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Hispanic Infant Mortality in Pima County, Arizona: A Statistical and Spatial Analysis 

By: Emily Sanschagrin 

Department of Geography and Regional Development 

University of Arizona 

Abstract 

 Infant mortality is an important indicator of social conditions and varies across space, by 
ethnicity, among many other factors. Hispanic infant mortality in Pima County, Arizona has 
risen in the last few years. This rise does not reflect increases in Hispanic populations in the 
county. This research identifies possible demographic and health indicators that could be related 
to higher infant mortality among Hispanics in Pima County. These indicators were selected 
based on research into the specific health situation in Pima County that stems from its border 
proximity. General indicators were chosen as well. Regression and anomaly analyses were 
conducted at the census tract level with these indicators to determine any possible relationships 
with Hispanic infant mortality. Several indicators explained very little of the variation in the 
Hispanic infant death data, while others consistently explained more of the variance. These were 
household, population, and Hispanic specific indicators. Additionally, spatial analysis was 
conducted with Moran’s I to determine any spatial autocorrelation of Hispanic infant deaths in 
Pima County and a clear spatial clustering was identified.      
 
Introduction 
 
 Infant mortality varies in different communities throughout the world, fluctuating within 

them based on race, age of the mother, and other factors. I.S. Falk, a key public health researcher 

in his time, said in 1923 that infant mortality “bears the additional characteristic that – like the 

thread of mercury in the thermometer – it goes up and down with deleterious or salutary changes 

in the social, sanitary, and economic conditions of the people” (1923). The Arizona Department 

of Health Services expresses a similar view on infant mortality calling it, “an important measure 

of a nation’s health and a worldwide indicator of health status and social well-being” (Healthy 

Arizona 2010). By these standards, infant mortality is a central gauge of how well a community 

is doing socially and economically and differences in infant mortality rates, therefore, reflect 

differences in quality of living. This research will examine Hispanic infant mortality in Pima 
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County, AZ, analyzing what factors are influencing infant deaths in this ethnic group and 

whether they are spatially autocorrelated.  

 According to the Centers for Disease Control and Prevention, the United States had an 

infant mortality rate of 6.78 in 2004, the most recent processed year available. An infant 

mortality rate represents the number of infant deaths per one thousand live births, while just 

infant mortality or infant death refers only to the amount of deaths alone. About seven deaths for 

every 1000 births may not seem like a large number, but the U.S. is actually ranked 29th in the 

world, tied with Poland and Slovakia, based on this rate (CDC). Most of the countries ranked 

above the U.S. have rates lower than 5.0, with Scandinavian and East Asian countries having the 

lowest (CDC). That the United States’ rate is higher than most developed countries is concerning 

and raises questions of health and social status in the U.S.  

 Infant mortality rates within the United States vary by state, county, city, and other 

definable areas.  Some are higher than the U.S. overall rate and some are lower. Arizona’s infant 

mortality rate was 6.7 in 2004, about the same as the United States, and was up to 6.8 in 2007 

(CDC 2008). Compared to other border states like Texas and California, who have rates of 6.3 

and 5.2 for 2004 respectively, Arizona’s rate is relatively normal (Texas Department of State 

Health Services and California Department of Health Services). The U.S. Department of Health 

and Human Services defines 4.5 infant deaths for every 1000 live births as the goal for infant 

mortality rates. As of 2004, neither the United States as a whole, Arizona or Texas was near this 

goal. California is slightly closer.  

 Within Arizona specifically, there are many fluctuations in infant mortality by region, 

race, and other factors. Some areas have more stable infant mortality rates, while others tend to 

fluctuate. Maricopa County, for example, has shown a fairly steady decrease in infant mortality 
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rates from 1997 to 2007 (Figure 1), while Pima County has had a more variable rate. Pima 

County’s rate, also, fluctuates more than the United States and Arizona’s overall rate (Figure 2). 

This instability appears in Arizona’s other border counties as well (Figure 3). Cochise, Santa 

Cruz, and Yuma counties actually have more variation from 1997 to 2007 in infant mortality 

rates than Pima County (Figure 3). Pima County’s rate, however, is consistently higher than 

Yuma and Santa Cruz counties’. Pima averaged a 6.9 infant mortality rate over the 1997-2007 

eleven year period while Yuma and Santa Cruz averaged 5.7 and 4.7 respectively. Cochise 

County is the only border county with a higher average at 8.1 infant deaths per 1000 live births.  

 

Figure 1. This table shows the decreasing trend of Maricopa County’s infant mortality rates and 
the increasing and fluctuating trend of Pima County’s infant mortality rates. 
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Figure 2. This figure shows the decreasing trends of the United States and Arizona and the 
increasing and fluctuation of Pima county’s trend. 

 
Figure 3. This figure shows the fluctuating infant mortality rates in Arizona’s border counties. 
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 Pima County has the largest population and is the most urbanized of the four counties and 

this research therefore will focus on Pima County. Pima County encompasses the city of Tucson, 

Arizona, the 30th largest city in the United States, based on the 2000 census which recorded a 

population of 486,699 (Census.gov). The Census Bureau estimates that the 2007 population, 

however, had grown to 525, 529. Tucson's metropolitan area, however, is a great deal larger. 

Much of Pima County’s estimated 2008 population of 1,012,018 is part of Tucson's metropolitan 

area (Census Bureau Population Finder). The estimate for Arizona’s 2008 population is 

6,500,180, meaning that Pima County comprises 15.57% of the state’s population (Census 

Bureau Population Finder). It has the highest number of births and infant deaths and therefore 

provides more data to work with. Fluctuations in the other three counties could possibly be 

attributed to small numbers of infant deaths in those counties. 

 Infant mortality within Pima County does not only fluctuate in overall rates, but in 

number of infant deaths by race. From 2001 to 2007, there have been higher amounts of Hispanic 

infant deaths compared to White non – Hispanic infant deaths in Pima County (Table 1). 

Hispanic population growth, according to estimates by the American Community Survey 

however, has not changed significantly compared to non-Hispanic populations in this time 

(Table 2).  

Year White non-Hispanic Hispanic Total 
% 
Hispanic 

2001 31 36 92 0.3913043
2002 30 46 90 0.5111111
2003 23 49 84 0.5833333
2004 30 55 99 0.5555556
2005 35 61 109 0.559633
2006 29 57 100 0.57
2007 35 51 100 0.51

 
Table 1. Hispanic, White non-Hispanic, and total infant deaths for Pima County from 2001 to 
2007. This table shows that Hispanic infant deaths are much higher than White non-Hispanic 
infant deaths. Source: Arizona Department of Health Services Vital Statistics Reports 
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Year Total Population 
Not Hispanic or 
Latino Hispanic or Latino 

% Hispanic or 
Latino 

2001 841,014 582,060 258,954 30.79068838
2002 859,187 587,659 271,528 31.60289902
2003 870,764 590,244 280,520 32.21538787
2004 885,025 601,154 283,871 32.07491314
2005 902,720 611,361 291,359 32.27567795
2006 946,362 638,737 307,625 32.50606005
2007 967089 650860 316229 32.69905872

Table 2. Total, not Hispanic or Latino, and Hispanic or Latino populations, along with % 
Hispanic or Latino. This table shows that Hispanic or Latino population is not estimated to rise 
much in percent of population from 2001 to 2007.  Source: American Community Survey 
 
      This research will analyze the factors that may influence the number of Hispanic 

infant deaths in Pima County. Demographic and health indicators will be analyzed with the 

number of Hispanic infant deaths per census tract. As an indicator of development, higher infant 

mortality may correspond with lower incomes and lower usage of health care services, among 

other indicators. Pima County’s proximity to the border may have an association with higher 

Hispanic infant deaths as well. Indicators on foreign born populations and citizenship statuses 

will also be used in analysis. Additionally, spatial autocorrelation among Hispanic infant deaths 

will be analyzed to see if certain areas in the county have more or less deaths.  

