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Chapter 1:  Introduction 

1.1 Research Problem 

From a demographic perspective, and probably from every angle, marginalization 

is a complex topic. The Consejo Nacional de Población (hereafter CONAPO) defines 

marginalization as a structural phenomenon that is present when there are obstacles to 

disseminate technical progress and when social groups are excluded from the 

development process and its benefits (Consejo Nacional de Población 2001). The most 

common problem social scientists have to face is how to accurately measure and 

conceptualize marginalization, especially when there are occasions where many different 

social, environmental, economic, political and cultural factors are present. Furthermore, 

marginalization has no pre-established consequences, since there are several issues that 

can lead people to live in a marginalized area or governments to start developing some 

areas ahead of others. Thus, the socioeconomic and health consequences of 

marginalization are important to focus upon because they allow us to arrive at a deeper 

understanding of how people from a specific area can be affected by being marginalized.  

CONAPO is a Mexican governmental agency in charge of measuring population 

trends and socioeconomic indicators. This agency produces several indexes capable of 

measuring urban development inside the country which ultimately lead to political 

decisions and urban policies trying to take care of community needs. The most frequently 

used indicator created by CONAPO since 1990 is the Marginalization Index, which is 

used as a way to measure the development of each municipality inside Mexico using 
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variables like literacy rates, access to water, drainage, electricity, housing, flooring and 

roofing material, where people live, the size of the place where people live, and 

educational attainment. In order to develop useful policies addressing marginalization, 

governments must fully understand the major demographic consequences of 

marginalization: mortality, fertility and migration (for this dissertation I will focus only 

on mortality), so tailor-made programs and public policy can be implemented in specific 

areas.  

The purpose of this dissertation is to analyze if, in present day Mexico, the 

marginalization index is related to mortality at the municipal level. High urbanization 

levels and changing social and political climates in Mexico make this a timely topic. In 

addition, most research on linkages between socioeconomic well-being and mortality at 

the municipal level is based on the U.S. experience, so this dissertation will expand this 

work to the Mexican case. The overall hypothesis of this dissertation is that low scores of 

marginalization will be associated with lower mortality rates and similarly, that high 

scores of marginalization will be associated with higher mortality rates. Since the 

marginalization index combines several variables in its construction, this dissertation will 

examine if areas with a higher level of development experience lower mortality. In 

addition, data-availability allows a deeper analysis of age-specific groups considered at 

particular high risk, like infants and the elderly. The hypothesis for both groups is that 

areas showing higher infant and elderly mortality rates will be those with higher 

marginalization levels.  
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Marginalization is a multi-dimensional process that reflects the inability to 

provide basic care services or infrastructure to those in need and it identifies the presence 

of a “barrier” that hinders opportunities for development. Further, it involves four 

dimensions (education, housing, income, and population distribution) that interact with 

one another. Each dimension can detect not only the presence of deficiencies but also the 

scale and the potential impact of each one of these deficiencies inside a municipality 

(Consejo Nacional de Población 2006b). 

But, why use marginalization instead of using socioeconomic variables like 

educational attainment, income or wealth? As mentioned above, governments face the 

task of reducing marginalization among the population but before they are able to do so, 

they face the even bigger task of calculating the number of people in poverty, their 

location, and their socioeconomic characteristics (Jáuregui-Díaz and Ávila-Sánchez 

2006). Robles (2004) establishes four ways to measure marginalization with poverty as 

the proxy: 1) poverty lines, 2) unsatisfied basic needs, 3) human development index 

(hereafter HDI), and 4) the integrated poverty measurement method (hereafter IPMM). 

Poverty lines use income and a basket of basic products to determine a minimum level of 

subsistence; being poor means being below this line. Unsatisfied basic needs target those 

who are not able to gain access to free public services and other consumption needs like 

education or a place to live (Feres and Mancero 2001). The IPMM and the HDI link 

economic and social variables and are generally considered a combination of the other 

two measurements (Boltvinik 2003).  
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However, some of the shortcomings of these individual measures make 

marginalization a more comprehensive measure of socioeconomic well-being. First, 

poverty lines only consider the monetary aspect by focusing on income or consumption. 

Second, there are no limits in the number of variables that can be identified as unsatisfied 

basic needs, so more variables may mean a greater presence of poor people (Comité 

Técnico para la Medición de la Pobreza 2002). In addition, marginalized people are not 

deeply involved in the economy, their sources of income vary, and even if they possess 

some level of education, they can still be marginalized from helpful social networks 

(Charlesworth 2000). All that said, the impacts of education and income as individual 

measures of well-being are too important to ignore. Therefore, an ancillary analysis of 

this dissertation will use the GINI income coefficient and average years of schooling in a 

municipality to help assess how the findings for marginalization differ from those of 

income and education. 

1.2 Analytic Framework 

Marginalization and mortality likely have an interesting yet complex relationship. 

But differences between the health experience of one municipality or another may be due 

to many causes. Finding an explanation for different mortality rates and marginalization 

levels between municipalities may be influenced by any or all of these elements (adapted 

from Mirowsky 1999): 

A. Confounders 

 Migration patterns 
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 Age/Sex structure  

 Geographical Differences 

 Percent of Indigenous Population 

 Other factors (e.g., ecological factors influencing health) 

B. Dimensions of Marginalization 

 Education 

 Income 

 Housing 

 Population Distribution 

C. Cause 

 Marginalization 

D. Mechanism 

 Public Policy Implementation (e.g., Oportunidades Program) 

E. Consequences 

 Mortality Rates 

Figure 1.1 depicts the set of relationships between key elements of this 

framework. A compositional perspective introduces social and demographic differences 

in the overall composition of the population, so factors like age structure and/or 

geographical differences will factor into the mortality equation. In other words, 

differences in mortality across municipalities may be caused by a combination of any or 

all of the confounding factors listed above (Sobal, Troiano, and Frongillo 1996). The 
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mechanism listed above acts as a potential connection between cause and consequence. 

In this case, the existence (or lack) of infrastructure, human resources, and public policy 

implementation in a municipality are conceptualized as consequences of marginalization 

and causes of mortality.  

As noted in the previous section, marginalization is composed of four different 

dimensions that help identify segments of the population facing developmental 

challenges. In developing countries like Mexico, marginalization can be present 

anywhere from geographically-isolated non-urban municipalities to major metropolitan 

areas. However, high levels of each of these dimensions increase the chances of having 

marginalization by limiting municipal access to infrastructure, technology, and 

communications (Comisión Económica para América Latina y el Caribe 2001; Gurung 

and Kollmair 2005).  

1.3 Overall Expectations 

The analysis of marginalization is a complicated process that involves four major 

dimensions, several confounders and potential subgroup differences in its relationship 

with mortality. Marginalization can alter mortality rates of different segments of the 

population because it makes them more vulnerable than others. At the same time, 

marginalized municipalities are not always equally affected (Vasas 2005). So, in 

summary, I expect the following. 
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1.3.1. Expectations by Age 

First, high levels of marginalization will be associated with mortality rates, but 

this relationship will vary by age. The relationship between marginalization and mortality 

begins very early in life, even before birth. Marginalized municipalities lack most of the 

pre- and postnatal care mothers need in order to reduce the risk of pregnancy 

complications. Further, poor housing conditions and other environmental hazards, both 

present in areas with high levels of marginalization, increase the risk of higher infant 

mortality rates (Consejo Nacional de Población 2008; Lundberg 1993).  

Second, high levels of marginalization will also be associated with high mortality 

rates among adolescents and adults, but the association will not be as strong as it is with 

infant and child mortality rates. It is true that municipalities with high levels or 

marginalization face employment disadvantages and adolescents and young adults are 

exposed to violence, addictions, and the possibility of infectious diseases. But at the same 

time, the opportunity to migrate to another municipality or another country reduces the 

stress that marginalization causes on mortality rates at this stage in life (Starfield, Riley, 

Witt, and Robertson 2002). 

Finally, I expect that high levels of marginalization will be less associated with 

high mortality rates for older age adults.  Despite facing socioeconomic disadvantages, 

many of the effects that marginalization might cause this late in life have been reduced 

significantly due to the healthy survivor effect (von dem Knesebeck, Lüschen, 

Cockerham, and Siegrist 2003). Elders living in municipalities with high levels of 
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marginalization might be underrepresented because of this premature mortality, creating 

possible selection biases (Groffen et al. 2008). 

1.3.2. Expectations by Gender 

As part of the demographic transition, life expectancy has increased since the 

beginning of the 20
th

 century. At the same time, the sex gap began to increase when 

mortality among women declined faster than men (Glei 2005). Males and females exhibit 

differences in behavior, access to education, labor market participation, and nutrition, 

with men normally being involved in higher-risk activities than women (Ram 1993).  

I expect that high levels of marginalization will be associated with higher female 

aged 15-49 mortality rates. Lack of proper nutrition, lack of good housing conditions, and 

lack of medical attention before, during, and after the pregnancy are just some factors that 

many females aged 15-49 face while living in marginalized municipalities (Elu and 

Santos-Pruneda 2004). 

As for men, high levels of marginalization seem to affect more their 

socioeconomic conditions rather than their mortality rates. Men face challenges regarding 

employment security and employment opportunities and many will resort to informal 

labor markets or migration as a way to improve their living conditions (Williams 2003). 

Due to these factors, I do not expect high levels of marginalization to be strongly 

associated with male mortality rates. 
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1.3.3. Expectations by Cause of Death 

Two of the major consequences of the epidemiological transition are decreasing 

mortality rates and a shift in causes of death from transmissible to non-transmissible 

diseases. Despite these changes, marginalization remains as a key predictor for particular 

causes of death because it increases the prevalence of certain illnesses like infectious and 

parasitic diseases in non-urban areas and chronic and degenerative diseases in urban 

areas. 

I expect high levels of marginalization to be associated with higher cause-specific 

mortality rates. In combination with age and gender, marginalization should be strongly 

associated with higher mortality rates due to infectious and parasitic diseases, especially 

for infants and children due to hazardous housing and environmental conditions 

(Drucker, Alcabes, Sckell, and Bosworth 1994). Further, I expect that high levels of 

marginalization will be associated with high mortality rates due to external causes of 

death (e.g. accidents and violent deaths), particularly for male adolescents and young 

adults as their social behavior changes and they become exposed to addictions and other 

cultural factors (Sheehan, DiCara, LeBailly, and Christoffel 1997). Similarly, I expect 

high levels of marginalization to be associated with chronic diseases (e.g. cardiovascular 

and endocrine diseases) as the population ages (Melzer, Izmirlian, Leveille, and Guralnik 

2001). 
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1.4 Research Objectives and Outline of Dissertation 

Overall, I aim to accomplish six objectives. The first two are of a descriptive 

nature: I will describe and map marginalization and mortality, respectively, across 

Mexico’s municipalities to allow for a comparison and contrast of geographic areas. 

These aims also include the ancillary analysis using income and education variables to 

analyze their impact on mortality. The third objective is to analyze the overall 

relationship between marginalization and mortality in Mexico by establishing how strong 

or weak this relationship is and how it varies across broad geographic regions. The fourth 

objective focuses on the analysis of age and sex differences in the marginalization and 

mortality relationship by causes of death. The fifth objective is closely linked to the 

previous two because it attempts to explain the linkage between marginalization and 

mortality through the analysis of possible confounders in this relationship. Finally, the 

sixth objective introduces the human development program Oportunidades and combines 

it with the concepts of corruption and trust to see if social participation and cooperation 

are actually hindering the effectiveness of the program.   

As for the structure of this dissertation, Chapter 2 presents a descriptive analysis 

of marginalization and mortality in Mexico. Chapter 3 analyzes the overall relationship 

between these two concepts and presents specific findings by age, sex, and causes of 

death. Chapter 4 incorporates the geographic aspect of marginalization and mortality. 

Chapter 5 presents the human development program Oportunidades and links it with the 

notion of trust and the concept of corruption. Chapter 6 concludes and presents 

implications for public policy and issues that merit future scholarly attention. 
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Figure 1.1 – Conceptual Relationship between Marginalization and Mortality 

 
Source: Author’s own elaboration adapted from  CONAPO (2006b) and Mirowsky (1999). 
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Chapter 2: Marginalization and Mortality – A Descriptive Analysis 

 

2.1 Introduction 

In this chapter of the dissertation, I use a descriptive approach to analyze patterns 

of marginalization and mortality in Mexico. This analysis is important because each 

government, including Mexico, must fully understand the current situation in order to 

come up with useful health policies and social programs that can improve overall living 

conditions.  

The chapter is organized as follows: Section 2.2 defines the concept of 

marginalization and provides a literature background on this subject. Section 2.3 takes a 

similar approach with mortality in Mexico. Section 2.4 introduces the data and 

methodology used for this chapter and throughout this dissertation. Results are presented 

in Section 2.5 and, since this is a descriptive analysis, marginalization and mortality 

figures will be analyzed separately. At the same time, the unit of analysis (municipalities) 

will be presented graphically in the form of maps using geographic information systems. 

To facilitate this visual representation, Mexico is divided into regions and zones to 

monitor the impact that marginalization and mortality have in different areas of the 

country. Section 2.6 introduces an ancillary analysis of income and education as an 

alternative to the marginalization index. Finally, Section 2.7 concludes. 
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2.2 Marginalization 

2.2.1. Concept 

Around 1980, Mexico underwent an urbanization process that, as a result, brought 

high concentrations of people to the largest cities in the country (the metropolitan areas of 

Mexico City, Guadalajara, and Monterrey). In 2005, over 71% of the population lived in 

areas with 15,000 inhabitants or more and, according to CONAPO (2001), by 2030 that 

percentage will increase to 76.2%. 

For many decades, poverty and social inequality were seen as economic problems 

in Mexico. A new definition of marginalization had to be established in order to adapt to 

the new circumstances that surrounded Mexico during the 1980s. CONAPO (1999) 

determined that marginalization was a process of social exclusion where people had little 

access to resources or opportunities to develop and as a consequence, it hindered their 

ability to satisfy basic needs like education, housing, health, clothing, nourishment, 

transportation, and communication. Clearly, marginalization caused a vicious cycle 

trapping the lower strata of the Mexican population. First, the lack of a proper 

environment to live in, like a house with potable water, electricity, and drainage, creates 

health problems. Second, these health problems cannot always be treated because these 

groups have little or no access to social security and/or social security nets because many 

are not in the formal labor market. As a result, mortality rates might be high. Third, lack 

of access to education prevents employment opportunities, resulting in lower income and 

possible nutritional deficiencies (Boltvinik 1989). 
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For these reasons, marginalization is an important topic for the Mexican 

government. But, before reallocating public resources to marginalized areas, it is 

necessary to gather and analyze all possible information regarding all dimensions of 

marginalization. Obtaining descriptive information for each municipality will help target 

areas with problems that require immediate attention to improve living conditions and 

alleviate distributive inequalities (Anzaldo-Gómez 2010). 

2.2.2. Research on Marginalization 

Poverty and marginalization are major concerns for international organizations 

that publish information about patterns of growth and development for almost every 

country. The United Nations Fund for Population Activities (UNFPA) found that 

urbanization in 2007 reached a historic value whereby 50% of the world’s population was 

now living in urban areas (United Nations 2006). However, an issue of concern is that 

many of these people live in slums and very poor zones of cities because a great portion 

of them recently migrated from a rural area and were poor upon arrival. For example, the 

UN recently stated that: “The rapid growth of cities caused by migration as well as 

natural population increases driven by high fertility and low mortality has outpaced 

governments’ abilities to provide basic services and economic opportunities” (United 

Nations Population Fund 2004:75). 

Most of the literature linking specific characteristics of an area (e.g., poverty) to 

mortality comes from the United States (for detailed examples please refer to Belloc, 

Breslow, and Hochstim 1971; Chen et al. 2006; Geronimus, Bound, and Waidmann 1999; 
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Haan, Kaplan, and Camacho 1987; Housman and Dorman 2005; Waitzman and Smith 

1998).  

In Mexico, only a handful of studies deal with marginalization as a public policy 

priority issue and the majority are descriptive reports published by Mexican federal 

agencies like CONAPO (1999, 2001, 2002) or INEGI (2006). 

Cordera-Campos and Palacios (2002) published a comparative analysis at the 

state-level. The authors established that, despite a wave of social policies to reduce 

poverty over the past 50 years, Mexico has not been able to eliminate the presence of 

highly marginalized communities, especially in the South and Southeastern portions of 

the country. They also examined the relationship between marginalization and the 

percentage of indigenous population and found evidence that there is a statistically 

significant relation. 

Cárdenas-Rodríguez and Luna-López (2006) used the marginalization index to 

identify the ten municipalities with the highest levels of marginalization in the year 2000 

and calculated the time it will take their inhabitants to climb out of poverty by increasing 

their income. Out of the top-ten, the states of Guerrero, Chiapas, and Veracruz had two 

each and the remaining four were located in the state of Oaxaca. The evidence showed 

several similarities among these municipalities: 1) all were rural; 2) all had high illiteracy 

rates; 3) all had households with large families, on average, and 4) with an annual 4% 

increase in real income, the population in these municipalities will take at least 50 years 

to climb out of poverty, with the top two municipalities taking over a century to improve 

their situation. 
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Cortés (2006) presented an overall analysis of the changes in marginalization in 

several Latin American countries, including Mexico. During the 20
th

 century, 

marginalization was no longer a confined problem and it evolved from being present in 

urban peripheries to showing up in urban and rural areas. Some of the causes for this 

expansion had to do with explosive population growth, along with economic crises and 

government corruption. 

Camberos and Bracamontes (2007) presented an analysis for the state of Sonora. 

The authors examined the effectiveness of national and state-oriented social policies 

using the marginalization index as starting point. In this case, the evidence showed that 

Sonora suffered a setback in social development between 1990 and 2000. Not all the 

regions inside the state grew at the same pace. So despite having an overall low level of 

marginalization, some areas are just as highly-marginalized in Sonora as those in the 

South. 

Finally, Yúnez, Arellano, and Méndez (2009) published an empirical study that 

compared rural areas for the years 1990 and 2005 using the marginalization index to 

divide the country into 5 categories (very high, high, average, low, and very low 

marginalization). In addition, these categories were further divided into urban and rural to 

determine the degree of social inequality across Mexican municipalities. As expected, the 

authors found evidence of a strong relationship between high marginalization and high 

poverty with low socioeconomic development. Further, only 2.6% of the municipalities 

experienced an improvement in consumption and a reduction in their poverty levels 
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between 1990 and 2005. Moreover, almost one-half of the population experienced no 

change at all. 

2.3 Mortality 

2.3.1. The Fight against High Mortality 

Mexico managed to accomplish a notable reduction in overall mortality rates 

during the second half of the twentieth century (Instituto Nacional de Estadística y 

Geografía 2006). Life expectancy increased from 36.2 years in 1930 to 75 years in 2001 

and reductions in overall mortality rates have been accomplished with better geographical 

coverage and increased practice of preventive medicine (Consejo Nacional de Población 

2010a).  Figure 2.1 presents life expectancy at birth, overall and by gender, for Mexico 

and the rest of the world. Mexico shows better life expectancy than the rest of world. This 

figure reflects Mexico’s improvements in areas like educational attainment, from an 

average of 4.2 years in the 1960s to 7.2 years in 2000 (Secretaría de Educación Pública 

2000). Similarly, improvements in infrastructure (e.g., increasing the number of people 

living in houses built with solid materials like cement and bringing drinking water, 

electricity, and drainage to the majority of the population) have improved health 

conditions and reduced mortality rates (Consejo Nacional de Población 2001). 

Figure 2.2 reflects the efforts to reduce the overall mortality rate in the country. 

As a result of a delayed epidemiological transition that brought fast changes in the health 

profile of the population, Mexico has lower crude death rates than the world as a whole 

and since 1960, mortality also improved compared to the rest of Latin America and the 
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Caribbean (Albala-Brevis, Vío del Río, and Yáñez-G. 1997). Albeit crude, this figure 

helps build a solid base for the process of understanding the causes of mortality 

differentials in Mexico.  

2.3.2. Research on Mortality 

Several studies have analyzed trends and patterns of mortality in Mexico. Going 

against the usual notion of the developed countries’ experiences in terms of mortality 

decline, developing countries went through this reduction not only because of economic 

development and economic growth but also because cost-effective public health 

programs oriented towards large sectors of the population were introduced to help 

(Arriaga and Davis 1969; Weeks 1986). This is evident in Mexico’s Progresa (now 

Oportunidades) and Solidaridad Programs, which were introduced by the government as 

attempts to improve health conditions in many remote areas. As an example, the state of 

Nuevo León (located in the Northeastern part of the country) has been the healthiest state 

since the mid-1990s and 96,000 deaths could have been avoided if this same mortality 

rate was distributed among the rest of Mexico’s states (Frenk 1998). 

CONAPO (1999) focused on the epidemiologic transition in Mexico. This 

research goes back in time to evaluate mortality declines for the country as a whole and 

also within states and determined that “…Mexico’s best period in terms of improving life 

expectancy and reducing mortality was between 1942 and 1956” (pp. 15). CONAPO 

established that Mexico’s health conditions were caused by economic, socio-cultural and 

demographic tendencies leading to a “polarized transition model with a combination of 



 19 

contagious (transmissible) diseases and chronic-degenerative illnesses” (pp. 16). 

Evidence of social gaps was also present in the North region, close to the U.S. border, 

where overall better health conditions were experienced. CONAPO also analyzed 

measures like infant mortality, maternal mortality, adolescent mortality, and adult 

mortality. For each one, CONAPO found that the epidemiological transition has not 

developed at the same pace between states, reflecting spatially-based socioeconomic 

disparities in Mexico.  

There are not a lot of articles analyzing patterns between marginalization and 

mortality in Mexico. Most of these works focus on the effect that specific consequences 

of urbanization (like pollution) has on population health (like respiratory problems). 

There are more specific studies that establish a link between marginalization and infant 

mortality or marginalization and maternal mortality, but just a very limited amount of 

research regarding the mortality of the elderly. 

Mojarro et al. (2003) examined the link between maternal mortality and social 

conditions that characterize municipal marginalization. They used maternal mortality 

information from 1979 to 2000 published by the Secretaría de Salud following 

recommendations issued by the World Health Organization regarding maternal mortality. 

Their findings were consistent with expectations: women in more unfortunate social 

conditions were more likely to die of pregnancy complications and “… maternal 

mortality in highly marginalized municipalities is twice as high as maternal mortality in 

less marginalized municipalities” (pp. 141).  



 20 

Méndez-González and colleagues (2004) analyzed the socio-spatial distribution of 

infant mortality and its relationship with marginalization in the Yucatan Peninsula 

(comprising the states of Campeche, Yucatán and Quintana Roo) from 1990 to 2000. 

Calculations of infant mortality rates at the state and municipality-levels allowed the 

authors to combine these results with cartographic information. The evidence showed that 

infant mortality rates decreased in those 10 years, but the reduction was not homogeneous 

for the states in the Peninsula or for their municipalities. In some areas, like 

municipalities near the coast and in the now lost henequen agricultural zone, infant 

mortality rates worsened as the years passed; at the same time, marginalization increased. 

Álvarez and colleagues (2009b) conducted a similar study in the city of 

Hermosillo, capital of the state of Sonora. In this case, the authors calculated infant 

mortality rates and urban marginalization indexes for a pre-established basic geo-

statistical area (determined by INEGI). Using several statistical tools, the authors 

determined an infant mortality rate for the period 2000-2003 of 16.2 for every 1,000 live 

births in highly-marginalized areas. In contrast, less marginalized areas of Hermosillo 

were characterized by an infant mortality rate of 11.7 per 1,000 live births. The 

Northwestern part of the city exhibited even higher infant mortality rates. Possible 

explanations might be linked to low maternal educational attainment and income in such 

areas. 

García-Chong and colleagues (2010) provided an analysis of infant mortality in 

several socioeconomically-diverse regions in the state of Chiapas. In particular, they 

focused their efforts on 18 municipalities in the high region of Chiapas known as Los 
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Altos. The authors used data from state agencies from 2000 to 2006 and then linked that 

information to the Human Development Index and the Marginalization Index provided by 

CONAPO. The results were somewhat expected: 10 of the 18 municipalities were in the 

last place of both indexes and had the highest infant mortality rates. Important 

characteristics of these municipalities include high percentage of indigenous population, 

low levels of education, and poor access to health resources. 

Gutiérrez-Robledo (2004) and Shamah-Levy and colleagues (2008) presented two 

reports regarding the overall situation of the elderly in Mexico. They gathered their 

information using several national surveys like the National Demographic Survey of the 

Elderly in 1994 and the National Health and Nutrition Survey in 2006. In both cases, the 

authors agree that poor health conditions, chronic diseases like diabetes, and poor overall 

diet increase the mortality risk of the elderly. In most cases, the most marginalized 

communities were the areas with the worst health situations, with illnesses like anemia 

and hypertension presenting at higher rates than in some African countries. 

Finally, Tuirán (1993) linked the idea of an uneven demographic transition as the 

main cause for mortality differences inside Mexico. The total population grew at an 

accelerated pace in the 20
th

 century. It doubled in the first half and quadrupled in the 

second and changes in mortality trends led to changes in the population structure. As the 

author points out, the speed of the demographic transition exhibited even greater 

inequalities. Areas with slow development and socially-marginalized groups, like in the 

states Oaxaca and Chiapas, fell behind in comparison to the states of Baja California and 

Nuevo Léon. Tuirán found that the marginalized areas showed 30% higher overall 
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mortality, including infant mortality that was twice as high in marginalized areas. 

Further, he found a 4-year differential in life expectancy when comparing areas with high 

and low marginalization. These inequalities created a vicious cycle that limited access to 

development by reducing social networks and delaying the demographic transition from 

higher to lower mortality. 

2.4 Data and Methods 

2.4.1. Data 

This work is based on data obtained from the 2005 Marginalization Index Report 

from CONAPO, from the 2005 Mexican Conteo (a partial Census) conducted by Instituto 

Nacional de Estadística y Geografía (hereafter, INEGI), and from the 2003-2007 National 

Mortality Database, also from INEGI (2006). As established earlier in this chapter, the 

marginalization index contains several socioeconomic indicators of human development, 

growth and urbanization. For this analysis, one snapshot (2005) has been selected due to 

its availability. The information is presented using municipalities (roughly equivalent to a 

U.S. county) as the unit of analysis. There are 2,454 municipalities in 2005 contained 

within 31 states and the Federal District. The different components of the marginalization 

index were obtained by CONAPO using the 2005 Mexican Conteo from INEGI and the 

2005 National Employment and Occupation Survey and are presented using the different 

dimensions of marginalization identified in Chapter 1: 
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Education 

 Literacy rate: percentage of the population (15 years old and older) that is 

able to read and write. 

 Educational attainment: average highest completed grade achieved. 

Housing 

 Housing type: percentage of the population that lives in private or 

collective housing (only private housing was considered for the index 

calculation). 

 Drainage: percentage of the population with the ability to dispose non-

potable water outside of the living area. 

 Bathrooms: percentage of households with a specific area designed for 

sanitary purposes. 

 Electricity: percentage of the population with service. 

 Potable water: percentage of the population with service. 

 Flooring material: percentage of households with a solid flooring material 

like cement. 

Population Distribution 

 Locality: percentage of the population living in urban or non-urban areas. 

 Size of the locality: Classified using population size. 
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Income 

 Population in the labor force: percentage of the population currently 

employed. 

 Income: percentage of the population earning two minimum wages or less 

(one minimum wage varied between 37 and 42 Mexican Pesos per day in 

2005, which is equivalent to less than $5 U.S. dollars per day using 

exchange rates from those years).   

After each variable is obtained, the calculation of the marginalization index 

follows a two-step process. First, CONAPO determines nine socioeconomic indicators, 

some combining 2 or 3 of the variables mentioned before and others leaving the variable 

on its own. Each indicator has a specific formula so, for example, if the goal is to 

calculate the marginalization index at the state level, each one begins with 9 indicators. 

The second part occurs after each indicator is obtained. CONAPO generates a global 

measurement using these indicators as a tool to calculate the marginalization index. Each 

indicator is standardized to avoid scale-effects between variables and then nine vectors 

are linearly combined using a principal components technique to obtain the 

marginalization index. Please refer to CONAPO’s (2005) Marginalization Index Annex C 

(in Spanish at http://www.conapo.gob.mx/publicaciones/margina2005/AnexoC.pdf) for a 

presentation of each formula used to generate the nine indicators and the statistical 

explanation behind the marginalization index creation. 

Of course, the main problem of these data is the lack of mortality information 

related to the marginalization index. For this reason, I included information from INEGI 

http://www.conapo.gob.mx/publicaciones/margina2005/AnexoC.pdf
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regarding mortality using the interactive data function from the website to obtain the 

number of deaths per municipality for 2003 to 2007.  

Data from INEGI’s mortality reports were obtained for 2003 to 2007 using year 

of occurrence, year of report, decedents’ place of residence, age, and sex. After dividing 

the sample by TOTAL, MALES and FEMALES and by the usual demographic age-

intervals1 (United Nations 2001), all reported deaths were added. It is worth mentioning 

that some municipalities were created in 2004 or 2005 and others did not report for one 

year so some of the aggregations were made for a 3 or a 4-year period rather than for the 

full 5-year period.  

Using the formula 000,100*








population

deaths
, crude death rates were calculated for 

each of the 2,454 municipalities. The numerator was the sum of reported deaths from 

2003 to 2007 and the denominator consisted of the 2005 population without estimation 

reported by INEGI and that excluded information of over 110,000 households that were 

inhabited but with no one present at the time of the interview. Six municipalities2 were 

completely excluded from the analysis for two reasons. San Ignacio Cerro Gordo in 

Jalisco was created in 2007 thus did not appear in the 2005 population count. The other 

five listed in the footnote were excluded because INEGI did not report any population for 

them in 2005. 

                                                 
1 Under 1, 1-4, 5-9, 10-14, 15-19, 20-24, 25-29, 30-34, 35-39, 40-44, 45-49, 50-54, 55-59, 60-64, 65-69, 

70-74, 75-79, 80-84 and over 85 years old.  
2 The municipalities San Ignacio Cerro Gordo in Jalisco; Mártires de Tacubaya and Sitio de Xitlapehua in 

Oaxaca; San Martín Totoltepec in Puebla; San Javier in Sonora; Melchor Ocampo in Zacatecas were 

excluded. 
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However it is clear that the general crude death rate is not suitable for places with 

differing age structures; age-specific deaths are needed to calculate age-specific and age-

standardized mortality rates. For that reason, age-adjusted mortality rates were calculated 

for the overall population, for males, and for females. These rates came from the formula
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1i

ii pwAADR , where the directly age-adjusted death rate (AADR) is obtained by 

multiplying the age-specific death rates (p) by the corresponding proportion of the 

standard population in that age group (w) and then adding up these products across all 19 

age groups described in the footnote on page 20 (Buescher 1998). Each municipality was 

standardized to the country’s population distribution to allow direct comparisons (James 

et al. 2004). 

2.4.2. Methods 

Using the 2005 marginalization index data from CONAPO and the 2003-2007 

data from INEGI’s mortality database, I present overall patterns for both variables. After 

performing two different standardization processes (described below) to obtain more 

stable rates, I combine the data with geographic information systems to create a visual 

representation of the marginalization index and mortality rates in Mexico. Cartographic 

information was obtained from the Consejo Nacional para el Conocimiento de la 

Biodiversidad (hereafter CONABIO)  online database (2009). 

Considering that some age-groups have a very small number of reported deaths 

and a small reported population from 2003 to 2007, an adjustment was needed to allow a 
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more rigorous comparison between different age-groups and by gender. In addition to the 

estimation of age-adjusted mortality rates using the direct method described in section 

2.4.1, I also use the Pan-American Health Organization (hereafter PAHO) indirect 

method to create age-adjusted mortality rates. This method (2002) involves a two-step 

process to obtain age-adjusted rates because it compares a smaller geographical unit (in 

this case, a municipality) to a larger one (in this case, the nation) by producing a 

standardized mortality ratio. Here is an example with a municipality from this dataset: 

The city of Aguascalientes is the capital and the main municipality of the state of 

Aguascalientes. The total reported deaths from 2003 to 2007 were 15,360, but I divide by 

the number of years available for this municipality (five in this case) to calculate an 

average for that period of 3,072 deaths. The municipality had 712,123 inhabitants in 

2005, so the crude death rate is 431 deaths per 100,000 inhabitants (with a similar 

procedure for the state, there is a CDR of 416 deaths per 100,000 inhabitants). The first 

part of the indirect method requires the use of the formula

  000,100/_*_ populationmunCDRMexed  , where “ed” refers to the expected deaths 

(3,394 in our example). Then, the second part takes the formula   100*edodsmr  , 

resulting in (3,072/3,394)*100 = 90.5 as the standardized mortality ratio. Since the 

number is lower than 100, then it can be stated that the municipality of Aguascalientes 

presents a 9.5% lower mortality risk for its inhabitants than the overall mortality level of 

the country as a whole. A similar procedure using STATA and Microsoft Excel was 

performed for each and every municipality compared to the national level and the results 

are presented in section 2.5.2. 
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The inclusion of standardized mortality ratios comes with some degree of 

uncertainty. Possible errors could arise if some deaths were omitted in the raw data or if 

some demographic characteristics of the deceased, like age or place of residence, were 

misreported. For that reason, confidence intervals were introduced into the SMR 

calculations and included in the results. The rationale for this inclusion is explained in 

detail by other authors (Lidell 1984; Silcocks 1994). Obtaining a 95% confidence interval 

to determine whether there is significance difference between the number of observed 

and expected deaths is determined by using the formula  SE*96.1SRCI  , where SR 

is the standardized mortality ratio and SE is the standard error calculated as 
d

SR
SE  , 

where d is the number of observed deaths (Pennsylvania Department of Health 2010). 

Since the SMR is expressed as a percentage, any confidence interval that includes 100 is 

not statistically significant. In the previous example, the municipality of Aguascalientes 

has a lower confidence value of 87.3 and an upper confidence value of 93.7; thus, the 

SMR is statistically significant since neither limits of the confidence interval includes 

100. 

2.5 Results 

Table 2.1 shows a snapshot of the variables that compose the marginalization 

index plus the country’s death rate and the proportion of indigenous population. 

