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In order to better tailor treatment to specific populations, factors which contribute to 

health disparities among different racial/ethnic groups must be examined. Among Mexican 

American individuals, the high rate of diabetes represents a significant contributor to overall 

health. The present study focuses on factors affecting diabetes status among Mexican 

Americans born in either Mexico or the United States using the 2007 – 2008 NHANES data 

set. Comparisons were made between diabetes status based on self-report and clinical 

classification using HbA1c. Results indicated that within the diabetic subsample, Mexican 

Americans born in Mexico were twice as likely to be incorrectly classified as non-diabetic, 

when they actually were diabetic, when using a self-report method. In contrast, nativity did 

not result in differences in diabetes incidence using the HbA1c clinical cut-score diagnostic 

classification. Age, BMI, gender, nativity, and health insurance coverage were found to have 

varying relationships to diabetes prevalence and HbA1c levels, but time in the U.S. for 

Mexico-born individuals was not found to uniquely predict diabetes incidence. Analyses also 

demonstrated that Mexico-born males, as compared to the other groups, had significantly 

higher HbA1c levels. Further research is necessary to better understand the relationships 

among these factors. However, findings do demonstrate a need for more objective disease 

classification, particularly when examining immigration status and diabetes. Additionally, the 

complexity of these interactions establishes a need for specific health intervention for foreign-

born populations which might be missed by self-report screening asking about presence of 

disease and exacerbated by an oversimplification of the “healthy immigrant effect”.  
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CHAPTER 1 

INTRODUCTION 

Overview of Literature Review 

The National Institute of Health (NIH) has proposed a Health Disparities Strategic 

Plan to help inform the overall agenda to address health disparities in the United States. 

One of the three major goals of this agenda is to “conduct and support intensive 

research on the factors underlying health disparities” (National Institute on Minority 

Health and Health Disparities, 2009). In order to better tailor treatment to specific 

populations, various disease mechanisms and factors which may contribute to health 

disparities among various racial or ethnic groups must be examined. With this goal in 

mind, the present study serves as an examination of how nativity, or country of birth, 

may contribute to diabetes management among Mexican American individuals with type 

2 diabetes. The following literature review provides an overview of diabetes mellitus, 

addresses the disparate prevalence of diabetes among this ethnic group, and 

addresses why the current literature is not sufficient enough. Given the individual and 

complex nature of the Hispanic health profile, it is important to examine these factors to 

combat the high rates of diabetes. This paper specifically examines how nativity is 

related to diabetes prevalence and average blood glucose concentration (measured via 

HbA1c) in Mexican American individuals using the 2007 – 2008 NHANES data. 

Overview of Diabetes Mellitus in the United States 

According to the American Diabetes Association (Daviglus, Talavera, Avilés-

Santa, Allison, et al.), Diabetes mellitus, or simply diabetes, is “a group of diseases 

characterized by high blood glucose levels that result from defects in the body’s ability 
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to produce and/or use insulin” (American Diabetes Association, 2013a). Within diabetes, 

there are two main classifications: type 1 and type 2. Type 1 diabetes, which represents 

5% to 10% of the diabetic population, typically occurs when the immune system attacks 

the beta cells of the pancreas, which produce insulin for the body. The damaged beta 

cells typically lead to an inability of the pancreas to produce any insulin, which results in 

high blood glucose levels. In comparison to type 1, type 2 diabetes, which represents 

the vast majority of the diabetic population, is either the result of the body’s inability to 

use insulin efficiently (insulin resistance) or the body’s inability to produce sufficient 

insulin.  Type 2 diabetes had been most often diagnosed in middle-aged and older 

adults, but is increasingly being diagnosed in younger individuals (Thompson, 2011). A 

diagnosis of diabetes may result if an individual a) has a random blood glucose level 

greater than 200 mg/dL, b) has a fasting blood glucose level equal to or greater than 

126 mg/dL, c) has a blood glucose level greater than 200mg/dL 2 hours after an oral 

glucose tolerance test (OGTT), or d) has an HbA1c level at 6.5% or higher (Thompson, 

2011). HbA1c is a blood test used to measure average glycemic control for diabetic 

individuals, and can range to levels well over 10% for individuals with poor glycemic 

control. 

According to the Centers for Disease Control and Prevention, the crude 

percentage of civilian, non-institutionalized individuals with diabetes among the United 

States citizen population increased from 2.5% in 1980 to 6.9% in 2010 (Centers for 

Disease Control and Prevention, 2013b), with this increase being exclusively in the 

prevalence of type 2 diabetes. The increase of individuals with diabetes in the U.S. has 

substantial financial outcomes. In 2007, the total estimated cost of diabetes in the 
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United States was $174 billion; this total cost includes both direct medical costs, and 

indirect costs, such as disability, work loss, and premature mortality (Centers for 

Disease Control and Prevention, 2011).  