Literature Review 
 
 Rising Hispanic infant mortality in Pima County relates to multiple health topics. This 

literature review, therefore, comprises Hispanic/border health, infant mortality, and Pima County 

health sections. Pima County is a border community with high Hispanic populations and 

therefore specific health concerns. This corresponds to infant mortality, along with general health 

issues in the county, because the health of a baby depends on the health of the mother, not just 

choices made it pregnancy. The intent of this literature review is to provide a broad background 

on the issue at hand. Population groups such as Mexican-Americans, Mexican immigrants, and 

women will be addressed along with underlying political, economic, and social trends that are 
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involved. Mexican is used here and throughout this research to refer to a person born in Mexico, 

while Mexican American refers to someone born in the U.S. with Mexican heritage, and 

Hispanic refers to a person of any Latin American descent. 

Border Health 

 Health initiatives along the United States-Mexico border began in World War II with 

rather unorganized groups of professionals from both countries discussing widespread public 

health troubles and cooperating on tasks to improve them. Each country believed the other  to be 

cooperating to produce a healthy border. Neither side had adequate funding, but they contributed 

equally. This lasted until the implementation of NAFTA in 1994. Professionals on both sides of 

the border failed to organize in opposition to NAFTA, so many important public health measures 

were not included in the agreement. Private U.S. companies flooded the border to tap into the 

Mexican market, but the two sides were not integrating on social issues like health (Collins-

Dogrul 2006). In Mexico, a recession brought the middle class to poverty and resulted in 

increased demand from them on government health care systems that were already stretched thin. 

The public health budget collapsed and health on the border came under the control of 

specialized bureaucracies on the US side (Collins-Dogrul 2006 and Poole 1996). These 

institutions uphold US objectives on a border whose health problems run deep on both sides 

(Collins-Dogrul 2006).  

 Nuria Homedes and Antonio Ugalde, in their discussion of globalization and health on 

the border, suggest that relations between the U.S. and Mexico has failed to produce 

collaboration on the border. They suggest that the legislation should have promoted cooperation 

and, thus, public health initiatives, but that barriers on both sides of the border are preventing 

cooperation (2003). Homedes and Ugalde discuss political, professional, legal, administrative, 
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and cultural barriers to the two sides working together (2003). As each side of the border is 

politically, culturally, and socially dependent on the other, barriers of this type make the situation 

serious, especially because the two sides are not allowed to hold joint programs (Homedes and 

Ugalde 2003). In their study of impediments to health on the border, Martin Ruiz-Beltran and 

Jimmy K. Kamau cite political agendas and lack of commitment on both sides as the cause of 

poor health, rather than a lack of education or language ability. They also suggest that the health 

of people on both sides of the border is dependent upon their mutual efforts, and that to be 

effective basic services should be increased and offered on both sides to both groups (2001).  

 In Mexico, access to health care is defined by the constitution as a right. Some of the 

population chooses to supplement this care with private care, while others have no access to 

healthcare at all. On the United States side, Ruiz-Beltran and Kamau outline financial, cultural, 

and social barriers to receiving health care. They found that new immigrants fear deportation, 

social stigmas, and discrimination, and have both a lack of health insurance and permanent 

employment (2001). Sharon McGuire and Jane Georges discuss similar issues in thier study of 

the effects of undocumentedness on health, saying it as clouds women migrant’s judgement with 

fear and controlls their thoughts about obtaining care. Beyond this, they found that the associated 

stress could worsen their health (2003). These issues keep most undocumented migrants from 

accessing health care. Many illegal aliens receive insurance through their employers (Homedes 

and Ugalde 2003). Mexicans holding insurance policies were found to be more likely to seek 

healthcare, but this is not the typical case (Bustamante 2008). These financial and social barriers 

are complemented by cultural barriers, which Homedes and Ugalde argue are the hardest to 

overcome (2003). These authors assert the importance of these issues because each society’s 

definitions of health are influenced by their different cultures. These issues will be addressed in 
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this research by analyzing Hispanic infant deaths in the context of health data, such as a lack of 

prenatal care, to see if there is any correlation between use of health services and Hispanic infant 

deaths.   

The Mexican View of Health 

 According to Ruiz-Beltran and Kamau, the Mexican view of health varies from the 

American view in that they do not see health as a condition, but rather an interfacing of personal 

views, cultural norms, and physical, emotional, and spiritual elements (2001). Mexicans look at 

well being as a balance of the physical, mental, social, and spiritual essences and illness as an 

imbalance of these factors (Ruiz- Beltran and Kamau 2001). Ruiz-Beltran and Kamau found, 

therefore, that they seek healthcare from three different groups, family and friends, folk 

healers/churches, and professionals, rather than solely from physicians (2001). Seeking these 

types of care was reflected in a study of pregnant women in Chiapas who preferred midwives 

when delivering because clinical care was seen as expensive, unavailable, untrustworthy, 

frightening, slow and disrespectful (Glantz and Halperin 1996). Additionally, in a study of 

Mexicans’ responses to cancer, patients were found to choose folk healers because they take care 

of the soul as well as the body.  That study also found that the flexible Mexican outlook on 

healthcare significantly influenced their attitude and decisions about their cancer, including 

limiting their perception of their control of it (Collins et al. 2008). Beyond this, Mexicans were 

found to comprehend their healthcare choices through a dynamic interaction between cultural 

identification, gender, and structural barriers in the US health care system. Women were found to 

circumvent care options that would affect their duties to their family, such as daily care or taking 

care of other sick family members. Norma Ojeda concluded similarly in her study of the 

underutilization of reproductive health on the other side of the border in Tijuana, concluding that 
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women would use health resources for their family, but not for their own reproductive health. 

Ojeda found that women’s social situations were restricted by contemporary social principles 

conflicting with long-established customs, leading to women prioritizing their relatives’ needs 

first, clinics not supporting women’s work hours, and other gender-based barriers (2003). As a 

result of these factors, Mexicans respond better to more in-depth, personal treatment than the 

typical short, impersonal American care. This has many implications for those seeking healthcare 

in the United States. With these barriers in their way, they were found to be unwilling to obtain 

care or delay seeking care for rather small ailments until they became more critical (Ruiz-Beltran 

and Kamau 2001 and McGuire and Georges 2003). Collins et al. recommend that providers be 

responsive to these culturally rooted health attitudes and use ‘patient navigators’ to help give 

care (2008). Furthermore, Namino Melissa Glantz and David C. Halperin suggested that 

inspecting the cultural and gender aspects of medical care could assist in promoting health care 

use by Hispanics (1996). This information will be used in analysis to see if these attitudes affect 

the use of health services in Pima County. 

Health Differences between Mexicans, Mexican-Americans, and Whites  

 Beyond the social and cultural issues involved in seeking healthcare are those concerned 

with specific health differences between Mexican immigrants, Mexican Americans, and whites.    

According to Carter-Pokras, Mexican Americans are less likely to receive prenatal care than 

whites and more likely to have an infant mortality rate that is higher than both whites and 

Mexican born immigrants. Mexican born mothers were more likely than Mexican Americans to 

receive late or no prenatal care, have a heavy baby, and gain less weight, however they were also 

less likely to drink or smoke during pregnancy and to have low birth weight and preterm babies. 

Jenny et al. found in 2001 that areas having increased numbers of Mexican births to women from 
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Mexico, or contact with customary Mexican procedures, boasted lower infant mortality rates 

than areas devoid of this contact (U.S. Department of Health and Human Services 2006). US 

born Mexican Americans also have higher morbidity and mortality rates than Mexican born 

immigrants. Furthermore, the longer a Mexican born immigrant is in the US, the more likely they 

are to engage in behaviors that are not health promoting (2008). One study, for example, found 

very low rates of exercising among Mexican Americans, which is problematic because exercise 

improves health (Mier et al. 2007).  

 Despite Mexican’s poor health ratings compared to whites, there is evidence that 

Hispanic infants weigh more at birth and are more likely to survive than are their white 

counterparts. There are, however, several issues with data related to infant mortality in Hispanic 

populations. Border neonatal mortality rates are difficult to ascertain and various reported figures 

are not believed to be very accurate. Some women come to the US to give birth to their children 

to afford them the rights of citizenship. Others cross the border to deliver their babies because 

they prefer the medical services in the US.  Their children’s statistics are then recorded in the US 

even though the mothers may return to Mexico with them, resulting in their deaths not being 

reported. Neonatal deaths may also be underreported because to report a death requires 

interactions with legal authorities (Russel et al. 1998).  

