VARIABLES Self-rated health p-value®
Good Poor
Individual Characteristics
Age m(SD) 40.3 (15.7) 49.4 (17.2) <0.001
Sex (%) <0.001
Female 54.7 65.8
Education (%)” <0.001
Less than primary school 11.2 29.5
Primary school 28.6 35.5
High school 42.5 27.8
Uni. degree or higher 17.7 7.2
Social environment characteristics
Living conditions m(SD) 1.40 (1.3) 1.29(1.3) <0.001
Services provision m(SD) 0.55 (1.5) 0.38 (1.6) <0.001
Pop. educ. attainment m(SD) 0.39 (1.1) 0.36 (1.1) 0.757
Social Env. Index m(SD) 0.24 (0.5) 0.17 (0.6) <0.001
Built environment and demographic characteristics
Intersection Density m(SD) 27.10 (30.2) 27.54 (31.2) 0.221
Population Density m(SD) 8,634 (5,220) 8,927 (4,998) <0.001
Isolation m(SD) 83.83 (35.8) 85.50 (42.3) 0.784
Patch density m(SD) 0.46 (0.3) 0.46 (0.3) 0.092
Total pop. (x10°) m(SD) 3.35(5.0) 3.27 (5.0) 0.412
Population growth m(SD) 6.20 (3.0) 6.19 (3.2) 0.003

b p-values refer to Kruskal-Wallis tests (for continuous variables) and chi-square
tests (for categorical variables).
? 1 observation missing.

In Model A, living conditions, services provision, population
educational attainment scores and the social environment index were
found to be negatively associated with poor health (OR = 0.86 per SD,
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95% CI = 0.81-0.91; OR = 0.88 per SD, 95% CI = 0.84-0.92; OR = 0.91
per SD, 95% CI = 0.88-0.95; OR = 0.84 per SD; 95% CI = 0.79-0.89,
respectively). Isolation was found to be positively associated with poor
health (OR = 1.06 per SD, 95% CI = 1.01-1.13). Higher population
density and higher total population were associated with lower odds of
poor SRH (OR = 0.95, although confidence intervals included the null)
(Table 3).

In Model B, which includes the social environment exposures jointly,
services provision and the social environment index remained nega-
tively associated with poor health (OR = 0.94 per SD, 95% CI =
0.88-0.99 and OR = 0.89 per SD, 95% CI = 0.82-0.98, respectively),
although association was slightly attenuated. However, the association
of living conditions and population educational attainment with poor
health disappeared (Table 3). In Model C, which includes the built
environment and demographic exposures jointly, the point estimates for
population density and isolation remained unchanged, with higher
population density being associated with lower odds of poor health and
higher isolation being associated with higher odds of poor health (OR =
0.95 and 1.06, respectively) (Table 3).

In Model D, which included all variable together, the services pro-
vision score and the social environment index remained negatively
associated with poor health (OR = 0.93 per SD, 95% CI = 0.87-0.99 and
OR = 0.90 per SD, 95% CI = 0.82-0.99, respectively), with point esti-
mates being very similar to those observed in Model B. However, asso-
ciations of population density and isolation with poor health were
reduced. Higher isolation and higher fragmentation were both weakly
associated with higher odds of poor health, but confidence intervals
were wide. The MOR ranged from 1.14 (sub-city level) and 1.25 (city
level) in Model D to 1.15 (sub-city level) and 1.32 (city level) in the null
model (Table 3). The VIF were below 5 for all exposures and covariates
except for the country fixed effect (VIF = 7.42), living conditions score
(VIF = 5.35) and percentage of urbanization (VIF = 5.26), which in-
dicates that collinearity issues in this model are unlikely (this is
corroborated by the relatively small confidence intervals for the esti-
mated associations) (Fig. S1).

4. Discussion
We investigated whether social and built environment and de-
mographic features were associated with self-rated health among adults

living in Argentina, Brazil, Chile, and Colombia. Our analysis showed
that people living in sub-city units with better services provision (such as

Table 3
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a higher percentage of households with access to water source from a
municipal public or private water network and a higher percentage of
households with a sewage system) and in cities with better social envi-
ronment index (such as higher percentage of households with access to
piped water inside the dwelling, a higher percentage of households with
a sewage system, a higher percentage of the population aged 25 or older
with completed primary education or above, and a less percentage of
households with overcrowded rooms) were less likely to report poor
health, even after controlling for individual and other environmental
characteristics.

One prior study conducted in Brazil investigated the association
between essential services and self-rated health (Vincens, Emmelin &
Stafstrom, 2018b). Similar results were reported related to better basic
infrastructure, at the neighborhood level, such as households with ac-
cess to water, sewage, and other essential services, with good self-rated
health (Vincens, Emmelin & Stafstrom, 2018b). Studies conducted in
high-income countries have primarily concentrated on particular pol-
lutants, such as air-borne hazards or soil contamination, in specific
scenarios. For instance, the spread of treated sewage sludge or residing
near a wastewater treatment plant has been studied (Lowman et al.,
2013; Stellacci et al., 2010). This makes it challenging to compare our
study with previous research.