Studies also suggest that comorbidity of heart disease, and stroke might be 

reduced or delayed with strict glycemic control (Laakso, 1999). With correct treatment 

and lifestyle changes, many diabetic individuals may delay or prevent diabetes 

complications (American Diabetes Association, 2013b). Indeed, every decrease in 

glycosylated hemoglobin, or HbA1c, leads to a 40% decrease in microvascular 

complications (American Diabetes Association, 2013c), as well as a 21% reduction in 

diabetes-related mortality rates (Stratton et al., 2000). It should be noted that a one 

percentage point change in HbA1c is a large proportionate change, as one diagnostic 

criterion for diabetes is an HbA1c level of 6.5% or greater. Significantly improved 

glycemic control could prevent or delay complications associated with diabetes, which 

could lead to a reduction in societal financial costs.  On an individual level, prevention of 

diabetes complications also reduces the individual’s financial costs and suffering from 

the disease as well. Along with increasing rate and economic costs, diabetic individuals 

with poor glycemic control (high blood glucose levels) are also more likely to have 

higher rates of diabetes-related complications, such as neuropathy, glaucoma, or skin 

infections (Centers for Disease Control and Prevention, 2011).  

Diabetes Management 

 To help prevent complications associated with diabetes, prescribed 

recommendations for proper glycemic control exists to aid diabetic individuals. Glycemic 

control refers to a medical need for diabetic individuals to attempt to maintain their blood 
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glucose levels at optimal levels through medication and behavioral management (such 

as diet, exercise, and regular self-monitoring). Individuals without diabetes do not need 

to monitor their blood glucose levels throughout the day because their bodies are 

efficient at maintaining normal blood glucose levels without external monitoring. A 

random blood glucose test measures the current amount of glucose which exists in the 

bloodstream and might be affected by when an individual last consumed a meal. 

HbA1c, or a test of blood glycohemoglobin, is a lab test that can be used to determine 

how well an individual is controlling their blood glucose levels over an extended length 

of time.  HbA1c measures the amount of glucose molecules which have bound 

themselves to hemoglobin within red blood cells. This test draws the lab sample from 

the blood plasma where red blood cells can last for 3 to 4 months. This test offers a 

longer time-span estimate of blood glucose levels than alternative blood glucose 

measures, like a fasting blood glucose draw. Glycohemoglobin labs are also useful for 

health care professionals to gage how well diabetic individuals are controlling their 

blood glucose levels and managing their diabetes. Although individuals are encouraged 

to check their blood glucose levels daily to help manage their diabetes, HbA1c tests can 

provide averaged data on how well these levels have been maintained. 

The ADA recommends that non-pregnant diabetic adults aim for a target HbA1c 

level of 7% or lower (American Diabetes Association, 2013b). The National Institutes of 

Health recommends that most diabetic individuals should aim for a goal of 6.5% to 7% 

for HbA1c levels (Topiwala, Dugdale, & Zieve, 2012). As noted above, poor glycemic 

control, as measured by HbA1c, is associated with increased risk for eye disease, heart 

disease, kidney disease, nerve damage and stroke. If HbA1c levels are high for a long 
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period of time, an individual’s risk for these diseases is increased (Topiwala et al.). 

Thus, poor glycemic control can serve as an indicator of risk for diabetes complications. 

Therefore, it’s important to identify factors associated with poor glycemic control to 

increase diabetes management efficacy, identify individuals at risk, and subsequently 

reduce risk for comorbid diseases and complications.   

Diabetes among Mexican Americans 

Out of the entire U.S. Hispanic population, Mexican Americans experienced a 

59% increase in the amount of individuals diagnosed with diabetes between 1997 and 

2010; this was the largest increase seen among the different racial/ethnic groups listed 

(Centers for Disease Control and Prevention, 2011, 2013a). Whereas the overall risk for 

diabetes is higher among Hispanics (66% ) than for non-Hispanic White adults, Mexican 

Americans have an additional increased risk for diabetes, 87% higher as compared to 

other racial groups among Hispanics (Centers for Disease Control and Prevention, 

2013a).These data show a large disparity in diabetes prevalence and risk among 

Mexican Americans in the U.S. It also demonstrates the need for racial/ethnic specific 

literature, or a focus on factors such as nativity, since even within an ethnic minority 

there are variations of health disparities.  