 Carter-Pokras points out similar trends with general Mexican mortality, citing the 

possibility of the “epidemiological paradox” as an explanation. There are three parts to this 

paradox and each is an explanation on why Hispanics tend to appear healthier statistically  than 

would otherwise be thought. The first cites return migration, like Russel et al. (1998) does, to 

explain a lower death count among the general population and infants. The second suggests that 

only healthy migrants make it to the United States, affecting the population as a whole. The third 
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puts forward that the strong social network in place for immigrants may negate health problems. 

They also suggest that this last effect may be weakened with more time in the country (Carter-

Pokras 2008). In this research, demographic indicators such as number of Hispanic foreign born 

citizens and year of entry of the foreign born will be used in analysis with Hispanic infant deaths 

to determine if areas with higher foreign born citizens or certain years of entry correlate with 

higher or lower infant deaths.  

Infant Mortality as a Human Right  

 The health of Mexican migrants and Mexican-Americans undoubtedly has an effect on 

infant health and mortality, but there are other issues involved as well. In 1994, the United 

Nations made safe pregnancy and birth human rights. More explicitly, the right to secure 

motherhood and medical care were stated as human rights. Neonatal mortality and other 

childbirth issues were not examined until more recently, when the significance of programs 

directed at the health of both mother and child was finally accepted. Along with these advances 

emerged the concept of international feminism and the right of women to assert authority over 

their bodies and use both contraception and abortion. With the conclusion of a ten year review, it 

emerged that most death and harm involved in pregnancy are preventable. From this came the 

proposal that women’s health and pregnancy be dealt with in the context of human rights, as 

establishing the right to have a healthy pregnancy should lead providers and others involved to 

see its importance (Gruskin et al. 2008).     

Infant Mortality in Developing Countries   

 Developing countries have seen reductions in infant mortality, but not like those that 

occurred in the twentieth century in developed countries.  Rates have dropped gradually or not 

dropped at all in some areas (Gruskin et al. 2008). The United States has a shockingly high infant 
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mortality rate for its development level. This has been accredited to disparities among ethnicities 

(US Department of Health and Human Services 2006). A study in Vietnam also found that 

minorities were more likely to have high infant deaths (Malqvist et al. 2008). Another study in 

the Mediterranean found that poverty is also significantly tied to high infant mortality rates 

(Jahan 2008). Additionally, a study on low birth weights found a correlation between poverty 

and increased possibility for childbirth issues, as well as low education. Despite this trend, 

Mexicans in the U.S. as a whole have fairly low rates of infant death (US Department of Health 

and Human Services 2006). Poverty and other ethnic disparities, however, may have an effect on 

Hispanic infant deaths in Pima County. Income, poverty, and other related demographic 

indicators will be analyzed with the number of Hispanic infant deaths to identify any correlation.   

Infant Mortality in the United States  

 The US Department of Health and Human Services has outlined a number of issues 

involved in perinatal health inequalities- stress, environment, genetics, economic resources, 

socioeconomic status, health behavior, access to and availability of health care services, and 

quality of health care (2006). According to the U.S. Department of Health and Human Services, 

a deficiency in prenatal care correlates with higher dangers of preterm birth, low birth weight, 

and infant death. It was found that during the years between 1995 and 2002, women with no 

prenatal care had about five times the risk of having a baby die. Hispanics in the U.S. as a whole 

do not have the highest rates of not using prenatal care (U.S. Department of Health and Human 

Services 2006).  

  The US Department of Health and Human Services also cited a study by Cunnington 

from 2001 that found that low birth weight, prematurity, growth retardation, congenital 

malformations, and infant death are more likely to occur with teen mothers. This is attributed to 
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choice related to their health that result in birth problems (2006). Gaining weight, establishing 

superior eating habits, and obtaining prenatal care are less likely among teens. Hispanic teens 

have a lower infant mortality rate than white teens, but they have a higher number of 

pregnancies. This research will examine whether teen pregnancy correlates with Hispanic infant 

death by comparing it with births from mothers 19 and under.  

 Many of these articles commented on what can be done to prevent infant death. The 

Vietnamese study suggested shifting the application of health care resources to promoting safe 

births and raising efforts in the community to support looking for medical care (Malqvist et al. 

2008). Beyond this, the Mediterranean study proposes promoting poverty reduction and literacy 

among women to lower infant mortality rates (Jahan 2008). Olalekan Uthman suggests that if 

women begin their pregnancies they healthily, specifically in good nutritional health, that 

childbirth will have positive outcomes (2008). Healthy Women, Healthy Babies agrees, saying 

that this has a vast influence on the baby’s state, despite any existing risks of infant death or 

defects (2008). As a whole, the research suggests that efforts towards applying health care 

correctly and encouraging its use before and during pregnancy, along with shifts in socio-

economic status are the clue to reducing infant mortality rates.     

Pima County Health 
 
 There may be general health problems in Pima County, AZ that are adding to infant 

mortality issues. The availability of literature on health in the county, however, is limited. 

Significant research has been conducted in only a few areas. For the purposes of this review, 

studies on border crossing, diabetes, child deaths, environmental racism and health, and low birth 

weight will be considered because each ties in closely to the topic at hand. 
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 Several studies have examined causes of deaths of illegal immigrants crossing the border 

into Pima County. From 2001 to 2007, at least 1000 people died in this act. To avoid capture, 

immigrants are likely to cross in the rural areas of the desert, which is very hazardous due to 

temperatures over one hundred degrees, a lack of water, and rough ground. The most common 

cause of death among these individuals is the intense heat (Anderson and Parks 2008).  Keim et 

al. suggest that migrants are particularly vulnerable because they miscalculate the availability of 

shelter, the time they will spend in the heat, the energy the trek takes, and the foodstuffs 

necessitated. They also found that seventy nine percent of Arizona heat related deaths in 

undocumented immigrants between 2001 and 2002 were in Pima County (2008). Even if 

migrants choose to cross in an automobile, this method is highly dangerous and leads to many 

deaths (Anderson and Parks 2008). These deaths are important to this research because they 

suggest that those who do reach the United States may not be in an adequate physical state to 

have a baby, as it has been shown that women often cross the border for this purpose (Russel et 

al. 1998).  

 Another study examined the mortality of children in Pima County over a ten year period. 

They found that five percent of all children who died in the county were immigrants. Reasons 

that the children were in the country when they passed away varied, with the most widespread 

reason being to seek healthcare.  Fatalities amongst these individuals have dropped, but the study 

found that children were especially susceptible to environmental exposure and vehicular 

accidents. They suggest that accidents are common because migrants drive dangerously without 

seat belts on rural roads in the dark. (Bowen and Marshall 2007). It is important for this research 

to recognize that child deaths in Pima County do not only occur in infants, but in children of all 
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ages for similar reasons as their adult counterparts. If children are at risk in these conditions, it 

can be assumed that infants are even more vulnerable due to their fragile nature.   

 Mexican Americans have other troubles beyond these fatalities. For one, they are 

especially vulnerable to diabetes. A study conducted in Pima and Santa Cruz counties, AZ found 

diabetes among 20% of the above 40 population, which is much higher than the rate among 

whites. The research also found that diabetes is ever more identified in younger individuals, 

including minors. They suggest that numerous labors to develop community programs must be 

pursued, but that efforts to accomplish procedural and situational adjustments that provide for 

behavior modification must also be put forth (Cohen and Ingram 2005). High rates of diabetes 

among Pima County’s Hispanic population are of interest to this research because they are 

occurring in younger people. This suggests that women of child bearing age may be affected by 

this problem, which alters their health status and as it has been shown that healthy women 

produce healthy babies, this could be problematic.      

