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Abstract
Background: In low and high income countries alike, disability exacerbates social, economic, and health disparities, in spite of their
differences.

Objective: This study seeks to identify factors that predict the circumstances people with disabilities face, including poverty.
Methods: A cross-sectional study design was employed using census track level data for the cities of Monterrey, Nuevo Leon, and

Dallas, Texas, from Mexico 2010 and USA 2000 census data collections. Two methods, spatial autocorrelation and geographically weighted
regression were used to identify spatial patterns of disability and to explore the relation between disability and context-specific socio-de-
mographic factors.

Results: Results indicated that people with disabilities living below the poverty line experience high segregation levels in the semi-
central zones of Dallas. In Monterrey, people with disabilities clustered in central areas of the city. A Geographically Weighted Regression
(GWR) from both data analyses reported high goodness of fit (R > 0.8 for Dallas data and R > 0.7 for Monterrey data, respectively) and
predictability of disability prevalence when social disadvantage factors such as unemployment, housing insecurity, household living con-
ditions, and lack of education were present.

Conclusions: The divergent and sometimes conflicting trends in practices and policies addressing disability in low and high income
environments renders a reexamination of the framework of disability. An understanding of local characteristics joins a grounded socio-
cultural understanding of the various contexts that shape location-based social networks and political decisions in providing such an anal-
ysis. � 2015 Elsevier Inc. All rights reserved.
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Health is disproportionately distributed across geopolit-
ical and social economic boundaries. Persons of lower
educational levels, income, or occupational status experi-
ence worse health and die earlier than their better-off coun-
terparts, irrespective of their country of residence.1 In fact,
some have documented that people with disabilities are
among the poorest and most excluded demographic groups
in the world.2 Yet, disability report data indicate that
increasing numbers of individuals are reporting disabilities
in the United States.3 Furthermore, individuals with disabil-
ities experience a large number of barriers to health promo-
tion and disease prevention.3 No study to our knowledge
has compared and analyzed disability prevalence profiling
two different socio-economic contexts. Factors of social
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and economic inequity do exacerbate the risk of chronic
illness and disability among people living in low and high
income countries. Through a comparative analysis of health
disparities and disability between two cities, this article
seeks to provide insights into contemporary frameworks
that attempt to understand the intersectionality between
disability and health in diverse geo-social, economic, and
cultural environments.

Twenty-one years after the enactment of the first
disability act in history [Americans with Disabilities Act
(ADA)], the World Report on Disability [WRD] (2011) re-
vealed a chilling trend of disadvantages people with disabil-
ities have faced in both low-income and high-income
countries. These include educational, economic, and gender
disparities in the distribution of resources and overall
health.4 This article reviews the connection between health
disparities and contextual variables and provides several
potential explanations for socio-economic-based dispar-
ities. It reveals that social, spatial, and policy health
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disparities among people with disabilities in Dallas and
Monterrey have remarkably similar contours.

For example, educational completion rate is higher for
people with no disabilities (7.03 years) compared to their
counterparts (5.96 years). In a particularly sobering indica-
tor, educational completion rate among women with dis-
abilities is longer (6.26 years) than their counterparts
without disabilities (4.98 years).4 Across income levels, in-
dividuals with disabilities have limited opportunities and
live in poverty at higher rates than people without disabil-
ities. In the United States, a person with a disability is
18.6% more likely to be unemployed than person without
disabilities and likelier to be a victim of housing and racial
discrimination.5,6 For people with a disability living in
developing countries (where 80% of people with a
disability live), the health disparities are even grimmer. In
Mexico half of the people living in poverty are individuals
with some type of a disability; a majority are unemployed
(85%), uneducated (60%), and have no health insurance
(64%).7,8 Correspondingly, many countries in other parts
of the worlddAfrica, Asia, Latin America, and the Carib-
bean face similar problems.9 Studies have documented a
vicious povertyedisability cycle in which people with dis-
abilities are more likely to live in chronic poverty,10,11

which in turn can lead to disabling conditions.12e14 It is
safe to conclude, therefore that disability is a problem of
disproportional magnitude and inevitably leads to marginal-
ization and spatial exclusion. Gaines (2004), for example,
describes the risk of ghettoization in housing for individ-
uals with disabilities that contributes to limited access to
services and necessary resources.15 Assessments of meth-
odological approaches such as geomapping and spatial
applications have been used to assess the level of segrega-
tion affecting people with disabilities who live in low-
income environments.16,17 Goli and colleagues (2014), for
example, found evidence that the prevalence of a disability
follows patterns in residential and gender distribution and
these patterns reflect poverty and health inequity, causing
spatial agglomeration and clustering of ‘‘hot’’ and ‘‘cold’’
spots of disability.18