The variables that comprise the marginalization index demonstrate an interesting 

story. Almost 40% of the population in 2005 is without the most basic form of education 
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(elementary school) and almost 17% has no education at all. Further, nearly 67% of 

Mexicans live with less than 2 minimum wages per day. The public services categories 

are somewhat curious. All three (water, electricity and sanitary services) have improved, 

with the percentage without electricity below 6% in 2005. But on the other hand, these 

statistics still represent a considerable number of households that do not receive potable 

water and/or do not have household sanitary services.  

In this table a correlation coefficient was included between the age-adjusted 

mortality rates and the marginalization index. Despite being statistically significant, the 

correlation is not exactly a strong one (0.0824). But it does show the expected 

relationship in that higher marginalization levels are related to higher mortality rates. 

We can now look more carefully inside the data and analyze the two major 

components in this dissertation: the marginalization index and mortality rates. 

2.5.1. Marginalization 

The marginalization index is normalized by CONAPO. In general, the index can 

be any positive or negative number depending on its components. Overall, 17 states have 

a negative marginalization index (the more negative, the better) for 2005 and with the 

exception of the state of Quintana Roo, the rest are all the Northern states close to the 

U.S. border and the states near the nation’s capital.  

In general, the pattern for the marginalization index in Mexico seems to be quite 

stable. CONAPO has compiled this index only two times, in 2000 and in 2005. This 

dissertation only uses the 2005 version in the analysis linking marginalization and 
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mortality. However, in this case, Figure 2.3 only refers to the marginalization index and it 

was appropriate to compare both available years to show that stability. Figure 2.3 shows a 

scatter plot of every state (the name appears in its abbreviated form) with a line 

representing the national marginalization index average for 2000 and 2005. One state 

(Durango) was flirting with low marginalization in 2000 but then, 5 years later, the 

marginalization index worsened a bit and reached almost 0. The remaining states 

fluctuated only very slightly during these 5 years. 

Since Mexico has 31 states and the Federal District, engaging in a discussion 

analyzing each state would prove to be lengthy. Therefore, I followed Cordera-Campos 

(1998) and INEGI’s classification of regions and created two different ways of studying 

Mexico. First, I separated each state according to a recently proposed format that breaks 

the country into 10 different zones3 called Pacific-South, Gulf-Central, Central-North, 

Central, Southeast, Pacific-Central, Occidental, North, Pacific-North and Central-South. 

Second, I divided Mexico into three more typical regions4 called North (7 states), Central 

(18 states) and South (7 states). However, it seems evident that using the regions could 

present a bias towards the Central area of Mexico by having 18 states versus 7 for the 

North and 7 for the South regions, but the analysis could still be helpful to identify some 

interesting patterns of urbanization (for a more visual representation please refer to 

                                                 
3 Zones: 1. Pacific-South includes Chiapas, Guerrero and Oaxaca; 2. Gulf-Central includes Hidalgo, 

Puebla, Tlaxcala and Veracruz; 3. Central-North includes San Luis Potosí and Zacatecas; 4. Central 

includes Guanajuato, Michoacán and Querétaro; 5. Southeast includes Campeche, Quintana Roo, Tabasco 

and Yucatán; 6. Pacific-Central includes Durango, Nayarit and Sinaloa; 7. Occidental includes 

Aguascalientes, Colima and Jalisco; 8. North includes Coahuila, Chihuahua, Nuevo León and Tamaulipas; 

9. Pacific-North includes Baja California, Baja California Sur and Sonora; 10. Central-South includes DF, 

Estado de México and Morelos. 
4 Regions: North with zones 8 and 9; Central with zones 2, 3, 4, 6, 7 and 10; South with zones 1 and 5. 
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Figures 2.4 and 2.5).  Tables 2.2 and 2.3 present the marginalization index figures for 

2005 dividing Mexico into zones and regions.  

Table 2.2 shows that for 2005, the index ranged from -2.36 to a value of 4.50. In 

both cases the highest values were not in Chiapas or Oaxaca (the states commonly 

associated with poverty and marginalization), but were in the state of Guerrero. The 

relevance of these figures is that the 4.50 belonged to the municipality of Cochoapa el 

Grande, which was created in 2004 after dividing Metlatánoc (the municipality with the 

highest marginalization in 2000) into two municipalities. As expected, the lowest values 

for both 2000 and 2005 belonged to the Federal District. The Benito Juárez delegación 

(name given to the municipalities inside the Federal District) is the least marginalized, 

with specific indicators showing over 99% of the households with all public services 

installed and over 95% of the population with completed elementary school. 

Despite showing numbers calculated 6 years ago, Figure 2.6 presents a clear 

picture of the areas that have concerned the country. First, it shows the municipalities 

with higher degrees of marginalization (shown in orange and red). Almost 1,300 

municipalities fall into these categories and are predominantly in the South. The other 

areas showing very high levels of marginalization appear in the states of Chihuahua, 

Sonora, Veracruz, Zacatecas, Puebla and Tamaulipas. One common characteristic shared 

by all these states is the presence of a substantial indigenous population. There is also an 

uneven population distribution in some states. For example, Oaxaca has the most 

municipalities in Mexico with 570 and some areas are completely rural and completely 

inhabited by the indigenous population, with little or no access to public resources. 



 32 

Location seems to play a role in marginalization as well, since some areas are 

inaccessible by any type of motorized vehicle and are characterized by a geography that 

makes their population hard to reach.  

The opposite can be observed by looking at the dark and light green areas. Those 

municipalities show low and very low marginalization and are those that are closer to the 

U.S. border, near Mexico City, or near an emerging tourist area. For example, the state of 

Nuevo León (Northeastern Mexico and very close to Texas) is almost completely colored 

in green. Even the states of Guerrero and Michoacán, previously mentioned as having a 

large number of high and very high marginalized municipalities, show signs of progress 

by having a few yellow marks near Acapulco and Morelia (tourist centers). 

2.5.2. Mortality 

The pattern for mortality appears to be somewhat similar to the marginalization 

index. Mortality levels in Mexico have decreased in the past few decades, partially 

because of an aggressive policy established by the government following the Millennium 

Development Goals 2000-2015 created by the United Nations (2000). Again, a 

comparison between zones and regions provides a better understanding of age-adjusted 

mortality rates inside Mexico. As expected, Table 2.4 shows that the North region has the 

lowest age-adjusted mortality rate with an overall rate of 460 deaths per 100,000 

inhabitants compared to the rates in the Central region (478) and the South region (579). 

Further, the difference in maximum age-adjusted death rates across regions is striking; in 
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the South, the maximum rate is more than twice as high as the maximum rate in the 

Central and North regions. 

In terms of zones we can observe an even clearer path towards understanding 

mortality in Table 2.5. For example, the Pacific-South zone has higher mortality rates per 

100,000 inhabitants than the Central-South zone (which also includes the states in the 

Yucatan peninsula) so factors like migration, poverty, segregation or even location could 

be affecting these three states. On the other hand, dividing the North region yields the 

North zone (the states of Coahuila, Nuevo León, Chihuahua and Tamaulipas) and the 

Pacific-North zone (the states of Baja California, Baja California Sur and Sonora), with 

the latter having higher mortality rates.  

Using ArcMap in ArcGIS, we can see mortality figures at the municipality level 

in Mexico. Figure 2.7 shows the age-adjusted death rates for each municipality in Mexico 

using a colored-scale to present a better illustration of the different values. The five 

different ranges are taken directly from ArcMap in ArcGIS, which presents the Quantiles 

method as the recommended choice5. Although they are not very visible due to the size of 

the municipality, the highest values are again present in the states of Oaxaca and 

Guerrero, as well as in the states of Sonora and Chihuahua. However, the two 

municipalities with the highest age-adjusted death rates (over 3,900 deaths per 100,000 

inhabitants) are in the state of Oaxaca. It is worth mentioning that population levels in 

these municipalities are well below 1,000, so the mortality rates might not be stable. Most 

                                                 
5 “The range of possible values is divided into unequal-sized intervals so that the number of values is the 

same in each class. Classes at the extremes and middle have the same number of values. Because the 

intervals are generally wider at the extremes, this option is useful to highlight changes in the middle values 

of the distribution” (ESRI GIS and Mapping Software 2009). 
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places with high mortality have high percentages of indigenous population and rural 

population, with virtually no access to basic services. In addition, most are not close to a 

large city like the state capital.  

The standardized mortality ratio allows me to identify if municipalities in Mexico 

experience higher mortality levels or not compared to country levels. In order to do so 

and without presenting 2,454 municipalities in a table, only the capitals of each state are 

shown in Table 2.6. It is worth noting that most of the cities that serve as state capitals are 

located inside a municipality with the same name, with a few exceptions pointed out in 

the table. Being the nation’s capital, the Federal District has no state capital, so the 

municipality with the highest population (Iztapalapa) is presented instead. The idea of 

presenting state capitals is important because most of the bureaucratic processes go 

through the capital’s systems. From a geographical perspective, most of the population 

has (or should have) relatively easy access to the state capital and in some cases (like 

Oaxaca or Chiapas) the population has far more services available than some 

municipalities. 

Some of the mortality rates for state capitals immediately call for more attention. 

In Table 2.6, cities like Guadalajara and Monterrey, two of the top-five most populated 

cities in Mexico, are inside municipalities with over 20% higher mortality risk than the 

nation as a whole. On the other hand, municipalities like Tuxtla Gutiérrez and Oaxaca, 

located inside two of the poorest states, have lower mortality risks than the rest of the 

country. One possible explanation for this phenomenon is that Tuxtla Gutiérrez and 

Oaxaca might represent the “best” in terms of options for their populations. On the other 
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hand, Monterrey and Guadalajara face higher mortality risks; these cities also face a 

constant flow of population from neighboring municipalities (some as close as just 

crossing the street) with more diversity in terms of population and age structure that 

could be leading to more risks. 

2.6 Ancillary Analysis 

As mentioned in the first chapter, marginalization was picked as a more reliable 

predictor of mortality than any education- or income-related variable. I thought it was 

necessary to present a brief review these two variables by themselves. 

Using the average per capita income per municipality, obtained from the Sistema 

de Integración Territorial (ITER) from INEGI (2011), one can identify a few 

shortcomings of relying on this variable. First, there are 36 municipalities that did not 

report any information complicating any possible comparison. Now, after excluding these 

missing values, the remaining municipalities do show one tendency: those with low 

average per capita income are also those with either high or very high levels of 

marginalization. The average per capita income is a little over 22,000 Mexican Pesos 

(approximately $1,630) but the average for the l50 municipalities with the lowest per 

capita income is only 7,541 Mexican Pesos (approximately $560). 

However, in terms of age-adjusted mortality rates, income does not tell the 

complete story. The same 150 municipalities with the lowest per capita income have an 

average AAMR of 727 deaths per 100,000 inhabitants but only 37 of them will figure in 

the list if the municipalities are sorted by their AAMR.  The top-150 in terms of age-
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adjusted mortality rates has an average of 1,261 deaths per 100,000 inhabitants but with 

an average per capita income of 14,768 Mexican Pesos (approximately $1,094). This is 

visually represented in Figure 2.8. The average income per capita does not follow a 

specific pattern or relationship with the AAMR. Further, this variable alone does not take 

into consideration confounders like migration or indigenous population and only presents 

a slight resemblance to the patterns shown in Figure 2.6. 

Another method can be the use of the Gini coefficient. A measure of statistical 

dispersion created by the Italian statistician Corrado Gini (1912) to measure the 

inequality of a distribution, in this case income, ranging from 0 (equality) to 1 (complete 

inequality). Income inequality has been a preferred method by many scholars in the 

process of finding a link between poverty and health (Kondo et al. 2009). Poverty is often 

associated with bad health for both the poor and for those in a better socioeconomic 

situation. Stress, lack of social cohesion, and physical illnesses are just some of the 

consequences of having high income inequality (Subramanian and Kawachi 2004).  

In 2005 in Mexico, the Gini coefficient ranged from 0.25 in the municipality of 

San Juan Teita in Oaxaca (a highly-marginalized area) to 0.69 in the municipality of 

Acatlán in Jalisco (a very lowly-marginalized area). The average income per capita in 

these two municipalities differs dramatically from 8,541 Mexican Pesos (approximately 

$630) in San Juan Teita to 49,642 Mexican Pesos (approximately $3,680) in Acatlán. All 

levels of marginalization are represented in the most unequal municipalities and the age-

adjusted mortality rate also differs greatly.  
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Figure 2.9 shows a few of the main critiques of the Gini coefficient. Visually, the 

areas with the most inequality are not, for the most part, the areas with highest age-

adjusted mortality rates (as compared to Figure 2.7). In addition, the Gini coefficient does 

not takes into consideration the socioeconomic conditions of the population under study 

and statistically, confidence intervals are hard to calculate (Schneider et al. 2002). 

Further, the Gini coefficient is not very sensitive to changes in mortality inequality, 

especially for population aged 15 or older (Murray and López 1996). 

Finally, using education alone yields similar results. The average years of 

schooling per municipality reveals that the 150 municipalities with the lowest schooling 

have an average of 3.3 years compared to the 6.2 average years of schooling of the 

remaining municipalities. Just like in the average per capita income, all the municipalities 

with the lowest education are those with very high and high marginalization but yield a 

severe contrast in AAMR.  

Both education and income do not show the complete picture that the 

marginalization index seems to accomplish in combination with other confounders. WLS 

regressions (not shown) having the age-adjusting mortality rates as dependent variables 

and having only income, only education, and both as predictors, show no statistically 

significant results. 

2.7 Discussion and Conclusions 

Mexico, just like the rest of the world, is undergoing a demographic 

transformation that drastically changed the way people live. Before establishing a 
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relationship between marginalization and mortality, this chapter provided a more recent 

and informative perspective of mortality and marginalization using geographic 

information systems (GIS) as a tool to present visually-efficient information on this topic. 

This analysis, albeit descriptive, is important because it begins the process of 

understanding the relationship between marginalization and mortality. 

Overall, the marginalization index allows for proper identification of specific 

geographical units that lack access to key societal resources. Those resources range from 

the social, like lack of education, to even the most basic. They also include poor housing 

conditions, poverty, and finally, living in a location that is socially and geographically 

isolated. The combination of these problems presents a challenge for human development 

and potentially raises the risk of health complications and increases morbidity and 

mortality. Also, a quantitative perspective and the use of GIS showed discrepancies in 

regional and zonal analyses, verifying the fact that Mexico is characterized by wide 

municipal and regional level differences in both marginalization and mortality. 

The states of Guerrero, Chiapas and Oaxaca have been identified as the three 

states with high marginalization rates. Around 11% of the nation’s population lives here, 

representing around 12 million people. A good portion of them suffer from the 

consequences of being marginalized like in Guerrero “…20% being illiterate, 36% not 

finishing elementary school; more than one of every four inhabitants live in households 

without sanitation services; six out ten have no electricity; 3 out of 10 have no water 
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supply; 1 out of 3 live in houses with no cemented flooring and more than half live in 

overcrowding6 conditions” (United Nations 2006:13).  

One of the main limitations in this analysis is the inability to have a more straight-

forward approach to compare marginalization and mortality with other possible factors 

mentioned in the analytic framework, like migration or the percentage of indigenous 

population. The lack of user-friendly data makes the task of compiling and organizing the 

information a very demanding one. In addition, some municipalities do not appear in all 5 

years of mortality data or in the 2005 marginalization index data or have a very small 

population that yielded no deaths for all age groups.   

Chapter 3 will continue the descriptive analysis of marginalization and mortality, 

but now focusing on age/gender differences and specific causes of death. 

 

 

 

 

 

 

 

 

                                                 
6 For this work, CONAPO (2001) determines overcrowding as follows: A house with one room with 3+ 

occupants; a house with 2 rooms with 5+ occupants; a house with 3 rooms with 7+ occupants or a house 

with 4 rooms with 9+ occupants. 
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Table 2.1 – Sociodemographic Characteristics of Mexican Municipalities, 2005 

Variable 2005 

Age-Adjusted Death Rate per municipality (2003-2007 average) 504 per 100,000 

Marginalization Index (average) 0.00 (standardized) 

Correlation between 2005 Marginalization Index and 2003-2007 

Age-Adjusted Mortality Rates 

0.08
***

 

Average Population per municipality 42,079 

Females 0.51 

Age Structure 

Under 1 

1-4 

5-9 

10-14 

15-19 

20-24 

25-29 

30-34 

35-39 

40-44 

45-49 

50-54 

55-59 

60-64 

65-69 

70-74 

75-79 

80-84 

85+ 

 

0.02 

0.08 

0.10 

0.11 

0.10 

0.09 

0.08 

0.08 

0.07 

0.06 

0.05 

0.04 

0.03 

0.03 

0.02 

0.01 

0.01 

0.01 

0.01 

Population earning two or less minimum wages at the most 0.67 

Households with flooring material different from cement 0.15 

No drainage or sanitary services inside household 0.10 

No potable/piped water inside household 0.18 

No electricity in household 0.06 

Population (15+ years old) with no education 0.17 

Population (15+ years old) with non-finished elementary education 0.39 

Households with signs of overcrowding 0.50 

Population that live in localities under 5,000 inhabitants 0.73 

Indigenous Population 0.07 

N (municipalities) 2,454 
Source: Author’s calculations in STATA with information from CONAPO and INEGI. 

*** 
P≤0.001 
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Table 2.2 – Descriptive Statistics for Municipal Marginalization Index by Regions in 

Mexico, 2005 

 

Region 

Observations 

(Municipalities) 

Mean           

(In units) 

Std. Dev.  

(In units) 

 

Minimum 

 

Maximum 

North 280 -0.915 0.801 -2.270 3.029 

Central 1,260 -0.240 0.856 -2.366 3.251 

South 909 0.615 0.873 -1.873 4.498 
Source: Author’s calculations in STATA with information from CONAPO and INEGI. 
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Table 2.3 – Descriptive Statistics for Municipal Marginalization Index by Zones in 

Mexico, 2005 

 

Zone 

Observations  

(Municipalities) 

Mean             

(In units) 

Std. Dev. 

(In units) 

 

Minimum 

 

Maximum 

Pacific-South 767 0.724 0.870 -1.873 4.498 

Gulf-Central 572 0.094 0.841 -1.790 2.927 

Central-North 115 -0.197 0.717 -1.823 2.166 

Central 177 -0.253 0.644 -1.821 1.637 

Southeast 142 0.025 0.619 -1.602 1.670 

Pacific-Central 77 -0.337 0.915 -1.665 3.256 

Occidental 145 -0.748 0.619 -1.976 2.613 

North 199 -0.837 0.896 -2.270 3.029 

Pacific-North 81 -1.105 0.498 -2.011 0.627 

Central-South 174 -0.890 0.730 -2.366 0.955 
Source: Author’s calculations in STATA with information from CONAPO and INEGI. 
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Table 2.4 – Age-Adjusted Municipal Mortality Rates by Regions in Mexico, 2003-2007 

 

Region 

Observations  

(Municipalities) 

Mean             

(Per 100,000) 

Std. Dev.  

(In units) 

 

Minimum 

 

Maximum 

North 

Overall 

Males 

Females 

 

280 

280 

280 

 

460 

527 

388 

 

92 

115 

92 

 

256 

232 

184 

 

790 

985 

772 

Central 

Overall 

Males 

Females 

 

1,260 

1,260 

1,260 

 

478 

551 

412 

 

89 

122 

84 

 

138 

151 

86 

 

1,324 

2,450 

1,103 

South 

Overall 

Males 

Females 

 

908 

908 

908 

 

579 

671 

502 

 

466 

570 

409 

 

158 

155 

82 

 

4,448 

6,627 

3,940 
Source: Author’s calculations in STATA with information from INEGI. 
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Table 2.5 – Age-Adjusted Municipal Mortality Rates by Zones in Mexico, 2003-2007 

 

Zone 

Observations  

(Municipalities) 

Mean             

(Per 100,000) 

Std. Dev.   

(In units) 

 

Minimum 

 

Maximum 

Pacific-South 

Overall 

Males 

Females 

 

766 

766 

766 

 

602 

707 

515 

 

503 

613 

444 

 

158 

155 

82 

 

4,448 

6,627 

3.940 

Gulf-Central 

Overall 

Males 

Females 

 

572 

572 

572 

 

497 

573 

430 

 

96 

143 

89 

 

138 

151 

126 

 

1,324 

2,450 

1,103 

Central-North 

Overall 

Males 

Females 

 

115 

115 

115 

 

423 

478 

373 

 

59 

75 

61 

 

282 

322 

216 

 

610 

753 

574 

Central 

Overall 

Males 

Females 

 

177 

177 

177 

 

458 

542 

384 

 

68 

89 

62 

 

231 

243 

210 

 

674 

877 

521 

Southeast 

Overall 

Males 

Females 

 

142 

142 

142 

 

455 

478 

435 

 

63 

86 

78 

 

288 

295 

232 

 

655 

848 

663 

Pacific-Central 

Overall 

Males 

Females 

 

77 

77 

77 

 

385 

449 

318 

 

70 

76 

73 

 

155 

196 

86 

 

531 

575 

490 

Occidental 

Overall 

Males 

Females 

 

145 

145 

145 

 

487 

559 

421 

 

54 

74 

55 

 

315 

357 

204 

 

613 

777 

583 

North 

Overall 

Males 

Females 

 

199 

199 

199 

 

440 

504 

371 

 

85 

105 

86 

 

256 

232 

190 

 

675 

810 

597 

Pacific-North 

Overall 

Males 

Females 

 

81 

81 

81 

 

511 

586 

428 

 

89 

117 

92 

 

297 

268 

184 

 

790 

985 

772 

Central-South 

Overall 

Males 

Females 

 

174 

174 

174 

 

505 

576 

440 

 

85 

107 

77 

 

331 

365 

301 

 

1,019 

1,001 

1,043 
Source: Author’s calculations in STATA with information from INEGI. 
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Table 2.6 – Overall Standardized Mortality Ratios for State Capitals Relative to the 

Nation, 2003-2007 

State Capital Municipality Overall  

SMR (%) 

Lower CI  

SMR (%) 

Upper CI  

SMR (%) 

Aguascalientes Aguascalientes Aguascalientes 90.5 87.3 93.7 

Baja California Mexicali Mexicali 106.0 102.7 109.2 

Baja California Sur La Paz La Paz 100.4 94.1 106.6 

Campeche Campeche Campeche 94.8 89.1 100.5 

Coahuila Saltillo Saltillo 80.3 77.2 83.5 

Colima Colima Colima 125.2 116.3 134.1 

Chiapas Tuxtla Gutiérrez Tuxtla Gutiérrez 83.5 79.8 87.2 

Chihuahua Chihuahua Chihuahua 116.3 112.7 119.9 

DF Iztapalapa
1
 Iztapalapa

1
 95.2 93.1 97.2 

Durango Durango Durango 85.9 82.2 89.6 

Guanajuato Guanajuato Guanajuato 94.3 87.2 101.4 

Guerrero Chilpancingo Chilpancingo 63.3 58.4 68.3 

Hidalgo Pachuca Pachuca de Soto 97.3 91.9 102.8 

Jalisco Guadalajara Guadalajara 131.5 128.9 134.1 

Estado de México Toluca Toluca 92.5 89.2 95.7 

Michoacán Morelia Morelia 98.6 95.1 102.1 

Morelos Cuernavaca Cuernavaca 129.4 123.8 135.1 

Nayarit Tepic Tepic 91.7 86.9 96.4 

Nuevo León Monterrey Monterrey 125.3 122.3 128.4 

Oaxaca Oaxaca Oaxaca de Juárez 110.5 104.6 116.4 

Puebla Puebla Puebla 102.5 100.1 104.9 

Querétaro Querétaro Querétaro 84.4 81.3 87.5 

Quintana Roo Chetumal Othón P. Blanco 80.1 74.6 85.6 

San Luis Potosí San Luis Potosí San Luis Potosí 98.3 94.9 101.6 

Sinaloa Culiacán Culiacán 73.8 71.0 76.6 

Sonora Hermosillo Hermosillo 94.8 91.4 98.2 

Tabasco Villahermosa Centro 95.2 91.4 98.9 

Tamaulipas Ciudad Victoria Victoria 74.3 69.7 78.8 

Tlaxcala Tlaxcala Tlaxcala 83.2 74.2 92.3 

Veracruz Xalapa Xalapa 100.8 96.3 105.3 

Yucatán Mérida Mérida 113.5 110.0 117.0 

Zacatecas Zacatecas Zacatecas 97.0 89.2 104.8 
Note: The numbers show the mortality risk for the municipality that includes the state capital. 

1
For the 

Federal District, the most populated delegación was chosen. 

Source: Author’s calculations in Microsoft Excel with information from INEGI. 
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Figure 2.1 – 1950-2005 Life Expectancy at Birth for the World and Mexico (Total, Males 

and Females), 1950-2005 

 
Source: UN Common Country Assessment (2006) and ECLAC Interactive Database (1999). 
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Figure 2.2 – 1950-2005 Crude Mortality Rate for the World, Latin America and the 

Caribbean, and Mexico, 1950-2005 

 
Source: UN Common Country Assessment (2006) and ECLAC Interactive Database (1999). 
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Figure 2.3 – 2000 and 2005 Mean Marginalization Index for Mexican States 

 
Source: Author’s calculations in Excel with information from CONAPO and INEGI. 
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Figure 2.4 – Political Division Map of Mexico Divided by Regions 

  
Source: Author’s own elaboration with information from CONABIO, INEGI and CONAPO. 
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Figure 2.5 – Political Division Map of Mexico Divided by Zones 

  
Source: Author’s own elaboration with information from CONABIO, INEGI and CONAPO. 
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Figure 2.6 – Marginalization Index by Municipalities in Mexico, 2005 

 
 Source: Author’s own elaboration with information from CONABIO, INEGI and CONAPO. 
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Figure 2.7 – Age-Adjusted Death Rates by Municipalities in Mexico, 2003-2007 

 
Note: Rates per 100,000 inhabitants. Source: Author’s own elaboration with information from CONABIO and INEGI.  
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Figure 2.8 – Average Income per Capita by Municipalities in Mexico, 2005 

 
Source: Author’s own elaboration with information from CONABIO, INEGI and CONAPO. 

Note: White areas have no reported income information. Income expressed in Mexican Pesos.
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Figure 2.9 – Gini Coefficient Measuring Income Inequality by Municipalities in Mexico, 2005 

 
Source: Author’s own elaboration with information from CONABIO, INEGI and CONAPO. 

Note: White areas have no reported income information.
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Chapter 3:  Marginalization and Mortality – Age/Gender Analysis 

 

3.1 Introduction 

In this chapter of the dissertation, I continue using a descriptive approach to 

analyze patterns of marginalization and mortality in Mexico, but I now focus on 

age/gender differences and cause of death. Mortality is a complex topic that depends not 

only on biological elements and living conditions but also on demographic characteristics 

like age and gender. In addition, the introduction of cause of death allows proper 

identification of specific problems that are affecting males and females inside different 

age groups that are exposed to different mortality risks (Consejo Nacional de Población 

2010b). At the same time, marginalization makes some causes of death more prevalent in 

certain areas (Ham-Chande 1996).    

The chapter is organized as follows: Section 3.2 briefly introduces the age/gender 

composition in Mexico. Section 3.3 explains the relevance of studying cause of death in a 

country like Mexico. Section 3.4 introduces the methodology used for this chapter and an 

additional dataset used to support the data described in Chapter 2. Section 3.5 presents 

the results and, in this case, age and gender differences are combined with cause of death 

and presented for the seven age groups defined in Section 3.4. Finally, Section 3.6 will 

conclude. 
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3.2 Age/Gender Differences in Mexico 

Age-related differences are important to take into account in any analysis of 

mortality. Infant mortality is one of the most commonly used indicators that reflect life 

conditions inside a country. Infant health depends on factors like nutrition, access to 

health services, and exposure to infectious agents. However, these factors are also 

influenced by socioeconomic conditions and the environment surrounding children. Thus, 

national and regional development influence family life conditions and modify the 

chances of surviving at this early stage (Bobadilla and Langer 1990).  

At the world-level, around 2 billion people (25% of the world population) are 

between 10 and 24 years old. In Mexico, around 21% of the population falls in this age-

range, with 50% of these adolescents living in 7 of the 32 states, mostly in highly-

urbanized areas (Santos-Preciado, García-Avilés, and Quezada-Bolaños 2003). This 

group faces different challenges than newborns or elders because most of them face 

challenges for their future. Poor economic conditions impact their job opportunities when 

they enter the labor market; many become exposed to addictions like alcohol, smoking, 

and other drugs; morbidity and mortality factors change with the introduction of sexual 

and reproductive behaviors along with the increase in the exposure to violence (Burth 

1998).  

Working-aged adults have different needs than the other age segments. Factors 

like educational attainment and income are normally settled-in by now and adults in this 

age group face the challenges of their occupations. Exposure to different working 

conditions and stress can influence mortality risks (Krueger and Burgard 2011). In 
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addition, if the economic situation is not good for adults, this age group will resort to 

informal labor markets. This can increase their chances of being uninsured and thus, not 

having access to most health services (Samaniego 2009).  

Finally, in Mexico, reaching old age has been seen as a symbol of fortitude and 

resilience. This segment of the population faces several challenges that differ from 

younger individuals. First, the prevalence of chronic and degenerative diseases, like 

arthritis or Alzheimer’s disease, increases their demand for health services (Secretaría de 

Salud 1993). Second, depending on socioeconomic variables, not every person in this 

age-group will have access to medical resources to prevent, detect, and treat those 

diseases. The population aged 60 or older living in urban areas use more health services 

and use them more frequently than any other age group. This was influenced in part by 

the fact that the percentage of uninsured elders in rural areas is much higher than the 

percentage of uninsured elders living in urban areas (Álvarez-Gutiérrez and Brown 

1983).  

Figure 3.1 shows the distribution of Mexico’s population by age and gender in 

2005. According to CONAPO’s population projections, Mexico will start experiencing a 

reduction in total population around 2042 and the elderly (75+) will have the biggest bar 

in the projected 2050 population pyramid (Consejo Nacional de Población 2007).   

Mexican males and females exhibit differences in health care access, behavior, 

and health (Haavio-Mannila 1986). Gender disparities are also present in terms of social 

and political participation, access to education, income, access to basic services, labor 

market participation, and nutrition. First, women tend to be concentrated in low-paying 
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jobs despite increasing their educational attainment (Economic Commission for Latin 

America and the Caribbean 1999; Tuirán 1994). Second, the absence of a disaggregated 

analysis by gender limits the possibility of implementing efficient policies targeting 

specific needs and not just general problems (Lara 1993; Roses 2003). Third, despite 

showing better life expectancy figures, women are still at risk for maternal mortality in 

Mexico. Indeed, pregnancy-related complications along with a higher need to use 

medical services make the analysis of gender-specific patterns more relevant (Falicov 

1998; World Health Organization 2002).  

The Mexican government has considered three dimensions of health and these 

have been specifically adapted to serve both males and females (DiGirolamo and Salgado 

de Snyder 2008). The first dimension is reproductive health and well-being. It focuses on 

breast and cervical cancer prevention, family planning, and prenatal care for females. In 

addition, it focuses on the psychological challenges within the cultural context of child-

caring by making an attempt to introduce males to these activities  (Secretaría de Salud 

1994).  The second dimension includes nutritional issues. Both males and females are 

now being educated on how to change their food intake and improve the nutritional value 

of their meals at the same time to reduce deficiencies that might cause growth stunting 

and higher morbidity and mortality risks for the whole family (Rivera-Dommarco et al. 

2001). Finally, the third dimension deals with mental issues. In this case, the Mexican 

government has divided males and females in rural and urban areas. Most of the 

problems seen in marginalized communities are related to poverty and the everyday 

situations that cause stress. By the same token, females report worst physical health than 
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men due to the uneven distribution of labor and responsibilities in these rural settings 

(Salgado de Snyder, Díaz-Pérez, and Ojeda 2000).  

3.3 Cause of Death 

The epidemiologic transition occurs when mortality rates decrease and also when 

causes of death shift from transmissible diseases to non-transmissible diseases and 

chronic illnesses. Inside this transition a reduction in fertility rates is also present, but this 

is beyond the scope of analysis in this dissertation.  

In his classic work, Omran (1971) divided the general epidemiologic transition 

into three different patterns: Classical or Western Model (England & Wales and Sweden), 

Accelerated Transition (Japan) and Contemporary or Delayed (Chile and Ceylon, now Sri 

Lanka) and presented comparisons between these countries in terms of birth and death 

rates with marked tendencies: “In most of these developing countries, the death rate has 

declined rapidly in recent years, especially since World War II, and the birth rate has 

remained high with minor fluctuations” (pp. 516). Omran established three stages in the 

epidemiologic transition: 1) the Age of Pestilence and Famine with high mortality; 2) the 

Age of Receding Pandemics with some mortality decline, and 3) the Age of Degenerative 

and Man-Made Diseases when mortality stabilizes and life expectancy at birth exceeds 50 

years. 

However, a clear epidemiologic transition cannot be determined and applied to 

each and every country simply because there are differences in the social and economic 

systems. Developing countries, like Mexico, started their transitions around the 20
th
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century and they have sharper declines in mortality rates in less time than their developed 

counterparts (Dyson 2001; Stolnitz 1958; Teitelbaum 1975; Weeks 1986). Going against 

the usual notion of the developed countries’ experiences in terms of mortality decline, 

developing countries went through this reduction not only because of economic 

development and economic growth but also because cheap health programs oriented 

towards larger sectors of the population were introduced to help (Arriaga and Davis 

1969; Weeks 1986). This is evident in Mexico’s Solidaridad and Progresa (now 

Oportunidades) programs, introduced by the government as an attempt to improve health 

conditions in many marginalized areas. 

Later updates of the epidemiologic transition were published by Omran and other 

authors. For example, Olshansky and Ault (1986) proposed a fourth stage in the 

epidemiologic transition called the Age of Delayed Degenerative Diseases. In this stage, 

life expectancy increased and middle-aged and old-aged adults saw a reduction of their 

mortality rates. The introduction of new technology along with more access to health care 

caused a postponement of degenerative diseases among these individuals. 

In Mexico, mortality rates decreased after the implementation of more efficient 

ways to control infectious and parasitic diseases, especially in children and pregnant 

women. This shifted the attention to older age groups and increased the relevance of 

chronic and degenerative diseases (Consejo Nacional de Población 2010b).  Figure 3.2 

presents statistics, taken from a recent CONAPO report, that exemplifies the 

epidemiologic transition in Mexico by showing changes in the distribution of all reported 

deaths by comparing 1980 and 2007. Deaths caused by transmissible diseases decreased 
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20% in this period while non-transmissible diseases are now responsible for three-fourths 

of the total number of deaths in Mexico.  