 The environment Mexican women live in must also be considered, especially because 

Hispanic populations in Tucson, AZ, by far Pima County’s largest populated area, have been 

found to be the victims of environmental racism. The south side of the city holds most of this 

population, and for many years, they were exposed to contaminated water that has recently 

proven to have caused many health problems amongst them.  Lupus and cancer are among the 

health problems resulting from this exposure. Not everyone agrees that this environmental 

racism occurs, but recent studies are proving it true and those living in the area insist upon its 

truth (Clarke and Gerlak 1998). This is especially significant to this research because it shows 

that there may be other factors affecting the health of Hispanics in Pima County that are not 

affecting white populations, which could lead to higher infant mortality rates. There also may be 
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other forms of environmental racism affecting their health, which must be considered. The 

spatial association of Hispanic infant deaths could be related to environmental racism, among 

other things. This will be taken into account in the discussion of the analysis.  

 Despite the possibility of environmental and other health problems, Hispanics have not 

shown a risk of having low birth weights, but a study in Pima County in 1985 found many 

relationships that would suggest otherwise. The authors found that lack of education, using small 

amounts of prenatal care, being uninsured, and being younger than twenty years old all increased 

the likelihood of low birth weight (Schwartz 1990). These factors would suggest that Hispanics 

in Pima County may have a problem with low birth weights. However, this has not been the case. 

Instead, this study found particularly high rates of low birth weight among African Americans 

(Schwartz 1990). This is important to this research because it raises the question of why 

Hispanics do not have a problem with low birth weights and what behaviors they have that 

prevent this condition. This research will use low birth weight data to see if there is any 

correlation, high or low, with Hispanic infant deaths in Pima County specifically.   

 Overall, there are many factors affecting the health of Hispanic populations in Pima 

County, AZ. Whether these issues tie into infant mortality is not certain, but rather it is a 

possibility. These issues must be kept in mind when conducting this research.  

Methods 
 
 This research employs statistical methods to answer the question: what is affecting 

Hispanic infant mortality in Pima County and are Hispanic infant deaths spatially autocorrelated? 

Data was collected at the census tract level for several demographic and health indicators. I 

performed multiple regression analysis on the data. I put several key indicators through anomaly 
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analysis and represented spatially. Finally, I used Moran’s I and LISA (Local Indicators of 

Spatial Association) to test for spatial autocorrelation.  

Data Collection and Organization 

 I collected data from the 2000 census at the census tract level for each of the following 

for both total population and Hispanic population: average household size, families, population, 

per capita 1999 income, foreign born, naturalized citizen, and not a citizen. I obtained data for 

number with public assistance income, Hispanics not enrolled in school, and year of entry of 

foreign born from before 1965 and in five year brackets from 1965 to March 2000 as well. I then 

matched these data with total Hispanic infant deaths for each census tract from 2001 to 2007. I 

made the decision to use total deaths over this period because some tracts may have no deaths or 

one death in only one year from 01-07 while many have several deaths. Cumulative deaths may 

be more indicative of the situation than separate deaths. Data is only available, furthermore, at 

the census tract level from the Decennial Census and not the American Community Survey or 

other data collection studies. The year 2000 is the latest census conducted. If analysis were 

conducted by deaths per year instead of combined deaths from 01-07, the same demographic 

data would be used repeatedly.  

 The infant death information, however, comes from the Arizona Department of Health 

Services’ Vital Statistics reports which release annual infant death by race information at the 

census tract level. In addition to analyzing this data with the Census information, I analyzed it 

with health statistics at the tract level as well. In this case, I separated the data by year. I 

collected data on the total number of births per census tract and births by race. For each tract that 

had a birth, data is also available on payee for birth, age of the mother, prenatal care, low birth 

weight newborns, and unwed mothers. I obtained and matched this information with the number 
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of Hispanic infant deaths for each of the census tracts that had this information, i.e. those that 

had infant births that year. Some of the tracts with infant deaths, therefore, could not be included 

in this analysis because there were no infant births in those tracts and so no supplementary data 

exists.   

Regression Analysis of Demographic Data 

 I input the demographic data into SPSS Statistics 17.0, a social sciences statistical 

package, along with the total Hispanic infant deaths from 2001 to 2007. I conducted an initial 

multiple regression analysis using the Hispanic infant deaths as the dependent variable and all 

the obtained demographic indicators as the independent variables. I ran descriptive statistics as 

well. Significance values for each indicator were checked individually against a significance 

level of .05. None of the values met this requirement. I therefore ran further tests on groups of 

the indicators as the independent variables, all with the Hispanic infant death totals as the 

dependent variable. These groups included all of the indicators for the entire population, all of 

the indicators for Hispanic populations, the three income indicators (per capita 1999 income for 

total population, per capita 1999 income for Hispanic populations, households with public 

assistance income), household indicators (average household size, average household size 

Hispanic, total families, total families Hispanic), population indicators (total population and 

Hispanic population), citizenship indicators (naturalized citizen, not a citizen, naturalized citizen 

Hispanic, not a citizen Hispanic, and foreign born), and all the year of entry data. I ran regression 

tests for each indicator separately, with Hispanic infant deaths as the dependent variable as well.        

Multiple Regression Analysis of Health Data 

 I conducted a multiple regression analysis for each year, 2001 to 2007, with Hispanic 

infant deaths by census tract for that year as the dependent variable and Hispanic births, number 
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of mothers age nineteen and under, number of payments made through AHCCCS (Arizona’s 

Medicaid program), private insurance, and self, number with prenatal care in the first trimester, 5 

or more prenatal visits, no prenatal care, number of low birth weight newborns, and number of 

unwed mothers as the independent variables. I conducted a univariate regression analysis for 

each indicator for each year, including descriptive statistics.  

Z-score Anomaly Analysis of Selected Factors 

 Anomaly analysis requires inputting two datasets, taking the standard deviation of each, 

finding the Z-score for each value using the relevant standard deviation, and subtracting the Z-

scores of the two datasets. If the datasets were completely related, than the output would be zero. 

The farther away from zero the output is, in either direction, the less related the two datasets are.  

 I conducted anomaly analysis with the number of Hispanic infant deaths in each tract for 

the year in question as one of the datasets. For each year, I conducted separate analyses with total 

Hispanic births, no prenatal care, prenatal care in the first trimester, five or more prenatal care 

visits, mothers 19 or younger, unwed mothers, low birth weight births, AHCCCS used for 

payment, private insurance for payment, and self payment. I chose some to represent spatially as 

well, which required simply downloading the 2008 TIGER/Line shapefile for Pima County 

census tracts from the Census Bureau website and conducting a spatial join to link the anomaly 

analysis results to the shapefile.  

 I conducted z-score anomaly analysis for the demographic indicators as well. Each 

census tract was used in a separate anomaly analysis as one of the datasets, with the total 

Hispanic infant deaths in each census tract from 2001 to 2007 used as the other dataset. I joined 

each of the results to the census tract shapefile and represented the highest and lowest results 

spatially as well.  



  21 

Measuring Spatial Autocorrelation 

 Moran’s I and LISA (Local indicators of spatial autocorrelation) measure and visualize 

whether a variable is spatially autocorrelated. I ran Moran’s I and LISA in GeoDa, a free spatial 

analysis software. The output of Moran’s I is a number from -1 to 1, representing perfect spatial 

dispersion and autocorrelation respectively. It also outputs a graph of where each census tract 

lies in reference to the other tracts. LISA outputs a census tract map showing tracts that are 

spatially autocorrelated and those that are not. I used the shapefile of Pima County census tracts 

from the Census Bureau’s 2008 Tiger/Line data as the spatial data and number of Hispanic infant 

deaths per tract as the variable. To calculate Moran’s I and LISA, weights for each tract must be 

calculated. I calculated weights based on k-nearest neighbor and Euclidean distance for 5, 10, 

and 15 neighbors. I ran Moran’s I and LISA with each weight set to see which maximizes spatial 

autocorrelation.  