Within this context, this paper seeks to describe and
analyze disability prevalence in two distinct socio-
economic geographical contexts. It postulates that factors
of social and economic inequity may exacerbate health risk
among populations, creating chronic illnesses and disabling
situations in both low and high income countries.
Conceptual framework

Theories of disability have long recognized the impor-
tance of both the person and environment in understanding
the nature and causes of disability.19,20 To underscore the
interaction between individuals with disability and their
environment, the study used the person-in-environment the-
ory, which examines the role of social structures in human
development and critiques the approaches that are solely
focused on individual factors.21 An important piece of the
person-environment framework is the concept of space
and place. Space (the subjective livelihood of people) and
place (the environmental surroundings) have a qualitatively
distinguishable conceptual meaning.22 Space can be a sub-
jective construct that goes beyond its personalization,22 but
the meaning and usage of space can have a profound impli-
cation for disability and poverty indicators. It is within this
thought and conceptualization that the social model of
disability is to be re-evaluated.23

Empirical research has documented the etiology of many
conditions that lead to disability, including environmental
factors such as water, sanitation, and hygiene, pollution
and other disabling environments such as political decision
making, architectural factors of modernity and factors of
social-cultural norms that are identifiers of geo-social and
cultural environments.24e26 Likewise, research has demon-
strated a strong correlation between conditions of poor
health and low levels of social and human development.14

People with a disability who may lack access to social ser-
vices, educational, and labor opportunities are more likely
to be poor, marginalized, or socially excluded than their
fully-able counterparts.7,12 A reciprocal effect of enhanced
vulnerability to chronic illness and impairments among
people living in low socio-economic environments has also
been reported.9

This study highlights the complex nature of individuals
and their socio-environmental relations, particularly for
people with a disability and their spatial and social
representations.
Methods

Study area

The research explores the geographical inequities in
disability in relation to census based socio-demographic
factors of two cities: Monterrey, Mexico, and Dallas, Texas
(Fig. 1 provides a locator map). Monterrey is the capital
city of the state of Nuevo Le�on and is the third largest
metropolitan area in Mexico with a population of 4.19
million people. The Dallas-Forth Worth metropolitan area
is the 9th largest metropolitan area in the United States,
with a population of 6.5 million; the county considered here
has 2.2 million.

Study analyses included all census tract areas considered
part of the urban metropolitan area of Monterrey, and the
most populated county in Dallas, Dallas county. The objec-
tive was to enhance sample parsimony and the representa-
tiveness of the population. The cities were chosen for this
analysis because they have a long historical relationship
in which immigrants from Monterrey settle in Dallas.
Table 1 provides detailed information regarding the number
of people with disabilities included in the final study.



Fig. 1. Locator map.

Table 2

Census-based socio-demographic characteristics

Variable Total number

Monterrey

Illiterate population (over 15 years) 80,949

Unemployed 80,156

No health coverage 901,029

Households with no social goods* 2859

Households with more than 2.5 people/bedroom* 208,413

Dallas county

Not enrolled in school 273,642

House owner with no vehicle 14,073

House renter with no vehicle 51,175

Unemployed 120,271

* Social goods in this study are: electricity, water, household utilities, car,

telephone, TV, computer, internet, and number of people sharing a

bedroom included as criteria in defining the level of marginalization in

Mexico by the National Population Council in Mexico (Consejo Nacional

de Poblaci�on, 2010).48

Source: US Census Bureau 200046; INEGI 2013.47
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Data

