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Abstract
Objective. This paper explores the impact of contextual
variables at the neighborhood level on a health marker in the
city of Hermosillo, Mexico and discusses the importance of
collaboration between planners and health professional to
minimize the negative effect of contextual factors on urban
health. Materials and methods. Few studies in Mexico
have assessed health outcomes at the intra-urban scale
and their interaction with neighborhood-level contextual
variables. Using spatial analysis and geographical information
systems, the paper explores the association between infant
mortality and an index of socio-environmental vulnerability
used to measure urban contextual factors. Results. Two
high infant mortality clusters were detected within neighborhoods characterized by relatively good environmental
conditions and one in a neighborhood with a poor environment. Conclusions. Our results show the clustering of
high infant mortality areas and some association with built
environment factors in Hermosillo. The results support the
need to reconnect public health and urban planning as a way
to create healthier environments in Mexican cities.

Resumen
Objetivo. Este artículo explora el papel de factores contextuales a nivel de colonia sobre un marcador de salud en
la ciudad de Hermosillo, México y discute la importancia de
la colaboración entre planificadores urbanos y profesionales
de la salud para minimizar el impacto negativo de factores
contextuales sobre la salud de la población urbana. Material
y métodos. Pocos estudios en México han evaluado las
condiciones de salud a escala intra-urbana y su interacción
con variables contextuales a nivel de colonia. Utilizando análisis espacial y sistemas de información geográfica, el artículo
explora la relación entre mortalidad infantil y un índice de
vulnerabilidad socio-ambiental construido para medir factores
contextuales urbanos. Resultados. Dos conglomerados de
alta mortalidad infantil fueron detectados dentro de colonias
caracterizadas por condiciones ambientales relativamente
buenas y uno en una colonia con un ambiente pobre. Conclusiones. Los resultados indican la formación de conglomerados de alta mortalidad infantil y una conexión moderada
con factores del medio ambiente construido en Hermosillo.
Estos resultados apoyan la necesidad de reconectar la salud
pública y la planeación urbana como un método para crear
ambientes más sanos en las ciudades de México.
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W

hile epidemiologists and other health experts
have made considerable progress in understanding the impact of individual-level characteristics on
infant mortality, considerably less is known about how
social and material context at the neighborhood level
affect children’s survival chances within urban areas.
As evidence of the effects of neighborhood context on
health outcomes piles up, especially that of the built
environment, the need to close this research gap grows
in urgency.1-3 The built environment refers to the physical settings for human activity ranging in scale from
homes to neighborhoods and cities, including their supporting infrastructure, such as transportation systems,
open space, buildings, sanitation and derived patterns
of human activity that “can plausibly be considered
determinants of population health.”4
Calls in favor of this theoretical expansion also
emphasize the need to use “true area data” that reflects
the social and physical qualities of place rather than
compositional measurements.5-7 Compositional measurements usually rely on aggregation of individual
socioeconomic characteristics to construct composite
indices that are later used to characterize places in terms
of social deprivation or exclusion.8,9 Instances of these
measurements include summaries of the attributes of
individuals occupying an area, for example, the percentage of unemployed workers in a neighborhood. In
contrast, contextual approaches characterize places using
dimensions that are not reducible to the individual level
because they are part of the built environment. Some
of these dimensions relate to the physical properties
of places where people live, work or play (e.g. number
of neighborhood parks and distance to nearest grocery
store) and some other relate to intangible attributes of
a place resulting from the social interactions occurring
within it (e.g. population density and land use). Elements
of the built environment are not evenly distributed
within cities and are constantly changing, so levels of
exposure vary in space and time creating neighborhoods
which are more health damaging or health promoting.1012
Therefore, the built environment contributes directly to
intraurban health disparities, an area of growing concern
for public health professionals.
In fact, several studies have shown that proximity
to care facilities is correlated with a reduction in infant
mortality rates, both in urban and rural settings.13-15
Recent studies exploring the connection between the
built environment and urban health have found a
positive correlation between green space and different
health outcomes.16-18 These studies link access to urban
parks and community amenities with the increased
engagement of children and adults in outdoor activities and the formation of stronger social ties in urban
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neighborhoods. 19,20 Furthermore, current planning
theories suggest that through urban design, mixed land
use patterns, and adequate transportation systems, it is
feasible to increase walking and other forms of physical
activity, protective factors against obesity and comorbidities like diabetes and heart disease.21,22 The results
of these studies highlights the need to reconnect public
health and urban planning as a way to address many
of the health needs of city residents.
By using a multi-scale set of contextual factors as
explanatory variables, this research aims to explore the
role of material contextual variables at the neighborhood
level in explaining the spatial distribution of infant
mortality rates in the Mexican city of Hermosillo. The
analysis is not intended to make inferences about the
individual-level impacts of these variables but to explore
their spatial association at the neighborhood level.23 It
is hypothesized that unplanned neighborhoods present adverse environmental conditions and generally
have worse health indicators, and conversely, planned
neighborhoods contain better environmental conditions
and are healthier. Therefore, it is not expected that the
health-built environment gradient will be homogeneous
for all the variables across Hermosillo’s neighborhoods. Consequently, the objectives of this research are
threefold: a) to develop evidence for a material based
explanation of public health in midsize Mexican cities,
b) to identify the contribution of the built environment
to urban health disparities, and c) to reflect on the role
that a partnership between urban planners and health
professionals could play reducing health disparities
through the creation of healthier neighborhoods.