Water and sewage are important health markers worldwide.
Although they are not perfect markers, they are considered an important
proxy for essential services in the urban area, which can ensure health
and well-being, explaining why they remained in the final model. Both
are influenced by unequal urbanization, marked in Latin American
countries (Pasternak, 2016; WHO, 2015), and are strongly linked to the
social determinants of health (Priiss-Ustiin and Neira, 2016). Less
developed regions, with less education and/or income, for example, may
have less coverage of these services (Trolla, 2014). It is known that the
area’s socioeconomic characteristics can affect chronic disease occur-
rence (Chaix et al., 2010). In addition, the deficiency in the supply of
water and sewage in the place of residence is also related to the greater
susceptibility of individuals to diseases associated with inadequate
sanitation (Teixeira et al., 2014; Ventura and Lopes, 2017). The
increased incidence of these diseases, in turn, can significantly influence
the health conditions in populations (Ferreira et al., 2016).

In addition, our findings are consistent with two other studies, also
conducted in Brazil, which found that higher numbers of individuals per
household (Santos et al., 2018) and lower education (Cremonese et al.,
2010), both at neighborhood level, were significantly associated with

Odds ratios of poor self-rated health associated with social and built environment and demographic characteristics. All models are adjusted for age, sex and education

individual-level and country fixed effects.

VARIABLES Model A Model B Model C Model D

OR (95%CI) p-value OR (95%CI) p-value OR (95%CI) p-value OR (95%CI) p-value
Social environment characteristics
Living conditions 0.86 (0.81-0.91) <0.001 0.99 (0.90-1.09) 0.893 0.98 (0.88-1.08) 0.618
Services provision 0.88 (0.84-0.92) <0.001 0.94 (0.88-0.99) 0.037 0.93 (0.87-0.99) 0.029
Pop. educ. attainment 0.91 (0.88-0.95) <0.001 0.96 (0.90-1.02) 0.175 0.96 (0.90-1.02) 0.229
Social Environment Index 0.84 (0.79-0.89) <0.001 0.89 (0.82-0.98) 0.014 0.90 (0.82-0.99) 0.036
Built environment and demographic characteristics
Intersection density 0.98 (0.94-1.03) 0.390 1.01 (0.95-1.06) 0.833 1.01 (0.96-1.07) 0.680
Population density 0.95 (0.90-1.01) 0.077 0.95 (0.89-1.02) 0.139 1.02 (0.95-1.10) 0.553
Isolation 1.06 (1.01-1.13) 0.035 1.06 (0.99-1.13) 0.064 1.03 (0.97-1.09) 0.360
Fragmentation 1.00 (0.89-1.11) 0.950 1.02 (0.90-1.14) 0.798 1.06 (0.95-1.17) 0.315
Total population 0.95 (0.87-1.03) 0.222 1.00 (0.86-1.16) 0.974 0.97 (0.85-1.11) 0.652
Population growth 1.01 (0.95-1.07) 0.801 0.99 (0.93-1.05) 0.695 0.99 (0.93-1.05) 0.630

OR = odds ratio; 95% IC = 95% confidence interval; MOR = median odds ratio.
Null model MORs = 1.32 (city level) and 1.15 (sub-city level).

Model A: univariable associations. Fragmentation adjusted for percentage of urban area.
Model B: multivariable (social environment exposures only) associations. MORs = 1.26 (city level) and 1.15 (sub-city level).
Model C: multivariable (built environment and demographic exposures only) associations. Adjusted for percentage of urban area. MORs = 1.31 (city level) and 1.15

(sub-city level).

Model D: full model. Adjusted for percentage of urban area. MORs = 1.25 (city level) and 1.14 (sub-city level).
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poor self-rated health, after adjustment for individual factors. Our
findings add to the work by documenting these associations using data
from a large number of cities across several countries and by examining
associations at the sub-city and city level. Interestingly we found that
both sub-city service provision and a summary index of the city social
environment were independently related to poor self-rated health.

It is well established that contextual factors influence the develop-
ment of individual habits that can be favorable or harmful to health,
especially those related to smoking, physical activity and food habits
(Sharp et al., 2015). Higher levels of deprivation and inequality have
been linked to unhealthy diets, smoking, being overweight, as well as
obesity and physical inactivity (Franzini et al., 2005). In addition,
poorer areas usually present characteristics that are unfavorable to good
health such as inadequate healthcare networks, environments that are
not conducive to physical activity, a poorly organized physical envi-
ronment (accumulated garbage, dirtiness, pollution, noise), lack of
public transport, insufficient levels of social cohesion and participation,
greater exposure to violence, as well as overcrowding, deficient basic
sanitation and lack of education (Santos et al., 2018; Cremonese et al.,
2010; Wong et al., 2009; Poortinga et al., 2007; Cummins et al., 2005;
Diez-Roux and Am, 2001). All these factors can result in poorer health
reflected in participant reports.

It is relevant to highlight that all social environment variables, at
sub-city and city levels, were negatively associated with poor self-rated
health in the first model, adjusted only for the individual age, sex, and
education, showing the relationship between better social environment
condition and health. However, after simultaneous adjustment for these
variables, only services provision at sub-city level and social environ-
ment index at city level remained associated with self-rated health.
These associations persisted even after controlling for built environment
and demographic characteristics, suggesting that other mechanisms,
unrelated to the adjustment of variables, may be involved in potenti-
ating an unfavorable health report. These findings also suggest that, for
this dataset water and sewage were more strongly related to deprivation
and poor health than population educational attainment, for example. It
is documented in the literature that lower education in a region pro-
motes unhealthy habits related to food and physical activity, as well as
interfering in the use of health services, contributing to an increase in
the risk of chronic diseases. In addition, lower education in a region has
been related to social stressors, such as violence, which also can impact
the population’s health.