Data for this study on disability cases were obtained
from 2000 U.S. Census survey and Mexico’s 2010 Popula-
tion and Housing Census survey. Both data represented the
second historical instance of official data collection on
disability in their respective countries. Census surveys used
census long-forms and probabilistic sampling strategies.
The chief reason the study does not use data from the
2010 U.S. Census is that it did not gather disability data
on census track level. Instead the census used estimates
from the American Community Survey as a substitute of
the long-form in the 2010 survey. Both countries’ surveys
included constructs of physical, sensory, or mental condi-
tions as well as constructs of self-care and states of indepen-
dence in daily living activities. The framework excludes
data on employment and mobility from the 2000 U.S. ques-
tionnaire because they are known to be misleading.27 The
outcome variable in the present analysis is disability as a
composite variable encompassing all types of disabilities.
Methods of analysis

The research used a combination of spatial methods im-
plemented in two steps of data analysis: (1) descriptive, and
(2) analytical. The first used Moran’s global (I) and local
index (Ii) of spatial autocorrelation to identify clusters of
disadvantaged areas (tracts) with people with disability.28

The global Moran’s index (I) determines whether the
spatial distribution of a population (i.e. people with disabil-
ities) is concentrated, random, or dispersed. The local
Table 1

Number of people with disabilities in both geographic areas

Monterrey, N.L. Dallas county, Texas

Total Percentage Total Percentage

Men 93,599 50.5% 1,815,503 50.3%

Women 91,828 49.5% 1,790,039 49.7%

Source: US Census Bureau 2000; INEGI 2013.
Moran’s index (LISA) measures the agglomeration process
at the census tract level and identifies four potential spatial
agglomeration patterns.29

(i) Disability cores. High value census tracts sur-

rounded by high value census tracts (Hot spots,
HH: highehigh).
(ii) Disability free cores. Low value census tracts

surrounded by low value census tracts (Cold
spots, LL: LoweLow),
(iii) Disability islands. High value census tracts sur-

rounded by low value census tracts (Spatial
outlier, HL: HigheLow)
(iv) Disability free islands. Low value census tracts

surrounded by high value census tracts (Spatial
outlier, LH: LoweHigh).
When census tracts with high and very high concentra-
tions of disability areas overlap, spatial cores and islands
in the agglomeration layer create disability clusters.28 HH
and HL in the agglomeration layer are the high disability
cores and islands respectively; their neighboring High and
Very-high census tracts are areas of dense disability concen-
tration. The spatial combination of both cores and islands
and their areas of influence constitute the potential clusters
of disability. The importance of these relationships is in their
ability to improve the process of problem identification and
prioritize problem-solving on concrete data and locality.

The second phase applied the Geographically Weighted
Regression (GWR) to determine the spatial dependence of
disability on predictors such as household characteristics
and conditions, education, employment, and health
coverage. The GWRmodel has considered gender and racial
effect on disability. Table 2 indicates socio-demographic
characteristics for the population living in Dallas and
Monterrey. Variables indicating living conditions could
not be equalized because they did not measure the same



Fig. 2. A) Geoda global (Moran Scatter) and local indicator of spatial association. B) Geoda global (Moran Scatter) and local indicator of spatial association.
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parameters. It is important to note that the demographic data
in Table 2 represents people living in disadvantaged condi-
tions who may or may not have a disability. Additionally,
data regarding health insurance coverage on a census tract
level was not available from the U.S. census data and was
therefore not included in the U.S. regression model.

Akaike Information Criterion (AICc) was used to deter-
mine the optimal number of neighboring tracts that form
clusters with disability.30 The regression analysis permits
the identification of spatial trends in disability prevalence
related to social and economic inequalities.31 Separate
GWR models evaluated the gender, race, and ethnic dispar-
ities in disability prediction by considering adjusted
R-square values and coefficient estimates at the 5% signif-
icance level. The importance of using these two methods of
estimates (the Moran index and GWR) is that it allows for
identification of spatial clusters and combines maps with
statistical graphics important in mapping public health
problems such as disability.28
We used two programs for mapping and visualization of
the analyzed information: (1) GeoDa version 13.0 used ge-
ostatistical data to calculate the process of spatial agglom-
eration, and (2) ArcGIS version 10.1 analyzed the GWR
and mapped the disparities in disability in both cities.
Results

Results from the spatial autocorrelation analysis in Mon-
terrey showed positive results (Moran’s I 5 0.41, p-value:
0.001) and indicated areas with high disability clusters in
the inner urban zones of the Monterrey metroplex. Like-
wise, results from the spatial autocorrelation analysis for
disability in Dallas county indicated positive spatial pat-
terns (Moran’s I 5 0.368, p-value: 0.001) and disability
clusters located in the southeastern part of the county (high
rate of disability prevalence, surrounded by other high rate
areas (HigheHigh)) (Fig. 2). The study focuses on the



Fig. 3. Disability, ethnicity and race.
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regions with high prevalence of disability located in low
prevalence areas in central and semi-central zones in both
cities (HigheLow) (see LISA Cluster maps, Fig. 2).