3.4 Methods 

The levels and patterns of mortality are different for each gender and for each age 

group. For the calculation of age-adjusted mortality rates and for the presentation of 

causes of death, all age groups will be analyzed. But to simplify the results, ages will be 

grouped according to the 7 major life stages of individuals according to INEGI (2006) 

and CONAPO (2007). 

 Infants (age under 1) 

 Pre-school children (ages 1-4) 

 Children (ages 5-14) 

 Teenagers and Youth (ages 15-24) 

 Young adults (ages 25-44) 

 Adults (ages 45-64) 

 Mature adults (ages 65 or older) 

Data for this chapter come from two main sources. The first one is described in 

Chapter 2 and involves the INEGI Mortality Database. In order to obtain information on 

cause of death, I also used the INEGI database but I complemented it with the World 

Health Organization (hereafter WHO) Mortality Database (2011).  

This database contains detailed mortality information by specific causes and 

divided by sex for every country that is a member of the WHO. In Mexico’s case, this 
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database goes back as far as 1955 and is updated up to 2008, making it the most complete 

data source for this country, even among local agencies from the Mexican government. 

The information is divided by cause of death for females and males among specific age 

groups for every year. The reason behind the use of two datasets to establish cause of 

death comes from the classification codes used to divide these deaths. WHO information 

is presented using the International Classification of Diseases (hereafter ICD) as an effort 

to bring morbidity and mortality statistics into a more homogeneous pattern easily 

identified and understood across contexts. The WHO took control of this system in 1948 

when the ICD was already in the sixth edition and, since then, a periodical 10-year update 

brings new diseases into the classification and also makes changes to the already 

established codes to make the system work better. The most recent ICD major update 

took place in 1998, when the 10
th

 edition was launched by the WHO and minor 

modifications happened yearly since 1996 but without altering the overall classification 

(World Health Organization 2004). 

For this analysis, data from 2003 to 2007 are used to match the results in the 

previous chapter. The only difference comes from the way deaths were aggregated. In 

Chapter 2 deaths were added for each municipality and then adjusted accordingly. In this 

chapter, deaths are now added for the 5-year period under analysis by level of 

marginalization (very high, high, average, low, and very low) in order to calculate crude 

death rates. The standardization of these rates is similar to the process described in the 

previous chapter with only one difference. Normally, I adjusted each municipality 

mortality rate using the age proportion of their respective state. Now, I adjust mortality 
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rates using the age proportion for the country since the number of municipalities by level 

of marginalization is uneven. 

3.5 Results 

The results are presented for the seven age groups determined in the methods 

section. For each age group, the top-three causes of deaths by gender are included.  

3.5.1. All-Ages 

Overall, Mexican males experienced more deaths between 2003 and 2007 than 

females. Out of the 2,421,249 recorded deaths in that period, men accounted for 55.2% of 

them. Within specific age groups, men accounted for up to 70% of deaths in some cases 

(15-24 years old and 25-44 years old).  

Table 3.1 shows that there is a clear leading cause for both sexes: diseases of the 

circulatory system is the primary cause of death in Mexico, accounting for 25.3% of the 

total female deaths and 20.8% of the total male deaths. Endocrine, nutritional, and 

metabolic diseases are the second leading cause of death for Mexican females and the 

third for males for 2003-2007. It represents 19.5% of the total female deaths and 13.7% 

of the total male deaths. Finally, malignant neoplasms are the third leading cause of death 

for females, accounting for 15.5% of the total number of deaths (with breast cancer being 

the most common type of cancer affecting females). For males, the second leading cause 

of death is external causes of morbidity and mortality, accounting for 15.5% of the total 

number of deaths. 
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Since the population distribution has changed throughout the years, it is necessary 

to include information not only differentiating gender but also contrasting causes of death 

for the seven stages of life described in Section 3.4. I will follow the structure presented 

in a report done by CONAPO (2010b), along with the addition of some findings at the 

municipal-level, in order to identify possible differences between marginalized and non-

marginalized areas.  

Table 3.2 shows that all-cause mortality rates for both genders differ significantly 

across levels of marginalization. Overall, municipalities with very high marginalization 

have an all-cause and age-adjusted mortality rate only 3% higher than municipalities with 

very low marginalization. Furthermore, males and females of all ages in very highly 

marginalized municipalities have 2% higher mortality rates, respectively, than those 

living in municipalities with very low marginalization. But in contrast, males and females 

of all ages in highly marginalized municipalities show a 4% and 6% lower mortality 

rates, respectively, than those living in municipalities with very low marginalization. 

These results do not conform to the expectation that the highest mortality rates would be 

in the most highly-marginalized areas. There are several factors that might influence 

these results.  

First, a handful of states contain most of the municipalities with very high 

marginalization. Oaxaca and Chiapas have over 50% of their population under this label; 

Guerrero follows with 45%; Puebla and Veracruz with 30%; Yucatán and Campeche with 

more than 20%, and Quintana Roo and Tabasco with over 10%. At the same time, these 
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states have over 87% of the indigenous population, leading to potential under-registration 

of deaths in these areas (Rudiño 2001).  

Second, since the beginning of the new version (number 10) of the ICD, Mexico 

has modified the way death certificates are completed and filed, but rural areas have been 

particularly slow in conforming, with physicians often missing some information 

(Álvarez, Harlow, Denman, and Hofmeister 2009a; Tomé et al. 1997).  

Finally, migration to access medical services is a hard-to-measure indicator that 

might be altering these mortality rates. Since most hospitals are located in large urban 

cities, individuals from marginalized areas tend to migrate there to get medical attention 

and sometimes die there (González-Pérez et al. 2008). Even though this dissertation deals 

with deaths based on where the deceased usually lived to avoid this scenario, some 

lingering effects of potential migration might remain in the final figures. 

Still, since this chapter deals with more descriptive issues regarding age, gender, 

and cause of death, it is convenient to analyze each age group (defined in the methods 

section) separately.  

3.5.2. Infants (under the age of 1) 

Developing countries like Mexico have seen a reduction in infant mortality over 

the past 2 or 3 decades. This reduction has been caused by the introduction of new 

medical technology, by more vaccination, and new treatments (Méndez-González et al. 

2004). However, social inequalities have indirectly affected further reductions in infant 
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mortality rates by increasing poor children’s risk of death from infectious and parasitic 

diseases (Organización Panamericana de la Salud 1999). 

Table 3.1 shows that, between 2003 and 2007, Mexico registered 159,622 deaths 

for infants under the age of 1, with males accounting for 56.4% of those deaths, or 

90,060. Each gender has the exact same top-three causes of death. The number three 

cause is diseases of the respiratory system. Infants can acquire respiratory diseases by 

being exposed to a virus, fungus, bacteria, or certain chemicals (The Canadian Lung 

Association 2010). The chapter as a whole accounted for a little less than 10% of the total 

deaths in this age group for each gender.  

The second leading cause of infant death is congenital malformations, 

deformations, and chromosomal abnormalities. This chapter was responsible for nearly 

20% of male deaths and 22% of female deaths. Heart malformations were the most 

common illness affecting both males and females. It can be detected by carrying out a 

fetal echocardiography with a Doppler ultrasound machine, which unfortunately, has an 

elevated cost and is not readily available in all Mexican hospitals (Yagel, Cohen, and 

Achiron 2001).  

The number one cause of death for infants in Mexico is certain conditions 

originating in the perinatal period. A perinatal death occurs when the infant dies between 

week 28 of gestation and 7 days after being born. In Mexico, deaths in this chapter were 

first noticed around 1980 when 27% of males under-1 year old and 24% of females 

under-1 year old died (Álvarez et al. 2009b). Between 2003 and 2007, these percentages 

doubled and were responsible for 51.5% of the infant male deaths and 48.9% of the infant 
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female deaths. The most common affection, Infant Respiratory Distress Syndrome, is 

caused by insufficient pulmonary development or by a genetic imbalance and it tends to 

be more frequent in preterm infants and in children from diabetic mothers (Rodriguez, 

Martin, and Fanaroff 2002). 

Finally, in terms of marginality, Table 3.2 presents remarkable contrasts among 

the top-three causes of infant death for each gender. Overall, infant mortality does not 

follow the pattern of higher mortality rates in highly marginalized areas. Infant deaths 

tend to be underreported in official reports and, in addition, detection of perinatal 

conditions and malformations requires specific medical equipment that is not readily 

available in the most highly-marginalized areas (Hamilton, Villarreal, and Hummer 2009; 

Preston, Heuveline, and Guillot 2000).  

However, respiratory diseases tell a different story. For many years, over 27% of 

the under-1 year old deaths were caused by preventable diseases (Consejo Nacional de 

Población 2010a). Rural areas characterized with higher levels of marginalization tend to 

have higher mortality rates for this cause because their lower socioeconomic status 

creates unsanitary living conditions. Since these diseases are acquired after exposure to  

several harmful agents, improving hygienic conditions might help avoid infants from 

contracting these diseases  (López-Ríos 1997; Morelos 1997). These tendencies are 

evident after calculating cause-specific infant mortality rates. For municipalities with 

very high and high marginalization, rates were 8% and 40% higher for males and 12% 

and 43% higher for females than for those in municipalities with very low 

marginalization. 
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3.5.3. Pre-school children (ages 1-4) 

Pre-school children have different needs than infants but in both cases these are 

linked to the ability to achieve an optimal development. Mexico is one of only 7 countries 

in the world currently on-track to achieve the fourth Millennium Goal (reducing child 

mortality) established by the United Nations for 2015 (United Nations 2000). Still, 

Mexico has a mortality level considered “high” for Latin American standards, with Costa 

Rica and Cuba showing levels 60% and 40% below Mexican figures (Juárez-Ocaña et al. 

2003). However, in the past decades, Mexico has seen a reduction in pre-school children  

mortality rates of nearly 82% (Stern et al. 1990).   

Table 3.1 shows that, from 2003 to 2007, Mexico registered 31,717 deaths for 

children between the ages of 1 and 4, with males accounting for 54.6% of those deaths, or 

17,309. Just like in the previous age group, each gender has the exact same top-three 

causes of death. In third place are congenital malformations, deformations, and 

chromosomal abnormalities. As previously described, these conditions require expensive 

equipment to be detected. Out of these deaths, congenital malformation of the heart 

accounted for nearly 1 of every 3 deaths among pre-school children. 

Deaths caused by infectious and parasitic diseases remain present at these young 

ages, and are the second cause of death in this age group. These diseases are responsible 

for approximately 15% of the total deaths for each gender in this age group. The 

continuation of unhealthy living conditions, lack of proper nutrition, and lack of access to 

basic services like drinkable water, among others, remain as the underlying cause for 

these diseases (Mojarro and Núñez 1988). However, the number one cause of death for 
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pre-school children is external causes of morbidity and mortality (with pedestrian injuries 

from a transport-related accident being the most frequent cause inside this chapter). In 

total, 28.1% of male deaths and 23.1% of female deaths in this age group were due to an 

external cause.  

Rate ratios of death by marginalization level are shown in Table 3.2. Overall, pre-

school children living in municipalities with very high and high marginalization have 

mortality rates 2.60 and 1.75 times higher than for those living in municipalities with 

very low marginalization. In terms of the top-three causes of death, all three follow the 

pattern of high mortality rates in highly-marginalized areas, but infectious and parasitic 

diseases show striking differences across levels of marginalization. For both genders, 

areas with very high marginalization have a mortality rates almost 6 times higher than for 

areas with very low marginalization. Thus, the marginalization-mortality relationship 

appears to be very strong for children aged 1-4. 

3.5.4. Children (ages 5-14) 

Children begin their formal education with first grade and, in Mexico, it officially 

happens at the age of 6. Similarly, the upper limit of this age range is bounded by the 

beginning of adolescence, which in most cases, starts at around the age of 12. This 

presents a slight problem because the 5 year-olds do not necessarily fit in the previous 

age group and children above 12 years-old do not necessarily fit either (Dirección 

General de Información en Salud 2005). Nevertheless, for this dissertation, I will use with 

the format presented by CONAPO and INEGI in their reports. 
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Table 3.1 shows that, between 2003 and 2007, Mexico registered 33,333 deaths 

for children between the ages of 5 and 14, with males accounting for 58.3% of those 

deaths, or 19,423.  

The number three cause of death is diseases of the nervous system. These 

illnesses cause physical disability in human development, especially in motor areas and 

in most cases, there is no known cure (Beukelman and Mirenda 1999). Life treatment, 

therapy, and lost income represents a huge burden for many families with low income 

(Arroyave-Loaiza et al. 2000; Centers for Disease Control and Prevention 2004a). This 

chapter is responsible for the deaths of 9.2% of the 5-14 years-old males and 10.5% of 

the 5-14 years-old females.  

The number two cause of death for this age group is malignant neoplasms (acute 

lymphoblastic leukemia is the most common). These diseases requires immediate 

treatment to prevent the introduction of malignant cells into the bloodstream; 

chemotherapy and radiation are the most common treatments along with bone marrow 

transplants (Leukemia & Lymphoma Society 2011). In Mexico, the cost of the initial 

treatment, hospitalization, and medicines were well over $600 in 2003 and, in some 

cases, this represented the complete household income for that period (García-Rocha et 

al. 2003). 

However, just as in the previous age group, the number one cause of death for 

children ages 5-14 are external causes of morbidity and mortality. In this case, around 2 

out of every 5 males (42.5%) and nearly 1 out of every 3 females (29.5%) who died in 

this age group did so because of an external cause. 
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Table 3.2 shows that, overall, children aged 5-14 years old in municipalities with 

very high and high marginalization have, on average, 50% and 23% higher rates than 

municipalities with very low marginalization. Both external causes and diseases of the 

nervous system show similar patterns across levels of marginalization. For the former, 

males and females in very high marginalization areas have 53% and 16% higher 

mortality rates, respectively, than their counterparts in very low marginalization areas. 

For the latter, mortality rates are 6% (males) and 20% (females) higher in very highly 

marginalized municipalities compared to lowly marginalized ones. The only exception in 

this age group is malignant neoplasms. Mortality rates are 35% lower in municipalities 

with very high marginalization and this is possibly explained by the treatments used to 

combat these diseases. Cancer requires modern equipment and chemotherapy and 

radiotherapy normally take time to complete. In many cases, rural areas have poor 

geographic access to these services and thus, they may go untreated (Baldwin et al. 2008; 

Virnig, Moscovice, Durham, and Casey 2004). Or, rural children with such a disease may 

be moved to an urban area prior to their death. 

3.5.5. Teenagers and Youth (ages 15-24) 

Deaths among youth are often caused by behavioral patterns that lead to high-risk 

situations. Smoking, alcohol consumption, drug use, and risky sexual behavior (with the 

introduction of risks of contracting HIV/AIDS and other sexually-transmissible diseases), 

among others, are just some examples of factors that influence mortality rates and causes 

of death at these ages (Santos-Preciado et al. 2003).  
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Table 3.1 shows that Mexico registered 85,322 deaths for adolescents between the 

ages of 15 and 24, with males accounting for 71.0% of those deaths, or 60,563. The third 

cause of death differs by gender. For females, the cause is pregnancy, childbirth, and 

puerperium complications, accounting for about 8% of the total deaths. In Mexico, these 

illnesses have a 33% chance of evolving into a life-threatening condition due to the lack 

of effective prevention during pregnancy (Briones-Garduño and Díaz-de-León 2002). For 

males, the third leading cause of death is infectious and parasitic diseases, accounting for 

over 4% of the 15-24 year-old male deaths. 

The second leading cause of death for this age group was the same for both 

genders. Malignant neoplasms (with acute lymphoblastic leukemia being the most 

common type of cancer) were responsible for the deaths of nearly 8% of the 15-24 year-

old males and 13% of females. Finally, the number one cause of death among teenagers 

and youth stems from external causes of morbidity and mortality. A little over 1 out of 

every 3 (34.1%) females (mainly suicide by strangulation) and a staggering 2 out of every 

3 (66.3%) males died from an external cause (mainly assaults with a firearm). Violence 

and firearm availability have increased in Mexico; estimates show that around 50% of 

families living in an urban area have been robbed at gunpoint and the country spent 

nearly 5% of its GDP on violence-related incidents (Lozano et al. 2000). 

Table 3.2 provides the perfect example to illustrate differences in medical 

attention and effectiveness of prevention across levels of marginalization. Overall, 

mortality rates for teenagers and youth in municipalities with very high marginalization 

are 44% higher than those in municipalities with very low marginalization. Specific 
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causes show striking differences. In terms of pregnancy-related diseases, females aged 

15-24 living in very highly marginalized areas had mortality rates four times higher those 

living in municipalities with very low marginalization. Females in urban areas have more 

antenatal visits than females in rural areas and also have access to more medical 

personnel monitoring their health (Firoz, Sanghvi, Merialdi, and von Dadelszen 2011). 

Similarly, in terms of infectious and parasitic diseases, males aged 15-24 in very-highly 

marginalized municipalities had cause-specific mortality rates two times higher than 

males from very-lowly marginalized municipalities.  

3.5.6. Young Adults (ages 25-44) 

Individuals in this stage of their lives are normally involved in the labor market 

and/or raising children. Changes in society have resulted in increases in female labor 

market participation, with over 62% of married women working outside the home 

(Zenteno 1999).  Table 3.1 shows that, from 2003 to 2007, Mexico registered 269,879 

deaths among young adults between the ages of 25 and 44, with males accounting for 

70.3% of those deaths, or 189,776. 

This age group is characterized by quite different cause of death structure for each 

gender. The third leading cause of death for females is diseases of the circulatory system 

(with acute myocardial infarction being the most common). In many cases, oxygen 

depletion and ischemia (less blood supply to other vital organs) are present and no 

immediate medical attention can cause severe damage and ultimately result in death 

(Mallinson 2010). Circulatory diseases were responsible for 11.6% of the total young 
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adult females’ deaths. For males, the third leading cause of death is infectious and 

parasitic diseases, causing nearly 10% of the 25-44 year-old male deaths. 

The second leading cause of death for women is external causes of morbidity and 

mortality. External injuries caused nearly 15% of the female deaths in this age group but 

the lack of further specificity hampers knowledge of the causes of these accidents. For 

males, the second leading cause of death is diseases of the digestive system. In general, 

these illnesses are commonly present in the liver. Normally, liver diseases are caused by 

alcoholism and after periods of heavy drinking for an average of 8 years (American Liver 

Foundation 2011). In Mexico, digestive system complications were responsible for 

14.8% of the deaths to 25-44 year-old males.  

Finally, the number one cause of death for females is malignant neoplasms (breast 

cancer is the most common). Carcinogenic tumors were responsible for the deaths of 1 

out of every 4 women in this age group. This disease originates in the breast tissue but the 

aggressiveness and the treatment depend on the size, stage, and rate of growth. Risk 

factors include sex, age, hormone levels, race, and other factors (Merck Manual of 

Diagnosis and Theraphy 2003). In Mexico, clear differences among urban and rural 

regions exist. Those living in urban areas experienced a 1.9 times higher risk of dying 

due to breast cancer than those who live in rural areas in 2005 (Palacio-Mejía, Lazcano-

Ponce, Allen-Leigh, and Hernández-Ávila 2009). For men in this age group, the leading 

cause of death is external causes of morbidity and mortality (with assault with a firearm 

the most prevalent). Like in previous age groups, external causes were responsible over 

40% of male deaths in this age group. 
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Table 3.2 shows that, overall, young adults aged 25-44 years old living in areas 

with very high marginalization have 63% higher mortality rates than their counterparts in 

areas with very low marginalization. In terms of specific causes, circulatory diseases for 

females prove helpful while analyzing marginalization trends. It is known that heart 

attacks are associated with risk factors like obesity, smoking, hypertension, and others, 

and all are associated with a more stressful lifestyle from urban areas (Lee, Cheung, 

Cape, and Zinman 2000). However, the patterns show that cause-specific mortality rates 

for females are more than 49% higher in municipalities with very high marginalization 

compared to those with very low marginalization, suggesting the possibility that 

unavailable or inaccessible medical services also play an important role.  

Mortality differences by marginalization are also present for Mexican males in 

this age group. Municipalities with very high marginalization show digestive system 

diseases’ mortality rates are more than two times higher than rates for those living in 

municipalities with very low marginalization. Similarly, external cause mortality rates for 

males aged 25-44 years old are 83% higher in municipalities with very high 

marginalization compared to those with very low marginalization. 

3.5.7. Adults (ages 45-64) 

For many decades, governments have focused on ways to reduce child mortality 

by improving their living conditions. In terms of adult mortality, developing countries 

face obstacles to gather precise information on the number of deaths by age/sex in each 

household (Obermeyer et al. 2010). A few reasons are the lack of specific questions in 
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population censuses and estimation techniques for mortality in this age group that are not 

as accurate as estimations of child mortality (Hill 2003).  Table 3.1 shows that, from 2003 

to 2007, Mexico registered 546,512 deaths for adults between the ages of 45 and 64, with 

males accounting for 58.6% of those deaths, or 320,221. 

Two of three causes of death are the same for males and females but the 

proportion is different. Diseases of the circulatory system are commonly seen in this age 

group. For females, it ranked as the third leading cause of death, and is responsible for 

18.6% of the deaths to 45-64 year-old adults. For males, the number one cause of death 

for this age group is diseases of the circulatory system, accounting for 19.7% of the 

deaths to 45-64 year-old adults.  

The other shared cause of death is endocrine, nutritional, and metabolic diseases. 

These illnesses are the leading cause of death among adult females, accounting for 26.6% 

of the total deaths. As for the men, endocrine problems are the second most common 

cause of death, accounting for 19.1% of the total deaths for this age group (diabetes 

mellitus type 2 is the most common endocrine disease). These illnesses generally lead to 

blindness and kidney failure and require a series of lifetime screenings in order to 

monitor their progress and avoid further complications (Ripsin, Kang, and Urban 2009). 

In Mexico, endocrine diseases like diabetes have increased in prevalence since the 

1940’s. High costs and deficient medical attention is causing more premature deaths than 

ever before (Arredondo and Barceló 2007).  

Finally, the remaining leading causes of death differ by gender. For females, the 

second leading cause of death is malignant neoplasms (breast cancer is the most prevalent 
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type of cancer), with 25.5% of the total deaths in this age group. For males, the third 

leading cause of death is diseases of the digestive system, accounting for 18.9% of the 

adult male deaths.  

Geographically, Table 3.2 provides a glimpse of differences in mortality rates 

across levels of marginalization. Overall, mortality among adults aged 45-64 years old 

shows a weak relationship with marginalization. Areas with very high marginalization 

have only 1% higher mortality rates than areas with very low marginalization. In terms of 

specific causes of death, endocrine diseases offer a perspective into municipalities with 

different levels of marginalization. In most cases, prevalence of obesity and overweight 

have been identified in Mexico and linked to technological progress, the availability of 

different types of food, and socioeconomic status (Sánchez-Barriga 2010). Most of the 

states encompassing highly-marginalized municipalities have a very low prevalence of 

obesity, and dietary and nutritional value of consumed food remain low (Barquera-

Cervera et al. 2003). In fact, municipalities with very high marginalization showed 58% 

and 30% lower cause-specific mortality rates for males and females, respectively, than 

municipalities with very low marginalization.  

3.5.8. Mature Adults (ages 65 or older) 

The total population for this age group is expected to climb to approximately 2 

billion individuals by 2050 (United Nations 2002). In Mexico, as the population ages, the 

proportion of mature adults grows at about 2% every year.  
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Further, the elderly have experienced the fastest demographic growth and before 

2050 they will be the dominant group of Mexico’s population pyramid (Shamah-Levy et 

al. 2008). As of yet, there is little information regarding the elder’s health profile and 

dietary and nutritional behavior with only a few national surveys providing most of the 

data (Olaiz et al. 2003). Lately, risk factors like obesity due to fat-rich diets, smoking, 

and lack of constant treatment for diseases like diabetes or hypertension have been 

identified as health-deterrents for elder Mexicans. The fact that these factors have 

different impacts depending on the elder’s location increases the need to know more 

about this group (Wong and Palloni 2009). 

Table 3.1 shows that, in the period under review, Mexico registered 1,295,293 

deaths for adults aged 65 or older, with males accounting for 49.4% of those deaths, or 

640,118. The three chapters responsible for the most deaths are similar for both males 

and females. The third leading cause of death stems from malignant neoplasms and it is 

responsible for 12.6% of the deaths among mature adult females (with cervix uteri cancer 

as the most prevalent) and 14.9% of the mature adult male deaths (with prostate cancer as 

the most prevalent). In most cases, genetic and dietary factors have been linked to 

malignant neoplasms but so far no specific cause has been determined (American Cancer 

Society 2010; Kumar, Abbas, Fausto, and Mitchell 2007). This leaves early detection as 

the best tool to identify and treat these diseases. 

The second leading cause of death for both males and females is endocrine, 

nutritional, and metabolic diseases. These illnesses account for 21.0% and 16.5% of the 

female and male deaths to those aged 65 or older, respectively. Finally, the number one 
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cause of death for both genders is diseases of the circulatory system. This cause is 

responsible for 33.6% of the deaths to 65+ females and 30.5% of the deaths to 65+ males. 

Table 3.2 shows an interesting pattern in terms of mortality rates across levels of 

marginalization. In general, rates in municipalities with very high marginalization are 

36% lower than those in municipalities with very low marginalization. This pattern is 

also present in each of the top-three causes of death for both males and females. 

This pattern goes against the notion of higher mortality rates in highly-

marginalized municipalities. While there is no definitive answer for this, I look at some 

possible explanations that might clarify this behavior. First, the pattern might incorporate 

indicators of a higher prevalence of diabetes, hypertension, and heart-related diseases in 

areas with low levels of marginalization (Borges-Yáñez and Gómez-Dantés 1998; Castro, 

Gómez-Dantés, Negrete-Sánchez, and Tapia-Conyer 1996; Soghikian, Midanik, Polen, 

and Ransom 1991). Second, migration from rural to urban areas in Mexico saw an 

increase in the participation of females in the labor market and the reduction of younger 

and economically-active populations in rural areas creating selectivity issues that might 

have an effect in the mortality rates (Negrete-Salas 2003). Finally, new programs 

targeting the elderly living in rural areas have been launched by Secretaría de Desarrollo 

Social (hereafter SEDESOL). The Programa de Atención a los Adultos Mayores Zonas 

Rurales targets the elderly (aged 60 years old or older) living in highly-marginalized 

municipalities (less than 2,500 inhabitants) and unable to cover basic nutritional needs. 

SEDESOL provides 2,100 Mexican pesos per year (equivalent to $171) along with 

workshops and medical attention to improve their living conditions (Secretaría de 
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Desarrollo Social 2008). While the possible effects of this program in terms of mortality 

rates have not been fully measured, the increase of social networks and new sources of 

social support might be benefiting elders in highly-marginalized areas. 

3.6 Discussion and Conclusions 

This chapter presented information about mortality by age, gender, and cause of 

death and established differences in the latter by each level of marginalization. Mortality 

is a major component in a demographic structure that can be studied using two different 

approaches. It can be analyzed through a demographic transition, when a change from 

high to low levels of mortality and fertility occur. At the same time, it can be analyzed 

through an epidemiologic transition by observing the steady change from infectious and 

parasitic diseases to chronic and degenerative illnesses as the main causes of death inside 

a country. 

The relationship between marginalization and mortality is modified by the age 

and gender composition of specific areas. Each age group analyzed in this chapter has 

different needs and also different risks that affect their mortality rates. Further, the 

inclusion of marginalization adds a layer of socioeconomic and environmental conditions 

that will influence their life. In terms of gender, differences in social and economic 

participation, education, income, and access to health services can help in the process of 

identifying ways to reduce sex gap in overall mortality (Rogers, Everett, Saint-Onge, and 

Krueger 2010).  
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The analysis of cause of death, when combined with age, gender, and 

marginalization level, allows for a better identification of segments of the population that 

might be at risk and require specific public policies to target their needs. In addition, 

despite showing a decrease in transmissible diseases between 1980 and 2007 (as seen in 

Figure 3.2), the use of cause-specific mortality in combination with marginalization 

levels presents a different angle of this information. Males and females from all ages will 

be exposed to a set of health outcomes that will vary according to their socioeconomic 

circumstances and will increase the chance of contracting one disease or another 

(Galobardes, Lynch, and Smith 2004).  

Findings from Table 3.1 show evidence of an epidemiologic transition in Mexico 

that began with the reduction of some infectious and parasitic diseases. Now, the 

reduction of these diseases is bringing to attention illnesses like cirrhosis of the liver, 

diabetes mellitus, acute myocardial infarction (AMI), some cancers, and other chronic 

and degenerative diseases that Mexico was not ready to face (Barquera-Cervera, Campos-

Nonato, Rojas, and Rivera-Dommarco 2010; Frenk 2007). Additionally, aside from 

diseases of the circulatory system (the number one cause of death for both), males and 

females showed different overall causes of death. For the former, external causes in 

second place (e.g., violence or accidents) and endocrine diseases in third place (e.g., 

diabetes) and for the latter, endocrine diseases in second place and neoplasms (breast 

cancer) in third place accounted for the majority of deaths between 2003 and 2007.   

Marginalization also plays an important role in this process. Infectious and 

parasitic diseases account for the most important piece of evidence with municipalities 
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with high and very high marginalization are responsible for 1.9 times more deaths in 

these areas than in municipalities with low and very low marginalization (Gakidou et al. 

2007). Findings from Table 3.2 revealed that for some age groups, these differences are 

almost 6 times higher in highly marginalized municipalities. Nevertheless, transmissible 

diseases continue to decrease and chronic and degenerative conditions are on the rise in 

every state (González-Pier et al. 2007) 

The main limitation is the need to improve the way deaths are reported. With the 

discovery of new diseases and the detailed re-classification of others, medical personnel 

might benefit from having clear standards to identify the cause of death, especially in 

rural areas (Cárdenas 2001). 

In chapter 4, I will introduce external factors like migration, indigenous 

population, geographic differences, among others, in order to obtain a more complete 

perspective of the situation of mortality and marginalization in Mexico. 
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Table 3.1 – Top-Three Causes of Death by Age Group and Gender in Mexico, 2003-2007 

 

Females 

Age  

Groups 

Total  

Deaths 

Chapters Deaths by 

Chapter 

% of 

Total 

Deaths 

All 

1
st
 

2
nd 

3
rd

 

1,083,779  

Circulatory 

Endocrine 

Neoplasms 

 

274,826 

211,082 

167,799 

 

25.4 

19.5 

15.5 

U-1 

1
st
 

2
nd 

3
rd

 

69,133  

Perinatal 

Malformations 

Respiratory 

 

33,791 

15,062 

6,737 

 

48.9 

21.8 

9.7 

1-4 

1
st
 

2
nd 

3
rd

 

14,408  

External 

Infec. & Par. 

Malformations 

 

3,321 

2,242 

2,102 

 

23.0 

15.6 

14.6 

5-14 

1
st
 

2
nd 

3
rd

 

13,910  

External 

Neoplasms 

Nervous 

 

4,107 

2,587 

1,459 

 

29.5 

18.6 

10.5 

15-24 

1
st
 

2
nd 

3
rd

 

24,759  

External 

Neoplasms 

Pregnancy 

 

8,453 

3,215 

2,013 

 

34.1 

13.0 

8.1 

25-44 

1
st
 

2
nd 

3
rd

 

80,103  

Neoplasms 

External 

Circulatory 

 

20,198 

11,971 

9,255 

 

25.2 

14.9 

11.6 

45-64 

1
st
 

2
nd 

3
rd

 

226,291  

Endocrine 

Neoplasms 

Circulatory 

 

60,300 

57,733 

42,052 

 

26.6 

25.5 

18.6 

65+ 

1
st
 

2
nd 

3
rd

 

655,175  

Circulatory 

Endocrine 

Neoplasms 

 

219,812 

137,773 

82,297 

 

33.6 

21.0 

12.6 
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Cont. Table 3.1 – Top-Three Causes of Death by Age Group and Gender, 2003-2007 

 

Males 

Age  

Groups 

Total  

Deaths 

Chapters Deaths by 

Chapter 

% of 

Total 

Deaths 

All 

1
st
 

2
nd 

3
rd

 

1,337,470  

Circulatory 

External 

Endocrine 

 

280,226 

206,944 

183,858 

 

21.0 

15.5 

13.7 

U-1 

1
st
 

2
nd 

3
rd

 

90,060  

Perinatal 

Malformations 

Respiratory 

 

46,373 

17,619 

8,637 

 

51.5 

19.6 

9.6 

1-4 

1
st
 

2
nd 

3
rd

 

17,309  

External 

Infec. & Par. 

Malformations 

 

4,856 

2,608 

2,203 

 

28.1 

15.1 

12.7 

5-14 

1
st
 

2
nd 

3
rd

 

19,423  

External 

Neoplasms 

Nervous 

 

8,303 

3,304 

1,783 

 

42.7 

17.0 

9.2 

15-24 

1
st
 

2
nd 

3
rd

 

60,563  

External 

Neoplasms 

Infec. & Par. 

 

40,180 

4,673 

2,690 

 

66.3 

7.7 

4.4 

25-44 

1
st
 

2
nd 

3
rd

 

189,776  

External 

Digestive 

Infec. & Par. 

 

78,055 

28,074 

18,427 

 

41.1 

14.8 

9.7 

45-64 

1
st
 

2
nd 

3
rd

 

320,221  

Circulatory 

Endocrine 

Digestive 

 

63,157 

61,274 

60,604 

 

19.7 

19.1 

18.9 

65+ 

1
st
 

2
nd 

3
rd

 

640,118  

Circulatory 

Endocrine 

Neoplasms 

 

195,122 

105,869 

95,081 

 

30.5 

16.5 

14.9 
Note: Percentages should not add up to 100% as they correspond to the totals from each row. Some names 

for chapters and causes of death have been shortened for space purposes. 