Few studies have investigated the associations of built environment
and city demographic characteristics with self-rated health. Results
regarding the association between population density and poor self-
rated health are conflicting. Findings from a study conducted in Brazil
showed that a higher population density, at neighborhood level, was
associated with poor health (Cremonese et al., 2010). On the other hand,
in Colombia, one study did not find an association between population
density, at the local level, and poor health (Caicedo-Velasquez and
Restrepo-Méndez, 2020). When investigating other health outcomes, a
recent study showed that higher fragmentation was associated with
higher amenable mortality in larger cities (Mullachery et al., 2021).
Fragmentation of the urban development can represent geographic
barriers to accessing health services, especially for city residents living
in peripheral areas of large urban centers (Carrasco-Escobar et al., 2020;
Mullachery et al., 2021). In our analyses, associations of population
density and isolation with poor health disappeared when social envi-
ronment variables were controlled. In the final models, we observed
weak connections between increased isolation and fragmentation with
an increased likelihood of poor health. However, the confidence in-
tervals encompassed the null, indicating a lack of conclusive evidence.
Suggesting that the relation of city urban form with poor health still thus
deserves further exploration.

An additional aspect to address pertains to the unexpected findings
in Chile, which displays the highest prevalence of poor self-rated health
despite being recognized as one of the countries with the highest human
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development index in Latin America (UNDP, 2022). Our study revealed
that Chile exhibited the greatest levels of services provision and a high
social environment index. Paradoxically, it also exhibited the highest
prevalence of poor self-rated health. This incongruity could potentially
be attributed to increased healthcare accessibility (and subsequent dis-
ease diagnosis) in regions of elevated socioeconomic development,
which might provide a partial explanation for this observation (Almeida
et al., 2013; Barraza-Lloréns et al., 2013).

Our study is unique and unprecedented in that we have compiled and
harmonized data on urban environment and self-rated health in more
than 110 cities in Latin America. We were able to study how a range of
sub-city and city-level factors may be related to self-rated health.
Although many studies have focused on health status in urban areas, to
our knowledge, this is the first investigation examining the influence of
social and built environments and demographic features on self-rated
health across multiple cities in the region, with a large sample size.
The study of sub-city and city level factors is especially relevant to
developing local interventions to improve people’s health in the cities.

On the other hand, some limitations should be considered when
interpreting our results. First, despite careful data harmonization, we
still have some limitation of comparability of self-rated health measures
across countries. For example, poor health was much higher in Chile
despite better levels of many of the predictors related to self-rated
health, as discussed above. Adjustment for country as a fixed effect at
least partly addresses this issue. Second, the cross-sectional design of our
study does not allow us to draw causal inferences and confounding re-
mains a possibility. Correlations between some variables (e.g., multiple
social environment measures at the sub-city level) also make it difficult
to identify causal processes. Third, there was a difference in timing
between the surveys (they ranged from as early as 2007 in Colombia to
2013 in Argentina and Brazil) and the timing of the census data. Fourth,
it should be noted that the limited number of countries analyzed in this
study may not provide a comprehensive representation of the entire
Latin American region. Nevertheless, it is worth mentioning that despite
their heterogeneity, these countries share similarities, particularly in
terms of health inequalities. This suggests that there may be comparable
links between these countries and their respective environments. Fifth,
regarding self-rated health, the question asked was similar across the
four countries, but the response options in Argentina and Chile differed
from Brazil and Colombia. The analytical strategy used to allow com-
parisons between countries was to dichotomize the responses. Although
widely used in the literature, this strategy may not capture differences
between all response options. Finally, the areas we examined, even sub-
cities, were large and prominent in geographic size. Investigations of
smaller areas more akin to neighborhoods may find different associa-
tions. Differences in the sizes or areas of studies also limit comparisons
across studies. For example, in our study, environmental characteristics
were described at the sub-city and city levels. In other studies, the
environmental characteristics were described at neighborhood, local,
state, and country levels.

5. Conclusion

In rapidly urbanizing low- and middle-income countries, it is urgent
to identify which urban policies are necessary to improve population
health. Using a large sample size in four Latin American countries we
showed that better sub-city services provisions and a better overall so-
cial environment at the city level were related to lower odds of poor self-
rated health. These results were observed even after controlling for in-
dividual and other environmental features. Our study corroborates with
other studies conducted in the region based in only one city, region, or
country. These findings highlight the importance of prioritizing urban
policies and interventions related to improving sanitary services and
education and reducing overcrowding to improve health and decrease
health inequity in the region.

Continuing to investigate the relationship between urban
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environment and self-rated health in a large sample size in Latin
America would be very useful and informative. Further research may
include objective and subjective measures of the urban environment
simultaneously, more local variables, and equally important and
essential variables of an urban environment, such as climate, services,
and urban equipments, like parks. In addition, using the non-
dichotomized self-rated health scale can help capture differences be-
tween response options unobserved when using a dichotomized
variable.

Funding

The Salud Urbana en América Latina (SALURBAL)/Urban Health in
Latin America project is funded by the Wellcome Trust [205177/Z/16/
Z]. For the purpose of open access, the author has applied a CC-BY public
copyright license to any Author Accepted Manuscript version of this
publication. The funders had no role in study design, data collection and
analysis, decision to publish, or preparation of the manuscript.