Results and Discussions 

Multivariate Regression Analysis of Demographic Data 

 Multivariate regression analysis run on all demographic indicators output the highest R2 

value of .658, meaning that all demographic indicators together explain about 66% of the 

variation in the Hispanic infant deaths dataset (Appendix A). All household indicators together 

explained about 64% of the variation in the dataset with an R2 value of .638. The population 

indicators had the next highest R2 value of .632, explaining about 63% of the dataset. The 

citizenship indicators and year of entry data were not far behind, explaining about 60% and 59% 

of the variation in the dataset respectively. The income indicators, however, explained a much 

lower variation in the dataset with an R2 value of .311. All the Hispanic indicators put together 

explained about 64% of the dataset while the non-Hispanic specific indicators explained 58% of 
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the variation in the dataset. All multivariate tests were significant at the .05 level, as all had p 

values of 0. 

Univariate Regression Analysis of Demographic Data 

 Univariate regression analysis results aligned with the multivariate results. All were 

significant at the .05 level as well, with p values of 0 (Appendix B). Hispanic/Latino population, 

not enrolled in school Hispanic, and total Hispanic families explained the greatest amounts of 

variation in the dataset at about 63% explained. As the Hispanic indicators explained a greater 

amount of variation in the model than the others in the multivariate analyses, it makes sense that 

three Hispanic specific indicators would explain the most variation in the dataset in the 

univariate analysis. The household indicators and population indicators explained greater 

amounts of variation in the multivariate tests as well. This aligns with Hispanic/Latino 

population and total Hispanic families explaining greater amounts of variation in the dataset in 

the univariate analysis. The other indicators included in the multivariate analyses - total 

population, average household size, average household size Hispanic, and total families - all 

explained low amounts of the variation in the dataset. Hispanic/Latino population and total 

Hispanic families, therefore, are more important in explaining the variation in the dataset 

(Appendix B).   

 Foreign born and naturalized citizenship Hispanic explained about 54% of the variation 

in the dataset. Not a citizen explained about 50%. The five year brackets for year of entry of 

foreign born individuals each explained between 40% and 49% of the variation in the dataset 

except 95 to 03/2000, 75 to 79, and before 1965 which explained about 34%, 30%, and 13% 

respectively. The income data explained low amounts of the variation in the dataset, aligning 

with multivariate regression results. Households with public assistance income, per capita 
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income in 1999, and per capita income in 1999 Hispanic explained 27%, 20%, and 10% of the 

variation in the dataset respectively (Appendix B).  

 Out of the multivariate and univariate regressions, the best results came from using all the 

indicators together. The Hispanic indicators, household indicators, and population indicators 

explained almost as much of the dataset as all the indicators together did. Using Hispanic/Latino 

population, not enrolled in school Hispanic, and total Hispanic families individually explain 

about the same amount of variation in the Hispanic infant deaths dataset.     

 High results of 66 – 63% of the variation of the dataset explained are not actually that 

high. For each analysis, there is still between 34 and 37% of the variation not explained. 

Although the regressions are explaining the majority of the variation, much is left unexplained 

making them weak estimations of the data despite the fact that they are statistically significant.  

Multivariate and Univariate Regression Analysis of Health Data 

 Results of multivariate regressions of all the health indicators varied from year to year 

(Appendices C - I). The highest results were from 2002, 2005, and 2006 at about 50%, 44%, and 

41.2% of the variation in the datasets explained respectively. Other results ranged from 28.8% in 

2004 and 14.8% in 2003. For each year, the multivariate regressions explained more of the 

datasets than the univariate regressions, as with the demographic data. 

 For 2001, the indicators explaining the most variation in the dataset were Hispanic births 

and no prenatal care at 13 and 12.5% respectively (Appendix C). The other indicators explained 

between 5.1 and 7.8% of the variation in the dataset, except private insurance which explained 

2.5%. All were significant at the .05 level, except private insurance.  

 The indicators for 2002 explained higher amounts of variation in the dataset (Appendix 

D). The highest was Hispanic births at 41.7%, followed by unwed mothers at 34.5%. The other 
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indicators ranged from 32.8% for mothers 19 and under to 2.4% for private insurance. All were 

statistically significant. 

 The 2003 results were more like the 2001 results, explaining low amounts of variation in 

the dataset (Appendix E). The highest amount explained was 11.2% by both AHCCCS and 

unwed mothers. The others ranged from 9% for mothers 19 and under to 2.6% self payee, except 

private insurance which explained .1% of the variation. All were significant except private 

insurance. 

 For 2004, the indicators again explained low amounts of variation in the dataset 

(Appendix F). Unwed mother, ACHHHS, and Hispanic births explained the most variation at 

about 20% each. The other indicators explain between 17.8% for low birth weight births to 1.3% 

for private insurance. All were statistically significant except for private insurance.  

  Hispanic births again explained the highest amount of variation in the dataset for 2005 at 

33% (Appendix G). Low birth weight births was close behind at 30.9% and private insurance 

was again the lowest at 5.4% explained. All were statistically significant. 

 Like 2002 and 2005, indicators for 2006 explained higher amounts of variation in the 

dataset (Appendix H). Hispanic births was once again the highest at 37.4%. Other indicators 

ranged from 33.9% for no prenatal care to 3.7% for private insurance. All were statistically 

significant. 

 Indicators for 2007, however, dropped in the amount of variation explained (Appendix I). 

AHCCCS explained the most variation at 19.8% and private insurance explained the least at .9%. 

All were significant except private insurance. 

 Hispanic births explained the most variation in the datasets for five out of the seven 

years. A tract having higher births with higher deaths is a natural association. Other indicators 
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that consistently explained higher amounts of variation in the datasets were unwed mothers and 

AHCCCS. As unwed mothers and AHCCCS, payments by Medicaid, go up, so do Hispanic 

infant deaths. Private insurance and self payee explained the least amount of variation in the 

Hispanic infant death datasets for five out of the seven years. These two indicators seem to have 

very little association with Hispanic infant deaths. Private insurance was also statistically 

insignificant for four out of the seven study years.  

 Although the same indicators consistently explained the most variation in the datasets, 

the amounts explained varied highly. There was no consistency from year to year among the 

univariate or multivariate regressions. Even the highest amount of explained, 49.2% by all 

indicators for 2002, only explains about half the variation in the dataset. Despite that fact that all 

multivariate and most univariate regressions were statistically significant, they do not explain 

enough of the variation in the datasets to be strong results.     

Z-score Anomaly Analysis 

 To corroborate these results, z-score anomaly analysis was run for each demographic 

indicator and each health indicator for every year. The resulting anomaly scores were not zero, a 

perfect correlation. For each test, there were some anomaly scores near zero and some farther 

away around 2 or even 7, which demonstrates a clear lack of association. Most scores, however, 

were somewhere in between. The amount of scores closer to zero matched with the regression 

results. The indicators with higher amounts of the variations in the datasets explained had higher 

amounts of anomaly scores near zero and visa versa. The anomaly scores for the highest and 

lowest regression results were mapped to show their scores and spatial associations more clearly 

(Appendix J). 
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Measuring Spatial Autocorrelation 

 Moran’s I with k 5 nearest neighbors maximized the level of global spatial 

autocorrelation among Hispanic infant deaths in Pima County with Moran’s I equaling .4526. 

Many of the tracts were surrounded by tracts with similar deaths (high deaths surrounded by high 

deaths, or low deaths surrounded by low deaths), but many were not (Figure 4). Based on this 

result, if Hispanic infant deaths in a neighboring census tract go up by 1, that census tract’s will 

go up by .4526. Moran’s I for the 10 nearest neighbors was .448 and for the 15 nearest neighbors 

was .4231 (Figures 5 and 6).  