Disability statistics of selected socio-demographic fac-
tors showed that White residents dominate in the study area
in Dallas County, followed by Hispanic and African Amer-
ican residents with disabilities. African Americans and His-
panic people conformed to spatial patterns of population
concentration (clusters) (Fig. 3). A small number of indig-
enous tribes, including the N�ahuatl, Huasteco and Otom�ı,
conform to an ethnic pattern in Monterrey (124 households
(N 5 2312)), with high densities in some areas but no
pattern of spatial concentration (Fig. 3).

A set of proxy variables measured the state of poverty
for people with disabilities living in Dallas county and
Monterrey (i.e. education, employment, health insurance;
house and car ownership; household conditions of living)
(see Table 2). Overall, the visualization of the data showed
clear patterns of clustered areas of people with disabilities
in Dallas county who also live below the poverty line and
overlap with areas of different minority groups (see
Figs. 3 and 4). Likewise, patterns of marginalization in
Monterrey have been observed in the periphery and some
central and semi-central areas of the city (Fig. 4).
Fig. 4. Poverty and m
Spatial distributions of the disability factors under inves-
tigation showed evidence of spatial clustering based on the
statistically significant GWR results ( p 5 0.005). The
AICc values decreased (see Tables 3 and 4) while adjusted
R-square values increased from 0.7 (OLS) to 0.8 (GWR) for
the Dallas disability model, and from 0.6 (OLS) to 0.7
(GWR) for the Monterrey disability model. The results ob-
tained from both cities; OLS and GWR models (coefficient
estimates and model performance indicators) appear in
Tables 3 and 4 In addition, Fig. 5 shows a set of maps
for all local R-square values to compare the results of the
GWR model for Dallas County and Monterrey.

GWR results for Monterrey showed high predictability
(R-square is over 0.6). Disability prevalence in Monterrey
was highly predictable by two factors: poor household con-
ditions and unemployment, both contributing to the
poverty-building framework. Moreover, predictability of
disability was sensitive to ethnicity. Highest model fit
(R-square of 0.78) was reported after ethnicity was included
as a factor variable in the model. Finally, disability was pre-
dicted in semi-peripheral and semi-central zones of the
metropolitan area (Fig. 5). Although the degree of predict-
ability varied from place to place, it is evident that aggra-
vating social factors such as poverty, unemployment, and
arginalization.



Table 3

Predicted disability in Monterrey

Variable OLS R2 GWRR2
OLS

AICc

GWR

AICc b

Poor

education

Not

employed

No health

coverage

Indigenous

ethnicity

HH with

2.5p./room

HH no social

goods

Disability (total) 0.618 0.747 16,867 16,626 H:72

L:�8

H:1.2

L:�0.7

H:1.5

L:�0.2

H:0.22

L:�0.05

H:3.5

L:�2.5

H:0.6

L:�0.7

H:4.2

L:�9.2

Disability (female) 0.639 0.699 15,471 14,755 H:18

L:�12

H:1.5

L:�0.7

H:0.47

L:�0.4

H:0.49

L:�0.4

H:1.56

L:�1.35

H:1.39

L:�0.85

H:3.18

L:�2.4

Disability (male) 0.643 0.784 15,344 14,254 H:23

L:�5

H:0.64

L:�0.3

H:0.66

L:�0.17

H:0.08

L:�0.02

H:1.7

L:�1.3

H:0.3

L:�0.3

H:2.08

L:�4.06

H: high value; L: low value; p < 0.05.

439S.P. Nikolova et al. / Disability and Health Journal 8 (2015) 434e442
poor household conditions shape the in-place prevalence of
disability in Monterrey. Likewise, disability analysis of data
from Dallas County included four separate regressions for
males and females, two of which included ‘‘race’’ as a fac-
tor in the GWR model.