Author contributions

CTV, DMC, ACSA, AVDR and WTC conceived the study. CTV drafted
the manuscript. DMC and UMS performed the statistical analyses and
contributed to draft the manuscript. ACSA, FGL, OLSD, AVDR, AALF and
WTC participated in or supported data collection. All authors partici-
pated in the interpretation of results and approved the final version of
the manuscript.

Ethics approval

The SALURBAL study protocol has been approved by the Drexel
University Institutional Review Board with ID #1612005035.

Availability of data and materials

This study used data from SALURBAL project. These data are not
publicly available. The SALURBAL project welcomes queries from
anyone interested in learning more about its dataset and potential access
to data. To learn more about SALURBAL’s dataset, visit https://drexel.
edu/lac/or contact the project at salurbal@drexel.edu.

Declaration of competing interest
We declare no competing interests.
Acknowledgments

The authors acknowledge the contribution of all SALURBAL project
team members. For more information on SALURBAL and to see a full list
of investigators, see https://drexel.edu/lac/salurbal/team/.

SALURBAL acknowledges the contributions of many different
agencies in generating, processing, facilitating access to data or assisting
with other aspects of the project. Please visit https://drexel.edu/lac/
data evidence/data/for a complete list of data sources. The findings of
this study and their interpretation are the responsibility of the authors
and do not represent the views or interpretations of the institutions or
groups that compiled, collected, or provided the data. The use of data
from these institutions does not claim or imply that they have partici-
pated in, approved, endorsed, or otherwise supported the development
of this publication. They are not liable for any errors, omissions or other
defect or for any actions taken in reliance thereon.

The authors also acknowledges to the Coordination for the
Improvement of Higher Education Personnel (CAPES) for scholarship
given to DMC and to the National Council for Scientific and Techno-
logical Development (CNPq) for the productivity scholarships of AALF
and WTC.

Health and Place 83 (2023) 103110
Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.healthplace.2023.103110.

References

Almeida, G., Sarti, F.M., Ferreira, F.F., Diaz, M.D.M., Campino, A.C.C., 2013. Analysis of
the evolution and determinants of income-related inequalities in the Brazilian health
system, 1998-2008. Rev. Panam. Salud Piblic 33 (2), 90-97. https://doi.org/
10.1590/51020-49892013000200003.

Avila-Palencia, 1., Rodriguez, D.A., Miranda, J.J., Moore, K., Gouveia, N., Moran, M.R.,
Caiaffa, W.T., Diez-Roux, A.V., 2022. Associations of urban environment features
with hypertension and blood pressure across 230 Latin American cities. Environ.
Health Perspect. 130 https://doi.org/10.1289/EHP7870, 027010-027011-027010-
10.

Barraza-Lloréns, M., Panopoulou, G., Diaz, B.Y., 2013. Income-related inequalities and
inequities in health and health care utilization in Mexico, 2000-2006. Rev. Panam.
Salud Public 33, 122-130. https://doi.org/10.1590/5s1020-49892013000200007.

Becares, L., Nazroo, J., Albor, C., Chandola, T., Stafford, M., 2012. Examining the
differential association between self-rated health and area deprivation among white
British and ethnic minority people in England. Soc. Sci. Med. 74 (4), 616-624.
https://doi.org/10.1016/j.socscimed.2011.11.007.

Becerra-Posada, F., 2015. Health equity: the linchpin of sustainable development. Rev.
Panam. Salud Public 38 (1), 5-8. https://iris.paho.org/handle/10665.2/10002.

Bilal, U., Hessel, P., Perez-Ferrer, C., Michael, Y.L., Alfaro, T., Tenorio-Mucha, J.,
Friche, A.A.L., Pina, M.F., Vives, A., Quick, H., Alazraqui, M., Rodriguez, D.A.,
Miranda, J., Diez-Roux, A.V., SALURBAL group, 2021. Life expectancy and mortality
in 363 cities of Latin America. Nat. Med. 27 (3), 463-470. https://doi.org/10.1038/
s41591-020-01214-4.

Braverman-Bronstein, A., Vidana-Pérez, D., Ortigoza, A.F., et al., 2022. Adolescent birth
rates and the urban social environment in 363 Latin American cities. BMJ Glob.
Health 7, e009737. https://doi.org/10.1136/bmjgh-2022-009737.

Caicedo-Velasquez, B., Restrepo-Méndez, M.C., 2020. The role of individual, household,
and area of residence factors on self-rated health in Colombian adults: a multilevel
study. Biomedica 40 (2), 296-308. https://doi.org/10.7705/biomedica.4818.

Carrasco-Escobar, G., Manrique, E., Tello-Lizarraga, K., Miranda, J.J., 2020. Travel time
to health facilities as a marker of geographical accessibility across heterogeneous
land coverage in Peru. Front. Public Health 8, 498. https://doi.org/10.3389/
fpubh.2020.00498.

Castillo-Riquelme, M., Yamada, Goro., Diez-Roux, A.V., Alfaro, T., Flores-Alvarado, S.,
Barrientos, T., Teixeira Vaz, C., Trotta, A., Sarmiento, O.L., Lazo, M., 2022. Aging
and self-reported health in 114 Latin American cities: gender and socio-economic
inequalities. BMC Publ. Health 22, 1499. https://doi.org/10.1186/512889-02.2-
13752-2.