 

Figure 4. Moran’s I results from k 5 nearest neighbors showing that many tracts with Hispanic 
infant deaths are surrounded by tracts with high deaths (top right quadrant), many tracts with low 
Hispanic infant deaths are surrounded by tracts with low deaths (bottom left quadrant), but that 
many tracts are not (top left and bottom right quadrants).  
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Figure 5. Moran’s I results from k 10 nearest neighbors showing that many tracts with Hispanic 
infant deaths are surrounded by tracts with high deaths (top right quadrant), many tracts with low 
Hispanic infant deaths are surrounded by tracts with low deaths (bottom left quadrant), but that 
many tracts are not (top left and bottom right quadrants).  
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Figure 6. Moran’s I results from k 15 nearest neighbors showing that many tracts with Hispanic 
infant deaths are surrounded by tracts with high deaths (top right quadrant), many tracts with low 
Hispanic infant deaths are surrounded by tracts with low deaths (bottom left quadrant), but that 
many tracts are not (top left and bottom right quadrants).  
 
 
 All LISA results (for 5, 10, and 15 nearest neighbors) reveal that low Hispanic infant 

deaths surrounded by low deaths are concentrated in the North and East areas of Pima County 

(Figures 7, 8, and 9). High deaths surrounded by high deaths are concentrated in South Tucson, 

an area known to house Hispanic populations. Many of the tracts have no information, however, 

because their results were not significant at the .05 level. The results change from the three 

different neighbor analyses. The more neighbors included, the more spatial autocorrelation in the 

results. 
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Figure 7. LISA results from k 5 nearest neighbors showing spatial autocorrelation among 
Hispanic infant deaths in North and East Tucson (low deaths surrounded by low deaths) and in 
South Tucson (high deaths surrounded by high deaths).     

 

Figure 8. LISA results from k 10 nearest neighbors showing spatial autocorrelation among 
Hispanic infant deaths in the North and East Tucson areas (low deaths surrounded by low deaths) 
and in South Tucson (high deaths surrounded by high deaths). These results include more areas 
in the North and East of the Tucson area than the k 5 nearest neighbor analysis. 
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Figure 9. LISA results from k 15 nearest neighbors showing spatial autocorrelation among 
Hispanic infant deaths in the North and East Tucson areas and Western Pima County (low deaths 
surrounded by low deaths) and in South Tucson (high deaths surrounded by high deaths). These 
results include more areas in the North and East of the Tucson area than the k 5 nearest neighbor 
analysis and areas in Western Pima County that were not in the k 5 or k 10 nearest neighbor 
results.  
 
Conclusions 

 Although the regression and anomaly data did not provide very strong results, insights 

into what factors correlate better with higher Hispanic infant deaths were gained. Of the 

demographic indicators, the Hispanic, household, and population information explained more of 

the variation in the infant deaths dataset than the other groups of indicators. This was 

corroborated in the univariate regressions where Hispanic population and total Hispanic families 

explained the most variation in the dataset, alongside Hispanics not enrolled in school. The 

health data generally resulted in Hispanic births, unwed mothers, and AHCCCS explaining the 

highest amount of data across the study years.  

 The spatial association of Hispanic infant deaths, however, is quite clear in the LISA 

maps. Higher Hispanic infant deaths tend to cluster on the south side of Tucson. Lower Hispanic 

infant deaths tend to cluster on the north side of Tucson and the county as a whole. Clustering on 

the Southside might simply be due to higher Hispanic populations on the Southside, especially 
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because Hispanic population explained more data than the other factors. Given the 

environmental issues surrounding residents of this area outlined by Clarke and Gerlak, however, 

it is possible that there is some link between the two. Further inquiry into environmental factors 

and higher Hispanic infant deaths should be conducted in future studies (1998). 

 Results provided insight into certain other questions raised by related literature. The 

citizenship data (indicators related to how many individuals are not citizens, have become 

citizens, or were foreign born) provided relatively high results - about 60% of the variation in the 

dataset explained. This could be linked to suggestions that migrant health changes as they enter 

the country. It is difficult to reach a conclusion on this, however, because the univariate 

regression results varied. The fact that the citizenship data explained as much as it did warrants 

further research into whether Hispanic infant deaths have something to do with migration or the 

border, but it is not conclusive enough to say that it does or does not.     

 Perhaps the most clearly uncorrelated factor with Hispanic infant deaths is income. The 

income data explained much less of the variation in the dataset than the other factors. Although 

poverty may be linked with higher infant death in developing countries, it does not appear as if 

there is any correlation with Hispanic infant deaths in Pima County, AZ.      

 Other questions were not clearly linked with the results of the data. Whether teen 

pregnancy (or the increase of diabetes among young Hispanics) has any effect on Hispanic infant 

mortality remains unanswered. The amount of mothers 19 and under failed consistently to 

explain enough of the variation in the datasets relative to the other indicators to provide any 

insight. The results varied year to year as well.  

 Certain brackets of year of entry data explained relatively high amounts of data, but there 

was no link between more people entering more recently and high infant deaths or higher 
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populations of people entering longer ago (such as now elderly Mexican caretakers) and lower 

infant deaths.  

Limitations 

 The demographic data used in this research is from the 2000 census and therefore is 

outdated for the years in question. The data could have changed over the study period, affecting 

the accuracy of the results. Census data itself is limited to those who send it in. Many illegal 

migrants may choose not to do out of fear of deportation. 

 The ADHS data may be flawed as well. Healthcare could go unreported. Age and unwed 

mother status could be lied about. Beyond this, the health data is for the population as a whole 

and is not separated by race (except the birth data). Using Hispanic data exclusively may provide 

different results. The death data could also be flawed, as some deaths could go unreported. Many 

of the reported deaths could not be used in the analysis of health data because there were no 

births in those tracts and so no health data. This raises the question of where those babies were 

born. They may have moved into the county or from another location inside it, but it is possible 

that the birth and death data simply do not match up. A baby may be born in one tract and die in 

another.     

Recommendations 

 The research should be revisited with 2010 census data. This may provide more accurate 

results. The changes between 2000 and 2010 data should be analyzed, as well. Attempts should 

be made to separate Hispanic health data from general health data in an effort to produce more 

accurate results.   

 Future research could also pursue anecdotal evidence from Hispanics living in Pima 

County to answer questions about how elderly Mexican women help younger pregnant women 
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and their use of health services. Furthermore, data could be collected from birth and death 

certificates on the migrant status of the parents and any other information available and analyzed 

for trends.  It is clear from the results of this study that there is not one specific factor affecting 

Hispanic infant mortality and future studies should aim to study the problem from many angles. 
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Appendix A 
 
Multivariate regression analysis with demographic indicators results 
 

Indicators included in regression R2 Sig. 

All 0.658 0 

Avg household size, avg household size-Hispanic, Total families, Total families-Hispanic 0.638 0 

Total Population, Total Population-Hispanic 0.632 0 
Per capita income in 99, Per capita income in 99-Hispanic, Households with public assistance 
income 0.311 0 

Naturalized citizen, not a citizen, naturalized citizen-Hispanic, not a citizen-Hispanic, foreign born 0.597 0 

Year of entry foreign born (all 8 brackets) 0.591 0 

All hispanic specific indicators 0.639 0 

Non-Hispanic specific indicators 0.58 0 
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Appendix B 
 
Univariate regression analysis with demographic indicators results 
 

Indicator included in regression R2 Sig. 