Materials and methods
Study area
The city of Hermosillo, Mexico is located in the northwest portion of United States-Mexico border region.
Hermosillo is a growing regional hub for trade, transportation, and specialized services, with a growing
industrial base that includes an automotive assembly
plant and approximately 30 maquiladora plants* that
produce for the global market. During the last decade, the population of Hermosillo grew 3% annually,
above the annual state and national averages. In 2010,
Hermosillo has 784 322 inhabitants, up from 176 600
in 1970.24 The location of Hermosillo, in a low valley

* A maquiladora is a foreign owned/operated factory or assembly plant
established in Mexico under preferential tariff programs created to
encourage the development of industry in Mexico.
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close to a coastal area, facilitates the provision of urban
services and reduces the friction between population
growth and the supply of land for affordable housing.
Nevertheless, a proportion of residents, especially those
living in recently created informal neighborhoods,
lack running water, sanitation, and other basic urban
services. Compared to other cities in Mexico,25 overall
ecological degradation and marginalization is not severe
in Hermosillo and infant mortality is among the lowest
in the state of Sonora (20.4/1000) (table I).

The index comprises the three dimensions that are
often associated with the concept of the built environment: shelter conditions, neighborhood quality, and
city connectivity. The final selection of components
and data indicators for each dimension was based on
conceptual relevance as indicated in the literature and
as well on availability of appropriate data at the local
level.11-12 Final calculations were performed using a set
of variables extracted from the 2000 Mexican census and
fieldwork conducted in 2004, as outlined in table II.
In constructing the BEVI, observations for each
variable within the index were standardized to permit
averaging as the items are measured in different units.
Using a commonly utilized approach,27 we adjusted the
observation for each item to take a value between 0 and
1 using the formula:

Estimating contextual factors
In order to characterize the spatial pattern of contextual factors, we derived a composite built environment
vulnerability index (BEVI), which is aggregated by
areal unit. In conceptualizing the index, we adopted
a definition of vulnerability comprising risk and risk
exposure on the one hand and adaptive behaviors on
the other.26 Adaptive capacity is seen as a key concept
from a planning and public policy perspective because
highlights vulnerability as a social construct that can be
modified through social, technological, institutional and
cultural adaptive mechanisms. A composite index like
this can be a valuable planning and public policy tool
due to its capacity to summarize, contrast, and evaluate
complex realities.

Cij= [Xij-minXi]/[maxXi-minXi]

where: Cij stands for the standardized observation associated with the ith component for census tract j; Xij
stands for the value of the ith component in the index
for census tract j; MaxXi and MinXi stand for the maximum
and minimum values of the ith component for all census
tracts in the city. If a given census tract presents a value
for i equal to the minimum value in city j, the value for
Cij would be zero. On the other hand, the greater the

Table I

Infant mortality and selected social and urban indicators. Hermosillo, Sonora, Mexico, 2005
IMR
2005

Population growth
rate 1990-2000

% of dwellings with…
municipal water and
dirt floors
sanitation

% of migrants*

Average
schooling

Sonora

22.3

1.99

65.0

12.3

5.5

8.2

Hermosillo

20.4

3.13

88.7

8.3

8.0

9.1

* Percentage of population 5 years and over not living in the state or municipality in 1995
Source: XII Censo General de Poblacion y Vivienda, INEGI (2000) and authors’ own calculations