Source: WHO (2011) and INEGI Mortality Databases (2012). 
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Table 3.2 – Ratio of Mortality Rates by Marginalization, Age Group, Gender, and Cause 

of Death in Mexico, 2003-2007 

Age 

Group 

Chapter Very 

High 

High Avg. Low Very 

Low 

All 

All 

M: All 

M: 1
st
 - Circulatory 

M: 2
nd

 - External 

M: 3
rd

 - Endocrine 

F: All 

F: 1
st
 - Circulatory 

F: 2
nd

 - Endocrine 

F: 3
rd

 - Neoplasms 

1.03 

1.02 

0.64 

1.29 

0.46 

1.02 

0.63 

0.52 

0.56 

0.96 

0.96 

0.96 

1.24 

0.77 

0.94 

0.95 

0.85 

0.84 

0.98 

0.99 

1.05 

1.26 

1.00 

0.97 

1.02 

1.01 

0.92 

0.99 

0.99 

1.01 

1.21 

1.02 

0.99 

0.96 

1.07 

0.95 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

U-1 

All 

M: All 

M: 1
st
 - Perinatal 

M: 2
nd

 - Malformations 

M: 3
rd

 - Respiratory 

F: All 

F: 1
st
 - Perinatal 

F: 2
nd

 - Malformations 

F: 3
rd

 - Respiratory 

0.82 

0.81 

0.71 

0.57 

1.08 

0.84 

0.69 

0.56 

1.12 

1.02 

1.02 

0.93 

0.83 

1.40 

1.03 

0.94 

0.89 

1.43 

1.00 

0.99 

0.94 

0.92 

1.26 

1.03 

0.98 

0.96 

1.10 

1.01 

0.99 

1.00 

0.88 

1.19 

1.04 

1.07 

0.95 

1.46 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1-4 

All 

M: All 

M: 1
st
 - External 

M: 2
nd

 - Infec. & Par. 

M: 3
rd

 - Malformations 

F: All 

F: 1
st
 - External 

F: 2
nd

 - Infec. & Par. 

F: 3
rd

 - Malformations 

2.60 

2.36 

1.18 

5.51 

1.33 

2.90 

1.43 

5.47 

1.50 

1.75 

1.66 

1.14 

2.87 

1.32 

1.86 

1.47 

3.11 

1.35 

1.37 

1.22 

1.19 

1.40 

1.04 

1.55 

1.67 

1.91 

1.22 

1.14 

1.18 

1.31 

1.36 

0.95 

1.09 

1.25 

1.23 

0.98 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

5-14 

All 

M: All 

M: 1
st
 - External 

M: 2
nd

 - Neoplasms 

M: 3
rd

 – Nervous Syst. 

F: All 

F: 1
st
 - External 

F: 2
nd

 - Neoplasms 

F: 3
rd

 - Nervous Syst. 

1.50 

1.57 

1.53 

0.67 

1.06 

1.42 

1.16 

0.65 

1.20 

1.23 

1.31 

1.47 

0.90 

1.14 

1.12 

1.17 

1.00 

0.94 

1.25 

1.30 

1.68 

0.74 

1.29 

1.19 

1.31 

1.23 

0.66 

1.13 

1.18 

1.39 

0.88 

0.98 

1.06 

1.12 

0.85 

0.91 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 
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Cont. Table 3.2 – Ratio of Mortality Rates by Marginalization, Age Group, Gender, and 

Cause of Death in Mexico, 2003-2007 
 

Age 

Group 

Chapter Very 

High 

High Avg. Low Very 

Low 

15-24 

All 

M: All 

M: 1
st
 - External 

M: 2
nd

 - Neoplasms 

M: 3
rd

 - Infec. & Par. 

F: All 

F: 1
st
 - External 

F: 2
nd

 - Neoplasms 

F: 3
rd

 - Pregnancy 

1.44 

1.37 

1.30 

0.90 

2.01 

1.64 

0.96 

1.23 

4.07 

1.19 

1.22 

1.22 

1.03 

1.25 

1.18 

0.91 

1.09 

2.08 

1.21 

1.27 

1.28 

1.26 

1.42 

1.16 

1.11 

1.01 

1.46 

1.18 

1.24 

1.29 

1.19 

1.18 

1.09 

1.03 

0.95 

1.32 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

25-44 

All 

M: All 

M: 1
st
 - External 

M: 2
nd

 - Digestive Syst. 

M: 3
rd

 - Infec. & Par. 

F: All 

F: 1
st
 - Neoplasms 

F: 2
nd

 - External 

F: 3
rd

 - Circulatory 

1.63 

1.61 

1.83 

2.13 

0.74 

1.69 

1.08 

0.92 

1.49 

1.31 

1.33 

1.34 

2.05 

0.96 

1.33 

1.10 

0.96 

1.22 

1.22 

1.27 

1.37 

1.70 

0.85 

1.19 

1.15 

1.01 

1.16 

1.10 

1.11 

1.26 

1.23 

0.79 

1.10 

1.06 

1.08 

0.98 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

45-64 

All 

M: All 

M: 1
st
 - Circulatory 

M: 2
nd

 - Endocrine 

M: 3
rd

 - Digestive Syst. 

F: All 

F: 1
st
 - Endocrine 

F: 2
nd

 - Neoplasms 

F: 3
rd

 - Circulatory 

1.01 

1.00 

0.63 

0.42 

1.31 

1.02 

0.61 

0.70 

1.08 

1.03 

1.03 

0.66 

0.73 

1.52 

1.01 

0.96 

0.85 

0.89 

1.03 

1.02 

0.74 

0.94 

1.36 

1.04 

1.12 

0.90 

0.93 

1.01 

0.99 

0.80 

1.00 

1.12 

1.05 

1.15 

0.99 

0.97 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

65+ 

All 

M: All 

M: 1
st
 - Circulatory 

M: 2
nd

 - Endocrine 

M: 3
rd

 - Neoplasms 

F: All 

F: 1
st
 - Circulatory 

F: 2
nd

 - Endocrine 

F: 3
rd

 - Neoplasms 

0.74 

0.72 

0.63 

0.40 

0.44 

0.74 

0.64 

0.51 

0.55 

0.83 

0.80 

0.78 

0.54 

0.69 

0.84 

0.83 

0.70 

0.74 

0.90 

0.88 

0.85 

0.74 

0.81 

0.91 

0.91 

0.86 

0.83 

0.95 

0.93 

0.88 

0.84 

0.90 

0.97 

0.91 

0.89 

0.91 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

N 365 883 500 422 279 

Note: N refers to the number of municipalities in each level of marginalization. Five municipalities were 

excluded because no population was reported in 2005. Bold-typed numbers are just used as a visual 

contrast to help in the process of reading this table. 

Source: WHO (2011) and INEGI Mortality Databases (2012). 
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Figure 3.1 – Population by Age and Gender in Mexico, 2005 

 
Source: CONAPO (2007) 
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Figure 3.2 – Overall Distribution of Deaths by Type of Disease in Mexico, 1980-2007 

 
Source: CONAPO (2010b) 
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Chapter 4: Marginalization and Mortality – A Regression Analysis 

 

4.1 Introduction 

In this chapter, I introduce the confounders of the marginalization and mortality 

relationship. Confounders are important to understand because they modify any predicted 

outcome by altering the relationship between cause and consequence. Confounders can 

be seen as predictors of mortality but they are also associated with marginalization and at 

some point, they might blur the magnitude of effects (Bauman, Sallis, Dzewaltowski, and 

Owen 2002). Furthermore, confounders are normally present in different proportions 

inside a population so it is important to consider that their effect might not be the same 

for different geographic regions (Rothman and Greenland 2008). 

The marginalization index as a whole helps in the process of identifying areas 

inside Mexico that lack proper access to resources that can improve living conditions, 

like education and health services, among others. However, the marginalization index is a 

measurement created by combining several socioeconomic and demographic variables 

(nine in this case) into one single value for each municipality. Statistically, it poses both 

an advantage and a challenge. It is an advantage because every analysis and subsequent 

interpretation of the results becomes simplified by only including one variable instead of 

nine. It is a challenge because the individual impact of each of the components of the 

marginalization index is lost by not separating it. This chapter, therefore, analyzes both 
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the overall marginalization-mortality relationship, as well as the relationship between 

mortality and each of the components of the marginalization index. 

The chapter is organized as follows: Section 4.2 introduces the most relevant 

confounders. Subsection 4.2.1 starts with geographical differences; Subsection 4.2.2 

explains the relevance of migration for a country like Mexico; Subsection 4.2.3 

establishes the situation of the indigenous population, and Subsection 4.2.4 briefly 

describes other possible unobserved factors. Section 4.3 presents the main hypotheses. 

Section 4.4 introduces the data and methodology used for this chapter. Section 4.5 

presents the results of the regression analysis. Subsection 4.5.1 starts with the descriptive 

statistics; Subsection 4.5.2 introduces the results from the unweighted OLS regression; 

Subsections 4.5.3 and 4.5.4 present the results from two variations of the WLS 

regression, and Subsection 4.5.5 shows the results of the spatial autocorrelation analysis.  

Finally, Section 4.6 concludes. 

4.2 Confounders 

While places with a high level of marginalization tend to have high age-adjusted 

mortality rates, these two factors do not occur in isolation. Geographic factors, 

demographic characteristics, and other confounders may modify a municipality’s age-

adjusted mortality rate and also be related to marginalization. 

4.2.1. Geographical Differences 

With a territory of around 760,000 square miles, Mexico is the fifth largest in 

America and the fourteenth largest country in the world. It has almost 2,000 miles of 
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shared border with the United States (most of it delimited by the Grande/Bravo River). It 

has access to the Pacific and the Atlantic Ocean and the Tropic of Cancer splits the 

country into two distinct climate zones, with the North having cooler temperatures in the 

winter and the South being more tropical and varying according to the region’s 

topography (Secretaría de Medio Ambiente y Recursos Naturales 2007). 

These physical geographic characteristics are important because they may affect 

mortality. First, tropical regions are affected by limitations against agricultural 

development (Gallup, Sachs, and Mellinger 1999). Second, climate conditions tend to 

favor the spread of certain diseases like cholera or dengue fever that might hinder the 

economic development process of a region (Bloom and Sachs 1998; Diamond 1997). 

Third, most Southeast and small cities in Mexico have low infrastructure, high migration, 

and high poverty, even if they have extensive natural resources and human capacity to 

exploit these resources (Universidad Iberoamericana 2001). Fourth, these infrastructure 

deficiencies force state governments to spend different amounts of money on health-

related issues like hospitals (including construction and introduction of equipment), 

medical personnel, etc. In Northern states like Nuevo León or in the capital, per capita 

expenditure on health was around $200 in 1995 while in Southern states like Chiapas or 

Guerrero the per capita expenditure was around $50 (Zurita, Lozano, Ramírez, and 

Torres 2002). Fifth, geographic differences also influence the likelihood of natural 

disasters (United Nations Environment Programme 1994). Central areas face 

earthquakes, coastal zones face hurricanes, and Northern states face droughts during the 
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summer months. All have short and long-term costs because they derail current economic 

activities and damage the infrastructure for future ones (Esquivel 2000). 

This type of analysis presents two major challenges that will be addressed. First, 

dealing with geographic units, municipalities in this case, yields the issue of arbitrary 

political borders separating one municipality from another when in reality there may be 

strong relationships across borders (Garrett, Wagner, and Wheelock 2005). These 

“blurred” borders create the problem of spatial autocorrelation and it becomes significant 

when  economic conditions and social networks do not match the geographical borders 

used to measure sociodemographic characteristics (Anselin 1998; Rey and Montouri 

1999). This problem is addressed by estimating either a spatial lag or a spatial error 

model (see Abreu, Groot, & Florax [2004] for more information regarding the nature of 

these models). These models can be calculated using a software program called GeoDa, 

with technology initially developed by Luc Anselin at the University of Illinois at 

Urbana-Champaign and now improved at Arizona State University (Anselin 2005). 

The second problem refers to different population sizes. It is common knowledge 

that each municipality inside Mexico’s Federal District (called delegaciones there) has 

more population that many municipalities from other states combined. Differences in 

population sizes not only represent differences in the number of people at risk of dying 

from certain diseases, but they also complicate statistical analyses of mortality because 

municipalities cannot be weighted in identical fashion (Long, Rain, and Ratcliffe 2001). 

Therefore, population size needs to be taken into account in order to produce a more 

meaningful analysis of the relationship between marginalization and mortality rates.  
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4.2.2. Migration 

Migration is a selective process (Hirschman, Kasinitz, and DeWind 1999). 

Migrants tend to be young, more highly educated than persons who do not migrate, and 

living with relatively low income in their places of origin (Van Hook, Bean, and Passel 

2005). Despite their poor socioeconomic conditions, most immigrants tend to be healthy 

(Jasso, Massey, Rosenzweig, and Smith 2004); thus older and less healthy individuals are 

generally left behind and in many cases continue living with below average income. 

Similarly, the salmon-bias hypothesis suggests that older migrants return from the United 

States in order to spend their last years in their place of origin, such as in Mexico (Palloni 

2007). As a result, migration can have an effect on mortality because it affects those who 

stay by worsening health conditions in the sending region at the time of migration and 

then improving them as remittances help in the stabilization process (Kanaiaupuni and 

Donato 1999). In rural areas, family labor and income (outside of remittances) decrease 

with the loss of a family member. At the same time, rural households show differences in 

the way money is spent. Gender and migration play a role in the allocation of household 

income. If the household has a female immigrant then expenditures on health tend to 

increase. In contrast, if the household has a male immigrant, expenditures on education 

tend to be higher (Pfeiffer and Taylor 2007).  

4.2.3. Indigenous Population 

The indigenous population in Mexico generally lives in the most marginalized 

areas of the country. Indigenous persons tend to live in poor conditions with very limited 



 94 

access to resources, little decision-making power and virtually no social and human rights 

(Espinosa-Damián 2004). States in the South with large indigenous populations, like 

Chiapas, Oaxaca, and Guerrero, differ substantially from the states in the North. For 

example, maternal mortality rates range from 26.9 per 100,000 in Nuevo León (North) to 

128.2 per 100,000 in Guerrero (South) (González 2005). In this case, the link between 

marginalization and mortality seems more identifiable, since all municipalities identified 

by CONAPO as “completely indigenous” (around 350) show high or very high levels of 

marginalization. Around 98% are characterized by high levels of out-migration, severe 

environmental degradation, poor communication technology, poor transportation 

capabilities, and a subsistence economy. In addition, cultural factors and a limited 

availability of modern health services have led many of these places to continue using 

more traditional practices, like ritual ceremonies performed by healers and pregnancies 

monitored by midwives (Rocha-Ferreira, Ruiz-Vicente, and Ferreira 2010). Moreover, 

the combination of a general lack of hygiene and poor access to sanitary facilities makes 

mortality rates relatively high (Secretaría de Desarrollo Social 2007).  

4.2.4. Unobserved Factors 

Finally, there is the possibility that other unobserved factors influence the 

relationship between marginalization and mortality. The link between mortality and 

environmental conditions like land use, temperature or air and water quality has been 

studied by epidemiologists, either in Mexico or elsewhere. Normally, environmental 

conditions have been related to health conditions like obesity (Frank, Andresen, and 



 95 

Schmid 2004); specific diseases like asthma and other respiratory complications (Borja-

Aburto et al. 1998; Loomis et al. 1999); bacterial infections produced by contaminated 

water (Sánchez-Pérez, Vargas-Morales, and Méndez-Sánchez 2000); and lack of air 

conditioning in hot weather (Rogot, Sorlie, and Backlund 1992). For more examples 

please refer to Browning, Bjornstrom, and Cagney (2010).  

For this dissertation’s purpose, it would be nearly impossible to measure or even 

obtain measurements of air or water quality, temperature or land use for every 

municipality. Many agencies in Mexico do not have the technology to obtain this 

information and some local governments (mainly in the states of Jalisco, Nuevo León and 

in Distrito Federal) just measure some air quality values for cities like Guadalajara, 

Mexico City or Monterrey. However, is it expected that mortality rates might be high in 

regions where environmental circumstances impede improvements in the quality of life. 

4.3 Hypotheses 

So far, this chapter has introduced some confounders of marginalization and 

mortality. Factors like geography, migration, concentration of indigenous population, and 

other circumstances affect the relationship between the level of marginalization and the 

age-adjusted mortality rate inside a municipality.  

As mentioned in the introduction, the marginalization index presents a unique 

opportunity to identify areas of the country facing developmental and economic 

obstacles. It is also a straight-forward measure that indicates whether municipality 

officials should be concerned about improving the living conditions of the place. At the 
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same time, each of the 9 components can pinpoint the specific challenges being faced by 

a municipality. By analyzing these components, each municipality and each state 

becomes aware of the different levels of exclusion and social gaps inside the 

communities. Whether is low access to health services, lack of education, lack of access 

to basic services inside the household, low income, etc., each geographic area can 

establish which of the 9 components of the marginalization index are driving the overall 

figure up or down.  

This chapter focuses on establishing the impact of the marginalization index and 

confounders like migration and the percentage of indigenous population on a 

municipality’s mortality rate. To do so, the marginalization index is included as a whole 

and also is separated into the 9 variables that compose it. The idea is to measure, through 

a regression analysis, the extent to which marginalization, along with the index’s 

individual components, is related to the age-adjusted mortality rate and how these effects 

are modified by the confounders. 

The marginalization index is a standardized measure that ranges from basically 

any negative number to any positive one. The logic of the index indicates that, the more 

negative the value, the lower level of marginalization inside a municipality. For that 

reason, I expect the index, and all of its components, to be positively related to the 

municipal age-adjusted mortality rates. The size of that relationship, though, will also be 

influenced by the presence and the strength of the confounders (percentage of indigenous 

population and the percentage of the population who migrated in the past 5 years). 
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4.4 Data and Methods 

4.4.1. Data 

The dependent variable for this analysis is the age-adjusted mortality rate 

(AAMR) for each municipality. The source of this data and the process to obtain the 

adjusted rates was described in Chapter 2 of this dissertation. 

All of the independent variables were obtained from the 2005 Marginalization 

Index previously described in Chapter 2 and from Sistema de Integración Territorial 

(ITER) from INEGI (2011). The dataset contains over 100 variables of detailed 

socioeconomic and demographic characteristics at the state, municipality, and locality 

levels. For this dissertation, the year 2005 represents the mid-point of the 2003-2007 

mortality data, so obtaining this information makes comparisons easier by having all the 

data for that year. These variables are:  

a) Illiteracy Rates: The percentage of the population, aged 15 or older, 

who cannot read or write. 

b) No Elementary School: The percentage of the population, aged 15 or 

older, who has not completed elementary school.  

c) Migration: The raw variable relates to the number of inhabitants who 

migrated to another state, to another country or who did not move in the 

past 5 years. I took the first two categories and combined them to 

calculate percentages.  
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d) Basic Services: The marginalization index includes 3 variables 

measuring the absence of basic services. Each is calculated after 

dividing the number of privately inhabited households by the number of 

those without piped water, without sanitary services inside the house, 

and without electricity, respectively, and then multiplying each by 100. 

e) Overcrowding: Percentage of households in a municipality showing 

signs of overcrowding. Overcrowding is defined by CONAPO (2001) 

as a house with one room with 3+ occupants; a house with 2 rooms with 

5+ occupants; a house with 3 rooms with 7+ occupants or a house with 

4 rooms with 9+ occupants. 

f) Flooring material: The percentage of households with dirt floors. 

g) Locality: The percentage of the population living in areas with 5,000 

inhabitants or less. 

h) Income: Percentage of the population earning two minimum wages or 

less (one minimum wage varied between 37 and 42 Mexican Pesos per 

day in 2005, which is equivalent to around $3 U.S. dollars per day 

using current exchange rates). 

i) Indigenous Population: Percentage of the population who speaks a 

native language (e.g. Náhuatl, Mayan, Purepecha, etc.) regardless of 

whether they speak Spanish or not. 

The correlation between the illiteracy rate and the lack of elementary education is 

very high (0.90) so, in order to avoid any statistical conflicts, only the illiteracy rate is 
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included in the regression analysis. At the same time, the variable measuring locality 

(living in areas with 5,000 inhabitants) is also excluded because the analysis focuses on 

the impact of resource-based variables from the index on age-adjusted mortality rates and 

not on geographical location. 

 4.4.2. Methods 

In some cases, linear regression models show heteroscedastic errors. When this 

occurs, Weighted Least-Squares (hereafter WLS) replaces traditional Ordinary Least 

Squares (hereafter OLS) as the preferred estimation method. The former obtains 

estimation parameters after minimizing a weighted sum of squares of residuals. In 

contrast, the latter obtains those estimates after equally weighing the sum of squares of 

residuals (for more information regarding the WLS method, please refer to Chatterjee & 

Hadi [2006]). Further, the distribution of the dependent variable in this dataset might be 

related at certain levels to the predictors, making WLS a better option than OLS (Draper 

and Smith 1998). 

The determination of the weights is also a fundamental part in the WLS 

regression and is generally not known. Thus, the steps to either estimate or assign them 

remain a subjective process (Willett and Singer 1989). But, in order to determine the 

appropriate weights for any analysis, it is necessary to take a step back and evaluate the 

available variables.  

In terms of mortality, including age-adjusted mortality rates as the dependent 

variable has been frequently done in the social sciences with mixed results. Some argue 
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that if mortality rates are adjusted by age, then each predictor has to be adjusted as well 

(Morgenstern 1995; Rosenbaum and Rubin 1984). Others argue that having the 

adjustment only in the dependent variable is common practice and yields similar results 

(Milyo and Mellor 2003; Subramanian, Blakely, and Kawachi 2003).  

The idea of a regression is to fit a line through several data points to minimize the 

differences between observed and estimated values. By not weighting, the regression 

analysis might not necessarily yield wrong results but they may not be accurate (MTR 

Software 2011).  In order to address the different population sizes of each municipality, 

the total population is used to facilitate interpretation and to address the fact that some 

municipalities are “stronger” than others in terms of population (Mosteller and Tukey 

1977). The WLS procedure uses analytic weights which are inversely proportional to the 

variance of an observation (assumed to be 
  

   
, where w_j are the weights). These weights 

are typically appropriate when dealing with averages or percentages of a group of people 

and the weights are adjusted accordingly to reflect the number of persons included in 

each one of them (Stata Corp. 2011). WLS uses four different weighting schemes, 

absolute value of residuals (abse), residuals squared (e
2
), log residuals squared (loge

2
), 

and fitted values squared (xb
2
). For this dissertation, the absolute value of residuals is 

chosen as the preferred weighting scheme because the residual plot shows enough 

randomness and homogeneity of weighted residuals. However, the determination of the 

most appropriate weighting scheme is difficult to assess and depends on the dataset and 

other factors (Ender 2005; Peck, Beal, Sheiner, and Nichols 1984). 
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4.5 Results 

4.5.1. Descriptive Statistics 

Table 4.1 presents the most relevant descriptive results of the 2,454 municipalities 

in Mexico (some of these variables were presented in Table 2.1 so are not included here).   

Almost half of the municipalities in Mexico have a high (34%) or very high (14%) level 

of marginalization, contrasted with only 32% in lower levels of marginalization, 18% in 

the low level and 14% in the very low level, respectively. On average, 41% of the 

households in Mexico exhibit signs of overcrowding, 12% of the households have dirt as 

the main flooring material, and 10% do not have piped water. Finally, while 45% of the 

population (on average per municipality) earns two minimum wages or less per day 

(around $6), only 2% migrated to another state or country in the past 5 years. 

In order to include gender as a control, all the regressions are stratified and tables 

for males and females are presented both for the marginalization index as a whole as well 

as for the components of the marginalization index. Further, in Chapter 3, I established 

that each age group has different causes of death and these are affected by the level of 

marginalization. For that reason, and following the results from that chapter, I present the 

results of the regressions in this chapter for all-ages, under-1 year old, between 1 and 14 

years old, between 15 and 44 years old, between 45 and 64 years old, and for those aged 

65 or older.  
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4.5.2. Ordinary Least Squares Regression (unweighted) 

Table 4.2 presents the results, stratified by gender, of the unweighted OLS 

regression of age-adjusted mortality rates on the marginalization index as a whole, 

controlling for the confounders.  

For males, the relationship between the all-age age-adjusted and age-specific 

mortality rates is statistically significant and consistent with what is expected. 

Municipalities with a higher level of marginalization show a positive (except for the 

elderly), and statistically significant, association with the mortality rates throughout the 

age groups. Further, municipalities with a higher presence of indigenous population also 

remain statistically significant for all age groups, except for the 15-44 year olds and with 

the expected relationship with the mortality rates.  

For females, the relationship between the all-age age-adjusted mortality rate and 

the marginalization index is consistent with what is expected but it is statistically 

significant for only some age groups. At the same time, municipalities with a higher 

presence of indigenous population remain statistically significant for all age groups and 

show the expected relationship with the mortality rates.  

Tables 4.3 (for males) and 4.4 (for females) present the results of the unweighted 

OLS regression of age-adjusted mortality rates on the components of the marginalization 

index, controlling for confounders.  

For males, the relationship between the all-age age-adjusted mortality rate and 

some of the variables is statistically significant but the opposite of what is expected. 

Municipalities with a higher percentage of households without piped water and with a 
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higher percentage of overcrowded households both show negative associations with the 

mortality rates. In contrast, municipalities with a higher percentage of households with 

dirt flooring and with a higher percentage of the population earning two minimum wages 

or less show the expected relationship with strong statistical significance. Age-specific 

mortality rates seem to be affected by living conditions (dirt flooring), showing a positive 

relationship and statistical significance in all age groups, except for the youngest and the 

eldest. Municipalities with a higher percentage of the population aged 15 or older that 

cannot read or write also show the expected relationship with age-specific mortality rates 

for the 15-44 year olds. 

For females, some of the perplexing relationships seen in Table 4.3 are also seen 

in Table 4.4. A higher percentage of municipalities with households lacking inside 

sanitary services and piped water show a negative association with mortality rates. In 

contrast, municipalities with a higher level of households with dirt flooring, with a higher 

percentage of the population earning two minimum wages or less, and with a higher 

percentage of households showing signs of overcrowding, follow the expected 

relationship mentioned in Section 4.3. As for the confounders, municipalities with a 

higher number of migrants in the past 5 years show a statistical significance and a 

positive relationship with mortality rates. As for the age-specific regressions, 

municipalities with a higher number of households with dirt flooring and with a higher 

presence of indigenous population remain statistically significant (for most of the age 

groups) throughout the analysis. 
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As has been stated in previous paragraphs, OLS does not take into consideration 

possible differences in the size of each municipality. Thus, WLS and analytic weights 

(total population) must be taken into consideration to obtain appropriate and sound 

results. It is worth noting that OLS regressions using probability (or sampling) weights 

were also used (results not shown) in order to analyze if different weights yield different 

results. Overall, the regressions show mixed results. Some variables follow the expected 

relationship with the all-age age-adjusted mortality rates but without a clear indication 

that the use of this type of weighting system is more effective than analytic weights. 

4.5.3. Weighted Least Squares Regression, alternative 1 

Table 4.5 presents the results, stratified by gender, of the WLS regression of age-

adjusted mortality rates on the marginalization index as a whole, controlling for 

confounders.  

For males, the relationship between the age-specific mortality rates and the 

marginalization index is statistically significant and consistent with what is expected only 

for two age groups (1-14 and 15-44 years old). Further, municipalities with a higher 

presence of indigenous population also remain statistically significant for all age groups, 

except for the 15-44 year olds, and with the expected relationship with the mortality rates.  

Municipalities with a higher percentage of migrants in the past 5 years shows statistical 

significance for the 1-14, 15-44, and 45-64 year olds; however, for the latter, the 

relationship is the opposite from what is expected. 



 105 

For females in Table 4.5, the relationship between mortality rates and the 

marginalization index shows mixed results. The association between the all-age age-

adjusted mortality rates and a higher level of marginalization is negative. In contrast, the 

association between the age-specific mortality rates and a higher level of marginalization 

is positive for the 1-14, 15-44, and 45-64 year old females. Further, municipalities with a 

higher presence of indigenous population remain statistically significant for all age 

groups and show expected relationship with the mortality rates.  

Each component of the marginalization index is correlated with one another, 

which may lead to multicollinearity issues as well as to problems in the interpretation of 

the effects of any specific component net of others. Therefore, Tables 4.6 (males) and 4.7 

(females) present the results of the WLS regression of all-age age-adjusted mortality rates 

on the components of the marginalization index, controlling for the confounders but 

testing each component separately.  

For males (Table 4.6), the relationship between the all-age age-adjusted mortality 

rate and some of the variables is statistically significant and all but two components show 

a relationship in the opposite direction of what is expected. The rest retain their negative 

associations with the all-age age-adjusted male mortality rate. Similarly, for females 

(Table 4.7), the components exhibit an opposite relationship from what is expected. In 

terms of the confounders, only municipalities with a higher presence of indigenous 

population were statistically significant and exhibited an expected relationship with the 

all-age mortality rates. 
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Tables 4.8 (males) and 4.9 (females) present the results of the WLS regression of 

age-adjusted mortality rates on the components of the marginalization index, controlling 

for the confounders.  

For males (Table 4.8), the relationship between the all-age age-adjusted mortality 

rate and some of the variables is statistically significant but in the opposite direction of 

what is expected. A higher percentage of municipalities with households without piped 

water and a higher percentage of municipalities with households showing signs of 

overcrowding remain as the variables with negative associations with the all-age age-

adjusted male mortality rate. On the other hand, municipalities with a higher percentage 

of households with dirt flooring, with a higher presence of indigenous population, and 

with a higher percentage of the population earning two minimum wages or less remain as 

the variables with the expected relationship and strong statistical significance. The 

weighted results improved the R-squared from 0.06 to 0.18. In terms of age-specific 

mortality rates, similar patterns are observed. Municipalities with a higher percentage of 

households with dirt flooring show a positive relationship and statistical significance in 

all age groups. A higher percentage of inhabitants aged 15 and older who cannot read or 

write also shows the expected relationship with age-specific mortality rates for the under-

1 year olds and the 15-44 year olds.  

For females in Table 4.9, the relationships change slightly. Municipalities with a 

higher percentage of households with signs of overcrowding show a strongly significant 

negative association with the all-age age-adjusted female mortality rate. In contrast, 

municipalities with a higher percentage of households with dirt flooring and with a higher 
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percentage of inhabitants earning two minimum wages or less follow the expected 

association described in Section 4.3. As for the confounders, municipalities with a higher 

presence of indigenous population show a strong statistical significance and a positive 

relationship with female mortality rates. As for the age-specific regressions, 

municipalities with a higher percentage of households with dirt flooring remain 

statistically significant for almost every age group while municipalities with a higher 

presence of indigenous population is also significant for all groups except for the under-1 

year olds, with both variables showing the expected relationship with the age-specific 

mortality rates.  

4.5.4. Weighted Least Squares Regression, alternative 2 

So far, WLS has taken into consideration the differences in the size of each 

municipality by including the analytic weights that were not present in the OLS 

regression. However, despite working with 5 years of mortality data, some municipalities 

also have very small reported numbers of deaths. In order to improve this situation, a 

second WLS alternative is presented by including only the municipalities with 50 deaths 

or more reported between 2003 and 2007. However, it is worth noting that this alternative 

comes with a few tradeoffs. First, mortality data requires a high degree of accuracy and 

areas with fewer than 50 observations do not provide enough stability to allow proper 

comparisons between geographic areas (New York State 1999). Second, in geographic 

areas with several municipalities, one is usually the “dominant” (in most cases, this is 

where the state capital is located) and numbers inside the smaller municipalities cannot 
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be compared to the larger municipality (Centers for Disease Control and Prevention 

2004b). And finally, by doing this analysis, most of the smaller municipalities will be lost 

and in Mexico, these municipalities are those with higher levels of marginalization, 

higher levels of migration, and a higher presence of indigenous population, which might 

alter the results that follow. 

Table 4.10 presents the results, stratified by gender, of the WLS regression of age-

adjusted mortality rates on the marginalization index as a whole, controlling for the 

confounders in municipalities with 50 or more reported male/female deaths.  

For males, the relationship between the age-specific mortality rates and the 

marginalization index is statistically significant and consistent with what is expected only 

for two age groups (1-14 and 15-44 years old). Further, municipalities with a higher 

presence of indigenous population also remain statistically significant but only for the 

elder age groups and with the expected relationship with the mortality rates.  

Municipalities with a higher percentage of migrants in the past 5 years show statistical 

significance for the 1-14 year olds and, for the elder age groups, the relationship is 

opposite from what is expected. 

For females, the relationship between mortality rates and the marginalization 

index shows mixed results. The association between the all-age age-adjusted mortality 

rates and a higher level of marginalization is negative and with a strong statistical 

significance. In contrast, the association between the age-specific mortality rates and a 

higher level of marginalization is positive for the 1-14, 15-44, and 45-64 year old 

females. Further, municipalities with a higher presence of indigenous population remain 
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statistically significant for all age groups, except the youngest, and show expected 

relationship with the mortality rates.  

Tables 4.11 (males) and 4.12 (females) present the results of the WLS regression 

of age-adjusted mortality rates on the components of the marginalization index, 

controlling for the confounders, and excluding municipalities with fewer than 50 

male/female deaths. 

For males in Table 4.11, the pattern seen in previous tables remains. The 

relationship between the all-age age-adjusted mortality rate and some of the variables is 

statistically significant but in the opposite direction of what is expected. Municipalities 

with a higher percentage of households showing signs of overcrowding and a higher 

percentage of the population who migrated in the past 5 years are the variables with 

negative associations and strong statistical significance with the all-age age-adjusted male 

mortality rate. Municipalities with a higher percentage of households with dirt flooring 

remain with the expected relationship and with strong statistical significance. This 

alternative of the WLS improved the R-squared from 0.18 to 0.27. In terms of age-

specific mortality rates, similar patterns are observed. Municipalities with a higher 

percentage of households with dirt flooring show a positive relationship and statistical 

significance for all age groups, except the under-1 year olds. Municipalities with a higher 

percentage of households without electricity also show the expected relationship with 

age-specific mortality rates for the male population aged 44 or younger.  

For females, Table 4.12 shows that municipalities with a higher percentage of 

households with signs of overcrowding have a strongly significant negative association 



 110 

with all-age age-adjusted female mortality rates. Municipalities with a higher presence of 

indigenous population and a higher percentage of inhabitants aged 15 and older who 

cannot read or write follow the hypothesis of a positive association between these 

variables and the all-age age-adjusted mortality rates. As for the age-specific regressions, 

municipalities with a higher presence of indigenous population remain statistically 

significant for every age group, except for the under-1 year olds. A higher percentage of 

inhabitants aged 15 and older who cannot read or write is also significant for every age 

group, except the oldest, with both variables showing the expected relationship between 

them and the age-specific mortality rates.  