Per capita income 1999 0.203 0 

Per capita income 1999-Hispanic 0.099 0 

Not a citizen 0.504 0 

Hispanic or Latino Population 0.632 0 

Avg household size-Hispanic 0.093 0 

Avg household size 0.106 0 

Total Families 0.086 0 

Total Hispanic Families 0.63 0 

Total Population 0.174 0 

Foreign Born 0.544 0 

Naturalized citizen  0.434 0 

Not enrolled in school-Hispanic 0.631 0 

Naturalized citizen-Hispanic 0.544 0 

Households with public assistance income 0.272 0 

Year of entry foreign born: 1995 to 03/2000 0.339 0 

1990 to 1994 0.418 0 

1985 to 1989 0.494 0 

1980 to 1984 0.477 0 

1975 to 1979 0.296 0 

1970 to 1974 0.466 0 

1965 to 1969 0.271 0 

Before 1965 0.126 0 
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Appendix C 
 
Regression analysis with health indicators results for 2001 
 
2001   
Indicator R2 Significance
All 0.288 0.008
Hispanic Births 0.13 0.001
19 & Under Mother 0.078 0.014
AHCCCS 0.063 0.028
Private insurance 0.025 0.166
Self 0.057 0.036
Prenatal care in the 1st 
trimester 0.064 0.027
5 or more prenatal care visits 0.055 0.04
No prenatal care 0.125 0.002
LBW newborns 0.051 0.049
Unwed mother 0.071 0.019
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Appendix D 
 
Regression analysis with health indicators results for 2002 
 
2002   
Indicator R2 Significance
All 0.492 0
Hispanic Births 0.417 0
19 & Under Mother 0.328 0
AHCCCS 0.314 0
Private insurance 0.024 0.031
Self 0.034 0.01
Prenatal care in the 1st 
trimester 0.199 0
5 or more prenatal care visits 0.23 0
No prenatal care 0.28 0
LBW newborns 0.197 0
Unwed mother 0.345 0
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Appendix E 
 
Regression analysis with health indicators results for 2003 
 
2003   
Indicator R2 Significance
All 0.148 0.001
Hispanic Births 0.081 0
19 & Under Mother 0.09 0
AHCCCS 0.112 0
Private insurance 0.001 0.652
Self 0.026 0.026
Prenatal care in the 1st 
trimester 0.06 0.001
5 or more prenatal care visits 0.072 0
No prenatal care 0.05 0.002
LBW newborns 0.054 0.001
Unwed mother 0.112 0
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Appendix F 
 
Regression analysis with health indicators results for 2004 
 
2004   
Indicator R2 Significance
All 0.268 0
Hispanic Births 0.203 0
19 & Under Mother 0.175 0
AHCCCS 0.206 0
Private insurance 0.013 0.107
Self 0.051 0.001
Prenatal care in the 1st 
trimester 0.155 0
5 or more prenatal care visits 0.169 0
No prenatal care 0.124 0
LBW newborns 0.178 0
Unwed mother 0.208 0
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Appendix G 
 
Regression analysis with health indicators results for 2005 
 
2005   
Indicator R2 Significance
All 0.44 0
Hispanic Births 0.33 0
19 & Under Mother 0.244 0
AHCCCS 0.256 0
Private insurance 0.054 0.001
Self 0.077 0
Prenatal care in the 1st 
trimester 0.245 0
5 or more prenatal care visits 0.251 0
No prenatal care 0.218 0
LBW newborns 0.309 0
Unwed mother 0.243 0

 



  45 

Appendix H 
 
Regression analysis with health indicators results for 2006 
 
2006   
Indicator R2 Significance
All 0.412 0
Hispanic Births 0.374 0
19 & Under Mother 0.311 0
AHCCCS 0.311 0
Private insurance 0.037 0.007
Self 0.228 0
Prenatal care in the 1st 
trimester 0.213 0
No prenatal care 0.339 0
LBW newborns 0.268 0
Unwed mother 0.311 0
Public Payer for Birth 0.31 0
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Appendix I 
 
Regression analysis with health indicators results for 2007 
 
2007   
Indicator R2 Significance
All 0.246 0
Hispanic Births 0.192 0
19 & Under Mother 0.154 0
AHCCCS 0.198 0
Private insurance 0.009 0.186
Self 0.065 0
Prenatal care in the 1st 
trimester 0.11 0
No prenatal care 0.119 0
LBW newborns 0.101 0
Unwed mother 0.19 0
Public Payer for Birth 0.196 0
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Appendix J 
 
Anomaly score results of the highest and lowest regression results for demographic and health 
indicators for every year 
 

 
Figure 1. 2001 Hispanic Births Anomaly Results. Scores are given in standard deviations in 
order to show where most of the values fall, which is in light blue.  
 
 Hispanic births had the highest univariate regression R2. The majority of the anomaly 
results are in the light blue category, which is about -.5 to .5. This puts many of the results away 
from zero, meaning that there is not a perfect correlation. The darker results are even further 
away from correlation. This map visualizes that even though Hispanic births had one of the 
highest correlations, it still does not explain much of the data. 
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Figure 2. 2001 No Prenatal Care Anomaly Results. Scores are given in standard deviations in 
order to show where most of the values fall, which is in light blue. 
 
 No prenatal care had the second highest univariate regression R2. The majority of the 
anomaly results are in the light blue category, which is about -.5 to .5. This puts many of the 
results away from zero, meaning that there is not a perfect correlation. The darker results are 
even further away from correlation. This map visualizes that even though no prenatal care had 
one of the highest correlations, it still does not explain much of the data.   
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Figure 3. 2001 Low Birth Weight Births Anomaly Results. Scores are given in standard 
deviations in order to show where most of the values fall, which is in light blue. 
 
 Low birth weight births had the lowest significant univariate regression R2. The majority 
of the anomaly results are in the light blue category, which is about -.6 to .6. This puts many of 
the results away from zero, meaning that there is not a perfect correlation. The darker results are 
even further away from correlation. It can be seen that the results are moving further away from 
zero than with Hispanic births and no prenatal care.   
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Figure 4. 2002 Hispanic Births Anomaly Results. Scores are given in standard deviations in 
order to show where most of the values fall, which is in light blue. 
 
 Hispanic Births had the highest univariate regression R2. The majority of the anomaly 
results are in the light blue category, which is about -.4 to .4. This puts many of the results away 
from zero, meaning that there is not a perfect correlation. The darker results are even further 
away from correlation. This map visualizes that even though Hispanic births had one of the 
highest correlations, it still does not explain much of the data. For the 2002 regression, Hispanic 
births explained more of the variation in the dataset than in 2001, which can be seen here 
because more values lie between -.4 to .4 instead of -.5 to .5.  
 



  51 

   
Figure 5. 2002 Unwed Mother Anomaly Results. Scores are given in standard deviations in 
order to show where most of the values fall, which is in light blue. 
 
 Unwed mother had the second highest univariate regression R2. The majority of the 
anomaly results are in the light blue category, which is about -.4 to .4. This puts many of the 
results away from zero, meaning that there is not a perfect correlation. The darker results are 
even further away from correlation. This map visualizes that even though unwed mother had one 
of the highest correlations, it still does not explain much of the data.  
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Figure 6. 2002 Private Insurance Anomaly Results. Scores are given in standard deviations in 
order to show where most of the values fall, which is in light blue. 
  
 Private Insurance had the lowest univariate regression R2. The majority of the anomaly 
results are in the light blue category, which is about -.5 to .6. This puts many of the results away 
from zero, meaning that there is not a perfect correlation. The darker results are even further 
away from correlation. It can be seen that the results are moving further away from zero than 
with Hispanic births and unwed mothers.  
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Figure 7. 2003 AHCCCS Anomaly Results. Scores are given in standard deviations in order to 
show where most of the values fall, which is in light blue. 
 
 AHCCCS had the highest univariate regression R2. The majority of the anomaly results 
are in the light blue category, which is about -.5 to .5. This puts many of the results away from 
zero, meaning that there is not a perfect correlation. The darker results are even further away 
from correlation. This map visualizes that even though AHCCCS had one of the highest 
correlations, it still does not explain much of the data. The 2003 regression results explained 
much less of the variation in its dataset than the 2002 results, which can be seen in the higher 
anomaly scores.  
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Figure 8. 2003 Unwed Mother Anomaly Results. Scores are given in standard deviations in 
order to show where most of the values fall, which is in light blue. 
 
 Unwed mother had the second highest univariate regression R2. The majority of the 
anomaly results are in the light blue category, which is about -.5 to .5. This puts many of the 
results away from zero, meaning that there is not a perfect correlation. The darker results are 
even further away from correlation. This map visualizes that even though unwed mother had one 
of the highest correlations, it still does not explain much of the data. Compared with the 2002 
unwed mothers anomaly results, it can be seen that the 2003 results explain less of the data 
because they have higher anomaly scores.  
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Figure 9. 2003 Self Payee Anomaly Results. Scores are given in standard deviations in order to 
show where most of the values fall, which is in light blue. 
 