Table II

List of contextual dimensions of vulnerability and its operationalization
Dimension
Shelter conditions

Quality of neighborhood environment
City connectivity

Items in construct
Access to running water/sewage
Durability of material used in walls/roof
Residential density

Measurement
Percentage of housing with water and sewage
Percentage of houses with durable materials
Persons per room

Parks and open space
Degree of urbanization

Hectares of parks/open space per 1000 residents
Road intersections per hectare

Distance to medical facilities
Road connectivity

Kilometers from centroid to major medical facility
Percentage of area serviced by major roads (500m buffer)
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difference between a particular census tract and the
minimum value of that same component in city j, the
higher will be the value of Cij. Therefore, the value of
Cij would range between 0 and 1. Once standardized
values for each individual variable were obtained, we
calculated the summary score corresponding to each
dimension by averaging the value of the relevant individual indicators. In this analysis, we explore contextual
impact using unweighted values. The composite index
estimates the overall environmental context of the different census tracts as follows:
BEVIij = w1Shelterij + w2Communityij + w3Cityij,

where BEVIij is the degree of built environment vulnerability index for census tract i in city j with the requirement
that ∑ Wi= 1.00, where wi represents weights assigned to
each of the three dimension included in the index.
Identifying infant mortality hotspots
Records of infant deaths reported between 2000 and
2003 (n= 673) were obtained from the Health Department of the State of Sonora. Data on live births during
the same period were obtained from the Sonora’s civil
registry (n= 46 105). All the information was integrated
into a geographical information system, using boundary
maps from the 2000 national housing and population
census (INEGI). The research protocol was reviewed
and approved by the Institutional Review Board of the
University of Michigan and by the Bioethics Committee
of El Colegio de Sonora.
A well-known difficulty with small geographical
units such as census tracts is that they typically generate
a low frequency of events such as births and deaths. As a
result of this small area rates can be unstable, often producing disproportionately high figures.28,29 The problem
of small areas can be overcome by adding time and/or
enlarging geographical area units.29,30 The first strategy,
named periodization, aggregates 2–5 years of data. The
second, regionalization, consists of building larger areas
from smaller ones based on physical adjacency and
socioeconomic similarity. In this analysis, we used a
combination of both strategies to calculate infant mortality rates at the neighborhood scale. Infant mortality
rates were calculated by dividing the number of deaths
of children under one year of age by the number of live
births in the period of study.
Spatial analysis
The spatial analysis of infant mortality, as well as the
analysis of the index of vulnerability, is based in two
370

commonly used test statistics for spatial clusters, Moran’s I (global and local) and the Gi* statistic proposed
by Ord and Getis.31 These two statistics complement
each other and preferably are used in combination.
The Moran’s I is a test for spatial autocorrelation and
tells us if high and low infant mortality rates (IMR) are
more clustered that would be expected by pure chance.
To establish a significance test for the local Moran
index, we used the method proposed by Anselin,32 a
pseudo distribution simulation by permutation of the
attribute values among the areas. Based on this pseudodistribution, statistical tests are used to indicate local
index values with alpha 0.05, 0.01, and 0.001. The Gi*
statistic complements the Moran’s I because it indicates
whether the clusters are resulting from the lumping of
census tracts with high IMR or the lumping of census
tracts with low IMR and reveals where the clusters
are located. Hence, the combination of these two tests
improve the analysis in that the Gi* statistics shows the
location of high mortality clusters that often are referred
in the literature as hot spots.33

Results
Maps representing the distribution of each dimension
in the composite index of vulnerability were created
and examined to assess whether there is any observable
spatial pattern. As can be seen in figure 1, Hermosillo
is a city of contrasts with neighborhoods in the central
part showing better environmental conditions in terms
of shelter (map A) and integration to the urban structure
(map C) than peripheral neighborhoods. However, some
central neighborhoods also face a lack of urban amenities and integration to the city, probably as a result of
poor planning during its creation and/or chronic neglect
by municipal authorities.
The composite index of vulnerability showed a significant spatial autocorrelation (Global Moran’s I= 0.62,
with significance of 99%), indicating substantial clustering. The Local Moran’s I significance map (not shown)
indicated four clusters, two of them related to low values
of vulnerability (located at the center and northwest
section of the city), and two related to high values of
vulnerability (southeast and northeast sections).
The values of the Local Moran’s I correlated very
well with observable intraurban disparities in Hermosillo. The southeast section of the city had an explosive
growth in recent times and corresponds to an area of
non-regulated settlements that are occupied by migrant
workers and poor families and have limited public
investment and substandard housing. The northeast
section is also an area comprised of irregular settlements,
a high concentration of poor families, and precarious
salud pública de méxico / vol. 54, no. 4, julio-agosto de 2012
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Figure 1. Spatial distribution of shelter conditions (map a) neighborhood environment (map b), and city connectivity (map c). Hermosillo, Sonora, Mexico, 2005