Although the Center for Disease Control (CDC) typically reports diabetes 

statistics for many different ethnic and racial groups represented in the U.S., additionally 

these statistics are not always specific to country of origin. However, the CDC does 

provide some data on glycemic control for Mexican American individuals, given that 

they are one of the larger Hispanic subgroups. A 2012 CDC report on diabetes 

demonstrates that glycemic control, as measured by HbA1c levels, has been shown to 
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be higher, indicating poorer diabetic control, among Mexican American diabetic 

populations. From 2003 to 2006, the age-adjusted percentage of U.S. adults with 

diabetes who had HbA1c levels less than 7% (i.e., in the target range for good diabetic 

glycemic control) was 56.3% for Non-Hispanic Whites (SD = 3.7%), and 41.8% for 

Mexican Americans (SD = 4.7%) (Centers for Disease Control and Prevention, 2012). 

This disparity in glycemic control is particularly interesting, and may be related to 

findings from one study that suggests a lower proportion of Mexican Americans 

individuals with diabetes self-monitor their blood glucose levels as compared to non-

Hispanic Caucasians with diabetes (Harris, 2001). 

Given the high prevalence rate of type 2 diabetes and poorer glycemic control 

among the U.S. Mexican American population as compared to non-Hispanic Whites, it 

is important to address factors which might contribute to these high rates. Upon 

examination of the health profile of Mexican Americans, however, several issues arise 

which might complicate this research question. The following sections will acknowledge 

issues with gathering data on racial/ethnic specific health disparities, its importance for 

treatment implications, and briefly outline some issues with the current literature when 

examining Mexican Americans.  

Hispanic Population in the United States 

Although the present study will focus on the U.S. Mexican American population, 

much of the existing literature discusses the Hispanic population in general. It is 

important to acknowledge that the Hispanic population in the U.S. is not homogenous, 

and although the majority of Hispanics in the U.S. are from Mexico (about 63%), the 

U.S. Census Bureau lists 22 other options for Hispanic individuals to choose from to 
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identify their country of origin (Lopez & Dockterman, 2011). Due to the lack of specifics 

pertaining to countries of origin for many data examining Hispanic outcomes and health, 

the following sections will refer to the Hispanic population in general, and mention 

specifics of Mexican Americans when available.  

The United States Census Bureau defines “Hispanic” as referring to a person of 

“Cuban, Mexican, Puerto Rican, South or Central American, or other Spanish culture or 

origin regardless of race” (Humes, Jones, & Roberto, 2011). This same definition is 

used throughout the present paper. Furthermore, the term Hispanic, as used in public 

health and research data, often refers to an ethnicity and categorizes a person 

separately from race. A 2012 Census Bureau estimated that Hispanics represented 

about 17% of the total U.S. population, placing them as the second largest racial/ ethnic 

group, behind non-Hispanic whites (United States Census Bureau, 2013). From 2000 to 

2010, Hispanics represented the fastest growing large racial/ ethnic group, accounting 

for over half of all population increases (Humes et al., 2011). This change in 

composition of the U.S. population has several implications for health research, 

particularly in regards to cultural influences surrounding chronic illness management. 

The Hispanic population represents a significant proportion of the U.S. population as 

well as a growing population. Moreover, the literature has established some racial/ 

ethnic health disparities within this population and therefore the need for additional 

racial/ ethnic specific literature is increasing.  

Hispanic and Mexican American Health Risk Profile 

The specific health profile of Hispanic individuals is important to research since 

current literature has identified several important differences between U.S. dwelling 
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Hispanic and non-Hispanic individuals.  Traditionally, various socioeconomic status 

factors, such as income and education, have been cited as predicting racial/ ethnic 

disparities in health outcomes, particularly when comparing Black and White individuals. 

More specifically, it appears that SES best predicts racial health disparities between 

these two groups in that generally higher SES predicts better health. There is little 

support that racial differences between these groups predict health outcomes above or 

beyond that of SES (Hayward, Miles, Crimmins, & Yang, 2000).   

In contrast, this model does not appear to always predict health outcomes of 

Hispanics when compared to other racial/ethnic groups. In fact, Hispanics  are less 

likely to be insured, have lower educational attainment, and have lower income than 

non-Hispanic whites (Centers for Disease Control, 2011). Given these risk factors, 

which are typically associated with poor health outcomes, we would expect Hispanics to 

have a health profile similar to other racial or ethnic minorities of lower SES. However, 

in terms of life expectancy and mortality rates, the Hispanic population has been shown 

to be equivalent or superior to the non-Hispanic white population, despite having an 

average lower SES (Morales, Lara, Kingston, Valdez, & Escarce, 2002; Ruiz, Steffen, & 

Smith, 2013). This seemingly contradictive finding has been termed the “Hispanic 

Paradox” (Ortega, 2006). A few studies have demonstrated that Mexican Americans 

also have lower mortality rates as compared to non-Hispanic Whites, although 

adjustment effects for factors like gender might weaken this relationship (Patel, 

Eschbach, Ray, & Markides, 2004).  