4.5.5. Spatial Autocorrelation, alternative 1 

Dealing with mortality rates and geographical areas with different sizes leads to 

the possibility of not having independent estimates of the dependent variables and the 

need for an adjustment (Cook and Pocock 1983; Marshall 1991; Pocock, Cook, and 

Beresford 1981; Waller and Gotway 2004).  

 For this dissertation, I deal with this problem by re-running the weighted least-

squares regression presented in Subsection 4.5.3; this time, the results are stratified by 

degree of urbanicity. In order to determine if a municipality is urban or not, I followed 

INEGI’s (2011) classification of urban-rural areas. In this classification, areas with 2,500 

inhabitants or less are considered to be non-urban. Therefore, I obtained the percentage of 

the population in each municipality living in this situation and then established a cut-off 
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point of 50%. If the municipality has at least half of its population living in areas with 

2,500 inhabitants or less, it is considered non-urban. 

Table 4.13 presents the results, stratified by gender and type of municipality, of 

the WLS regression of age-adjusted mortality rates on the marginalization index as a 

whole, controlling for the confounders. 

For non-urban males, municipalities with a higher level of marginalization have 

the expected positive association with the age-specific male mortality rates (1-14 and 15-

44 year olds). Also, in non-urban areas, municipalities with a higher presence of 

indigenous population remain as consistent throughout the analysis by being statistically 

significant in nearly every age group. Municipalities with a higher percentage of the 

population who migrated in the past 5 years show a weak statistical significance in only a 

few age groups but with a coefficient in the expected direction. In contrast, for males in 

urban areas, municipalities with a higher percentage of individuals who migrated to 

another state or country in the past 5 years showed a strong negative association with the 

all-age age-adjusted male mortality rates. Also, in the urban municipalities, 

municipalities with a higher level of marginalization show statistically significance with 

the age-specific mortality rates, but also show a positive association in one age group and 

negative with another one. 

For females in non-urban areas, municipalities with a higher presence of 

indigenous population show the expected positive association with the all-age age-

adjusted female mortality rates and also in every age group. Also, in non-urban 

municipalities, municipalities with a higher level of marginalization have higher 
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mortality in the 1-14 and 15-44 year olds groups. In contrast, for females in urban areas, 

municipalities with a higher level of marginalization present mixed results. The 

relationship with the all-age age-adjusted female mortality rates is opposite from what is 

expected. Further, the relationship with the age-specific mortality rates is negative for the 

youngest and eldest but positive for the 1-14 and 15-44 year olds. Municipalities with a 

higher presence of indigenous population and with a higher percentage of migrants in the 

past 5 years show a positive association with the all-age age-adjusted mortality rates.  

Tables 4.14 (males) and 4.15 (females) show the results of the WLS regression 

for males and females in urban and non-urban areas, respectively. In both cases some of 

the variables had the same issues from the previous analyses and did not follow the 

expected relationship between the components of the marginalization index and mortality 

rates.  

For males, Table 4.14 shows that municipalities with a higher percentage of 

inhabitants earning two minimum wages or less and with a higher percentage of 

households with dirt flooring have the expected positive association with the all-age age-

adjusted male mortality rate. Also, in non-urban municipalities, these two variables 

remain as consistent throughout the analysis by being statistically significant in nearly 

every age group. Other variables show statistical significance in only a few age groups 

and in some cases with a coefficient in the opposite direction to what was expected. In 

contrast, for males in urban areas, municipalities with a higher percentage of individuals 

who migrated to another state or country in the past 5 years showed a strong negative 

association with the all-age age-adjusted male mortality rate. Also, in the urban 
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municipalities, a few variables show statistical significance in the age-specific mortality 

rates but also show a positive association in one age group and a negative with another 

one (e.g., municipalities with a higher percentage of households without electricity or 

municipalities with a higher percentage of households with dirt flooring). 

Table 4.15 shows the results for females in urban and non-urban municipalities. 

For females in non-urban areas, municipalities with a higher presence of indigenous 

population, a higher percentage of individuals earning two minimum wages or less, and 

municipalities with a higher percentage of households with dirt flooring show the 

expected positive association with the all-age age-adjusted female mortality rate. Also, in 

non-urban municipalities, municipalities with a higher percentage of households with dirt 

flooring and a higher percentage of individuals earning two minimum wages less remain 

as the most consistent variables by being statistically significant in nearly every age 

group. Other variables show statistical significance in only a few age groups and, in some 

cases (e.g., municipalities with a higher percentage of households without piped water), 

there is an unexpected relationship with age-specific female mortality rates.  

In contrast, for females in urban areas, municipalities with a higher presence of 

indigenous population, with a higher percentage of households without electricity, and 

with a higher percentage of inhabitants aged 15 and older who cannot read or write, show 

a strong positive association with the all-age age-adjusted female mortality rate that is 

consistent with the hypothesis. On the other hand, municipalities with a higher percentage 

of households without sanitary services, with a higher percentage of individuals who 

migrated in the past 5 years, and with a higher percentage of households with dirt 
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flooring show a negative association with the female mortality rates. Also in the urban 

municipalities, a few variables show statistically significance in the age-specific mortality 

rates but have an opposite association with age-specific female mortality rates (e.g., 

municipalities with a higher percentage of households with dirt flooring, no sanitary 

services, and showing signs of overcrowding). 

4.5.6. Spatial Autocorrelation, alternative 2 

A similar process was attempted in GeoDa (software described in Subsection 

4.2.1). GeoDa works with three possible regression outcomes: 1) Classic OLS with 

spatial dependence, 2) Spatial-Lag regression, and 3) Spatial Error Regression.  For this 

analysis, OLS results showed an R-squared of 0.05 and a Moran’s-I value of 0.06 for 

males and an R-squared of 0.05 and a Moran’s I-value of 0.03 for females. While all 

values are statistically significant, values for females show a weaker spatial dependence 

problem.  

Table 4.16 presents the results for the spatial dependence methods (spatial-lag and 

spatial error) for the all-age age-adjusted mortality rates for males and females and on the 

marginalization index as a whole, controlling for the confounders.  

Both models introduce a lag term, rho, for the spatial-lag regression and lambda 

for the spatial error regression. In both models these terms were positive and statistically 

significant, which improved the general fit of the model with slight improvements in the 

R-squared values compared to those obtained in the classic OLS regression. The 

independent variables, though, exhibited similar coefficients as the OLS coefficients 
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throughout the analysis using rook contiguity weights. Municipalities with a higher level 

of marginalization show the expected relationship with the mortality rates. Further, a 

higher percentage of individuals who migrated in the past 5 years showed statistical 

significance for males but not for females, while a higher presence of indigenous 

population was significant for both and also had the expected relationship with mortality 

rates.  

Further, GeoDa provides diagnostics for heteroscedasticity and spatial 

dependence. After running these two models, and in all cases, the Breusch-Pagan test and 

the Likelihood Ratio test were statistically significant, indicating that the spatial effect 

remains in the models. However, females showed a slightly weaker statistical 

significance in the spatial error regression, indicating that GeoDa might have provided a 

better adjustment for women in this analysis using this method.  

Table 4.17 introduces the results for the spatial dependence methods (spatial-lag 

and spatial error) only for the all-age age-adjusted mortality rates for males and females. 

Both lag terms were positive and statistically significant, which improved the general fit 

of the model with slight improvements in the R-squared values compared to those 

obtained in the classic OLS regression. The rest of the independent variables remained 

with similar coefficients throughout the analysis using rook contiguity weights. Some of 

the variables, like households with no piped water or no inside sanitary services, showed 

the opposite relationship that was expected with the mortality rates while each 

confounder had a different impact by gender. Higher percentage of individuals who 

migrated in the past 5 years was statistically significant for the males, while higher 
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presence of indigenous population was significant for the females and both had the 

expected relationship with mortality rates.  

Once again, the Breusch-Pagan test and the Likelihood Ratio test were 

statistically significant, indicating that the spatial effect remains in the models. However, 

females showed a slightly weaker statistical significance in these tests, indicating that 

GeoDa might have provided a better adjustment for women in this analysis. In the end, 

the introduction of spatial lag and spatial error models proved to be useful to detect 

spatial dependence and to slightly improve the models, but the results did not differ 

significantly from the ones obtained from the WLS regressions.  

4.6 Discussion and Conclusions 

The relationship between marginalization and mortality is not a direct one. A 

confounder is a variable that is associated with both the cause and the consequence and if 

possible, should be precisely measured and included in every analysis (Janes, Dominici, 

and Zeger 2010).  

This chapter provided more solid ground in the process of identifying and 

including these confounders in order to more accurately specify the relationship between 

marginalization and mortality. Four major confounders were identified: 1) geographical 

differences, 2) migration, 3) percent indigenous population, and 4) unobserved factors. 

A set of OLS and WLS regressions was used in order to determine the impact of 

the marginalization index as a whole and the confounders on all-age age-adjusted and 

age-specific mortality rates for males and females. Overall, the municipalities with a 
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higher level of marginalization showed mixed associations throughout the analysis. The 

results were statistically significant for the most part but, in some cases, presented the 

opposite direction of what was expected. As for the confounders, municipalities with a 

higher presence of indigenous population remained statistically significant for the 

majority of the analysis and showed the expected association with the all-age age-

adjusted and age-specific mortality rates.  

A second set of OLS and WLS regressions was used in order to determine the 

impact of each of the components of the marginalization index as well as some 

confounders. In general, municipalities with a higher percentage of households with dirt 

flooring and with a higher percentage of individuals earning two minimum wages or less 

were statistically significant and showed a positive association with all-age mortality 

rates and age-specific mortality rates throughout the analyses. However, in some cases, 

the results did not follow the expected relationships and, while statistically significant, 

the variables presented coefficients in a direction opposite of expectations. These include 

municipalities with a higher percentage of households without piped water, no inside 

sanitary services, and the percentage of households that showed signs of overcrowding. 

At the same time, the age-specific mortality rates for males and females aged 65 or older 

yielded inconsistent results by showing a relationship opposite from what it was 

expected. This was both for the overall marginalization index as well as for a number of 

components of the index. 

Some possible explanations for the patterns seen in the regressions include the 

following.  First, the marginalization index is a composite measurement of 9 different 



 118 

variables and it might not be properly designed to be decomposed to measure the impact 

of its components on mortality rates. Second, these variables show some degree of 

correlation and a tendency to be concentrated in non-urban areas, where marginalization 

levels are usually higher (as seen in Chapter 2). Third, the behavior of migration in the 

WLS regression that excluded municipalities with fewer than 50 deaths might be 

explained by a “domestic” version of the salmon bias. Salmon bias is a term coined by 

Pablo-Méndez (1994) referring to foreign-born persons living in the United States who 

return to their countries of origin when their health deteriorates. Here, unhealthy people 

who migrated to a larger municipality inside their state or even to another state might be 

returning to their hometowns to die; hence, this may cause the negative coefficient in the 

WLS regression.  

Fourth, the results for the elderly population might be explained by selection 

issues. No population is homogeneous and, when populations age, heterogeneity is 

exposed (Keyfitz 1985; Vaupel, Manton, and Stallard 1979). Such selection is important 

because it alters the patterns between the expected and the observed results and makes 

comparisons difficult (Manton, Stallard, and Vaupel 1981; Rogers 1992). The results 

from the OLS and WLS regressions suggest that the elderly in Mexico seem to benefit 

from living in municipalities with higher levels of marginalization (when analyzing the 

index as a whole) or with higher percentage of households with no piped water or 

sanitary services (when analyzing the components of the marginalization index). 

However, this apparent benefit might be a consequence of very strong selection biases 

(Vaupel and Yashin 1985). This process of selection affects the studies of senescence 
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because elderly individuals, especially those living in non-urban areas, have by definition 

resisted the risks of death caused by the components of the marginalization index and by 

other confounders (Gerst, Michaels-Obregón, and Wong 2011; Ho and Preston 2010; 

Kendall, Fox, Fujiwara, and Nogeire 2011). 

The issue of geographical differences was dealt with in two ways. First, an 

analysis was conducted using a weighted least-squares regression and by dividing the 

municipalities in urban and non-urban. This regression also controlled for the 

municipalities composed of 50% or more of population who can speak a native Mexican 

language and for those municipalities whose inhabitants (50% or more) migrated in the 

past 5 years to another state or country. The results from this WLS did not differ 

substantially from the previous WLS regressions. Some of the variables showed the 

expected relationship between the components of the marginalization index and the 

mortality rates but other variables showed mixed results.  

Second, the geographical proximity of the municipalities in Mexico led to the use 

of the software GeoDa. Three different techniques were attempted using the software. A 

classic OLS regression with spatial dependency was used to verify the presence of spatial 

autocorrelation (and confirmed). Then, a spatial-lag regression and a spatial error 

regression were attempted in order to find a possible solution to the spatial correlation 

problem. Unfortunately, the software was unable to provide a definitive solution and after 

several tries, the spatial autocorrelation persisted in the analysis. Issues like the type of 

weights and the type of spatial dependence regression used in the analysis are also 

important to consider as both topics depend on the data and different options yield 
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different results (S4 Spatial Structures in the Social Sciences 2011). Since geographical 

boundaries are “blurred”, the software might not pick up all the effects of 

marginalization, especially when they transition from areas with high levels of 

marginalization to low ones and the lack of family support and access to health services 

drastically change (Reyes-Morales et al. 2009). 

Confounders are always difficult variables to quantify because most datasets just 

include the most traditional ones like age and gender (Greenland 2005). A limitation of 

this dissertation is the inability to include all the possible confounders of marginalization 

and mortality due to the lack of complete data (e.g. the unobserved factors). However, the 

results show some clear patterns and can be the beginning of further refinement.  

Another limitation of this analysis is the ecological fallacy, or ecological 

correlation. A term coined by William S. Robinson (1950), the ecological fallacy refers to 

the interpretation of statistical data in an ecological study. In this case, it is assumed that 

information about a group can be applied to individuals within that group. In other words, 

the results obtained in the OLS and WLS regressions apply to municipalities (group) and 

these results cannot be accurately applied to individuals living in these municipalities. 

Ecological data has some advantages and it is recommended when individual-level data 

are not readily available and because the variables were measured for the group, 

municipalities in this case (Piantadosi, Byar, and Green 1988). However, the analysis of 

the results shown in the OLS and WLS regressions might trigger some concerns 

regarding the accuracy of the interpretation and the possible inferences that can be 

obtained from them (Connor and Gillings 1984). 
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Additionally, the possibility of under-registration of deaths in marginalized areas 

or the possibility that deaths from non-urban areas are being registered in urban areas also 

remain as potential limitations. Under-registration of deaths is an indication of potentially 

inaccurate data due to miscommunication between individuals who report (or misreport 

in some cases) the death, those who collect the information, and those who release the 

information to the general public (Mathers et al. 2005; Merli 1998). In Mexico, the 

problem of under-registration of deaths is common (Braine 2006; Sepúlveda et al. 2006), 

particularly in small and poor areas of the country where health services are not readily 

available and migration to urban areas is high (Stevens et al. 2008). Further, some 

municipalities only register around 40% of their vital statistics information and this 

percentage is considerably lower for the marginalized municipalities, causing potential 

bias in the overall results (Barnham 2011; Díaz-Cayeros, Estévez, and Magaloni 2007). 

Finally, Mexico is right in the middle of an epidemiological transition (as seen in 

Chapter 3). The reduction of infectious and parasitic diseases has given way to the 

appearance of chronic illnesses like diabetes, rheumatoid arthritis, obesity, and other 

chronic and degenerative diseases (Frenk et al. 1991). Despite the fact that differences in 

the level of marginalization remain important, especially for the youngest ages (see Table 

3.2), the increasing prevalence of degenerative diseases could be altering the relationship 

between marginalization and mortality rates. Some of the components of the 

marginalization index might need to be reconsidered in order to reflect the introduction of 

new variables brought by these degenerative diseases like long-term care needs, 
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nutritional requirements, and caloric intake, among others, that the current population 

faces due to this epidemiological transition (Wong and Díaz 2007).  

The next chapter analyzes data from the conditional cash transfer program 

Oportunidades. The chapter examines if the states with the most participation in the 

program are also those with the highest levels of marginalization and if Oportunidades is 

linked to reductions in infant and female aged 15-49 mortality rates in highly 

marginalized areas. 
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Table 4.1 – Socioeconomic and Demographic Characteristics of Mexican Municipalities, 

2003-2007 

Variable 2005 

Marginalization Level 

 Very High 

High 

Average 

Low 

Very Low 

0.14 

0.34 

0.20 

0.18 

0.14 

Marginalization Index Components 

 Illiteracy Rates 
a
 

Percentage with No Sanitary Services (drainage and toilet) 

inside the house 
b
 

Percentage with No Electricity 
b
 

Percentage with No Piped Water 
b
 

Percentage with Signs of Overcrowding 
b
 

Percentage with Dirt Flooring 
b
 

Percentage of Population Living in Communities with 5,000 

Inhabitants or Less 
a
 

Percentage Earning two minimum wages or less 
a
 

0.08 

0.05 

 

0.03 

0.10 

0.41 

0.12 

0.29 

 

0.45 

All-Age Age-Adjusted Mortality Rates and Age-Specific Mortality Rates 

 Males 

     All-Ages 

     Under 1 

     1-14 

     15-44 

     45-64 

     Over 65 

Females 

     All-Ages 

     Under 1 

     1-14 

     15-44 

     45-64 

     Over 65 

 

588.84 

2209.43 

63.69 

268.48 

981.89 

4755.85 

 

441.00 

1756.79 

50.32 

102.11 

621.18 

4259.90 

Controls 

 Migration in the past 5 years 
a
 

Indigenous Population 

0.02 

0.07 

N (municipalities) 2,454 
Source: Author’s calculations in STATA with information from CONAPO and INEGI. 

a
 Refers to 

population per municipality; 
b
 Refers to inhabited households per municipality. 
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Table 4.2 – Unweighted Ordinary Least-Squares Regression of All-Age Age-Adjusted 

Mortality Rates, Age-Specific Mortality Rates, and Covariates for Males 

and Females, 2003-2007 

Variable All Ages Under 1 1-14 15-44 45-64 65 or older 

Males 

Marginalization Index 32.46** 

(11.44) 

193.20
†
 

(102.61) 

17.38*** 

(2.78) 

51.38*** 

(6.91) 

62.85** 

(22.30) 

-184.26* 

(88.03) 

Percent Population who  

Migrated in Last 5 Yrs. 

11.02* 

(5.08) 

30.59 

(40.75) 

1.80 

(1.37) 

11.91** 

(3.85) 

27.08* 

(11.37) 

6.19 

(43.41) 

Percent Presence of  

Indigenous Population 

1.25** 

(0.41) 

6.95
†
 

(4.01) 

0.23* 

(0.11) 

0.09 

(0.24) 

2.86*** 

(0.82) 

10.86*** 

(3.13) 

Constant 545.83*** 

(11.32) 

2022.14*** 

(102.10) 

56.24*** 

(2.98) 

246.72*** 

(7.36) 

880.35*** 

(23.54) 

4532.47*** 

(91.21) 

F-test 10.13*** 8.65*** 19.50*** 27.18*** 13.00*** 4.42** 

R-Squared 0.03 0.01 0.05 0.05 0.04 0.01 

 

Females 

Marginalization Index 4.25 

(7.37) 

199.92** 

(73.63) 

11.06*** 

(2.19) 

14.88*** 

(2.78) 

5.12 

(12.11) 

-175.96* 

(70.33) 

Percent Population who  

Migrated in Last 5 Yrs. 

-0.62 

(3.05) 

41.13 

(32.36) 

-0.56 

(1.08) 

-0.10 

(1.25) 

-3.49 

(5.63) 

-10.48 

(32.59) 

Percent Presence of  

Indigenous Population 

1.38*** 

(0.30) 

6.02
†
 

(3.26) 

0.26** 

(0.08) 

0.47*** 

(0.12) 

2.33*** 

(0.54) 

10.47*** 

(2.59) 

Constant 415.04*** 

(7.47) 

1569.82*** 

(73.38) 

46.28*** 

(2.40) 

93.04*** 

(2.74) 

581.43*** 

(14.57) 

4072.29*** 

(69.63) 

F-test 9.93*** 8.70*** 26.91*** 34.02*** 10.24*** 5.85*** 

R-Squared 0.03 0.02 0.06 0.07 0.03 0.01 

 

N (municipalities) 2,448 

Source: Author’s calculations in STATA with information from CONAPO and INEGI. Numbers reported 

are coefficients while robust standard errors are in parenthesis. 
†*

p ≤  .10; 
*
p ≤  .05; 

**
p ≤  .01; 

***
p ≤  .001. 
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Table 4.3 – Unweighted Ordinary Least-Squares Regression of All-Age Age-Adjusted 

Male Mortality Rates, Age-Specific Male Mortality Rates, and Covariates, 

2003-2007 

Variable All Ages Under 1 1-14 15-44 45-64 65 or older 

Percent Illiterate 

Population 

0.48 

(1.49) 

-18.17 

(16.41) 

0.52 

(0.46) 

3.23*** 

(0.88) 

1.66 

(2.84) 

-19.98
†
 

(11.99) 

Percent Households 

without Sanitary Services 

-1.21
†
 

(0.72) 

2.03 

(12.14) 

-0.08 

(0.15) 

-0.32 

(0.51) 

-1.93 

(1.40) 

-14.68*** 

(4.61) 

Percent Households 

without Electricity 

1.76 

(2.18) 

4.75 

(16.09) 

0.92 

(0.62) 

1.45 

(1.11) 

1.50 

(4.06) 

8.84 

(15.74) 

Percent without  

Piped Water 

-1.47* 

(0.65) 

-5.44 

(5.15) 

-0.29 

(0.22) 

-0.22 

(0.34) 

-2.45* 

(1.21) 

-15.10** 

(4.94) 

Percent Households with  

Signs of Overcrowding 

-1.55* 

(0.78) 

-6.66 

(14.38) 

0.55** 

(0.19) 

-2.76*** 

(0.56) 

-2.77 

(1.72) 

2.01 

(5.59) 

Percent Households with  

Dirt Flooring 

3.34*** 

(0.80) 

9.97 

(8.60) 

0.61** 

(0.23) 

1.88*** 

(0.49) 

6.57*** 

(1.53) 

20.65*** 

(6.16) 

Percent Population Earning  

Two Min. Wages or Less 

1.75** 

(0.65) 

26.33** 

(9.66) 

-0.03 

(0.17) 

1.32** 

(0.43) 

2.62* 

(1.33) 

4.55 

(5.10) 

Percent Population who  

Migrated in Last 5 Yrs. 

9.79
†
 

(5.10) 

44.31 

(39.04) 

1.56 

(1.41) 

7.99* 

(3.62) 

24.90* 

(11.49) 

19.84 

(44.99) 

Percent Presence of  

Indigenous Population 

0.55 

(0.42) 

4.51 

(4.93) 

0.04 

(0.10) 

-0.29 

(0.26) 

1.47
†
 

(0.86) 

6.96* 

(3.19) 

Constant 477.08*** 

(35.94) 

707.10* 

(319.19) 

10.50 

(9.97) 

211.57*** 

(23.23) 

768.26*** 

(79.95) 

4601.69*** 

(305.64) 

 

F-test 6.75*** 7.34*** 11.47*** 10.75*** 7.02*** 3.98*** 

R-Squared 0.05 0.02 0.06 0.07 0.06 0.03 

N (municipalities) 2,448 

Source: Author’s calculations in STATA with information from CONAPO and INEGI. Numbers reported 

are coefficients while robust standard errors are in parenthesis. 
†*

p ≤  .10; 
*
p ≤  .05; 

**
p ≤  .01; 

***
p ≤  .001. 
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Table 4.4 – Unweighted Ordinary Least-Squares Regression of All-Age Age-Adjusted 

Female Mortality Rates, Age-Specific Female Mortality Rates, and 

Covariates, 2003-2007 

Variable All Ages Under 1 1-14 15-44 45-64 65 or older 

Percent Illiterate  

Population 

-0.47 

(1.27) 

-19.56 

(14.41) 

0.09 

(0.29) 

0.65 

(0.42) 

-0.91 

(2.10) 

-5.52 

(11.65) 

Percent Households  

without Sanitary Services 

-1.15* 

(0.50) 

2.68 

(5.26) 

-0.08 

(0.14) 

-0.34
†
 

(0.20) 

-1.92
†
 

(1.00) 

-12.19** 

(4.13) 

Percent Households  

without Electricity 

-0.42 

(1.25) 

-9.99 

(15.05) 

0.74
†
 

(0.40) 

0.45 

(0.36) 

-1.11 

(2.03) 

-8.45 

(10.56) 

Percent without 

Piped Water 

-1.19* 

(0.48) 

-7.47
†
 

(4.47) 

-0.09 

(0.11) 

-0.23 

(0.18) 

-1.33
†
 

(0.80) 

-12.21** 

(4.19) 

Percent Households with  

Signs of Overcrowding 

1.06* 

(0.51) 

10.17 

(6.84) 

0.52** 

(0.17) 

-0.46
†
 

(0.25) 

2.66** 

(1.00) 

9.39* 

(4.76) 

Percent Households with  

Dirt Flooring 

1.64** 

(0.59) 

12.43* 

(6.18) 

0.31* 

(0.12) 

1.11*** 

(0.22) 

2.65* 

(1.09) 

6.69 

(5.35) 

Percent Population Earning  

Two Min. Wages or Less 

0.78
†
 

(0.45) 

16.49** 

(5.94) 

-0.01 

(0.14) 

0.15 

(0.17) 

0.08 

(0.84) 

6.86
†
 

(4.13) 

Percent Population who  

Migrated in Last 5 Yrs. 

1.35 

(3.11) 

61.30
†
 

(31.69) 

0.58 

(1.10) 

-1.04 

(1.24) 

-0.33 

(5.61) 

16.73 

(32.58) 

Percent Presence of  

Indigenous Population 

0.96** 

(0.31) 

3.58 

(3.54) 

0.17* 

(0.08) 

0.27* 

(0.12) 

1.73** 

(0.58) 

7.73** 

(2.73) 

Constant 336.90*** 

(25.24) 

147.85 

(297.47) 

10.87 

(8.02) 

82.11*** 

(9.95) 

478.59*** 

(44.73) 

3697.26*** 

(241.66) 

 

F-test 9.26*** 9.89*** 10.46*** 11.75*** 5.89*** 7.57*** 

R-Squared 0.05 0.03 0.07 0.10 0.04 0.03 

N (municipalities) 2,448 

Source: Author’s calculations in STATA with information from CONAPO and INEGI. Numbers reported 

are coefficients while robust standard errors are in parenthesis. 
†*

p ≤  .10; 
*
p ≤  .05; 

**
p ≤  .01; 

***
p ≤  .001. 
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Table 4.5 – Weighted Least-Squares Regression of All-Age Age-Adjusted Mortality 

Rates, Age-Specific Mortality Rates, and Covariates for Males and Females, 

2003-2007 

Variable All Ages Under 1 1-14 15-44 45-64 65 or older 

Males 

Marginalization Index -0.18 

(20.22) 

-158.22 

(105.84) 

13.65*** 

(1.60) 

57.83*** 

(11.03) 

-33.61 

(37.79) 

-646.03*** 

(102.82) 

Percent Population who 

Migrated in Last 5 Yrs. 

4.47 

(14.70) 

-18.07 

(35.46) 

1.75* 

(0.86) 

0.62* 

(0.26) 

-25.28** 

(9.26) 

-66.59 

(50.86) 

Percent Presence of  

Indigenous Population 

2.40** 

(0.90) 

20.14*** 

(3.99) 

0.26* 

(0.11) 

-0.40 

(0.47) 

4.23*** 

(1.14) 

21.34*** 

(4.32) 

Constant 508.99*** 

(45.72) 

1476.84*** 

(47.57) 

57.24*** 

(2.59) 

286.62*** 

(20.53) 

903.19*** 

(42.84) 

4405.38*** 

(174.36) 

F-test 9.49***
 

13.44***
 

39.52***
 

45.76*** 22.45***
 

18.13***
 

R-Squared 0.06 0.04 0.10 0.23 0.06 0.11 

 

Females 

Marginalization Index -18.28** 

(6.65) 

-2.56 

(90.67) 

9.36*** 

(1.01) 

16.56*** 

(1.34) 

24.95** 

(8.00) 

-632.09*** 

(128.75) 

Percent Population who 

Migrated in Last 5 Yrs. 

-2.68 

(1.80) 

15.78 

(17.68) 

0.36 

(0.42) 

1.21* 

(0.59) 

-2.70 

(5.02) 

51.56 

(35.48) 

Percent Presence of  

Indigenous Population 

1.84*** 

(0.35) 

12.16** 

(4.36) 

0.29*** 

(0.08) 

0.46*** 

(0.12) 

2.06*** 

(0.53) 

24.95**** 

(5.13) 

Constant 408.03*** 

(12.95) 

1417.66*** 

(170.95) 

44.44*** 

(1.80) 

90.46*** 

(2.61) 

582.05*** 

(11.76) 

3355.59*** 

(235.80) 

F-test 10.69***
 

6.99***
 

61.04***
 

120.90*** 22.79***
 

11.92***
 

R-Squared 0.05 0.03 0.13 0.21 0.07 0.35 

 

N (municipalities) 2,448 

Source: Author’s calculations in STATA with information from CONAPO and INEGI. Weight is 

municipality’s total population. Numbers reported are coefficients while robust standard errors are in 

parenthesis. 
†*

p ≤  .10; 
*
p ≤  .05; 

**
p ≤  .01; 

***
p ≤  .001. 
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Table 4.6 – Weighted Least-Squares Regression of All-Age Age-Adjusted Male Mortality Rates and Covariates, 2003-2007 

Variable Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 

Percent Illiterate 

Population 

-4.35*** 

(1.01) 

      

Percent Households 

without Sanitary Services 

 -1.58
† 

(0.85) 

     

Percent Households 

without Electricity 

  3.72* 

(1.83) 

    

Percent without           

Piped Water 

   -0.33 

(0.57) 

   

Percent Households with 

Signs of Overcrowding 

    -2.78** 

(0.98) 

  

Percent Households with 

Dirt Flooring 

     1.44* 

(0.63) 

 

Percent Population Earning 

Two Min. Wages or Less 

      0.93 

(0.87) 

Percent Population who 

Migrated in Last 5 Yrs. 

-23.56*** 

(4.38) 

-18.87** 

(7.02) 

-14.22
† 

(7.57) 

-13.00 

(9.70) 

-16.34** 

(5.59) 

-8.08 

(10.06) 

11.46 

(7.99) 

Percent Presence of 

Indigenous Population 

1.90*** 

(0.56) 

1.36** 

(0.46) 

0.63 

(0.63) 

1.25* 

(0.59) 

2.20*** 

(0.55) 

0.55 

(0.61) 

1.88*** 

(0.50) 

Constant 671.62*** 

(7.84) 

642.62*** 

(35.16) 

586.41*** 

(32.96) 

594.55*** 

(45.54) 

694.06*** 

(44.38) 

568.81*** 

(46.10) 

453.28*** 

(63.66) 

 

F-test 17.21***
 

9.19***
 

9.23***
 

8.54*** 10.44***
 

10.81***
 

8.44***
 

R-Squared 0.08 0.04 0.03 0.03 0.06 0.03 0.05 

N (municipalities) 2,448 
Source: Author’s calculations in STATA with information from CONAPO and INEGI. Weight is municipality’s total population. Numbers reported are 

coefficients while robust standard errors are in parenthesis. 
†*

p ≤  .10; 
*
p ≤  .05; 

**
p ≤  .01; 

***
p ≤  .001. 



 129 

Table 4.7 – Weighted Least-Squares Regression of All-Age Age-Adjusted Female Mortality Rates and Covariates, 2003-2007 

Variable Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 

Percent Illiterate 

Population 

-1.55
†
 

(0.86) 

      

Percent Households 

without Sanitary Services 

 -1.98*** 

(0.35) 

     

Percent Households 

without Electricity 

  -3.02
†
 

(1.59) 

    

Percent without           

Piped Water 

   -1.36*** 

(0.18) 

   

Percent Households with 

Signs of Overcrowding 

    -2.05** 

(0.69) 

  

Percent Households with 

Dirt Flooring 

     -0.33 

(0.58) 

 

Percent Population Earning 

Two Min. Wages or Less 

      -0.06 

(0.31) 

Percent Population who 

Migrated in Last 5 Yrs. 

-1.16 

(1.25) 

4.45** 

(1.56) 

2.23 

(1.81) 

3.38** 

(1.45) 

-8.96** 

(3.00) 

-6.94*** 

(0.82) 

2.83 

(5.26) 

Percent Presence of 

Indigenous Population 

1.74*** 

(0.40) 

2.31*** 

(0.29) 

1.66*** 

(0.36) 

1.85*** 

(0.25) 

1.81*** 

(0.50) 

1.06** 

(0.41) 

1.35*** 

(0.29) 

Constant 438.68*** 

(8.12) 

418.90*** 

(7.64) 

430.90*** 

(3.84) 

421.91*** 

(7.18) 

515.99*** 

(16.87) 

473.24*** 

(4.19) 

425.19*** 

(24.35) 

 

F-test 9.70***
 

34.47***
 

10.22***
 

549.22*** 9.23***
 

50.96***
 

7.73***
 

R-Squared 0.04 0.20 0.04 0.28 0.07 0.04 0.03 

N (municipalities) 2,448 
Source: Author’s calculations in STATA with information from CONAPO and INEGI. Weight is municipality’s total population. Numbers reported are 

coefficients while robust standard errors are in parenthesis. 
†*

p ≤  .10; 
*
p ≤  .05; 

**
p ≤  .01; 

***
p ≤  .001. 
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Table 4.8 – Weighted Least-Squares Regression of All-Age Age-Adjusted Male 

Mortality Rates, Age-Specific Male Mortality Rates, and Covariates, 2003-

2007 

Variable All Ages Under 1 1-14 15-44 45-64 65 or older 

Percent Illiterate  

Population 

2.08 

(1.37) 

30.22* 

(15.00) 

0.52 

(0.43) 

4.57*** 

(0.83) 

1.33 

(2.72) 

-8.59 

(13.98) 

Percent Households  

without Sanitary Services 

0.41 

(0.89) 

5.13 

(12.35) 

-0.12 

(0.14) 

-0.04 

(0.51) 

0.64 

(1.46) 

4.75 

(7.65) 

Percent Households  

without Electricity 

1.27 

(2.07) 

-5.63 

(16.25) 

0.86 

(0.54) 

0.96 

(1.06) 

1.39 

(3.83) 

-7.98 

(15.79) 

Percent without  

Piped Water 

-1.12
†
 

(0.63) 

-3.02 

(6.08) 

-0.25 

(0.20) 

-0.20 

(0.36) 

-2.21
†
 

(1.20) 

-11.82* 

(4.85) 

Percent Households with  

Signs of Overcrowding 

-6.98*** 

(1.72) 

-26.99 

(23.59) 

0.35*** 

(0.12) 

-2.09*** 

(0.53) 

-6.28** 

(2.54) 

-27.83** 

(10.85) 

Percent Households with  

Dirt Flooring 

3.84*** 

(0.83) 

26.45*** 

(7.44) 

0.58** 

(0.21) 

2.73*** 

(0.49) 

7.63*** 

(1.49) 

23.51*** 

(7.34) 

Percent Population Earning  

Two Min. Wages or Less 

1.88* 

(0.76) 

0.97 

(9.14) 

0.09 

(0.12) 

-0.32 

(0.34) 

-1.00 

(1.09) 

0.51 

(9.55) 

Percent Population who  

Migrated in Last 5 Yrs. 