Chaix, B., Bean, K., Leal, C., Thomas, F., Havard, S., Evans, D., Pannier, B., 2010.
Individual/neighborhood social factors and blood pressure in the RECORD Cohort
Study: which risk factors explain the associations? Hypertension 55 (3), 769-775.
https://doi.org/10.1161/HYPERTENSIONAHA.109.143206.

Cremonese, C., Backes, V., Olinto, M.T., Dias-da-Costa, J.S., Pattussi, M.P., 2010.
Neighborhood sociodemographic and environmental contexts and self-rated health
among Brazilian adults: a multilevel study. Cad. Satide Publica 26 (12), 2368-2378.
https://doi.org/10.1590,/0102-311X00037814.

Cummins, S., Stafford, M., Macintyre, S., Marmot, M., Ellaway, A., 2005. Neighbourhood
environment and its association with self-rated health: evidence from Scotland and
England. J. Epidemiol. Community Health 59 (3), 207-213. https://doi.org/
10.1136/jech.2003.016147.

DeSalvo, K.B., Fan, V.S., McDonell, M.B., Fihn, S.D., 2005. Predicting mortality and
healthcare utilization with a single question. Health Serv. Res. 40 (4), 1234-1246.
https://doi.org/10.1111/j.1475-6773.2005.00404.x.

Diez Roux, A.V., Am, J.P., 2001. Investigating neighborhood and area effects on health.
Am. J. Publ. Health 91 (11), 1783-1789. https://doi.org/10.2105/ajph.91.11.1783.

Diez-Roux, A.V., Slesinski, S.C., Alazraqui, M., Caiaffa, W.T., Frenz, P., Fuchs, R.J.,
Miranda, J.J., Rodriguez, D.A., Duenas, O.L.S., Siri Vergara, A.V., 2018. A novel
international partnership for actionable evidence on urban health in Latin America:
LAC-urban health and SALURBAL. Glob Chall 3 (4), 1800013. https://doi.org/
10.1002/gch2.201800013.

Falk, H., Skoog, I., Johansson, L., Guerchet, M., Mayston, R., Horder, H., Prince, M.,
Prina, A.M., 2017. Self-rated health and its association with mortality in older adults
in China, India and Latin America—a 10/66 Dementia Research Group study. Age
Ageing 46 (6), 932-939. https://doi.org/10.1093/ageing/afx126.

Ferreira, P.D.S.F., Motta, P.C., de Souza, T.C., Silva, T.P., Oliveira, J.F., Santos, A.S.P.,
2016. Avaliagao preliminar dos efeitos da ineficiéncia dos servigos de saneamento na
satide ptiblica brasileira. Rev Int Ciéncias 6 (2), 214-229. https://doi.org/10.12957/
1ic.2016.24809.

Filha, M.M.T., Szwarcwald, C.L., Junior, P.R.B.D.S., 2008. Measurements of reported
morbidity and interrelationships with health dimensions. Rev. Saude Publica 42 (1),
73-81. https://doi.org/10.1590/50034-89102008000100010.

Franzini, L., Caughy, M., Spears, W., Esquer, M.E.F., 2005. Neighborhood economic
conditions, social processes, and self-rated health in low-income neighborhoods in
Texas: a multilevel latent variables model. Soc. Sci. Med. 61 (6), 1135-1150. https://
doi.org/10.1016/j.socscimed.2005.02.010.

Gidlow, C., Cochrane, T., Davey, R.C., Smith, G., Fairburn, J., 2010. Relative importance
of physical and social aspects of perceived neighborhood environment for self-


https://drexel.edu/lac/
https://drexel.edu/lac/
mailto:salurbal@drexel.edu
https://drexel.edu/lac/salurbal/team/
https://drexel.edu/lac/data
https://drexel.edu/lac/data
https://doi.org/10.1016/j.healthplace.2023.103110
https://doi.org/10.1016/j.healthplace.2023.103110
https://doi.org/10.1590/s1020-49892013000200003
https://doi.org/10.1590/s1020-49892013000200003
https://doi.org/10.1289/EHP7870
https://doi.org/10.1590/s1020-49892013000200007
https://doi.org/10.1016/j.socscimed.2011.11.007
https://iris.paho.org/handle/10665.2/10002
https://doi.org/10.1038/s41591-020-01214-4
https://doi.org/10.1038/s41591-020-01214-4
https://doi.org/10.1136/bmjgh-2022-009737
https://doi.org/10.7705/biomedica.4818
https://doi.org/10.3389/fpubh.2020.00498
https://doi.org/10.3389/fpubh.2020.00498
https://doi.org/10.1186/s12889-022-13752-2
https://doi.org/10.1186/s12889-022-13752-2
https://doi.org/10.1161/HYPERTENSIONAHA.109.143206
https://doi.org/10.1590/0102-311X00037814
https://doi.org/10.1136/jech.2003.016147
https://doi.org/10.1136/jech.2003.016147
https://doi.org/10.1111/j.1475-6773.2005.00404.x
https://doi.org/10.2105/ajph.91.11.1783
https://doi.org/10.1002/gch2.201800013
https://doi.org/10.1002/gch2.201800013
https://doi.org/10.1093/ageing/afx126
https://doi.org/10.12957/ric.2016.24809
https://doi.org/10.12957/ric.2016.24809
https://doi.org/10.1590/s0034-89102008000100010
https://doi.org/10.1016/j.socscimed.2005.02.010
https://doi.org/10.1016/j.socscimed.2005.02.010

C.T. Vaz et al.

reported health. Prev. Med. 51 (2), 157-163. https://doi.org/10.1016/j.
ypmed.2010.05.006.