Given these paradoxical findings, it is important to further examine this 

relationship to determine if it continues to exist across different diseases and health 
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outcomes. For example, in addition to type 2 diabetes prevalence rates, diabetic 

mortality rates are also ranked higher for Hispanics; data from a CDC report ranked 

death due to Diabetes Mellitus as the 5th leading cause for Hispanics, whereas for non-

Hispanics it was ranked 7th overall (CDC, 2011a, 2013a). Although this ranking 

represents a small difference, disease progression in Hispanic individuals might shed 

light on the Hispanic paradox findings since this relationship may differ among disease 

types. While Hispanics might have an overall higher life expectancy and lower mortality 

rates, the type of illness, captured by morbidity rates, might differ for Hispanics across 

different disease types. For example, although Hispanics have higher rates of diabetes 

they actually have lower rates of heart disease and stroke, which is interesting given the 

high comorbidity of stroke and diabetes (American Diabetes Association, 2013a). Some 

studies have examined these paradoxical findings in the Mexican American population 

as well. One study was interested in examining the paradox of lower coronary heart 

disease (CHD) mortality rates among Mexican Americans as compared to European 

Americans, despite higher risk factors commonly associated with CHD. Researchers 

found that Mexican American race/ethnicity was significantly associated with less 

subclinical disease markers as well as overall lower clinical rates (Gardin et al., 2010). 

This unique and sometimes paradoxical profile of Mexican American health marks the 

importance of racial and ethnic-specific literature. Furthermore, additional studies 

highlight the importance of risk relative to migration and acculturation to help explain 

these paradoxical findings. One study found that cardiovascular risk profiles were 

highest among Hispanics/Latinos from Puerto Rico who had higher levels of 

acculturation (Daviglus, Talavera, Avilés-Santa, & et al., 2012). This finding suggests 
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that literature should not only have a racial/ethnic specific focus, but also consider other 

factors, such as country of birth or immigration status, which might also contribute to 

health disparities.  

Immigration Status 

Generally speaking, immigration status has been correlated with greater 

longevity and better health as compared to U.S. born individuals; this finding is 

commonly referred to as the “healthy immigrant effect”. The longer immigrants have 

lived in the U.S., the more similar their health profile is to that of their U.S.-born 

counterparts, suggesting that immigration status may act as a buffer against disease. 

However, this effect deteriorates as individuals become increasingly acculturated 

(Cunningham, Ruben, & Venkat Narayan, 2008). This finding can be somewhat 

paradoxical in nature considering that immigrants, particularly Mexico-born immigrants, 

typically have a lower SES and lower rates of health insurance (Williams, Mohammed, 

Leavell, & Collins, 2010). Typically this comparison is made between immigrants of 

different countries and non-Hispanic white individuals. Cunningham and colleagues 

conducted a review of studies which examined immigrant status and health outcomes 

related to many factors. They found evidence to support the healthy immigrant effect, 

but also described how many immigrants actually have higher rates of diabetes or 

infectious diseases. The authors expressed the importance of studying  U.S.-born and 

foreign-born individuals of the same race/ ethnicity to further examine how acculturation 

and length of time in the U.S. might impact diabetes prevalence (Cunningham et al., 

2008). Furthermore, these factors might also be impacted by acculturation, leaving the 

literature difficult to interpret.  However, there is a wealth of information on immigration 
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status in general and additional information regarding Hispanic immigrants or Mexican 

Americans; highlights of this literature are discussed below. It is important to note that 

although much of the following section refers to Hispanic immigrants, the majority of 

immigrants in the U.S. are Mexican American, and according to a Pew Hispanic 

Research Center report, it is estimated that 58% of all undocumented immigrants in the 

United States are Mexican American (Passel & Cohn, 2011). 