Overall, employment and house ownership emerged as
important predictors of disability prevalence in the county.
The first model showed a strong prediction effect on the
outcome variable for females, including education, employ-
ment, house (renting/owner) and vehicle ownership as
regression factors. Compared to the model predicting
disability among males in low-income households, the only
stronger predictors were employment and house ownership.
Interestingly, education had a strong prediction effect on
disability among females. Additionally, adding variables
of race and ethnicity in the models improved the overall
model fit (improved R-square), and decreased the AIC cri-
terion from 4347 to 4225 for a GWR model with female
data and from 4441 to 4223 for the GWR model with male
disability data (see Table 4).
Discussion

This study was designed to explore the spatial variation
of disability prevalence in two different socio-economic
and cultural environments. To this end, spatial autocorrela-
tion methods such as the global and local Moran’s tests were
used to identify areas with high and low disability concen-
tration for each tract area in Monterrey and Dallas county.
Additionally, geographically weighted regression was used
to estimate and compare the predictability of disability by
gender and racial/ethnic origin in both urban settings. The
results of the performed spatial analysis in the two settings
are quite revealing on several fronts.

One of the important findings from this study is the sim-
ilarity observed in disability patterns in resource-scarce en-
vironments. The index of spatial autocorrelation (I 5 0.41,
p < 0.001 Monterrey; I 5 0.36, p < 0.001 Dallas County)
indicated favorable cluster patterns, meaning that people
with disabilities were more likely to form spatial clusters
that were not random. Previous research tends to support
the interpretation of a link between socio-economic status
(SES), i.e. low-income environments and disability status
correlate with patterns of spatial segregation. For example,
disability and chronic illness have been linked to unemploy-
ment and place of residence.32 Støver and associates (2012)
found that unemployment increased the risk of receiving a
subsequent disability pension.32 Other studies on healthy
and safe communities reported very substantial differences
in the quality of available resources in low and high-
income places. For example, low-income environments have
fewer stores selling fresh produce, and more selling liquor;
higher crime rates, and fewer recreation areas.33,34 By add-
ing a market dimension to where people with a disability
live, there is a possibility that the unhealthy produce could
increase poor outcomes for people with disability. There-
fore, using geomapping to understand social and spatial pat-
terns is important in identifying the barriers to healthy living
that cause social disparities.

Other factors that influence the environmental clustering
and disparities among people with disability are their mi-
nority status. Results from the geographically weighted
regression in both metropolitan areas indicated high
R-square values (above 0.6, p < 0.05) of disability predict-
ability in models including the effect of variables such as
race and ethnicity. Still, the result was higher in the Dallas
county model, where racial/ethnic group disparity
was greater than it was in the Monterrey model
(R2 5 0.8 O R2 5 0.7, p < 0.05; see Tables 3 and 4).
One way to interpret the variation in racial and ethnic dis-
parities in disability prevalence across studies is to specu-
late that disability conditions may have different paths of
development, depending on the management of diseases
and the understanding of specific health conditions by
different cultural groups.35 For example, new Latino immi-
grants report lower correlation of severity with disability
than Blacks or non-Hispanic Whites.36 This epidemiolog-
ical fact is known as the ‘‘Latino paradox’’dnew Latino
immigrants suffer lower rates of chronic and mental illness
than the average native-born American, despite having on
average lower incomes and highly stressful lives.37 Alter-
nately, the failure to take confounds such as educational
attainment, age, and type of disability into account, may
mask and under estimate the nature of disparities among
diverse racial/ethnic groups of people with disabilities.
For example, the study of Moody-Ayers, Mehta, Lindquist,
Sands and Covinsky (2005) compared non-Hispanic White
and Black elderly populations and found that elderly Blacks
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experienced the onset of disability at a higher rate and
earlier than Whites.38 Furthermore, literature has discussed
the overrepresentation and the underrepresentation of
White and Black students with a learning disability in the
education system.39 Of concern is the fact that White stu-
dents with learning disabilities are more likely to be
educated in regular classrooms, while Black students with
behavioral and emotional difficulties are most likely to
receive education in separate environments.39 Indeed, the
results of the present study reveal a racial discrepancy be-
tween White and ethnic minority groups. White race was
in a negative relationship as a predictor of the prevalence
of households with people with disability living below
poverty (regression coefficients were negative in both
GWR models for males and females, see Table 4). Perhaps
more importantly, the potential effect of the White racial
factor is confounded by the fact that disability occurrence
is tested in a context that encompasses factors that dispro-
portionately advantage Caucasians: including education, in-
come, and net worth.40 The importance of these study
findings is that the impact of the racial/ethnic component
on disability is multidimensional. It can be inferred that un-
derstanding the variability of disability occurrence (higher
or lesser) and access to social goods must be made with
reference to race-specific context characteristics.