2.59 

(6.45) 

-51.26 

(37.28) 

-0.06 

(0.93) 

-6.47* 

(2.60) 

-20.63** 

(7.90) 

63.23 

(56.23) 

Percent Presence of  

Indigenous Population 

1.08** 

(0.42) 

-2.77 

(4.72) 

-0.05 

(0.10) 

-0.82** 

(0.27) 

2.04* 

(0.84) 

9.94* 

(4.16) 

Constant 641.42*** 

(81.76) 

2222.21*** 

(363.28) 

17.39*** 

(3.67) 

261.48*** 

(22.73) 

1148.92*** 

(50.47) 

5480.45*** 

(467.88) 

 

F-test 8.35***
 

8.36***
 

38.11***
 

23.09*** 9.98***
 

4.14***
 

R-Squared 0.18 0.05 0.13 0.18 0.10 0.04 

N (municipalities) 2,448 

Source: Author’s calculations in STATA with information from CONAPO and INEGI. Weight is 

municipality’s total population. Numbers reported are coefficients while robust standard errors are in 

parenthesis. 
†*

p ≤  .10; 
*
p ≤  .05; 

**
p ≤  .01; 

***
p ≤  .001. 
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Table 4.9 – Weighted Least-Squares Regression of All-Age Age-Adjusted Female 

Mortality Rates, Age-Specific Female Mortality Rates, and Covariates, 

2003-2007 

Variable All Ages Under 1 1-14 15-44 45-64 65 or older 

Percent Illiterate  

Population 

2.00 

(1.36) 

-21.26 

(18.13) 

0.05 

(0.28) 

0.56 

(0.40) 

-2.72 

(1.97) 

0.12 

(10.62) 

Percent Households  

without Sanitary Services 

0.19 

(1.09) 

-10.84 

(12.67) 

-0.14 

(0.13) 

-0.36
†
 

(0.19) 

-2.84** 

(1.05) 

-4.37 

(4.78) 

Percent Households  

without Electricity 

-0.20 

(1.66) 

17.30 

(23.09) 

0.71* 

(0.36) 

0.54 

(0.34) 

1.33 

(2.65) 

-10.72 

(10.88) 

Percent without  

Piped Water 

-0.78 

(0.53) 

-11.63* 

(5.54) 

0.02 

(0.10) 

-0.21 

(0.16) 

-1.24
†
 

(0.74) 

-12.08** 

(4.09) 

Percent Households with  

Signs of Overcrowding 

-7.37*** 

(1.74) 

-11.68 

(20.87) 

0.35** 

(0.12) 

-0.30* 

(0.12) 

2.76* 

(1.24) 

-9.21 

(8.28) 

Percent Households with  

Dirt Flooring 

1.95** 

(0.69) 

13.14
†
 

(7.32) 

0.27* 

(0.12) 

1.04*** 

(0.21) 

1.04 

(1.11) 

9.17
†
 

(5.46) 

Percent Population Earning  

Two Min. Wages or Less 

3.41*** 

(0.80) 

22.70 

(14.54) 

0.01 

(0.12) 

0.37*** 

(0.12) 

2.11** 

(0.80) 

1.37 

(6.56) 

Percent Population who  

Migrated in Last 5 Yrs. 

8.09 

(6.87) 

44.78 

(51.84) 

-1.11* 

(0.50) 

-0.20 

(0.60) 

-1.37 

(2.95) 

53.60 

(38.73) 

Percent Presence of  

Indigenous Population 

1.80*** 

(0.34) 

8.32 

(5.52) 

0.21** 

(0.08) 

0.23* 

(0.11) 

2.17*** 

(0.58) 

10.43*** 

(3.06) 

Constant 434.03*** 

(87.32) 

979.35*** 

(292.32) 

20.13*** 

(3.30) 

60.35*** 

(2.72) 

407.03*** 

(34.13) 

4534.53*** 

(276.57) 

 

F-test 57.63***
 

3.04**
 

17.33***
 

33.69*** 15.76***
 

4.46***
 

R-Squared 0.31 0.05 0.12 0.18 0.09 0.03 

N (municipalities) 2,448 

Source: Author’s calculations in STATA with information from CONAPO and INEGI. Weight is 

municipality’s total population. Numbers reported are coefficients while robust standard errors are in 

parenthesis. 
†*

p ≤  .10; 
*
p ≤  .05; 

**
p ≤  .01; 

***
p ≤  .001. 
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Table 4.10 – Weighted Least-Squares Regression of All-Age Age-Adjusted Male 

Mortality Rates, Age-Specific Male Mortality Rates, and Covariates for 

Males and Females in Municipalities with 50 or more Deaths, 2003-2007 

Variable All Ages Under 1 1-14 15-44 45-64 65 or older 

Males 

Marginalization Index -14.12 

(35.07) 

558.35 

(463.03) 

20.80*** 

(3.82) 

64.05*** 

(16.79) 

-45.34 

(48.79) 

-1093.49*** 

(176.54) 

Percent Population who 

Migrated in Last 5 Yrs. 

9.50 

(10.34) 

14.02 

(52.36) 

6.98*** 

(1.36) 

-0.05 

(1.08) 

-34.47* 

(15.21) 

-138.30*** 

(33.83) 

Percent Presence of 

Indigenous Population 

5.63*** 

(1.23) 

-11.44 

(17.49) 

0.20 

(0.32) 

-0.35 

(0.86) 

5.38* 

(2.48) 

42.34*** 

(9.13) 

Constant 427.63*** 

(36.25) 

2951.18** 

(963.48) 

66.16*** 

(9.62) 

302.04*** 

(28.75) 

901.43*** 

(84.52) 

3724.91*** 

(384.39) 

F-test 19.05***
 

0.71
 

64.89***
 

15.67*** 5.93***
 

17.09***
 

R-Squared 0.18 0.14 0.62 0.37 0.08 0.49 

 

N (municipalities) 920 

 

Females 

Marginalization Index -37.30*** 

(6.72) 

853.78
†
 

(512.10) 

9.45*** 

(1.39) 

15.98*** 

(2.77) 

4.63 

(40.09) 

-662.12*** 

(65.38) 

Percent Population who  

Migrated in Last 5 Yrs. 

-0.05 

(1.05) 

-16.83 

(67.70) 

0.73 

(0.45) 

0.53 

(0.89) 

-18.60 

(14.93) 

92.28** 

(31.37) 

Percent Presence of  

Indigenous Population 

5.04*** 

(1.27) 

0.44 

(22.91) 

0.93** 

(0.30) 

1.17* 

(0.46) 

10.44** 

(3.66) 

50.46**** 

(10.54) 

Constant 359.37*** 

(12.05) 

3464.56** 

(1108.21) 

42.55*** 

(2.61) 

97.06*** 

(3.57) 

584.74*** 

(37.03) 

3044.85*** 

(46.81) 

F-test 12.24***
 

1.66
 

35.02***
 

20.72*** 10.82***
 

98.02***
 

R-Squared 0.18 0.22 0.30 0.26 0.19 0.76 

 

N (municipalities) 739 

Source: Author’s calculations in STATA with information from CONAPO and INEGI. Weight is 

municipality’s total population. Numbers reported are coefficients while robust standard errors are in 

parenthesis. 
†*

p ≤  .10; 
*
p ≤  .05; 

**
p ≤  .01; 

***
p ≤  .001. 
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Table 4.11 – Weighted Least-Squares Regression of All-Age Age-Adjusted Male 

Mortality Rates, Age-Specific Male Mortality Rates, and Covariates for 

Municipalities with 50 or more Deaths, 2003-2007 

Variable All Ages Under 1 1-14 15-44 45-64 65 or older 

Percent Illiterate  

Population 

-0.04 

(2.77) 

62.57 

(68.10) 

1.16 

(0.84) 

1.59 

(1.72) 

2.02 

(4.79) 

-44.52 

(30.12) 

Percent Households  

without Sanitary Services 

0.98 

(1.42) 

-11.49 

(19.32) 

-0.07 

(0.19) 

-1.45
†
 

(0.83) 

2.49 

(3.15) 

5.79 

(11.54) 

Percent Households  

without Electricity 

2.50 

(4.43) 

207.70* 

(89.67) 

1.02
†
 

(0.60) 

5.47* 

(2.35) 

0.25 

(8.66) 

-54.80
†
 

(31.58) 

Percent without  

Piped Water 

-1.40 

(1.12) 

31.08 

(26.28) 

-0.35 

(0.22) 

0.61 

(0.62) 

-1.02 

(1.97) 

-24.35** 

(9.18) 

Percent Households with  

Signs of Overcrowding 

-3.28** 

(1.12) 

48.04 

(39.60) 

0.04 

(0.18) 

-1.00 

(0.74) 

0.01 

(1.38) 

-37.68*** 

(10.72) 

Percent Households with 

Dirt Flooring 

6.21** 

(1.96) 

-106.12 

(65.40) 

0.87* 

(0.43) 

2.30** 

(0.81) 

7.99** 

(3.00) 

67.75*** 

(21.02) 

Percent Population Earning  

Two Min. Wages or Less 

-1.20 

(0.81) 

5.31 

(18.12) 

0.08 

(0.15) 

1.77** 

(0.61) 

-1.75 

(1.59) 

-9.76 

(8.68) 

Percent Population who  

Migrated in Last 5 Yrs. 

-13.86*** 

(1.81) 

-21.35 

(32.53) 

-0.31 

(1.06) 

-1.61 

(2.55) 

-25.62*** 

(5.01) 

-66.66** 

(21.66) 

Percent Presence of  

Indigenous Population 

1.17 

(1.29) 

-16.52 

(22.26) 

0.09 

(0.28) 

-0.86 

(0.61) 

1.43 

(2.24) 

25.89* 

(12.34) 

Constant 678.83*** 

(32.20) 

-150.32 

(967.91) 

22.98*** 

(4.68) 

131.25*** 

(32.90) 

952.95*** 

(71.79) 

6910.52*** 

(402.31) 

 

F-test 10.13***
 

1.32
 

16.76***
 

191.23*** 28.83***
 

5.76***
 

R-Squared 0.27 0.38 0.29 0.82 0.39 0.34 

N (municipalities) 920 

Source: Author’s calculations in STATA with information from CONAPO and INEGI. Weight is 

municipality’s total population. Numbers reported are coefficients while robust standard errors are in 

parenthesis. 
†*

p ≤  .10; 
*
p ≤  .05; 

**
p ≤  .01; 

***
p ≤  .001. 
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Table 4.12 – Weighted Least-Squares Regression of All-Age Age-Adjusted Female 

Mortality Rates, Age-Specific Female Mortality Rates, and Covariates for 

Municipalities with 50 or more Deaths, 2003-2007 

Variable All Ages Under 1 1-14 15-44 45-64 65 or older 

Percent Illiterate 

Population 

6.78* 

(2.85) 

92.89* 

(39.32) 

1.29
†
 

(0.67) 

1.71
†
 

(0.90) 

-7.32
†
 

(3.76) 

40.27 

(28.54) 

Percent Households  

without Sanitary Services 

-0.83 

(1.02) 

9.03 

(16.93) 

-0.17 

(0.20) 

-0.23 

(0.29) 

-5.36** 

(1.87) 

-2.72 

(8.95) 

Percent Households  

without Electricity 

-1.05 

(2.78) 

22.78 

(50.72) 

0.47 

(0.64) 

0.80 

(0.85) 

18.56*** 

(4.42) 

-38.59 

(24.66) 

Percent without  

Piped Water 

-1.11 

(0.98) 

-5.98 

(15.28) 

0.18 

(0.22) 

-0.004 

(0.28) 

-2.20 

(1.38) 

-18.13
†
 

(9.85) 

Percent Households with  

Signs of Overcrowding 

-1.37** 

(0.49) 

-38.86 

(25.47) 

0.05 

(0.10) 

-0.45* 

(0.18) 

9.33*** 

(0.91) 

-26.53*** 

(5.77) 

Percent Households with  

Dirt Flooring 

0.41 

(1.67) 

2.00 

(18.32) 

0.53 

(0.35) 

0.85
†
 

(0.44) 

-7.12*** 

(1.91) 

10.21 

(14.68) 

Percent Population Earning  

Two Min. Wages or Less 

-0.84 

(0.74) 

-1.55 

(6.58) 

0.10 

(0.11) 

0.22 

(0.17) 

3.83*** 

(0.70) 

-5.49 

(8.08) 

Percent Population who  

Migrated in Last 5 Yrs. 

1.21 

(2.91) 

14.20 

(31.49) 

-0.19 

(0.62) 

-0.46 

(0.88) 

-13.48
†
 

(7.65) 

52.51
†
 

(29.72) 

Percent Presence of  

Indigenous Population 

3.45** 

(1.24) 

0.16 

(7.66) 

0.58* 

(0.28) 

0.72
†
 

(0.43) 

7.56*** 

(2.11) 

35.81*** 

(10.93) 

Constant 475.98*** 

(31.77) 

2045.58*** 

(506.22) 

23.38*** 

(3.49) 

62.66*** 

(6.29) 

194.66*** 

(35.03) 

5431.38*** 

(342.94) 

 

F-test 939.12***
 

1.93*
 

12.55***
 

23.90*** 115.63***
 

318.00***
 

R-Squared 0.57 0.13 0.29 0.32 0.83 0.80 

N (municipalities) 739 

Source: Author’s calculations in STATA with information from CONAPO and INEGI. Weight is 

municipality’s total population. Numbers reported are coefficients while robust standard errors are in 

parenthesis. 
†*

p ≤  .10; 
*
p ≤  .05; 

**
p ≤  .01; 

***
p ≤  .001. 
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Table 4.13 – Weighted Least-Squares Regression of All-Age Age-Adjusted Mortality Rates, Age-Specific Mortality Rates, and 

Covariates by Gender and Type of Municipality, 2003-2007 

 Urban Municipalities  Non-Urban Municipalities 

Variable All-Ages Under 1 1-14 15-44 45-64 65 or older  All-Ages Under 1 1-14 15-44 45-64 65 or older 

Males  Males 

Marginalization               

Index 

-8.75 

(10.37) 

-329.39*** 

(78.09) 

8.39*** 

(1.24) 

79.54*** 

(19.59) 

83.36*** 

(16.67) 

-816.06*** 

(158.67) 

24.20 

(19.39) 

77.43 

(191.16) 

21.84*** 

(4.54) 

42.26*** 

(11.51) 

44.22 

(37.28) 

-119.53 

(148.89) 

Percent Population 

who Migrated in  

Last 5 Yrs. 

-6.15*** 

(0.65) 

-73.01** 

(27.09) 

0.01 

(0.14) 

2.70 

(5.02) 

-18.86*** 

(5.57) 

-43.75† 

(22.93) 

18.23† 

(9.81) 

56.44 

(74.64) 

2.22 

(2.64) 

18.35* 

(7.37) 

46.13* 

(21.90) 

30.40 

(84.25) 

Percent Presence of 

Indigenous Population 

0.04 

(0.48) 

15.20*** 

(4.14) 

0.05 

(0.07) 

-1.76* 

(0.69) 

-3.25*** 

(0.84) 

12.62** 

(4.46) 

1.78*** 

(0.52) 

9.98† 

(5.36) 

0.26† 

(0.14) 

0.38 

(0.30) 

4.13*** 

(1.03) 

12.51** 

(3.98) 

Constant 554.73*** 

(17.05) 

1500.28*** 

(146.97) 

56.34*** 

(1.88) 

322.40*** 

(28.56) 

1075.61*** 

(9.25) 

3883.36*** 

(220.14) 

535.18*** 

(17.62) 

2059.52*** 

(163.23) 

52.79*** 

(4.87) 

243.94*** 

(12.28) 

854.17*** 

(37.61) 

4462.38*** 

(144.93) 

F-Test 7.25*** 7.99*** 24.09*** 11.41*** 395.00*** 11.34*** 8.12*** 4.27** 11.22*** 9.09*** 1.05*** 3.63* 

R-Squared 0.47 0.17 0.15 0.41 0.77 0.38 0.03 0.01 0.04 0.03 0.04 0.01 

  

Females Females 

Marginalization               

Index 

-32.02*** 

(6.05) 

-459.11*** 

(68.45) 

4.91*** 

(1.34) 

8.66*** 

(1.12) 

12.89 

(18.58) 

-834.63*** 

(97.36) 

4.44 

(12.31) 

176.07 

(122.51) 

12.83** 

(4.18) 

14.04** 

(4.87) 

13.44 

(20.66) 

-144.06 

(114.50) 

Percent Population 

who Migrated in  

Last 5 Yrs. 

3.52† 

(2.11) 

-116.52* 

(46.30) 

0.33† 

(0.18) 

0.20 

(0.19) 

-13.60† 

(7.12) 

30.66 

(30.09) 

2.18 

(5.68) 

76.37 

(59.85) 

-2.21 

(1.99) 

-1.79 

(2.25) 

2.07 

(10.41) 

39.82 

(61.09) 

Percent Presence of 

Indigenous Population 

1.60*** 

(0.28) 

17.85*** 

(3.87) 

0.22* 

(0.09) 

0.01 

(0.09) 

1.51† 

(0.91) 

25.40*** 

(3.44) 

1.65*** 

(0.37) 

8.21† 

(4.20) 

0.27** 

(0.10) 

0.63*** 

(0.15) 

2.80*** 

(0.68) 

11.21*** 

(3.22) 

Constant 355.79*** 

(2.41) 

1063.22*** 

(137.22) 

40.78*** 

(1.58) 

87.63*** 

(2.66) 

588.79*** 

(28.38) 

3080.16*** 

(100.69) 

403.35*** 

(11.54) 

1522.19*** 

(114.42) 

47.97*** 

(4.02) 

94.94*** 

(4.37) 

553.80*** 

(23.10) 

3952.96*** 

(109.42) 

F-Test 188.47*** 15.33*** 9.93*** 33.83*** 9.24*** 99.69*** 8.47*** 5.26** 13.39*** 18.28*** 8.68*** 4.45** 

R-Squared 0.76 0.35 0.12 0.16 0.12 0.78 0.03 0.01 0.05 0.06 0.03 0.01 

  

N (municipalities) 1,028 1,420 

Source: Author’s calculations in STATA with information from CONAPO and INEGI. Weight is municipality’s total population. Numbers reported are 

coefficients while robust standard errors are in parenthesis. 
†*

p ≤  .10; 
*
p ≤  .05; 

**
p ≤  .01; 

***
p ≤  .001. 
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Table 4.14 – Weighted Least-Squares Regression of All-Age Age-Adjusted Male Mortality Rates, Age-Specific Male 

Mortality Rates, and Covariates by Type of Municipality, 2003-2007 

 Urban Municipalities  Non-Urban Municipalities 

Variable All-Ages Under 1 1-14 15-44 45-64 65 or older  All-Ages Under 1 1-14 15-44 45-64 65 or older 

Percent Illiterate        

Population 

-2.16 

(1.77) 

94.33 

(83.84) 

0.64* 

(0.29) 

0.79 

(1.17) 

-7.83* 

(3.57) 

-49.99* 

(24.51) 

 1.05 

(1.80) 

-8.93 

(20.03) 

0.46 

(0.55) 

3.52*** 

(1.08) 

3.16 

(3.39) 

-13.37 

(14.41) 

Percent Households       

without Sanitary Services 

0.29 

(0.71) 

-38.53* 

(19.55) 

-0.21 

(0.14) 

-0.38 

(0.69) 

-1.26 

(1.66) 

9.21 

(7.09) 

-1.09 

(1.03) 

11.75 

(18.54) 

-0.11 

(0.20) 

-0.54 

(0.74) 

-1.69 

(1.97) 

-16.56 

(6.69) 

Percent Households      

without Electricity 

1.60 

(2.36) 

394.65*** 

(102.59) 

0.38 

(0.32) 

0.48 

(2.92) 

-0.28 

(4.73) 

-67.82* 

(27.13) 

1.69 

(2.33) 

5.77 

(17.49) 

0.96 

(0.65) 

1.59 

(1.21) 

2.00 

(4.38) 

9.97 

(16.85) 

Percent without                

Piped Water 

0.87 

(0.62) 

34.62 

(24.36) 

0.20* 

(0.09) 

2.01*** 

(0.52) 

3.24** 

(1.25) 

-6.01 

(5.00) 

-2.29** 

(0.83) 

-7.95 

(6.66) 

-0.42 

(0.28) 

-0.76† 

(0.43) 

-4.12* 

(1.52) 

-19.86 

(6.42) 

Percent Households with 

Signs of Overcrowding 

-2.71* 

(1.09) 

38.04 

(30.89) 

0.19 

(0.14) 

-0.73 

(0.61) 

-0.20 

(1.37) 

-25.54** 

(8.70) 

-1.41 

(1.21) 

-20.63 

(21.86) 

0.89** 

(0.30) 

-2.53** 

(0.83) 

-3.01 

(2.61) 

5.12 

(8.66) 

Percent Households with    

Dirt Flooring 

2.72*** 

(0.74) 

-116.57** 

(43.32) 

0.14 

(0.14) 

2.14† 

(1.09) 

6.22** 

(2.00) 

23.84* 

(12.12) 

3.29** 

(1.08) 

1.84 

(13.48) 

0.58* 

(0.29) 

2.11** 

(0.68) 

5.65** 

(2.02) 

22.24 

(7.89) 

Percent Population Earning 

Two Min. Wages or Less 

-1.28* 

(0.61) 

18.29 

(23.24) 

-0.01 

(0.12) 

0.18 

(0.79) 

-1.79 

(1.47) 

-11.14** 

(8.18) 

3.00** 

(1.11) 

46.38* 

(19.15) 

-0.01 

(0.27) 

1.14 

(0.74) 

4.48* 

(2.22) 

16.82 

(8.18) 

Percent Population who 

Migrated in Last 5 Yrs. 

-13.80*** 

(1.19) 

-75.20 

(58.14) 

-0.84** 

(0.32) 

-4.62 

(3.37) 

-24.25*** 

(4.12) 

-57.19** 

(18.87) 

14.73 

(9.90) 

-9.83 

(91.18) 

3.32 

(2.82) 

14.07* 

(6.99) 

38.97† 

(22.33) 

34.54 

(86.18) 

Percent Presence of 

Indigenous Population 

0.93 

(0.62) 

-23.89 

(19.48) 

0.02 

(0.07) 

-0.74† 

(0.40) 

0.71 

(1.37) 

15.92** 

(5.79) 

0.61 

(0.55) 

5.75 

(6.77) 

0.07 

(0.13) 

-0.30 

(0.33) 

1.99† 

(1.12) 

5.04 

(4.21) 

Constant 692.20*** 

(20.23) 

-813.24 

(959.51) 

32.68*** 

(3.63) 

186.27*** 

(38.44) 

985.84*** 

(69.47) 

6832.81*** 

(369.60) 

383.31*** 

(59.06) 

-97.12 

(573.89) 

-3.84 

(16.59) 

217.66*** 

(39.67) 

630.79*** 

(122.97) 

3552.48*** 

(502.58) 

  

F-Test 23.90*** 3.27 13.39*** 14.73*** 19.38*** 13.56*** 6.88*** 4.46 7.22*** 4.92*** 6.27*** 5.00*** 

R-Squared 0.58 0.51 0.18 0.46 0.40 0.51 0.05 0.02 0.05 0.05 0.06 0.04 

N (municipalities) 1,028 1,420 

Source: Author’s calculations in STATA with information from CONAPO and INEGI. Weight is municipality’s total population. Numbers reported are 

coefficients while robust standard errors are in parenthesis. 
†*

p ≤  .10; 
*
p ≤  .05; 

**
p ≤  .01; 

***
p ≤  .001.



 137 

Table 4.15 – Weighted Least-Squares Regression of All-Age Age-Adjusted Female Mortality Rates, Age-Specific Female 

Mortality Rates, and Covariates by Type of Municipality, 2003-2007 

 Urban Municipalities  Non-Urban Municipalities 

Variable All-Ages Under 1 1-14 15-44 45-64 65 or older  All-Ages Under 1 1-14 15-44 45-64 65 or older 

Percent Illiterate     

Population 

3.66** 

(1.18) 

67.73 

(65.39) 

-0.08 

(0.22) 

0.92** 

(0.31) 

-7.80** 

(2.46) 

15.70 

(13.26) 

 -0.27 

(1.53) 

-14.25 

(17.73) 

0.07 

(0.34) 

0.63 

(0.50) 

-0.98 

(2.51) 

0.30 

(14.16) 

Percent Households    

without Sanitary Services 

-1.23* 

(0.55) 

-29.83† 

(16.28) 

-0.36** 

(0.14) 

-0.41** 

(0.15) 

-7.70*** 

(1.41) 

-3.30 

(6.09) 

-0.81 

(0.70) 

10.43 

(7.34) 

-0.02 

(0.20) 

-0.26 

(0.27) 

-1.22 

(1.41) 

-11.12† 

(5.82) 

Percent Households   

without Electricity 

6.16* 

(2.92) 

321.27*** 

(80.44) 

0.42 

(0.31) 

1.55*** 

(0.47) 

18.88*** 

(4.52) 

45.61* 

(19.33) 

-0.80 

(1.36) 

-8.47 

(16.28) 

0.75† 

(0.43) 

0.26 

(0.39) 

-1.48 

(2.20) 

-10.29 

(11.41) 

Percent without              

Piped Water 

0.03 

(0.53) 

28.02 

(20.01) 

0.36*** 

(0.10) 

0.01 

(0.13) 

-0.57 

(0.63) 

-1.64 

(6.65) 

-1.62** 

(0.62) 

-11.52* 

(5.84) 

-0.21 

(0.14) 

-0.37 

(0.23) 

-1.73† 

(1.04) 

-15.53** 

(5.37) 

Percent Households with 

Signs of Overcrowding 

-0.92 

(0.66) 

30.31 

(24.03) 

0.11 

(0.10) 

-0.18† 

(0.10) 

8.00*** 

(1.15) 

-28.92** 

(10.87) 

1.18 

(0.79) 

6.98 

(10.31) 

0.73** 

(0.24) 

-0.38 

(0.38) 

2.34 

(1.56) 

10.98 

(7.15) 

Percent Households with 

Dirt Flooring 

-1.84* 

(0.89) 

-94.28** 

(35.52) 

0.26* 

(0.13) 

0.41** 

(0.16) 

-5.50*** 

(1.26) 

-18.57** 

(6.75) 

1.63* 

(0.74) 

5.55 

(8.07) 

0.15 

(0.16) 

1.06*** 

(0.27) 

2.65† 

(1.36) 

8.84 

(6.82) 

Percent Population Earning 

Two Min. Wages or Less 

-0.74 

(0.45) 

16.36 

(18.04) 

0.06 

(0.09) 

0.33** 

(0.12) 

3.50*** 

(0.72) 

-2.53 

(4.15) 

1.83* 

(0.77) 

30.88** 

(10.16) 

0.04 

(0.23) 

0.23 

(0.30) 

1.34 

(1.46) 

15.99* 

(6.69) 

Percent Population who 

Migrated in Last 5 Yrs. 

-4.85** 

(1.89) 

-45.26 

(43.97) 

-0.76* 

(0.33) 

-0.77 

(0.51) 

-10.78 

(6.92) 

-33.65*** 

(7.44) 

2.01 

(5.90) 

47.62 

(61.94) 

-1.33 

(2.03) 

-2.35 

(2.33) 

4.20 

(10.77) 

37.93 

(60.63) 

Percent Presence of 

Indigenous Population 

1.01** 

(0.46) 

-16.95 

(14.88) 

0.27* 

(0.12) 

-0.17† 

(0.09) 

2.23** 

(0.76) 

16.62*** 

(4.96) 

0.98* 

(0.39) 

4.77 

(4.47) 

0.20† 

(0.11) 

0.35* 

(0.15) 

1.99** 

(0.76) 

5.65† 

(3.43) 

Constant 474.17*** 

(14.37) 

-729.11*** 

(787.65) 

25.20*** 

(2.76) 

57.16*** 

(2.98) 

232.35*** 

(40.35) 

5554.79*** 

(153.11) 

252.39*** 

(42.94) 

-737.02 

(503.47) 

5.14 

(14.76) 

79.41*** 

(17.77) 

382.40*** 

(79.75) 

2836.30*** 

(395.48) 

  

F-Test 18.04*** 4.47*** 10.77*** 28.02*** 22.31*** 54.54*** 8.65*** 7.52*** 5.38*** 7.13*** 5.39*** 7.09*** 

R-Squared 0.22 0.52 0.17 0.26 0.65 0.44 0.06 0.03 0.06 0.08 0.05 0.04 

N (municipalities) 1,028 1,420 

Source: Author’s calculations in STATA with information from CONAPO and INEGI. Weight is municipality’s total population. Numbers reported are 

coefficients while robust standard errors are in parenthesis. 
†*

p ≤  .10; 
*
p ≤  .05; 

**
p ≤  .01; 

***
p ≤  .001. 
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Table 4.16 – Weighted Least-Squares Regression of All-Age Age-Adjusted Mortality 

Rates, Age-Specific Mortality Rates, and Covariates by Gender and Spatial 

Dependence Method, 2003-2007 

 Males Females 

Variable Spatial-Lag Spatial Error Spatial- Lag Spatial Error 

Marginalization Index 25.44** 

(9.46) 

26.31** 

(10.01) 

1.93 

(6.87) 

2.60 

(7.12) 

Percent Population who             

Migrated in Last 5 Yrs. 

9.46** 

(4.51) 

8.83
†
 

(4.61) 

-0.94 

(3.28) 

-1.10 

(3.33) 

Percent Presence of               

Indigenous Population 

1.20*** 

(0.29) 

1.27*** 

(0.30) 

1.33*** 

(0.21) 

1.36*** 

(0.21) 

Constant 442.72*** 

(20.79) 

547.44*** 

(13.00) 

365.18*** 

(15.74) 

415.40*** 

(9.08) 

     

Lag Coefficient (Rho or Lambda) 0.18*** 

(0.03)
 

0.17*** 

(0.03)
 

0.12*** 

(0.03)
 

0.10** 

(0.03)
 

LR Dependence Test 38.37*** 32.08*** 14.38*** 10.44** 

R-Squared 0.05 0.05 0.04 0.04 

N (municipalities) 2,448 
Source: Author’s calculations in STATA with information from CONAPO and INEGI. Weight is 

municipality’s total population. Numbers reported are coefficients while standard errors are in parenthesis. 

LR stands for Likelihood Ratio. Rho is used in the Spatial-Lag Regression while Lambda is used in the 

Spatial Error Regression. 
†*

p ≤  .10; 
*
p ≤  .05; 

**
p ≤  .01; 

***
p ≤  .001. 
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Table 4.17 – Weighted Least-Squares Regression of All-Age Age-Adjusted Mortality 

Rates, Age-Specific Mortality Rates, and Covariates by Gender and Spatial 

Dependence Method, 2003-2007 

 Males Females 

Variable Spatial-Lag Spatial Error Spatial- Lag Spatial Error 

Percent Illiterate Population 0.39 

(1.14) 

0.45 

(1.17) 

-0.47 

(0.83) 

-0.43 

(0.84) 

Percent Households without      

Sanitary Services 

-1.63† 

(1.14) 

-1.43* 

(0.66) 

-1.13* 

(0.46) 

-1.18* 

(0.47) 

Percent Households without 

Electricity 

1.98
†
 

(1.14) 

2.15† 

(1.17) 

-0.30 

(0.83) 

-0.26 

(0.84) 

Percent without Piped Water -1.41*** 

(0.45) 

-1.41** 

(0.46) 

-1.15*** 

(0.33) 

-1.16*** 

(0.33) 

Percent Households with              

Signs of Overcrowding 

-1.11 

(0.79) 

-0.97 

(0.82) 

1.20* 

(0.57) 

1.30* 

(0.59) 

Percent Households with                

Dirt Flooring 

2.67*** 

(0.57) 

2.65*** 

(0.59) 

1.38*** 

(0.41) 

1.35*** 

(0.42) 

Percent Population Earning            

Two Min. Wages or Less 

1.44* 

(0.61) 

1.69** 

(0.64) 

0.61 

(0.44) 

0.71 

(0.46) 

Percent Population who             

Migrated in Last 5 Yrs. 

9.41* 

(4.49) 

9.48 

(4.58) 

1.46 

(3.27) 

1.52 

(3.31) 

Percent Presence of               

Indigenous Population 

0.67* 

(0.32) 

0.71* 

(0.33) 

0.99*** 

(0.23) 

1.00*** 

(0.24) 

Constant 398.04*** 

(42.90) 

470.03*** 

(43.67) 

303.08*** 

(31.18) 

334.25*** 

(30.74) 

 

Lag Coefficient (Rho or Lambda) 0.16*** 

(0.03)
 

0.15*** 

(0.03)
 

0.10** 

(0.03)
 

0.08** 

(0.03)
 

LR Dependence Test 29.49*** 22.30*** 9.88** 6.71** 

R-Squared 0.06 0.06 0.05 0.06 

N (municipalities) 2,448 
Source: Author’s calculations in STATA with information from CONAPO and INEGI. Weight is 

municipality’s total population. Numbers reported are coefficients while standard errors are in parenthesis. 