 Self payee had the lowest univariate regression R2. The majority of the anomaly results 
are in the light blue category, which is about -.6 to .6. This puts many of the results away from 
zero, meaning that there is not a perfect correlation. The darker results are even further away 
from correlation. It can be seen that the results are moving further away from zero than with 
AHCCCS and unwed mothers. 
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Figure 10. 2004 Unwed Mother Anomaly Results. Scores are given in standard deviations in 
order to show where most of the values fall, which is in light blue. 
 
 Unwed mother had the highest univariate regression R2. The majority of the anomaly 
results are in the light blue category, which is about -.5 to .5. This puts many of the results away 
from zero, meaning that there is not a perfect correlation. The darker results are even further 
away from correlation. This map visualizes that even though unwed mother had one of the 
highest correlations, it still does not explain much of the data.  
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Figure 11. 2004 AHCCCS Anomaly Results. Scores are given in standard deviations in order to 
show where most of the values fall, which is in light blue. 
 
 AHCCCS had the second highest univariate regression R2. The majority of the anomaly 
results are in the light blue category, which is about -.5 to .5. This puts many of the results away 
from zero, meaning that there is not a perfect correlation. The darker results are even further 
away from correlation. This map visualizes that even though AHCCCS had one of the highest 
correlations, it still does not explain much of the data.  
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Figure 12. 2004 Self Payee Anomaly Results. Scores are given in standard deviations in order to 
show where most of the values fall, which is in light blue. 
 
 Self payee had the lowest significant univariate regression R2. The majority of the 
anomaly results are in the light blue category, which is about -.6 to .6. This puts many of the 
results away from zero, meaning that there is not a perfect correlation. The darker results are 
even further away from correlation. It can be seen that the results are moving further away from 
zero than with AHCCCS and unwed mothers. These results reflect the 2003 results in which 
unwed mothers and AHCCCS had the highest results and self payee had the lowest. 
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Figure 13. 2005 Hispanic Births Anomaly Results. Scores are given in standard deviations in 
order to show where most of the values fall, which is in light blue. 
 
 Hispanic births had the highest univariate regression R2. The majority of the anomaly 
results are in the light blue category, which is about -.4 to .4. This puts many of the results away 
from zero, meaning that there is not a perfect correlation. The darker results are even further 
away from correlation. This map visualizes that even though Hispanic births had one of the 
highest correlations, it still does not explain much of the data. Hispanic births gave the highest 
results for 2002 as well, with anomaly scores from -.4 to .4.  
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Figure 14. 2005 Low Birth Weight Births Anomaly Results. Scores are given in standard 
deviations in order to show where most of the values fall, which is in light blue. 
 
 Low birth weight births had the second highest univariate regression R2. The majority of 
the anomaly results are in the light blue category, which is about -.4 to .4. This puts many of the 
results away from zero, meaning that there is not a perfect correlation. The darker results are 
even further away from correlation. This map visualizes that even though low birth weight births 
had one of the highest correlations, it still does not explain much of the data. Low birth weight 
births had varied results from year to year in how much of the data it explained.  
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Figure 15. 2005 Private Insurance Anomaly Results. Scores are given in standard deviations in 
order to show where most of the values fall, which is in light blue. 
 
 Private Insurance had the lowest significant univariate regression R2. The majority of the 
anomaly results are in the light blue category, which is about -.6 to .6. This puts many of the 
results away from zero, meaning that there is not a perfect correlation. The darker results are 
even further away from correlation. It can be seen that the results are moving further away from 
zero than with Hispanic births and low birth weight births. Private insurance explained the least 
amount of the data for several years and was statistically insignificant for many of them.  
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Figure 16. 2006 Hispanic Births Anomaly Results. Scores are given in standard deviations in 
order to show where most of the values fall, which is in light blue. 
 
 Hispanic births had the highest univariate regression R2. The majority of anomaly the 
results are in the light blue category, which is about -.4 to .4. This puts many of the results away 
from zero, meaning that there is not a perfect correlation. The darker results are even further 
away from correlation. This map visualizes that even though Hispanic births had one of the 
highest correlations, it still does not explain much of the data. Hispanic births gave the highest 
results for 2002 and 2005 as well, with anomaly scores from -.4 to .4.  
 



  63 

 
Figure 17. 2006 No Prenatal Care Anomaly Results. Scores are given in standard deviations in 
order to show where most of the values fall, which is in light blue. 
 
 No prenatal care had the second highest univariate regression R2. The majority of the 
anomaly results are in the light blue category, which is about -.4 to .4. This puts many of the 
results away from zero, meaning that there is not a perfect correlation. The darker results are 
even further away from correlation. This map visualizes that even though no prenatal care had 
one of the highest correlations, it still does not explain much of the data. No prenatal care had 
varied results from year to year in how much of the data it explained. 
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Figure 18. 2006 Private Insurance Anomaly Results. Scores are given in standard deviations in 
order to show where most of the values fall, which is in light blue. 
 
 Private Insurance had the lowest significant univariate regression R2. The majority of the 
anomaly results are in the light blue category, which is about -.6 to .6. This puts many of the 
results away from zero, meaning that there is not a perfect correlation. The darker results are 
even further away from correlation. It can be seen that the results are moving further away from 
zero than with Hispanic births and no prenatal care. Private insurance explained the least amount 
of the data for several years and was statistically insignificant for many of them.  
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Figure 19. 2007 AHCCCS Anomaly Results. Scores are given in standard deviations in order to 
show where most of the values fall, which is in light blue. 
 
 AHCCCS had the highest univariate regression R2. The majority of anomaly the results 
are in the light blue category, which is about -.5 to .5. This puts many of the results away from 
zero, meaning that there is not a perfect correlation. The darker results are even further away 
from correlation. This map visualizes that even though AHCCCS had one of the highest 
correlations, it still does not explain much of the data. AHCCCS gave some of the highest results 
for 2003 and 2004 as well.   
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Figure 20. 2007 Public Payer for Birth Anomaly Results. Scores are given in standard deviations 
in order to show where most of the values fall, which is in light blue. 
 
 Public payer for birth had the second highest univariate regression R2. The majority of 
the anomaly results are in the light blue category, which is about -.5 to .5. This puts many of the 
results away from zero, meaning that there is not a perfect correlation. The darker results are 
even further away from correlation. This map visualizes that even though public payer for birth 
had one of the highest correlations, it still does not explain much of the data. Public payer for 
birth was only available for the 2006 and 2007 data. It explained a relatively large amount of the 
2006 data as well.  
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Figure 21. 2007 Self Payee Anomaly Results. Scores are given in standard deviations in order to 
show where most of the values fall, which is in light blue. 
 
 Self payee had the lowest significant univariate regression R2. The majority of the 
anomaly results are in the light blue category, which is about -.6 to .6. This puts many of the 
results away from zero, meaning that there is not a perfect correlation. The darker results are 
even further away from correlation. It can be seen that the results are moving further away from 
zero than with AHCCCS and public payer for birth. These results reflect the 2003 and 2004 
results in which AHCCCS had some of the highest results and self payee had the lowest. 
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Figure 22. Hispanic Population Anomaly Results. Scores are given in standard deviations in 
order to show where most of the values fall, which is in light blue. 
 
 Hispanic population, along with not enrolled in school Hispanic and total Hispanic 
families, had the highest univariate regression results of the demographic indicators. The 
majority of the anomaly results are in the light blue category, which is about -.3 to .3. This puts 
many of the results away from zero, meaning that there is not a perfect correlation. The darker 
results are even further away from correlation. The highest demographic indicators explained 
more of the data than the health indicators, which is reflected in lower anomaly results.  
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Figure 23. Average household size – Hispanic Anomaly Results. Scores are given in standard 
deviations in order to show where most of the values fall, which is in light blue. 
 
 Average household size – Hispanic had one of the lowest univariate regression results of 
the demographic indicators. The majority of the anomaly results are in the light blue category, 
which is about -.5 to .5. This puts many of the results away from zero, meaning that there is not a 
perfect correlation. The darker results are even further away from correlation. Even though this is 
one of the lowest resulting demographic indicators, it still has similar anomaly results to some of 
the higher health indicator results.   
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