environmental conditions due to low quality housing,
a lack of urban services, and a peripheral location. Because of their informal character, these neighborhoods
were poorly planned and their physical conditions
have improved slowly probably as a consequence of
the limited fiscal and technical resources characteristic
of most Mexican cities.
In contrasts, at the center of Hermosillo, the map
showed a significant cluster of well-urbanized and wellserved neighborhoods inhabited mostly by middle class
families. The cluster formed in the northwest area of
the city has similar environmental characteristics and is
comprised by neighborhoods where the wealthiest part
of the population of Hermosillo lives. So far, local indicators of spatial autocorrelation were able to distinguish
the intense intraurban disparities in the concentrations
of wealth and poverty in Hermosillo.
The nature of these clusters was explored using
Gi*, as presented in figure 2. Areas marked in dark gray
indicate significant clusters with low values for IMR and
BEVI, while areas marked in black indicate significant
clusters with high IMR and BEVI.‡ Census tracts that did
not form any type of cluster are marked in light gray.

‡

Although the normality of Gi* depends partially on the number of
neighborhoods, following the convention, it is assumed that index
is normally distributed. Significant census tracts are those with zvalues of 1.96 or greater, the 95% significant level for a two-tailed
distribution.
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Map A in figure 2 shows three significant clusters of
high infant mortality; the first in the southwest fringe of
the city, the second at the periphery of downtown, and
the third in the northwest central section. These clusters
are formed where census tracts with infant mortality
rates exceed the city average by a factor of two or three.
The cluster at the southwest section had the highest
rates in the city. This map also displays several clusters
with low infant mortality rates scattered throughout
the city, though any of these clusters was statistically
significant.
The distribution of environmental vulnerability can
be seen in map B in figure 2. The central and northeast
sections of Hermosillo host two large clusters with low
vulnerability levels. These clusters contain most of
the upper-class residential areas in the city, as well as
downtown and other centrally located neighborhoods.
Two large clusters of high vulnerability are apparent in
the southwest and northwest corners of the city. As indicated earlier, most of the neighborhoods within these
clusters are newly created settlements and even some
keep a few semi-rural characteristics. High vulnerability
is concentrated along the edge of the city where urban
expansion adopts the form of unplanned growth.
A comparison of both maps shows that high levels of vulnerability and high mortality rates coincide
spatially in the southeast corner of the city. The high
mortality cluster in this location is contained completely
within the high vulnerability cluster in the same section.
However, this type of co-location is not valid for the two
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Figure 2. Clustering of infant mortality (map a) and environmental vulnerability (map b). Hermosillo, Sonora,
Mexico, 2005

other high mortality clusters identified in the city, which
coincide partially with a cluster of low vulnerability.

Discussion
Exploratory and confirmatory data analysis methods
were used to assess the link between exposure to area
vulnerability and infant mortality in neighborhoods of
Hermosillo. Univariate and bivariate Moran’s I were calculated for all the explanatory variables, the composite
index of vulnerability and the dependent variable. All
the explanatory variables were characterized by positive
spatial autocorrelation, as well as the index. On the other
hand, infant mortality rates, the dependent variable,
displayed low levels of statistically significant spatial
autocorrelation, indicating some degree of randomness
in its spatial distribution. Overall, we found that the link
between environmental conditions and health status
remains elusive, suggesting in part, than a better model
of this relation is probably complex and multifaceted.
Although the results obtained fail to confirm the
expected association between vulnerability and infant
mortality, the study identified hot spots of infant mortal372