An important finding in this study is the prediction of
disability by gender in both urban settings. The results
from the geographically weighted regression indicated
greater predictability of disability among males and fe-
males living in Dallas county. One possible alternative
explanation for this is that disability as a function of as-
sessed social goods depends on several intangible societal
factors, such as social and family roles and cultural atti-
tudes. In a paternalistic culture such as Mexican society,
the role of women is widely perceived to be that of house-
wives or caregivers.41 This cultural perception may mask
the effect of the measure of inclusion of individuals with
disability because of the impact of cultural-specific mean-
ings attached to gender roles, rights and expectations. In
the United States, gender egalitarianism and democratic
opportunities for men and for women with disabilities
vary.42,43 Nevertheless, questions of labor integration pol-
icies and equality in remuneration still pose great chal-
lenges in both countries. Disparities in labor market
participation provide another possible explanation for the
observed differences in the gender results. In the United
States, factors such as low payments, part-time working
schedules, and lower ranked-positions drive part of the
gender differences in employment outcomes that might
generate less advantageous lifetime trajectories for women
than their male counterparts.44 In this context, gender dif-
ferences in accessing and sustaining equal pay might com-
pound group-based social disadvantages arising from social
marginalization. This is one of the thornier issues of to-
day’s disability study agenda, an issue this research seeks
in part to address.



Fig. 5. Predicted disability prevalence.
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Conclusion

The findings of this study suggest interventions aimed at
improving service for people with a disability, along with
enhanced access to social services such as education, health
care, housing and needed accommodation will go a long
way to improving the living conditions of the affected pop-
ulation and enhance social integration. It is proposed that
health care professionals, as well as policy and community
leaders, provide the necessary resources to facilitate better
living conditions and improved lives for people with a
disability. GIS and other geospatial data tools are powerful
techniques for researchers and professionals to use in inno-
vative ways to understand the conditions of people with
disabilities.45

In conclusion, a focus on the disparities facing persons
with disabilities living in diverse social contexts is needed
to better understand the challenges of their everyday living
in situ. Despite the fundamental differences in the level of
social development in Mexico and the United States,
disability resonates in both countries as alarming symbol
of unachieved social justice and inclusion. This study indi-
cates that disability is not an isolated social phenomenon
but related to health, social, spatial, and cultural dimen-
sions. Given the divergent and sometimes conflicting trends
in practices and policies addressing disability in low and
high income environments, it becomes crucial to
re-examine the framework of disability by gauging local
characteristics and by infusing a grounded socio-cultural
understanding of the various contexts that consequently
shape place-based social behaviors and political decisions.

That said, there are study limitations that are worthy
noting. This is a cross-sectional study, carried out at one
time point or over a short period and thus we may not infer
causality. However, similar to other studies, there is a sig-
nificant association between disability and health dispar-
ities. We also recognize that using two geopolitically
diverse economies (USA and Mexico) can create compari-
son problems given their differences. The choice of the
cities of Monterrey, Nuevo Leon, and Dallas, makes the
study invaluably important because of the long historical
and cultural reasons. Despite these limitations, the study
has several strengths. We identified two unique methods,
spatial autocorrelation and geographically weighted regres-
sion to identify spatial patterns of disability and to explore
the relation between disability and context-specific socio-
demographic factors. To our knowledge, this is the first
study that has used these methods to compare and analyze
disability prevalence in two different socio-economic
contexts.

Future studies should examine the impoverishment of
people due to disability as part of the knowledge needed
to break the cycle of social disadvantages of people with
disability living in low and high income environments.
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