LR stands for Likelihood Ratio. Rho is used in the Spatial-Lag Regression while Lambda is used in the 

Spatial Error Regression. 
†*

p ≤  .10; 
*
p ≤  .05; 

**
p ≤  .01; 

***
p ≤  .001. 
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Chapter 5: Marginalization and Mortality – Conditional Cash Transfer 

Program Oportunidades 

 

5.1 Introduction 

Marginalization characterizes households with low incomes and with family 

members who are unable to obtain enough resources to break the vicious cycle of 

poverty. In Mexico, Conditional Cash Transfer programs (hereafter CCT) have been 

introduced in order to reduce poverty and social exclusion. The ultimate objective of 

CCTs is to increase human capital, foster the development of social capital in the form of 

stronger social networks, and help build material capital in the form of community-based 

infrastructure and health services (Barrientos and Niño-Zarazúa 2011). In this chapter, I 

describe the most important CCT program in Mexico, Oportunidades, and assess whether 

the introduction of this program has benefited the population living in highly 

marginalized municipalities (the main target of Oportunidades). To do so, I focus on 

whether or not Oportunidades has been associated with decreased mortality in highly 

marginalized areas. The key questions in this chapter assess if Oportunidades is actually 

reaching the most marginalized areas of the country and if state-level participation in the 

program has actually been associated with a reduction in mortality rates.  

The chapter is organized as follows: Section 5.2 describes the CCT program 

Progresa-Oportunidades and reviews some of the previous work relating this program to 

marginalization and mortality. Section 5.3 introduces the data and methodology used in 
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this chapter. Section 5.4 presents the results of the analysis. Finally, Section 5.5 

concludes. 

5.2 Oportunidades 

5.2.1. Program Description 

Originally named Progresa when it was introduced in 1997, the program is now 

called Oportunidades and is the oldest and most well-known CCT program in Latin 

America (Hoddinott and Skoufias 2003). Former President Ernesto Zedillo’s 

administration created this program almost 15 years ago, under the name of Programa de 

Educación, Salud y Alimentación (Progresa), to address the increasing number of poor 

households in Mexico and also as an attempt to integrate several agencies of the Mexican 

government. In 2002, the program was renamed under former President Vicente Fox to 

Programa de Desarrollo Humano Oportunidades but the objective remained the same, to 

target poverty and break the intergenerational poverty cycle by developing individual and 

collective capacities and make basic resources available to every person in Mexico 

(Instituto Nacional de Salud Pública 2005). The target population of the program is those 

living under alimentary/nutritional poverty and also for those who might not be below the 

poverty line but, due to certain socioeconomic conditions, are incapable of properly 

investing in education, health, and nutrition.  

From 1997 to 2000, the program used a specific methodology to identify the 

families that should benefit from Oportunidades. This methodology focused on highly- 

and very highly marginalized families living in predominantly rural areas and it used a 
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regional information system in order to identify these families. First, areas with high 

levels of marginalization were identified using the Marginalization Index from 

CONAPO. Then, each household in the area received a visit and answered a 

socioeconomic survey. Later, the results were presented at a town hall meeting and a list 

with the eligible families was submitted for consideration and validation of the entire 

community (Orozco and Hubert 2005). 

In 2001, the program expanded to smaller urban areas and one year later, 

Oportunidades expanded to cities with 1 million or more inhabitants. The selection 

mechanism had to change to include areas where the level of marginalization was not an 

issue. Therefore, the program introduced a mass media campaign that included flyers, 

newspaper advertisements, and TV and radio spots inviting families to join the program. 

At the same time, the program needed to be more homogenous in their inclusion criteria 

and tried to avoid a bias towards relatively poor families or rural areas. Nowadays, the 

program includes a differentiated selection mechanism and uses a point scale to 

determine whether a family should be incorporated in the program or not. Urban and 

rural areas are now evaluated using specific geographic (GIS) and household-level 

mechanisms (a new version of the socioeconomic survey) and then prioritized according 

to their level of alimentary/nutritional poverty, the presence of family members aged 21 

or younger, the presence of females able to conceive, and households with other types of 

poverty (Coady, Grosh, and Hoddinott 2002). 

The premise of the program is fairly simple: it provides a cash payment to 

families to encourage children’s school attendance, regular health check-ups, and 
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nutritional support. The program does not provide a limitless supply of money to these 

families but provides four types of support: 

a) Alimentary: to those families incapable of purchasing the basic foods 

contained in the Canasta Básica, a “basic basket” of products that fulfill 

an individual’s consumption and nutritional demands. 

b) Educational: to those families with children aged 21 or younger and 

currently attending school (between third and twelfth grade). 

c) Elderly: to those families with a member aged 70 or older (this monetary 

support started in 2005). 

d) Energy: to those families struggling to pay basic services like electricity 

and natural gas (this monetary support started in 2006). 

The money is paid once every two months to a female member of households at 

risk of facing nutritional deficiencies and that also lack enough income to obtain 

education or health services (Programa Oportunidades 2011). In addition, the program 

provides additional monetary support for families with children so they can afford 

textbooks and other school supplies. However, these supports are conditioned by the 

mandatory attendance of the family members to regularly scheduled consultations to 

improve preventive health and detect chronic conditions. Pregnant women must attend 

health clinics for prenatal care and follow-ups from birth until the child is 5 years old. 

Further, both the mother and the infant must receive nutritional supplements and the 

mothers must attend informative sessions regarding birth control, family planning, 

hygiene, and nutrition (Levy 2006; Levy and Rodríguez 2005). 
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The rigorous control and evaluation of Oportunidades has made this CCT 

program one of the most successful in Latin America and it has served as a model for 

other social programs, including the short-lived Opportunity NYC Program in New York 

City, Nicaragua’s Social Protection Network, Honduras’s Family Assignment Program, 

Jamaica’s Program of Advancement through Health and Education, Chile’s Solidario 

Program, as well as several more in African countries like Malawi or Zambia (Nigenda 

and González-Robledo 2005; The City of New York 2007). 

 5.2.2. Marginalization, Mortality, and Oportunidades 

Oportunidades is a program designed to combat poverty and, up until 2002, had 

the main focus of helping families living in municipalities with high or very high levels 

of marginalization. Several government agencies have conducted different evaluations of 

Oportunidades considering the three main requirements: school attendance, health 

screenings, and nutritional advice. While all three are important, this dissertation will 

focus only on research concerning the health aspect of the program. However, mortality 

is directly measured by a few studies and most focus on nutritional issues like caloric 

intake or obesity and educational attendance.   

Hernández-Prado and colleagues (2005) attempted to determine whether maternal 

and infant mortality have declined in municipalities in which households participated in 

Oportunidades. The authors employ data from INEGI for the years from 1995 and 2002 

for 2,445 municipalities with at least one family enrolled in the program. Controlling for 

level of marginalization, number of clinics or hospitals in the municipality, and other 
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factors, Oportunidades resulted in an 11% and 2% reduction in maternal and infant 

mortality rates, respectively. The program’s effects began immediately after families 

began receiving cash transfers and the mortality rates went down further as the number of 

households participating in the program increased. 

Sesia (2009) offers several recommendations to the Oportunidades administration 

in order to reduce maternal mortality rates, especially in regions with large indigenous 

populations. The author proposes an increase in the coverage of the program in 

predominantly indigenous regions in Northern Mexico with low participation rates, 

particularly in the states of Sonora and Chihuahua. Sesia further notes that many women 

in those areas believe that they are not eligible for any kind of health services, increasing 

the chance that they do not receive prenatal care. Oportunidades could help in the 

reduction of maternal mortality rates through outreach and by providing more 

information to educate the population on how to enroll and regarding what services are 

available to them. 

 Finally, Urquieta and colleagues (2009) emphasize the need for an increase in 

skilled attendance at delivery as the appropriate path to reduce maternal mortality in rural 

areas in Mexico. They employ data from the Encuesta de Características de los Hogares 

(ENCEL) and include households with at least one women who gave birth between 

January 1996 and July 1997 (3,280 households) and a follow-up between January 1998 

and July 1999 (2,715 households). Women enrolled in Oportunidades tend not to use 

high skilled delivery services to the extent expected, especially those who are pregnant 

for the first time. The effects of the program might be enhanced by the improvement of 
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prenatal care and the reduction of complicated pregnancies that require high skilled 

delivery attendance.  

5.3 Data and Methods 

All the information concerning the Oportunidades program was obtained from 

their main website (http://www.oportunidades.gob.mx) and it includes the number of 

households that benefited from the program and the amount of cash transfers each 

household received. Due to data limitations, the unit of analysis for this chapter is now 

state. It includes all 31 states and the Federal District. 

This chapter analyzes whether states with a high participation in Oportunidades 

are actually those with higher levels of marginalization. Further, this chapter also assesses 

if those states have experienced reductions in infant and female aged 15-49 mortality 

rates between 2003 and 2007. The years of 2003-2007 were chosen due to the availability 

of the information and because it is consistent with the period of analysis used in the 

previous chapters. 

In order to answer the first key question of this chapter, I use the 2005 state 

marginalization index data from CONAPO to analyze the pairwise correlation between 

the index and the percentage of state’s total population that participates in 

Oportunidades. It is expected that states with higher levels of marginalization are also the 

states with more families in the program. Further, I present descriptive information of the 

monetary support that Oportunidades spends every two months per state. 

http://www.oportunidades.gob.mx/
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Finally, I separate the states by level of participation and then combine that information 

with the 2003-2007 data from INEGI’s mortality database to present the changes in infant 

and female aged 15-49 mortality rates. But, since marginalization affects primarily non-

urban areas, the mortality rates are also presented for urban and non-urban areas to 

facilitate comparisons. 

5.4 Results 

5.4.1 Oportunidades 

Oportunidades was originally designed to serve rural areas in 1997 and later 

expanded to serve urban areas in 2001. Since its conception, the program has increased 

the number of families benefiting from any of the available monetary resources. Starting 

in 2004, Oportunidades reached 5,000,000 families registered to receive monetary 

support and it has grown to cover all municipalities in the 31 states and 6 out of 16 

delegaciones in DF (Bertozzi and González de la Rocha 2008; Escobar and González de 

la Rocha 2003).  

Table 5.1 presents the average number of registered families that received any of 

the four different types of monetary support described in subsection 5.2.1 between 2003 

and 2007. These figures reflect the states with the highest levels of non-urban population. 

Veracruz, Chiapas, Oaxaca, Puebla and Estado de México represent 46.4% of the 

families benefited from Oportunidades and if we expand that number to the top-10, it 

increases to 70.8%. Regionally, there is a major contrast as well, with the Southern and 

Central states being the principal recipients of the program. The first Northern state to 
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figure on the list is Tamaulipas with 1.7% and, in fact, all 7 states in the North only 

account for 6.3% of the total. While these states have different population sizes and 

different numbers of municipalities, the level of marginalization is lower in the North so 

fewer families require Oportunidades assistance.  

Further, Table 5.1 provides some evidence to answer the first key question of this 

chapter. States with the highest participation in the program are indeed those with the 

highest levels of marginalization. The 2005 state marginalization index from CONAPO 

showed a pairwise correlation of 0.96 with the percentage of the state’s total population 

that is being served by Oportunidades, clearly establishing a connection between the 

program and their potential targets. 

Table 5.2 shows the maximum monetary support families can obtain from 

Oportunidades every two months. The program’s administration, in coordination with a 

sub-agency of Secretaría de Hacienda y Crédito Público (equivalent to the US Internal 

Revenue Service) called Servicio de Administración Tributaria (hereafter SAT), 

determine this amount after analyzing socioeconomic factors that affect each family in 

urban and non-urban areas under Oportunidades. The support is divided in two: one for 

families with children in elementary and middle school and one for families with children 

in elementary, middle, and high school. In 2007, this bi-monthly support reached 2,380 

for the former group and 3,960 Mexican Pesos for the latter group (approximately $177 

and $293, respectively, under current exchange rates). Despite the seemingly low figures, 

this support represents a huge proportion of many families’ income. A family of 4 with 

one member in the workforce could earn, in 2007, between 47.60 and 50.57 Mexican 
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Pesos per day (approximately between $3.65 and $3.90 under current exchange rates), 

depending on the geographic area of residence (Servicio de Administración Tributaria 

2011). After multiplying that by 60 to obtain the two-month income, that number 

becomes 2,944 Mexican pesos (approximately $218 under current exchange rates). For 

families with children in grades 3 through 9, this represented 81% of their total income, 

on average, and for families with children in grades 3 through 12 this represented 166% 

of their income. Thus, on average, families may receive more from Oportunidades than 

from their jobs. 

Between 2003 and 2007, bi-monthly average cost of Oportunidades were over 

5,300,000,000 Mexican Pesos (approximately $393 million under current exchange 

rates), with over 60% of the costs going to the educational support. Table 5.3 reflects the 

patterns that were initially analyzed in Table 5.1. The states with higher levels of 

participation are also the same states that receive the most amount of money from the 

program. A visual representation of these figures is presented in Figure 5.1. Veracruz, 

Chiapas, Oaxaca, Puebla, and Estado de México account for 26.2% of the bi-monthly 

benefits received from Oportunidades, with the first three having the municipalities with 

the highest levels of marginalization. Regionally, the 7 Northern states received only 

5.9% of the bi-monthly benefits between 2003 and 2007. In contrast, the 7 Southern 

states accounted for 39.2% of the benefits received by families in Oportunidades. 

Particularly interesting are the low levels of support received by the states of Nuevo León 

(0.7%), Baja California (0.3%), DF, and Baja California Sure (0.2% each); as those states 

also have the lowest levels of marginalization in Mexico. 
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5.4.2. Oportunidades, Marginalization, and Mortality of Females Aged 15-49 

Mortality of females aged 15-49 is an important measurement of development in a 

country, especially a developing country like Mexico. Access to medical services remains 

an important step in the process of reducing maternal mortality, because solutions 

involving cultural, social, economic, and geographic factors often take too long to yield 

positive results (Sundari 1992). A program like Oportunidades often offers the only 

source of medical attention for many families, especially in rural and highly marginalized 

areas. The program has helped in the process of educating family members regarding 

different health-related topics and, at the same time, provides medical attention to 

pregnant women before, during, and after delivery to prevent and detect possible 

childbearing complications.  

Figure 5.2 analyzes the changes in aged 15-49 female mortality rates by state 

from 2003 to 2007. In 2003, 99 females aged 15 to 49 years old died for every 100,000 

females in that age group. By 2007, the aged 15-49 female mortality rate increased 

slightly to 105 for every 100,000. Further, on average over this 5-year period, mortality 

rates of females aged 15-49 increased by around 6%. By states, 26 out of the 32 

(including the Federal District) had higher aged 15-49 female mortality rates in 2007, 

with the southern state of Quintana Roo going from 77 females deaths per 100,000 

females aged 15-49 years old in 2003 to 118 deaths per 100,000 females aged 15-49 

years old in 2007, or an overall increase of almost 35% in that span. Other states like 

Baja California Sur (29.5%), Durango (26.6%), Baja California (15.5%), Michoacán 

(14.6%), and Chihuahua (12.6%) were the among the states that also experienced higher 
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aged 15-49 female mortality rates during this same period. On the contrary, just 6 states 

exhibited lower aged 15-49 female mortality rates in 2007 compared to 2003, with the 

states of Sinaloa (11.1%) and Aguascalientes (7.3%) showing the largest decreases over 

the 5 years. Thus, overall, these state level data do not provide support for the idea that 

Oportunidades was associated with recent decreases in mortality of females aged 15-49. 

One possible explanation for the overall increases in 26 out of 32 states comes 

from the health policy adopted by former presidents Ernesto Zedillo and Vicente Fox. 

The Plan Básico de Servicios de Salud (Basic Health Services Plan) was implemented as 

a tool to improve health conditions inside low-income communities. It included 14 steps 

focusing on prevention, care, and monitoring of every stage of a woman’s pregnancy. 

However, mortality rates of females aged 15-49 increased because out-of-pocket costs 

also increased for women living in marginalized areas, often leaving them without 

medical attention (Díaz-Echeverría 2006; Peñuelas-Cota et al. 2008). 

Figure 5.3 shows trends in the mortality rates of females aged 15-49 from 2003 

and 2007, but only for the population living in areas with 2,500 inhabitants or less 

(considered as non-urban for INEGI and CONAPO). Non-urban areas in the state of 

Veracruz, first on the list of participating families, shows a modest increase in female 

aged 15-49 mortality rates, from 101 in 2003 to 112 deaths per 100,000 females aged 15-

49 years old in 2007. Similarly, the state of Chiapas, second on the list of participating 

families, experienced an increase in female aged 15-49 mortality rates in non-urban areas 

from 143 to 163 deaths per 100,000 females aged 15-49 years old. Only 7 states reduced 

female aged 15-49 mortality rates between 2003 and 2007. During this period, the state of 
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Campeche reduced the aged 15-49 female mortality rates from 88 deaths per 100,000 

females aged 15-49 years old in 2003 to 67 deaths per 100,000 females aged 15-49 years 

old in 2007.  

A possible explanation for these patterns might be the underreporting of deaths, 

especially those occurring during pregnancy, childbearing, and puerperium and 

happening in non-urban areas. Many of these deaths are wrongfully filed under other 

circumstances in the death certificate or sometimes not recorded at all, leaving one death 

unregistered for every death that is actually properly recorded (Langer-Glas 2003).  

5.4.3. Oportunidades, Marginalization, and Infant Mortality Rates 

Infant mortality rates (IMR) are often used as a barometer of the socioeconomic 

well-being of a country because infants are so dependent on their environment for 

survival (Díaz-Elejalde and Alonso-Uría 2008). Mexico showed a constant recent 

decrease of infant mortality rates, from 3,920 in 1990 to 1,520 deaths per 100,000 infants 

in 2008 (Monterrubio-Gómez and González-Morales 2009).  

Figure 5.4 reflects the average percentage change in infant mortality rate from 

2003 to 2007 for each state in Mexico. Infant mortality rates in Mexico decreased from 

1,787 deaths per 100,000 infants in 2003 to 1,630 deaths per 100,000 infants in 2007, 

which represents an 8.8% decrease in this period. However, 9 states out of the 32 

experienced increases in their infant mortality rates. The state of Guerrero had the 

steepest increase at 13.2%, while Sinaloa, which had the largest decrease in aged 15-49 

female mortality rates in the same period, experienced a 9.4% increase in IMR. On the 
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other hand, the states of Aguascalientes (7.0%), Sonora (7.2%), and Campeche (15.2%) 

had the largest decreases in infant mortality rates from 2003 to 2007. 

Oportunidades is partially responsible for reducing the overall IMR and also for 

reducing the majority of state-specific IMRs in two ways. First, the CCT program 

requires constant growth monitoring of the infant from conception until age 5. Second, 

children aged 0-2 are required to take nutritional supplements in addition to 

immunizations. These two changes, along with the increased number of doctors reaching 

marginalized communities, are all contributing factors in the reduction of the risks of 

death for infants (Costello and Manadhar 2000; Currie 1994). 

IMR changes in non-urban areas are shown in Figure 5.5. This figure presents the 

state-specific infant mortality rate trends from 2003 to 2007, but only for the population 

living in areas with 2,500 inhabitants or less. Here, it is easier to observe the patterns of 

the states with more participation in Oportunidades because the program’s target is 

mainly rural and marginalized communities. The states of Veracruz, Chiapas, and 

Oaxaca, first through third in the list of participating families, show decreases in infant 

mortality rates in non-urban areas, with Oaxaca showing the largest decrease going from 

1,800 deaths per 100,000 infants in 2003 to 1,577 deaths per 100,000 infants in 2007. 

This change reflects some of the improvements Oportunidades has been able to bring to 

marginalized communities by establishing mandatory attendance to meetings at the health 

clinic that end up improving the living conditions of children and their families  (Durston 

2003; González de la Rocha 2005). These families now have an opportunity to access or 

demand access to more resources, expand their social networks, and, in return, increase 
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their social capital as well (Lindert, Skoufias, and Shapiro 2006; Rawlings and Rubio 

2003; World Bank 2007). 

5.4.4. Effect of Oportunidades 

But to what extent does participation in Oportunidades actually relate to 

reductions (or increases) of infant mortality and aged 15-49 female mortality rates? 

It is worth mentioning that this program is not the only factor affecting infant and 

mortality of females aged 15-49, but Table 5.4 helps address this question. I use 

SEDESOL’s classification (2010) to separate the states based on their level of 

participation (registered families) in Oportunidades. Out of the 32 states in the country, 

ten of them (Veracruz, Chiapas, Oaxaca, Puebla, Estado de México, Guerrero, 

Michoacán, Guanajuato, Hidalgo, and San Luis Potosí) have consistently registered the 

most families in the program. On average, between 2003 and 2007, a little over a third of 

the total population in each of the ten states was served by Oportunidades and received 

around 71% of the program’s bi-monthly budget, nearly 400 million Mexican Pesos 

(around $31 millions) per state. Overall, infant mortality rates decreased in these states 

from 1,765 deaths per 100,000 infants in 2003 to 1,634 deaths per 100,000 infants in 

2007. In terms of aged 15-49 female mortality rates, states with the highest participation 

in Oportunidades showed an increase from 103 deaths in 2003 to 110 deaths per 100,000 

females aged 15-49 years old in 2007.  

Closer examination of the data reveals that these ten states experienced 

differences if we divide the population into urban or non-urban. States with high 
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participation in Oportunidades saw reductions in infant mortality rates inside urban areas 

(from 1,811 to 1,694 deaths per 100,000 infants in 2003 and 2007, respectively) and also 

inside rural areas (from 1,675 to 1,534 deaths per 100,000 infants in 2003 and 2007, 

respectively). In contrast, while infant mortality rates decreased, aged 15-49 female 

mortality rates increased in both urban (from 100 to 107 deaths per 100,000 females aged 

15-49 years old in 2003 and 2007, respectively) and non-urban areas (from 112 to 119 

deaths per 100,000 females aged 15-49 years old in 2003 and 2007, respectively). 

Nine states (Tabasco, Jalisco, Yucatán, Sinaloa, Zacatecas, Tamaulipas, 

Querétaro, Morelos, and Durango) belong in the second group. On average, between 

2003 and 2007, around 21% the total population in each state was served by 

Oportunidades and received around 20% of the program’s bi-monthly budget, with 

almost 116 million Mexican Pesos (around $9 millions) per state. In these 5 years, the 

infant mortality rates increased in these states from 1,395 deaths to 1,415 deaths per 

100,000 infants while the female aged 15-49 mortality rates also increased from 88 

deaths to 94 deaths per 100,000 females aged 15-49 years old. Stratification by urban or 

non-urban areas shows that states with medium participation in Oportunidades saw 

increments in maternal mortality rates in urban and non-urban areas, respectively. On the 

other hand, infant mortality rates in non-urban areas increased from 1,226 deaths per 

100,000 infants in 2003 to 1,351 deaths per 100,000 infants in 2007. In contrast, infant 

mortality rates in urban areas in these states decreased from 1,458 deaths per 100,000 

infants in 2003 to 1,400 deaths per 100,000 infants in 2007. 
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Finally, the remaining 13 states (Sonora, Campeche, Tlaxcala, Quintana Roo, 

Chihuahua, Nayarit, Nuevo León, Coahuila, Aguascalientes, Baja California, Colima, 

Distrito Federal, and Baja California Sur) were the ones with the lowest participation in 

Oportunidades. On average, between 2003 and 2007, around 11.5% the total population 

in each state was served by Oportunidades and received around 10% of the program’s bi-

monthly budget with 39 million Mexican Pesos (around $3 millions) per state. Overall, 

the infant mortality rates decreased from 1,640 to 1,444 deaths per 100,000 infants in 

these 5 years. Further, the population living in urban and non-urban areas saw reductions 

in infant mortality rates going from 1,648 deaths per 100,000 infants in 2003 to 1,476 

deaths per 100,000 infants in 2007 for the urban areas and going from 1,661 deaths in 

2003 to 1,279 deaths per 100,000 infants in 2007 for the non-urban areas. Similarly, 

urban and non-urban areas showed that female aged 15-49 mortality rates increased 

between 2003 and 2007. 

5.5 Discussion and Conclusions 

This chapter provided a glimpse into one of the oldest and well-known human 

development programs in Latin America, Oportunidades. 

The economic and social situation in Mexico has affected the way people live, 

making topics like marginalization, poverty and social inequality even more important to 

address with public policy. With that in mind, the Secretaría de Desarrollo Social 

(hereafter SEDESOL) launched Progresa in 1997, renamed as Oportunidades in 2002, as 

a program designed to reduce poverty levels and social inequality by breaking the cycle 
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that transfers poverty from one generation to another in highly marginalized areas. Since 

its introduction, Oportunidades has helped millions of families with monetary support as 

an exchange for regular school attendance, health check-ups, and attendance at regular 

meetings covering health- and nutritional-related issues. Overall, the program helps 

5,000,000 families in every municipality and in 6 out of 16 delegaciones in DF. Between 

2003 and 2007, the states of Veracruz, Chiapas, and Oaxaca had the highest percentage 

of participating families. Further, these states received, on average, over 30% of the 

allotted bi-monthly budget of Oportunidades.  

Reducing poverty and improving life conditions requires changes in 

infrastructure, financial capital, human capital, and social capital. This combination is 

quickly becoming an important element for many government agencies because it is 

capable of increasing income levels by providing intangible tools like social networks, 

reciprocity, and trust (Arrow 2000). Since the distribution of resources depends heavily 

on factors like education, income and/or ethnicity (Atria 2003; Portes 1998), the 

repercussions of an uneven distribution are felt in areas like health care, better self-rated 

health, and lower mortality and morbidity rates (Castro 2002; Kim, Subramanian, and 

Kawachi 2006; Lomas 1998; Nummela et al. 2008). This inequality is reflected in the 

close relationship between marginalization and poverty, limiting the amount and the 

capability of accessing economic, human, and cultural resources only to those able to 

afford them (Corrochano 2005).  

Health wise, the program has seen some improvements in several areas. The 

introduction of Oportunidades has been an overall positive influence for many families 
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living in rural areas thanks to the introduction of regular check-ups, visits to health 

centers, and talks to improve hygiene and nutrition (Villatoro 2005). Since its 

introduction, Oportunidades helped increase the frequency of visits to health clinics by 

30% to 50% (Gertler 2000). The proportion of children aged 2 or older receiving a health 

screening for the first time tripled in a span of 3 years (Huerta and Hernández 2000). 

Further, rural children ages 2-6 were 0.67 centimeters (about one-quarter of an inch) 

taller and children in urban areas were 1 centimeter (about 0.40 inches) taller and 0.5 

kilograms (about 1.1 pounds) heavier (Cohen, Franco, and Villatoro 2006). 

Further, Oportunidades helps women who are pregnant or who might become 

pregnant by providing better access to care. At the same time, the program helps parents 

in the process of monitoring their children’s health, as well as their own. By requiring 

mandatory health screenings, many children have been able to improve their hygiene and 

nutrition thus, improve their overall living conditions. As a result, females, especially 

those of indigenous origin, have increased their visits to the doctor and over 50% prefer 

to receive attention from a certified doctor during their pregnancy than from a midwife. 

And finally, children at risk of obesity or anemia, and adults at risk of suffering from 

diabetes have been identified faster because of preventive check-ups performed at an 

Oportunidades clinic (Bautista-Arredondo et al. 2008).  

With this in mind, this chapter analyzed if states with higher participation in the 

Oportunidades were also the states with higher levels of marginalization. Evidence 

supports this hypothesis by having a pairwise correlation of 0.96. Additionally, this 

chapter also analyzed if participation in Oportunidades was associated with a reduction in 
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infant and female aged 15-49 mortality rates. In this case, evidence for this hypothesis 

has mixed results. On one hand, IMR in Mexico decreased 8.8% between 2003 and 2007. 

In the same period, the majority of the states also experienced decreases in their infant 

mortality rates and as seen above, immediate nutritional benefits were also experienced 

by children in marginalized areas. Further, states with the highest level of population 

participation in Oportunidades experienced a decrease in their average IMR in non-urban 

areas from 1,675 deaths in 2003 to 1,534 deaths per 100,000 infants in 2007. 

On the other hand, the female aged 15-49 mortality rate in Mexico increased from 

99 deaths in 2003 to 105 deaths per 100,000 females aged 15-49 in 2007. Similarly, 

female aged 15-49 mortality rates increased in 26 of the 32 states with the state of 

Quintana Roo experiencing the steepest increase of almost 35% between 2003 and 2007. 

Further, no matter the level of population participation in the Oportunidades, both urban 

and non-urban areas experienced increases in the female aged 15-49 mortality rates in 

these 5 years. 

These results need to be taken with some degree of caution for two reasons. First, 

programs like Oportunidades are specifically designed to target poverty and identify 

those who need help. However, these programs rely, for the most part, on self-reported 

information provided by potential beneficiaries. This creates an ethical issue of 

deception, particularly when there are incentives to underreport or misreport economic 

conditions in order to receive monetary compensation from the government. Further, it 

also creates the scenario where families might be included in or excluded from 

Oportunidades because of misreporting (Martinelli and Parker 2006). 
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Second, in terms of female aged 15-49 mortality, public policies in Mexico 

targeting this segment of the population have not been completely effective. Before 

Oportunidades the Ministry of Health implemented the Programa de Ampliación de 

Cobertura (hereafter PAC) and after Oportunidades the Mexican government created 

Programa de Arranque Parejo en la Vida (hereafter APV). The PAC, the APV, and now 

Oportunidades suffer from the lack of medical personnel, lack of new medical 

infrastructure (e.g. hospitals and hospital equipment), and have not been able to provide 

consistent means of transportation for females aged 15-49 requiring specific medical 

attention (mostly linked to pregnancy complications) in marginalized communities. Thus, 

all three programs have experienced an increase in the majority of state-specific female 

aged 15-49 mortality rates and improvements have been minimal in most areas 

(Secretaría de Salud 2007).  

In the end, Oportunidades has become an important tool that has affected 

education, health, and nutrition levels of those benefitted from it. However, challenges 

still linger: a) the need for better analysis of long-term effects to allow a more accurate 

verification of poverty reduction; b) the need to evaluate the quality of the health and 

education services being offered by the program, and c) the need to analyze the source of 

why groups have been fragmented in those who participate in Oportunidades and those 

who do not (Yaschine, Urquieta, and Hernández 2008). 
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Table 5.1 – Average Number of Registered Families by State and Percentage of Total 

Population Covered by Oportunidades, 2003-2007 

State Families % of State’s 

Total Population 

Marginalization Index 

Veracruz 558,067 31.7 1.08 

Chiapas 543,354 59.8 2.33 

Oaxaca 411,394 51.1 2.13 

Puebla 374,956 31.2 0.63 

Estado de México 361,998 11.6 -0.62 

Guerrero 309,647 44.5 2.41 

Michoacán 275,166 29.7 0.46 

Guanajuato 225,132 20.9 0.09 

Hidalgo 193,551 35.0 0.75 

San Luis Potosí 181,065 32.6 0.66 

Tabasco 144,797 30.8 0.46 

Jalisco 135,209 8.7 -0.77 

Yucatán 130,610 30.0 0.43 

Sinaloa 120,950 19.6 -0.15 

Zacatecas 114,219 35.3 0.16 

Tamaulipas 82,250 11.0 -0.68 

Querétaro 73,639 20.4 -0.14 

Durango 71,507 20.2 -0.02 

Morelos 70,134 18.2 -0.44 

Sonora 61,114 10.3 -0.75 

Chihuahua 55,194 7.0 -0.68 

Campeche 54,751 30.1 0.56 

Tlaxcala 48,337 20.4 -0.13 

Nayarit 46,959 19.8 0.19 

Quintana Roo 46,538 18.9 -0.32 

Nuevo León 42,978 4.3 -1.32 

Coahuila 39,223 6.4 -1.14 

Aguascalientes 23,783 9.7 -0.95 

Distrito Federal 17,822 0.8 -1.50 

Colima 16,350 11.5 -0.74 

Baja California  14,611 2.2 -1.25 

Baja California Sur 9,820 7.8 -0.72 

Pairwise Correlation 0.96
***

 
Source: Author’s calculations in Microsoft Excel with information from Oportunidades. The 

marginalization index takes any possible value but the more negative, the better. 
*** 

p≤0.001 
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Table 5.2 – Bi-Monthly Oportunidades Maximum Monetary Support Relative to 

Minimum Wages in Mexico, 2003-2007 

   

Avg. Min. Wage % of Minimum Wage 

Year Maximum
a
 Maximum

b
 Daily Two Months Maximum

a
 Maximum

b
 

2003  $ 1,895.00   $ 3,210.00   $ 41.93   $  2,515.80  75.3% 169.4% 

2004  $ 1,995.00   $ 3,380.00   $ 43.69   $  2,621.40  76.1% 169.4% 

2005  $ 2,100.00   $ 3,560.00   $ 45.40   $  2,724.00  77.1% 169.5% 

2006  $ 2,190.00   $ 3,710.00   $ 47.21   $  2,832.60  77.3% 169.4% 

2007  $ 2,380.00   $ 3,960.00   $ 49.06   $  2,943.60  80.9% 166.4% 
Note: 

a
 Refers to maximum monetary support with children in elementary and middle school; 

b
 Refers to 

the maximum monetary support for a family with children in elementary, middle, and high school. 

All money figures are expressed in Mexican Pesos. The average daily minimum wage was obtained from 

all three minimum wage zones in Mexico. 