ity within the city of Hermosillo. Two of the high infant
mortality clusters are located within neighborhoods
characterized by relative good environmental conditions and one in a neighborhood with a quite precarious
environment.
Indeed, the cluster with the highest infant mortality rates in the city overlaps the cluster with the highest
environmental vulnerability. The neighborhoods within
this cluster have no parks, lack adequate public transportation, are far from medical facilities, housing is of
poor quality and overcrowded, and basic sanitation and
water are not available for most families. All of these
conditions are clearly related to socioeconomic status
and are well known predictors of poor health status.
For example, poorly designed housing, constructed
with low quality materials is associated with dampness,
mold, allergens, and inefficient energy use. In turn, those
are associated with poor respiratory health among infant
and young children.34 In developing countries, the lack
of transport and poor road conditions are closely related
to many negative health outcomes.35 Transport cost and
travel time can be a strong deterrent in the use of health
services, even when care and treatment are desired.36 For
salud pública de méxico / vol. 54, no. 4, julio-agosto de 2012
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many residents of the neighborhoods included in the
cluster, walking can be the primary mode of transportation, especially during the night when the bus service
is interrupted.
These results also underscore that exploratory
analytical methods, such as univariate Moran’s I and
bivariate Moran’s I, can provide an indication of the
potential effect of contextual factors on health outcomes
and the formation of risk areas within cities. As indicated
earlier, there is increasing evidence that neighborhood
context affect the health of individuals living therein and
based in our results, it is not unreasonable to assume that
through better data and more comprehensive models
it can be possible to monitor neighborhoods material
transformation and its impact on health. The primary
advantage of this type of analysis is that spatial variations in morbidity and mortality can be spotted fairly
quickly and correlated with such conditions. Caution
is necessary, however, since the implementation of this
type of analysis face substantial challenges.
First, a major challenge in studying the link between
the built environment and community health is to have
access to data on the built environment that are spatially matched and sufficiently detailed to connect with
specific health outcomes. As suggested by Cummins,7
specific health outcomes are connected with specific
physical and social features of neighborhoods, and only
through the connection of this specificity is it possible
to reconstruct the causal pathway between health and
context. As this study has shown, the advances in the use
of GIS to derive measures of the built environment from
a variety of existing data sources are making it easier to
spatially tie detailed health data with specific data on the
built environment. Still, the datasets available in Mexico
are generally limited to a few basic elements which not
necessarily relate to factors conceptually and practically relevant from a social epidemiology perspective.
The high mortality rates observed in some middle class
neighborhoods in Hermosillo could be the reflection of
the exposure to other environmental factors that were
not included in the construction of BEVI, such as closeness to industrial facilities, availability of safe water, or
air pollution.
Finally, the use of census tracts as neighborhood
surrogates and the lack of alternate geographies (e.g. urban blocks) to conduct sensitivity analysis let unsolved
the so called modifiable areal unit problem (MAUP).
The MAUP refers to sensitivity of results to the size
and form of the areal units for which data was collected
and that is common to ecological studies focusing on
spatial variations of disease and mortality.33 Despite the
advances observed in recent years, datasets featuring
information on exposure and outcome variable still
salud pública de méxico / vol. 54, no. 4, julio-agosto de 2012
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limited in Mexico. In our case, this difficulty limited our
ability to perform such analysis. It is possible that the
spatial pattern of infant mortality in Hermosillo reflects
a mixed residential development, with households of
lower social status located within census tract above
the city average, as noted elsewhere.37 Moreover, it is
likely that using smaller units, such as urban blocks, we
could have detected stronger associations and patterns
not easily detected at the census tract scale.38
Conclusions
This study provides some evidence of the link between
neighborhood material conditions and community
health in Hermosillo. As indicated above, city neighborhoods reporting high infant mortality prevalence are
more likely to be low income residential areas formed
in recent times. They also tend to be poorly planned
and lack basic urban services such as running water and
sanitation. Current urbanization trends in Hermosillo,
including urban sprawl and fragmentation, induce
levels of geographical isolation that might increase the
difficulties of the poor to benefit from the advantages of
urban living. This evidence also underscores the need to
reconnect public health and city planning. After all, the
slum-dwelling conditions created by rapid industrialization and urbanization in some Hermosillo’s neighborhoods are not too distant from the conditions that gave
rise to the close connection between urban planning and
public health at the end of the 19th century.39
Urban planners and public health professional
must collaborate again to improve current and future
health outcomes in Hermosillo through the design and
planning of healthier neighborhoods including adequate
housing, parks, community health centers, and, in
general, decent living conditions. Ultimately, this will
require a long-term effort toward the creation of a transdisciplinary conceptual framework allowing planners
and public health professionals to embrace the concept
that health and social and material environments are
closely linked.4,23,39
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