Gomez, L.F., Soto-Salazar, C., Guerrero, J., Garcia, M., Parra, D.C., 2019. Neighborhood
environment, self-rated health and quality of life in Latin America. Health Promot.
Int. 35 (2), 196-204. https://doi.org/10.1093/heapro/day117.

Guimaraes, J.M.N., Chor, D., Werneck, G.L., Carvalho, M.S., Coeli, C.M., Lopes, C.S.,
Faerstein, E., 2012. Association between self-rated health and mortality: 10 years
follow-up to the Pré-Satide cohort study. BMC Publ. Health 12, 676. http://www.
biomedcentral.com/1471-2458/12/676.

Hale, L., Hill, T.D., Burdette, A.M., 2010. Does sleep quality mediate the association
between neighborhood disorder and self-rated physical health? Prev. Med. 51 (3-4),
275-278. https://doi.org/10.1016/j.ypmed.2010.06.017.

He, S., Yu, S., Li, G., Zhang, J., 2020. Exploring the influence of urban form on land-use
efficiency from a spatiotemporal heterogeneity perspective: evidence from 336
Chinese cities. Land Use Pol. 95 (C) https://doi.org/10.1016/].
landusepol.2020.104576.

Hofelmann, D.A., Diez-Roux, A.V., Antunes, J.L.F., Peres, M., 2015. Association of
perceived neighborhood problems and census tract income with poor self-rated
health in adults: a multilevel approach. Cad. Satde Publica 31 (Suppl. 1), 79-91.
https://doi.org/10.1590/0102-311X00210913.

Larsen, K., Petersen, J.H., Budtz-Jgrgensen, E., Endahl, L., 2000. Interpreting parameters
in the logistic regression model with random effects. Biometrics 56 (3), 909-914.
https://doi.org/10.1111/j.0006-341x.2000.00909.x.

Lowman, A., McDonald, M.A., Wing, S., Muhammad, N., 2013. Land application of
treated sewage sludge: community health and environmental justice. Environ.
Health Perspect. 121 (5), 537-542. https://doi.org/10.1289/ehp.1205470.

Lucumi, D.I., Grogan, K.A., Espinosa, G.G., 2013. Asociacién de la posicion
socioecondmica y la percepcién del ambiente con la autopercepcion del estado de
salud em mujeres de Bogotd, Colombia. Rev. Panam. Salud Ptblic 34 (1), 14-20. http
://www.scielosp.org/scielo.php?script=sci_arttext&pid=51020-49892013
000700002.

Mullachery, P.H., Rodriguez, D.A., Miranda, J.J., Lépez-Olmedo, N., Martinez-Folgar, K.,
Barreto, M.L., Diez-Roux, A.V., Usama, B., 2021. Mortality amenable to healthcare in
Latin American cities: a cross-sectional study examining between-country variation
in amenable mortality and the role of urban metrics. Int. J. Epidemiol. 51 (1),
303-313. https://doi.org/10.1093/ije/dyab137.

Omariba, D.W.R., 2010. Neighbourhood characteristics, individual attributes and self-
rated health among older Canadians. Health Place 16 (5), 986-995. https://doi.org/
10.1016/j.healthplace.2010.06.003.

Ortigoza, A.F., Granados, J.A., Miranda, J.J., Alazraqui, M., Higuera, D., Villamonte, G.,
Friche, A.A.L., Gutierrez, T.B., Diez-Roux, A.V., 2021. Characterising variability and
predictors of infant mortality in urban settings: findings from 286 Latin American
cities. J. Epidemiol. Community Health 75 (3), 264-270. https://doi.org/10.1136/
jech-2020-215137.

Ou, J.Y., Peters, J.L., Levy, J.I., Bongiovanni, R., Rossini, A., Scammell, M.K., 2018. Self-
rated health and its association with perceived environmental hazards, the social
environment, and cultural stressors in an environmental justice population. BMC
Publ. Health 18 (1), 970. https://doi.org/10.1186/512889-018-5797-7.

Pasternak, S., 2016. Habitacao e sadde. Estud. Av. 30 (86), 51-66. https://doi.org/
10.1590/50103-40142016.00100004.

Poortinga, W., Dunstan, F.D., Fone, D.L., 2007. Perceptions of the neighbourhood
environment and self-rated health: a multilevel analysis of the Caerphilly Health and
Social Needs Study. BMC Publ. Health 7 (285). https://doi.org/10.1186/1471-2458-
7-285.

Poortinga, W., Dunstan, F.D., Fone, D.L., 2008. Neighborhood deprivation and self-rated
health: the role of perceptions of the neighborhood and of housing problems. Health
Place 14 (3), 562-575. https://doi.org/10.1016/j.healthplace.2007.10.003.

Priiss-Ustiin, A., Wolf, J., Corvalan, C., Bos, R., Neira, M., 2016. Preventing Disease
through Healthy Environments: a Global Assessment of the Burden of Disease from
Environmental Risks. World Health Organization, Genebra.