Source: Author’s calculations in Microsoft Excel with information from SAT and Oportunidades. 
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Table 5.3 – Average Bi-monthly Oportunidades Total Benefits by State, 2003-2007 

State Benefits 

Veracruz  $         615,832,532  

Chiapas  $         570,293,307  

Oaxaca  $         438,816,184  

Puebla  $         436,270,727  

México  $         398,700,007  

Guerrero  $         348,734,851  

Michoacán  $         288,474,304  

Guanajuato  $         246,846,893  

Hidalgo  $         214,821,730  

San Luis Potosí  $         208,908,451  

Tabasco  $         176,394,498  

Jalisco  $         145,374,926  

Yucatán  $         138,753,650  

Sinaloa  $         138,534,029  

Zacatecas  $         114,481,419  

Tamaulipas  $           87,007,431  

Querétaro  $           82,535,870  

Morelos  $           79,382,482  

Durango  $           76,907,196  

Sonora  $           65,182,346  

Campeche  $           62,868,043  

Tlaxcala  $           57,905,281  

Quintana Roo  $           54,891,344  

Chihuahua  $           52,751,321  

Nayarit  $           50,517,927  

Nuevo León  $           41,007,976  

Coahuila  $           39,778,080  

Aguascalientes  $           30,363,101  

Baja California   $           16,825,111  

Colima  $           15,973,152  

Distrito Federal  $           13,535,952  

Baja California Sur  $           10,501,558  
Source: Author’s calculations in Microsoft Excel with information from Oportunidades and reflect the 

months of November and December of each of the averaged years. Money figures are expressed in 

Mexican Pesos. 
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Table 5.4 – Changes in Infant and Female Aged 15-49 Mortality by Level of Population Participation in Oportunidades, 

Overall and by Type of Municipality, 2003-2007 

Level of 

Population 

Participation 

 

Average Percent       

Population Served 

 

Average 

Benefits 

 

Average Infant      

Mortality Rates 

 

Average Female Aged    

15-49 Mortality Rates 

    2003 2007  2003 2007 

 

High
1
 

 

 

34.8 

 

$ 376,769,899 

 

Overall 

Urban 

Non-Urban 

1765 

1811 

1675 

1634 

1694 

1534 

Overall 

Urban 

Non-Urban 

103 

100 

112 

110 

107 

119 

Medium
2 

 

 

19.6 $ 115,485,722 

 

Overall 

Urban 

Non-Urban 

1395 

1458 

1226 

1415 

1400 

1351 

Overall 

Urban 

Non-Urban 

88 

88 

96 

94 

94 

109 

Low
3
 

 

 

9.5 

 

$ 39,392,399 

 

Overall 

Urban 

Non-Urban 

1640 

1648 

1661 

1444 

1476 

1279 

Overall 

Urban 

Non-Urban 

93 

94 

99 

103 

103 

113 
Source: Author’s calculations in Microsoft Excel with information from Oportunidades and reflect the months of November and December of each of 

the averaged years. Money figures are expressed in Mexican Pesos. 
1 

Refers to the states of Veracruz, Chiapas, Oaxaca, Puebla, Estado de México, 

Guerrero, Michoacán, Guanajuato, Hidalgo, and San Luis Potosí. 
2 

Refers to the states of Tabasco, Jalisco, Yucatán, Sinaloa, Zacatecas, Tamaulipas, 

Querétaro, Morelos, and Durango. 
3 

Refers to the states of Sonora, Campeche, Tlaxcala, Quintana Roo, Chihuahua, Nayarit, Nuevo León, Coahuila, 

Aguascalientes, Baja California, Colima, Distrito Federal, and Baja California Sur. Infant mortality rates per 100,000 children younger than 1. Maternal 

mortality rates per 100,000 females aged 15-49. Rural population refers to those living in areas with 2,500 inhabitants or less. 
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Figure 5.1 – Average Percentage Distribution of Total Bi-monthly Benefits of Oportunidades by State, 2003-2007 

 
Source: Author’s calculations in Microsoft Excel with information from Oportunidades and reflect the months of November and December of each of 

the averaged years. 
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Figure 5.2 – Percent Change in Female Aged 15-49 Mortality Rates by State, 2003-2007 

 
Source: Author’s calculations in Microsoft Excel with information from INEGI’s Mortality Database and CONAPO’s Population Estimates.  

Note: Maternal mortality rates are per 100,000 females aged 15-49 years old.
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Figure 5.3 – Female Aged 15-49 Mortality Rates for Non-Urban Population by State, 2003-2007 

 
Source: Author’s calculations in Microsoft Excel with information from INEGI’s Mortality and Nativity Databases. 

Note: Rural population refers to those living in areas with 2,500 inhabitants or less. Distrito Federal reported a very small number of deaths in rural 

areas so the results were excluded. Maternal mortality rates per 100,000 females aged 15-49 years old.
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Figure 5.4 – Percent Change in Infant Mortality Rates by State, 2003-2007 

Source: Author’s calculations in Microsoft Excel with information from INEGI’s Mortality Database and CONAPO’s Population Estimates. 

Note: Infant mortality rates per 100,000 children younger than 1. 
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Figure 5.5 –Infant Mortality Rates for Non-Urban Population by State, 2003-2007 

 
Source: Author’s calculations in Microsoft Excel with information from INEGI’s Mortality and Nativity Databases. 

Note: Rural population refers to those living in areas with 2,500 inhabitants or less and infant mortality rates are per 100,000 children younger than 1. 

Distrito Federal reported a very small number of deaths so the results were excluded.
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Chapter 6: Marginalization and Mortality – Concluding Remarks 

 

6.1 Goals 

The concept of marginalization has been present in Latin American societies, 

including Mexico, for decades. Defining this concept is a challenging task because it 

involves social, economic, geographic, and population factors. The consequences of 

marginalization, especially for outcomes like health, may also differ across places. People 

in one area of the country can face a completely different set of challenges than people in 

other areas of the country. 

This dissertation sought to analyze if marginalization is related to mortality in 

present day Mexico. The overall hypothesis of this dissertation is that low municipality 

scores of marginalization will be associated with low mortality rates and similarly, that 

high scores of marginalization will be associated with high mortality rates.  

Further, Figure 1.1 helped to conceptually establish the relationship between 

marginalization as a whole, the four dimensions of marginalization (education, income, 

population distribution, and housing), the confounders, and the mechanism of public 

policy with mortality rates.  

In order to accomplish this analysis, I also relied on six objectives. The first two 

were the description and presentation through maps (using Geographic Information 

Systems) of the marginalization and all-age age-adjusted mortality rates between 2003 
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and 2007 for each of the municipalities in Mexico. The third and fourth objectives 

assessed how the relationship between marginalization and mortality varies after 

introducing age, sex, causes of death, and geographic regions as control variables. The 

fifth objective introduced unweighted and weighted regressions to analyze the strength of 

the marginalization-mortality relationship after introducing possible confounders. Finally, 

the last objective introduced the human development program Oportunidades and 

analyzed if the states with the highest levels of marginalization were the ones with the 

highest participation in the program. Further, it also examined if program spending on 

participation was associated with mortality reductions between 2003 and 2007. 

Section 6.2 summarizes the key findings of each chapter. Section 6.3 links this 

dissertation to existing literature and establishes its contribution to current research. 

Section 6.4 summarizes the limitations and challenges of this dissertation. Section 6.5 

connects this dissertation with possible public policy measures. Finally, Section 6.6 

suggests possible future research options. 

6.2 Key Findings 

Chapter 1 defined the concept of marginalization as a structural phenomenon that 

hinders economic growth and social development and identifies the basic needs in 

different areas of the country. It is also capable of showing the challenges faced by some 

social groups, especially those who live in poor and isolated areas. CONAPO created an 

index in 1990 to measure development in each municipality using several key 

socioeconomic dimensions and factors of exclusion as tools to introduce relevant 
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variables in the estimation of the marginalization index. Disparities across the four 

dimensions of marginalization created different expectations for the marginalization-

mortality relationship as it was affected by age, gender, and cause of death. 

Identifying marginalized areas is necessary but not enough in order to come up 

with solutions to the lack of development and social exclusion in these areas. Chapter 2 

helped in this process by documenting and mapping marginalization in Mexico. At the 

same time, this chapter began developing the connection between the marginalization 

index and one of its major demographic consequences, mortality, by providing a 

descriptive and informative perspective of the situation in Mexico from 2003 to 2007. 

The use of GIS as a tool to enhance the presentation of the results allowed me to show the 

discrepancies in regional and zonal analyses for both the marginalization index and for 

all-age age-adjusted mortality rates. The southern states of Guerrero, Chiapas, and 

Oaxaca were identified as the three places facing the highest levels of marginalization; 

further, the South showed a maximum all-age age-adjusted mortality rate more than twice 

as high as the maximum rate in the Central and North regions. 

 Chapter 3 presented descriptive analysis of the marginalization-mortality 

relationship, but now focusing on age, gender, and cause of death. Each age group has 

different needs and each group is also exposed to different risks that affect their mortality 

rates. At the same time, including marginalization added a socioeconomic layer that 

reflected municipal differences in social and economic participation, income, access to 

health, and education, among others, with all factors potentially affecting mortality rates.  
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For instance, 1-4 year olds in municipalities with very high marginalization 

experienced mortality rates 2.6 times higher than pre-school children living in 

municipalities with very low marginalization. Similarly, all-cause mortality rates were 

between 1.4 and 1.6 times higher for the 5-14, 15-24, and 25-44 year olds living in 

municipalities with very high marginalization compared to those living in municipalities 

with very low marginalization. Females aged 15-24 in municipalities with very high 

marginalization experienced mortality rates around 4 times higher because of pregnancy 

complications compared to females living in municipalities with very low 

marginalization. 

Further, exposure to external causes of deaths (due to accidents, suicide, or 

violence) becomes evident at a very early stage in life. Mortality rates for 1-4 year-old 

males and females living in municipalities with very high marginalization are 1.2 and 1.4 

times higher, respectively, than for those living in municipalities with very low 

marginalization. As they age, males in municipalities with high levels of marginalization 

continue to experience higher mortality rates due to external causes of death, reaching its 

peak between the ages of 25 and 44 with rates 1.8 times higher. 

Finally, chronic and degenerative diseases are also affected by marginalization. 

Males aged 25-44 experienced mortality rates due to diseases of the digestive system 2.1 

times higher than young adults living in municipalities with very low marginalization. In 

contrast, adults aged 45-64 and mature adults aged 65 or older living in municipalities 

with high marginalization exhibited up to 60% lower mortality rates due to diseases of 
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the endocrine system than adults living in municipalities with very low marginalization. 

This pattern might be the result of mortality selection. 

Confounders are elements that modify any outcome by altering the relationship 

between cause and consequence. Additionally, they tend to vary across different 

geographic regions and affect different segments of the population. Chapter 4 identified 

four major confounders of the marginalization-mortality relationship: 1) geographical 

differences, 2) migration, 3) indigenous population, and 4) unobserved factors. Ordinary 

Least-Squares and Weighted Least-Squares regressions were used to estimate the all-age 

age-adjusted mortality rates and the age-specific mortality rates on the marginalization 

index as a whole and also on the index’s individual components, controlling for 

percentage of the population who migrated in the past 5 years and percentage of 

indigenous population as the confounders. 

Tables 6.1 and 6.2 summarize the results of this chapter by taking the analytic 

framework presented in Chapter 1 and adapting it to show the expected and the observed 

relationship between the marginalization index as a whole and separated in its individual 

components, and mortality rates.  Table 6.1 shows that the marginalization-mortality 

relationship is complex. Overall, I expected the marginalization index as a whole to be 

positively associated with the all-age age-adjusted and age-specific mortality rates. 

However, this expectation proved to be strongly the opposite for the all-age age-adjusted 

female mortality rate. Additionally, for both males and females, this expectation also 

proved to be strongly in opposite direction for the elderly population (aged 65 or older). 
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In contrast, the expectation is strongly and positively associated to the age-specific 

mortality rates in the 1-14 and 15-44 age groups and somewhat strongly and positively 

associated with the age-specific mortality rate of the 45-64 year old females. 

Table 6.2 shows the expected and observed relationships between the components 

of the marginalization index and the all-age age-adjusted and age-specific mortality rates. 

I expected each component of the marginalization index to be positively associated with 

the all-age age-adjusted and age-specific mortality rates. For the all-age age-adjusted 

mortality rates, only municipalities with a higher percentage of individuals earning two 

minimum wages or less were strongly and consistently associated in the expected 

direction for both males and females. Further, municipalities with higher percentage of 

households with dirt flooring showed only a mildly strong association with the all-age 

age-adjusted female mortality rate. In contrast, the relationship between municipalities 

with a higher percentage of households showing signs of overcrowding was strongly 

negative for both male and female all-age age-adjusted mortality rates. 

As for the age-specific mortality rates, municipalities with a higher percentage of 

households with dirt flooring were strongly and positively associated with all the 

different male age-specific mortality rates and also positively, albeit less strongly 

associated, with all the female age-specific mortality rates, except for the 45-64 year olds. 

Similarly, municipalities with a higher percentage of households showing signs of 

overcrowding presented a strong and positive association with all the different male age-

specific mortality rates, except the under-1 year olds. For the females, this association 
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was slightly weaker but also positive for all age groups, except for the youngest and 

oldest. In contrast, municipalities with a higher percentage of households without piped 

water showed a negative, and somewhat weak, association with the all-age age-adjusted 

male mortality rate, with the 45-64 and 65 or older male age-specific mortality rates, and 

also with the under-1 and 65 or older age-specific female mortality rates. 

Geographical differences were addressed in two ways. First, the municipalities 

were stratified by urbanicity. For males in non-urban areas municipalities, a higher 

percentage of individuals who migrated to another state or country in the past 5 years 

showed a strong negative association with the all-age age-adjusted male mortality rates. 

For females in non-urban areas, municipalities with a higher presence of indigenous 

population show the expected positive association with the all-age age-adjusted female 

mortality rates and also in every age group. In contrast, the relationship between the 

marginalization index and the all-age age-adjusted female mortality rates is negative and 

strong for females living in urban areas. Further, the relationship with the age-specific 

mortality rates is negative for the youngest and eldest but positive for the 1-14 and 15-44 

year olds. Municipalities with a higher presence of indigenous population and with a 

higher percentage of migrants in the past 5 years show a positive association with the all-

age age-adjusted mortality rates. 

For non-urban areas the results were also mixed. For males, municipalities with a 

higher percentage of inhabitants earning two minimum wages or less and with a higher 

percentage of households with dirt flooring have the expected positive association with 
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the all-age age-adjusted male mortality rate. For females, municipalities with a higher 

presence of indigenous population, a higher percentage of individuals earning two 

minimum wages or less, and municipalities with a higher percentage of households with 

dirt flooring show the expected positive association with the all-age age-adjusted female 

mortality rate.  

 Second, a spatial-lag regression and a spatial error regression were attempted in 

order to find a possible solution to the spatial correlation problem. For both males and 

females, municipalities with a higher level of marginalization showed the expected 

positive relationship with the all- age age-adjusted mortality rates. Further, a higher 

percentage of individuals who migrated in the past 5 years showed a strong positive 

association for males but not for females, while a higher presence of indigenous 

population had a strong and positive association for both males and females. The use of 

these models proved the presence of spatial dependence but both were unable to 

completely address this matter. The spatial error regression might have provided a 

slightly better adjustment for females but not for males. 

Chapter 5 assessed whether the introduction of a human development program, 

called Oportunidades, has benefited the population living in highly marginalized 

municipalities (the main target of the program). Overall, Mexico has experienced an 

increase in female aged 15-49 mortality rates from 99 deaths to 105 deaths for every 

100,000 females aged 15-49 years old, or a 5.7% increase in these 5 years. Veracruz, the 

state with the highest level of participating Oportunidades families, showed a modest 
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increase in female aged 15-49 mortality rates in non-urban areas from 101 deaths in 2003 

to 112 deaths per 100,000 females aged 15-49 years old in 2007. Similarly, the state of 

Chiapas, second on the list of participating families, showed an increase in female aged 

15-49 mortality rates in non-urban areas from 143 deaths to 163 deaths per 100,000 

females aged 15-49 years old. Only seven states were able to reduce female aged 15-49 

mortality rates between 2003 and 2007 with the state of Campeche reducing the mortality 

rates of females aged 15-49 from 88 deaths in 2003 to 67 deaths per 100,000 females 

aged 15-49 years old in 2007. 

Infant mortality rates in Mexico decreased from 1,787 deaths per 100,000 infants 

in 2003 to 1,630 deaths per 100,000 infants in 2007, which represents an 8.8% decrease 

in this period. However, nine states actually showed higher infant mortality rates: the 

states of Guerrero and Sinaloa exhibited the largest increases, 13.2% and 9.4%, over the 

5-year period. Further, the states of Veracruz, Chiapas, and Oaxaca, first through third in 

the list of participating families, show an average decrease in infant mortality rates in 

non-urban areas with Oaxaca showing the largest decrease, from 1,800 deaths in 2003 to 

1,577 deaths per 100,000 infants in 2007. 

Out of the 32 states in the country, ten of them (Veracruz, Chiapas, Oaxaca, 

Puebla, Estado de México, Guerrero, Michoacán, Guanajuato, Hidalgo, and San Luis 

Potosí) have consistently registered the most families in the program. Infant mortality 

rates decreased in these states from 1,765 deaths in 2003 to 1,634 deaths per 100,000 

infants in 2007. In terms of female aged 15-49 mortality rates, states with the highest 
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participation in Oportunidades showed an increase from 103 deaths in 2003 to 110 deaths 

per 100,000 females aged 15-49 years old in 2007. States with high participation in 

Oportunidades saw reductions in infant mortality rates inside urban areas (from 1,811 

deaths to 1,694 deaths per 100,000 infants in 2003 and 2007, respectively) and also inside 

rural areas (from 1,675 deaths to 1,534 deaths per 100,000 infants in 2003 and 2007, 

respectively) but not for female aged 15-49 mortality rates. 

6.3 Contribution to the Literature 

This dissertation investigated the relationship between marginalization and 

mortality. In doing so, it shows that marginalization is a complex topic and has a complex 

relationship with mortality. There are no pre-established consequences of marginalization 

because different social, economic, cultural, and political factors intervene in the process.  

From a demographic perspective, the concept of marginalization poses challenges 

to government agencies because health experiences of highly marginalized areas 

compared to those with lower levels of marginalization need different policy 

implementation to target specific problems. Previous research has shown that Mexico has 

not been able to reduce the proportion of communities living in high and very high levels 

of marginalization. Further, the country has not been able to avoid social gaps across 

regions (Székely 2005). In terms of mortality, Mexico faced a delayed epidemiological 

transition and saw a reduction of the all-age mortality rates after the improvement of 

living conditions (e.g., new infrastructure like construction of electric lines, drainage, and 

piped water), then increase in educational attainment, and the introduction of health 
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measures (e.g., hygiene culture, vaccination, and health clinics in isolated communities) 

(Frenk, Bobadilla, Sepúlveda, and López-Cervantes 1989).  

My dissertation contributes to the literature by presenting marginalization and 

mortality as a combined topic instead of two isolated ones. Most of the literature linking 

specific characteristics of an area (e.g., poverty) to mortality comes from the United 

States and in Mexico only a handful of studies deal with marginalization as the main 

concept and the majority are just descriptive reports published by Mexican federal 

agencies like CONAPO or INEGI. Further, other work focuses on the effect that specific 

consequences of urbanization (e.g., pollution) has on population health (e.g., respiratory 

problems). There are more specific studies that establish a link between marginalization 

and infant mortality or marginalization and maternal mortality, but just a very limited 

amount of research regarding the comprehensive study of the relationship between 

marginalization and mortality. 

Studies about these topics have been conducted mainly as a way to identify the 

most socially- and economically-excluded segment of the population. After this segment 

is identified, the studies focus on how they react to changes in the economic, social, and 

political environment but without understanding that, in most cases, these changes are not 

caused by a unique factor (Fiscella and Williams 2004; Székely 1994). Factors like 

income inequality, allocation of resources, lack of access to education and health 

services, and geographic differences contribute not only to the presence of marginalized 

municipalities but also to the discrepancies in mortality rates across and within 
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municipalities (Levy 1994). This dissertation provides descriptive information regarding 

marginalization and mortality for each municipality. It also recognizes that all the factors 

are not mutually exclusive and that a connection between them is needed in order to 

understand the relationship between marginalization and mortality. 

Marginalization creates a vicious cycle for those needing the most. Poor housing 

conditions and lack of access to basic services like potable water or drainage cause health 

problems. These health problems might go untreated for a long time due to the lack of 

access to health services or social security. As a result, mortality rates might increase. 

Similarly, lack of education limits a person’s employment opportunities. This limitation 

results in lower income and exclusion from the formal labor market which could lead to 

nutrition deficiencies (e.g., low caloric intake) and yet again, health problems. This 

dissertation provides descriptive information for each municipality that will help target 

areas with problems that require immediate attention to improve living conditions and 

alleviate distributive inequalities (Anzaldo-Gómez 2010). Further, it links 

marginalization to age, gender, and cause of death and provides more depth in the 

analysis and identification of mortality risks that affect males and females of different 

ages and living in different regions of the country.  

6.4 Limitations 

This dissertation came with several limitations. The first is the inability to have a 

more straight-forward approach to compare marginalization and mortality with other 

possible factors mentioned in the analytic framework, like migration and the percentage 
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of indigenous population. The lack of user-friendly data makes the task of compiling and 

organizing the information a very demanding one. In addition, some municipalities do not 

appear in all 5 years of mortality data or in the 2005 marginalization index data or have a 

very small population that yielded no deaths for particular age groups.  

Second, this dissertation could not possibly include all the possible confounders 

of marginalization and mortality due to the lack of complete data (e.g. the unobserved 

factors).  Third, one of the major limitations is the presence of the ecological fallacy. As 

described in Chapter 4, the results obtained in the OLS and WLS regressions apply to 

municipalities (group) and these results cannot be accurately applied to individuals living 

in these municipalities. Thus, it is impossible to tell if individuals who live in 

marginalized households have higher risks of death than individuals who live in more 

advantaged households. 

Fourth, as seen in Chapter 4, mortality selection remains an important limitation 

in this dissertation. Selection affects the most frail people and, with higher mortality rates 

at younger ages, it leaves a more robust population that is able to survive many more 

years (Janssen, Peeters, Mackenbach, and Kunst 2005). Results from this dissertation 

suggest that the elderly in Mexico seem to benefit from living in municipalities with 

higher levels of marginalization (when analyzing the index as a whole) or with higher 

percentage of households with no piped water or sanitary services (when analyzing the 

components of the marginalization index). But in reality, these correlations might be a 
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consequence of strong selectivity issues that will not allow a proper interpretation 

(Casselli and López 1996; Grundy 1997; Markides and Machalek 1984). 

Finally, the possibility of under-registration of deaths in marginalized areas or the 

possibility that deaths from non-urban areas are being registered in urban areas also 

remain as potential limitations. Updates to the codes in the International Statistical 

Classification of Diseases and Related Health Problems (ICD) by the World Health 

Organization can sometimes lead to a brief lag that leave some causes of deaths for 

females aged 15-49 in the wrong category. Further, some female aged 15-49 deaths are 

incorrectly assigned or left as “unspecified” due to the lack of complete information to 

assign the death to the appropriate category (Hogan et al. 2010; Pattinson et al. 2009).  

Government reports on under-registration are scarce but in 2002, Mexico’s 

Ministry of Health implemented a modified version of the Reproductive Age Mortality 

Studies (RAMOS) strategy. The RAMOS strategy interviews relatives or close friends of 

the deceased in order to complete the missing information on the death certificate. So far, 

the registration of deaths of females aged 15-49 has improved because a more consistent 

methodology has been implemented (Freyermuth-Enciso and Cárdenas-Elizalde 2009; 

Gay and Billings 2009). 

6.5 Public Policy 

Addressing public policy is always a complicated matter. Marginalization, as an 

index, allows a better understanding of the current situation of the population in Mexico. 

It is a tool that is used as a way to measure the development of each municipality by 
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relying on variables like literacy rates, access to water, drainage, electricity, housing, 

flooring and roofing material, where people live, the size of the place where people live, 

and educational attainment. However, in order to develop useful policies addressing 

marginalization, the Mexican government must fully understand that mortality, as one 

major demographic consequence of marginalization, is also being affected by changes in 

the living conditions of the population. 

Work by Candia (1998) presents how public policy worked in Mexico. Since the 

1970s, Mexican authorities believed that an efficient income distribution policy 

combined with some economic growth were the keys to reduce poverty. For many years, 

policies targeted those facing economic challenges but they were targeted as a 

homogeneous group. Later, federal agencies began targeting the causes of poverty inside 

the country (e.g., unemployment) instead of the symptoms (e.g., social exclusion) and 

tried to avoid any future problems by planning ahead without having a clear profile of the 

socioeconomic characteristics of the targeted population. 

Public policy regarding marginalization and mortality requires a new perspective. 

Instead of targeting random populations, federal agencies need to conduct more thorough 

research to identify those who really need help the most. Social groups with the lowest 

income and consumption levels must be given priority and the policies must face constant 

monitoring and evaluation in order to avoid possible setbacks (Kliksberg 1993; Villarreal 

1996). These groups can be clearly identified and monitored using a similar procedure to 

the one I used in Chapter 2. The inclusion of GIS and other spatial and geographical 
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techniques should enhance any socioeconomic analysis. All the processes that create 

marginalization are affected by local conditions and, in order to be effective, public 

policies need to address local issues in local areas (Martin 2001). In essence, the 

presentation of regional and zonal information, using GIS as a tool, can certainly help 

direct specific policies towards states with a higher presence of indigenous population 

(e.g., Chiapas), towards states with a higher percentage of migrating population (e.g., 

Zacatecas), or towards states with high mortality rates (e.g., Oaxaca).  

A common theme in health-related research is that is based on differentiating 

men’s health from females’ health. Men show premature mortality and higher mortality 

rates at all ages and men and women are exposed to different health risks (Schofield et al. 

2000). Findings from Chapter 3 demonstrate the need for public policies targeting the 

needs of both males and females inside a municipality and also targeting gender-specific 

needs that appear at different stages in the lives of men and women. Research has failed 

to generate this dialogue by only providing purely biological or purely social reasons for 

these differences (Bird and Rieker 1999). This dissertation has provided some insight in 

this matter by showing the different causes of death by gender and age and connecting 

them to marginalization. Therefore, public policies must incorporate both social and 

biological factors in order to identify possible health-related advantages for one sex or 

another (Auerbarch and Figert 1995). 

Confounders are important to understand because they modify any predicted 

outcome by altering the relationship between cause and consequence and end up blurring 
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the effects. As determined in Chapter 4, municipalities with a higher presence of 

indigenous population and municipalities with a higher percentage of population who 

migrated in the past 5 years were relevant additions to the process of clarifying the 

marginalization-mortality relationship. In order to develop strong public policies, federal 

agencies must consider the introduction of confounders as a tool to reduce possible bias 

and to incorporate different socioeconomic aspects that might have been overlooked 

before (Phillips 2003). 

6.6 Looking Ahead 

This dissertation showed how truly complex the relationship between 

marginalization and mortality really is. The process of gathering the data, determining the 

best course of action, modifying the data to allow for proper comparisons, and even 

defining the concept of marginalization allowed me to not only learn more about my 

country but also search for new ways of producing more useful research about these 

topics.  

In late 2011, CONAPO released the fourth installment of the marginalization 

index (for the year 2010). This dissertation used mortality information from 2003 to 2007 

and the 2005 marginalization index, so it would be plausible to do the same type of 

analysis using the 2010 index and mortality data between 2008 and 2012 in order to 

obtain comparable results. Further, the incorporation of GIS into this dissertation helped 

in the process of illustrating geographic patterns of marginalization and mortality across 

regions and zones. This technique is gaining popularity among researchers because it 
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becomes a powerful tool by providing visual support and confirming any pattern while 

studying social phenomena (Elwood 2002, 2006). 

Future research can also try to address the under-registration of deaths, 

particularly maternal, in Mexico. Hospital records are normally poor and, in non-urban 

areas, deaths may not be registered because they simply occur outside of health facilities, 

making verbal autopsy the only available method to record a death (Campbell and 

Ronsmans 1995). Additionally, under-registration could be improved by linking vital 

registration information from different household surveys and censuses from Mexican 

agencies like CONAPO, INEGI, and Secretaría de Salud in order to obtain a more 

accurate result (Cross, Bell, and Graham 2010; Graham et al. 2008). 

In light of the upcoming changes in the age structure of the Mexican population, 

future research could introduce health-related confounders to the analysis of the 

marginalization-mortality relationship. According to the OECD (2005), Mexico is a 

country that does not provide universal health care and has a public expenditure on health 

way below the average of other OECD countries. Further, the disparities in the Mexican 

health system in terms of access to health care services make marginalization a relevant 

topic because out-of-pocket expenditures are always higher for this segment of the 

population. So, the inclusion of variables like out-of-pocket expenditures or a 

combination of the number of medical personnel and medical facilities could enhance the 

interpretation of the marginalization-mortality relationship. 
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Another possibility for future research lies in the marginalization index itself. The 

index presents a bias towards non-urban areas and for that reason, CONAPO (2006a) 

launched the 2005 Urban Marginalization Index. In this index, the four dimensions of 

marginalization change slightly to reflect a more accurate perception of the 

socioeconomic conditions of urban areas. In urban areas, education and housing remain 

in the calculations but the Urban Marginalization Index adds a dimension for health and 

another for possession of specific goods (e.g. refrigerator). 

Similarly, future research could examine geographic and gender differences in 

different ways. One example is the potential analysis of the municipalities along the U.S.-

Mexico border vs. municipalities in the rest of the country. Mortality rates and 

socioeconomic conditions of municipalities along the border have been different 

compared to the non-border municipalities. Mexican municipalities along the border tend 

to have more common cultural, behavioral, and environmental characteristics with their 

US counterparts than with the rest of the country, making the analysis an important one 

(Cerqueira 2010; Chan and Portnoy 1986).  Another example could be the application of 

a similar methodology to the one followed in Chapter 4, but presenting the results by 

cause of death instead of age groups. The impact of marginalization on mortality rates by 

specific cause of death becomes an interesting analysis with an increase in the number of 

gang- and drug-related deaths in Mexico, with the prevalence of transmissible diseases in 

marginalized areas and addictive substances in urban areas, and with disparities in the 

access to health care services (Buvinic 2008; Medina-Mora et al. 2001).  
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Finally, an even larger issue remains fairly untouched. As reported by Aguila and 

colleagues (2011), the population in Mexico is aging rapidly and the country is entering a 

stage where the elderly will impact every aspect of Mexico’s economy. Those aged 65 or 

older face significantly higher levels of poverty and marginalization, especially in rural 

areas. This segment of the population is particularly vulnerable because they do not have 

a stable source of income and social security is not always available in remote locations. 

Men also face higher mortality risks than women. What is more striking is the fact that 

around 46% of men and 15% of females aged 65 or older remain in the labor market 

instead of retiring, and many continue working in the informal market because they lack 

enough funds to enjoy a healthy and happy retirement.  

Therefore, aging adds a new dimension to the relationship between 

marginalization and mortality. Future research can focus in those aged 65 or older and 

can combine information from several Mexican agencies such as INEGI and CONAPO 

as well as datasets such as the Mexican Health and Aging Study (MHAS). A focus on 

individual-level variables like self-reported health, lifestyle behaviors, cognitive 

performance, and physical disability, among others, can put marginalization and 

mortality into perspective and allow for better social policies targeting a vulnerable 

segment of the Mexican population at-risk (Ham-Chande and Gutiérrez-Robledo 2007; 

Secretaría de Salud 2009). 
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Table 6.1 – Expected and Observed Relationship between the Marginalization Index as a Whole and All-Age Age-Adjusted 

and Age-Specific Mortality Rates by Gender 

Variable All Ages Under 1 1-14 15-44 45-64 65 or older 

Marginalization Index Expected: + 

Observed Males: 0 

Observed Females:  - 

E: + 

OM: 0 

OF: 0 

E: + 

OM: + 

OF: + 

E: + 

OM: + 

OF: + 

E: + 

OM: 0 

OF: + 

E: + 

OM: - 

OF: - 
Note: E – Expected, OM – Observed for Males, OF – Observed for Females. For this table, observed results take into consideration Table 4.5. A “0” 

represents non-statistically significant results. 
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Table 6.2 – Expected and Observed Relationship between the Components of the Marginalization Index and All-Age Age-

Adjusted and Age-Specific Mortality by Gender 

Variable All Ages Under 1 1-14 15-44 45-64 65 or older 

Percent Illiterate 

Population 

Expected: + 

Observed Males: 0 

Observed Females: 0 

E: + 

OM: 0 

OF: 0 

E: + 

OM: 0 

OF: 0 

E: + 

OM: + 

OF: 0 

E: + 

OM: 0 

OF: 0 

E: + 

OM: 0 

OF: 0 

Percent Households 

without Sanitary Services 

E: + 

OM: 0 

OF: 0 

E: + 

OM: 0 

OF: 0 

E: + 

OM: 0 

OF: 0 

E: + 

OM: 0 

OF: - 

E: + 

OM: 0 

OF: - 

E: + 

OM: 0 

OF: 0 

Percent Households 

without Electricity 

E: + 

OM: 0 

OF: 0 

E: + 

OM: 0 

OF: 0 

E: + 

OM: 0 

OF: + 

E: + 

OM: 0 

OF: 0 

E: + 

OM: 0 

OF: 0 

E: + 

OM: 0 

OF: 0 

Percent without           

Piped Water 

E: + 

OM: - 

OF: 0 

E: + 

OM: 0 

OF: - 

E: + 

OM: 0 

OF: 0 

E: + 

OM: 0 

OF: 0 

E: + 

OM: - 

OF: - 

E: + 

OM: - 

OF: - 

Percent Households with 

Signs of Overcrowding 

E: + 

OM: - 

OF: - 

E: + 

OM: 0 

OF: 0 

E: + 

OM: + 

OF: + 

E: + 

OM: - 

OF: - 

E: + 

OM: - 

OF: + 

E: + 

OM: - 

OF: 0 

Percent Households with 

Dirt Flooring 

E: + 

OM: 0 

OF: + 

E: + 

OM: + 

OF: + 

E: + 

OM: + 

OF: + 

E: + 

OM: + 

OF: + 

E: + 

OM: + 

OF: 0 

E: + 

OM: + 

OF: + 

Percent Population Earning 

Two Min. Wages or Less 

E: + 

OM: + 

OF: + 

E: + 

OM: 0 

OF: 0 

E: + 

OM: 0 

OF: 0 

E: + 

OM: 0 

OF: + 

E: + 

OM: 0 

OF: + 

E: + 

OM: 0 

OF: 0 
Note: E – Expected, OM – Observed for Males, OF – Observed for Females. For this table, observed results take into consideration Tables 4.8 and 4.9. 

A “0” represents non-statistically significant results. 
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