Quistberg, D.A., Diez-Roux, A.V., Bilal, U., Moore, K., Ortigoza, A., Rodriguez, D.A.,
Sarmiento, O.L., Frenz, P., Friche, A.A., Caiaffa, W.T., Vives, A., Miranda, J.J.,
SALURBAL Group, 2019. Building a data platform for cross-country urban health
studies: the SALURBAL study. J. Urban Health 96 (2), 311-337. https://doi.org/
10.1007/511524-018-00326-0.

Health and Place 83 (2023) 103110

Rodrigues, D.E., César, C.C., Kawachi, I., Xavier, C.C., Caiafa, W.T., Proietti, F.A., 2018.
The influence of neighborhood social capital on leisure-time physical activity: a
population-based study in Brazil. J. Urban Health 95 (5), 727-738. https://doi.org/
10.1007/511524-018-0293-z.

Santos, S.M., Werneck, G.L., Faerstein, E., Lopes, C.S., Chor, D., 2018. Focusing
neighborhood context and self-rated health in the Pré-Satide Study. Cad. Satide
Publica 34 (5). https://doi.org/10.1590/0102-311X00029517.

Sharp, G., Denney, J.T., Kimbro, R.T., 2015. Multiple contexts of exposure: activity
spaces, residential neighborhoods, and self-rated health. Soc. Sci. Med. 146,
204-213. https://doi.org/10.1016/j.socscimed.2015.10.040.

Stellacci, P., Liberti, L., Notarnicola, M., Haas, C.N., 2010. Hygienic sustainability of site
location of wastewater treatment plants: a case study. II. Estimating airborne
biological hazard. Desalination 253 (1-3), 106-111. https://doi.org/10.1016/j.
desal.2009.11.024.

Teixeira, J.C., Oliveira, G.S., Viali, A.M., Muniz, S.S., 2014. Estudo do impacto das
deficiéncias de saneamento basico sobre a satide publica no Brasil no periodo de
2001 a 2009. Eng. Sanitaria Ambient. 19 (1), 87-96. https://doi.org/10.1590/
$1413-41522014000100010.

Tian, Y., Yao, X.A., Mu, L., Fan, Q., Liu, Y., 2020. Integrating meteorological factors for
better understanding of the urban formair quality relationship. Landsc. Ecol. 35 (10),
2357-2373. https://doi.org/10.1007/s10980-020-01094-6.

Trolla, F.A., 2014. Saneamento: O Despertar de um Setor Estagnado. In: Sennes, R.,
Lohbauer, R.M., Santos, R.M.M., Kohlmann, G.B., Barata, R.S., et al. (Eds.), editores.
Novos rumos para a infraestrutura: eficiéncia, inovacao e desenvolvimento. Sao
Paulo, Lex, pp. 303-321.

UNDP, 2010. Regional Human Development Report for Latin America and the Caribbean
2010. Acting on the Future: Breaking the Intergenerational Transmission of
Inequality 2010. U.N.D. Programme, New York, NY, USA. ISBN 978-9968-794-55-8.
Available at: https://www.undp.org/publications/latin-america-and-caribbean-hum
an-development-report-2010.

UNDP, 2022. Human Development Report 2021/2022: Uncertain Times, Unsettled Lives:
Shaping Our Future in a Transforming World. U.N.D. Programme, New York, NY,
USA. ISBN 9789211264517. Available at: https://report.hdr.undp.org/.

UN Habitat, 2012. State of the World’s Cities 2010/2011. United Nations, London.

Vaz, C., Andrade, A.C., Silva, U., Rodriguez, D., Wang, X., Moore, K., Friche, A.A., Diez-
Roux, A.V., Caiaffa, W.T., 2020. Physical disorders and poor self-rated health in
adults living in four Latin American cities: a multilevel approach. Int. J. Environ.
Res. Publ. Health 17 (23), 8956. https://doi.org/10.3390/ijerph17238956.

Ventura, G.K.A., Lopes, F.W.A., 2017. Infraestrutura de saneamento bésico e incidéncia
de doengas associadas: uma andlise comparativa entre Belo Horizonte e Ribeirao das
Neves Minas Gerais. Cad Geografia 27 (51), 788-805. https://doi.org/10.5752/
p.2318-2962.2017v27n51p788.

Verhaeghe, P.P., Tampubolon, G., 2012. Individual social capital, neighborhood
deprivation, and self-rated health in England. Soc. Sci. Med. 75 (2), 349-357.
https://doi.org/10.1016/j.socscimed.2012.02.057.Vincens et al., 2018a a
Vincens, N., Emmelin, M., Stafstrom, M., 2018. Social capital, income inequality and
the social gradient in self-rated health in Latin America: a fixed effects analysis. Soc.
Sci. Med. 196, 115-122. https://doi.org/10.1016/j.socscimed.2017.11.025.Vincens
et al., 2018b b Vincens, N., Emmelin, M., Stafstrom, M., 2018. The interplay of
contextual layers: a multilevel analysis of income distribution, neighborhood
infrastructure, socioeconomic position and self-rated health in Brazil. Health Place
52, 155-162. https://doi.org/10.1016/j.healthplace.2018.05.012.

Wen, M., Hawkley, L.C., Cacioppo, J.T., 2006. Objective and perceived neighborhood
environment, individual SES and psychosocial factors, and self-rated health: an
analysis of older adults in Cook County, Illinois. Soc. Sci. Med. 63 (10), 2575-2590.
https://doi.org/10.1016/j.socscimed.2006.06.025.

Wong, 1.0., Cowling, B.J., Lo, S.V., Leung, G.M., 2009. A multilevel analysis of the effects
of neighborhood income inequality on individual self-rated health in Hong Kong.
Soc. Sci. Med. 68 (1), 124-132. https://doi.org/10.1016/j.socscimed.2008.09.064.

World Health Organization (WHO), 2015. Progress on Sanitation and Drinking Water:
2015 Update and MDG Assessment. World Health Organization, Genebra.

Zhang, Z., Xiao, R., Yu, W., Liu, Y., Lin, M., Wang, M., 2017. Characterizing factors
associated with built-up land expansion in urban and non-urban areas from
amorphological perspective. Sustainability 9 (8), 1411. https://doi.org/10.3390/
su9081411.


https://doi.org/10.1016/j.ypmed.2010.05.006
https://doi.org/10.1016/j.ypmed.2010.05.006
https://doi.org/10.1093/heapro/day117
http://www.biomedcentral.com/1471-2458/12/676
http://www.biomedcentral.com/1471-2458/12/676
https://doi.org/10.1016/j.ypmed.2010.06.017
https://doi.org/10.1016/j.landusepol.2020.104576
https://doi.org/10.1016/j.landusepol.2020.104576
https://doi.org/10.1590/0102-311X00210913
https://doi.org/10.1111/j.0006-341x.2000.00909.x
https://doi.org/10.1289/ehp.1205470
http://www.scielosp.org/scielo.php?script=sci_arttext&amp;pid=S1020-49892013000700002
http://www.scielosp.org/scielo.php?script=sci_arttext&amp;pid=S1020-49892013000700002
http://www.scielosp.org/scielo.php?script=sci_arttext&amp;pid=S1020-49892013000700002
https://doi.org/10.1093/ije/dyab137
https://doi.org/10.1016/j.healthplace.2010.06.003
https://doi.org/10.1016/j.healthplace.2010.06.003
https://doi.org/10.1136/jech-2020-215137
https://doi.org/10.1136/jech-2020-215137
https://doi.org/10.1186/s12889-018-5797-7
https://doi.org/10.1590/S0103-40142016.00100004
https://doi.org/10.1590/S0103-40142016.00100004
https://doi.org/10.1186/1471-2458-7-285
https://doi.org/10.1186/1471-2458-7-285
https://doi.org/10.1016/j.healthplace.2007.10.003
http://refhub.elsevier.com/S1353-8292(23)00147-8/sref37
http://refhub.elsevier.com/S1353-8292(23)00147-8/sref37
http://refhub.elsevier.com/S1353-8292(23)00147-8/sref37
https://doi.org/10.1007/s11524-018-00326-0
https://doi.org/10.1007/s11524-018-00326-0
https://doi.org/10.1007/s11524-018-0293-z
https://doi.org/10.1007/s11524-018-0293-z
https://doi.org/10.1590/0102-311X00029517
https://doi.org/10.1016/j.socscimed.2015.10.040
https://doi.org/10.1016/j.desal.2009.11.024
https://doi.org/10.1016/j.desal.2009.11.024
https://doi.org/10.1590/S1413-41522014000100010
https://doi.org/10.1590/S1413-41522014000100010
https://doi.org/10.1007/s10980-020-01094&ndash;6
http://refhub.elsevier.com/S1353-8292(23)00147-8/sref45
http://refhub.elsevier.com/S1353-8292(23)00147-8/sref45
http://refhub.elsevier.com/S1353-8292(23)00147-8/sref45
http://refhub.elsevier.com/S1353-8292(23)00147-8/sref45
https://www.undp.org/publications/latin-america-and-caribbean-human-development-report-2010
https://www.undp.org/publications/latin-america-and-caribbean-human-development-report-2010
https://report.hdr.undp.org/
http://refhub.elsevier.com/S1353-8292(23)00147-8/sref48
https://doi.org/10.3390/ijerph17238956
https://doi.org/10.5752/p.2318-2962.2017v27n51p788
https://doi.org/10.5752/p.2318-2962.2017v27n51p788
https://doi.org/10.1016/j.socscimed.2012.02.057
https://doi.org/10.1016/j.socscimed.2017.11.025
https://doi.org/10.1016/j.healthplace.2018.05.012
https://doi.org/10.1016/j.socscimed.2006.06.025
https://doi.org/10.1016/j.socscimed.2008.09.064
http://refhub.elsevier.com/S1353-8292(23)00147-8/sref54
http://refhub.elsevier.com/S1353-8292(23)00147-8/sref54
https://doi.org/10.3390/su9081411
https://doi.org/10.3390/su9081411

	Social environment characteristics are related to self-rated health in four Latin America countries: Evidence from the SALU ...
	1 Introduction
	2 Methods
	2.1 Study design and population
	2.2 Outcome
	2.3 Exposures
	2.4 Covariates
	2.5 Statistical analysis

	3 Results
	4 Discussion
	5 Conclusion
	Funding
	Author contributions
	Ethics approval
	Availability of data and materials
	Declaration of competing interest
	Acknowledgments
	Appendix A Supplementary data
	References