According to a CDC report, using the National Health Interview Survey (NHIS) 

data of the civilian non-institutionalized U.S. population, foreign-born adults are more 

likely to have lower levels of education, earn less income, and be uninsured as 

compared to their U.S.-born counterparts (Dey & Lucas, 2006). Interestingly enough, 

data suggests that there may be more evidence for different risk profiles between 

Hispanic immigrants and those born in the U.S. than between Hispanics and non-

Hispanic individuals from the U.S. One study, using the Health and Retirement Survey 

(HRS) data and biennial assessment from 2000 to 2008, assessed stroke incidence 

through self-report or proxy of self-report, as well as SES and demographic information 

(age and gender) obtained through an interview to examine how these factors affected 

stroke incidence. Findings suggested that rate of stroke onset did not differ after 

adjusting for SES factors between the non-Hispanic white and Hispanic groups who 

both were born in the U.S. However, there was a significant difference found between 

Hispanic immigrants and Hispanics born in the U.S., even after adjusting for these 

factors. (Moon et al., 2012). These data suggest that the commonality of living in the 

U.S. might pose a risk for certain diseases and disorders above and beyond that of race 

and ethnicity differences.  
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More specifically, there are noted differences between Mexican American 

immigrants and Mexican Americans who were born in the United States. U.S.-born 

Mexican Americans are more likely to speak English (89% versus 29%), are younger, 

less likely to be married, have higher educational attainment, higher income, and are 

more likely to be insured compared to Mexico-born individuals (Gonzalez-Barrera & 

Lopez, 2013). Many of the statistics reported for Mexican Americans are similar to that 

of the general Hispanic population, which is not surprising considering they represent 

the largest proportion. However, some statistics suggest that Mexican Americans differ 

from the general Hispanic population; for example, Mexican-origin immigrants are 

younger than the general U.S. population (Gonzalez-Barrera & Lopez, 2013). Despite 

the important implications of racial or ethnic differences in health and the impact on 

prevalence and treatment of diseases, there remains a paucity of research on Hispanic 

health in the literature in general, as well as specifically denoting country of origin. 

Immigration Status and Diabetes 

The research which does exist on Mexican American health is inconsistent and 

complicated with factors such as county of origin and SES factors which may contribute 

to contradictions within the literature. Williams, Mohammed, Leavell and Collins provide 

a thorough review of how health disparities can result from a complex interplay of 

multiple factors, including SES, health care coverage and access, age, gender, and 

immigration status. These factors do not independently exist from one another, and 

what might be viewed as racial/ ethnic differences might really be a multidimensional 

pattern of factors which overtime contribute to health outcomes (Williams et al., 2010). 

This evidence supports the need to examine multiple dimensions of these factors within 
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specific racial/ ethnic groups and disease processes to better understand the 

relationship to health outcomes.  

Fortunately, there are some studies which have examined immigration status and 

its effect on diabetes specific outcomes. For example, one study, cited in the 

Cunningham et al. review, found that among a Texan population of farmworkers, 

diabetic individuals (as compared to those without diabetes) had worked more years as 

migrant workers. In addition, Mexican immigrants were more likely to have diabetes, 

and to die from diabetes-related causes, than similar U.S.-born individuals (Scheder, 

1988). This study provides support for differences in Mexican immigrants’ health as 

compared to other individuals in the same farm-worker community, but it can be argued 

that migrant workers are not representative of all Mexican immigrants. This finding 

certainly does not adequately address how individuals of a similar racial/ethnic 

background compare to their U.S.-born counterparts based on duration of stay. 

Another study examined whether length of stay in the U.S. was related to 

diabetes prevalence among immigrants, including those from Mexico, the Caribbean, 

and Central America. Using the National Health Interview Survey data diabetes 

prevalence was estimated among a large sample of immigrants, while controlling for 

age and body mass index (BMI). Results suggested that diabetes prevalence 

significantly increased with length of stay, independent of age and BMI. Across a wide 

range of immigrant groups, this effect appeared to plateau at 10+ years of residency in 

the U.S. (Oza-Frank, Stephenson, & Venkat Narayan, 2011). This finding suggests that 

length of stay in the U.S. has an impact on prevalence of diabetes among immigrants, 

but there are many limitations to this study. To begin with, the study did not examine 
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one country of origin, but put together many immigrants into groups based on ethnicity.  

Additionally, diabetes status was assessed via self-report by asking participants if they 

have ever been told by a doctor or health care professional that they have diabetes. 

This question might be answered differently by immigrants as compared to native-born 

individuals.  

As mentioned above, Hispanic immigrants, similar to all immigrants, are less 

likely to be insured and therefore might visit health care providers infrequently, if at all, 

which might affect the likelihood of being told that they have diabetes. A more objective 

measure, such as HbA1c levels, would reduce bias in this estimate as well as pose an 

interesting research question about the accuracy of reporting that one has diabetes 

compared to classification via laboratory measures. It would also be important to 

examine if this relationship holds for the Mexican American population, specifically, 

rather than all immigrants or all Hispanic immigrants.  

Summary 

Type 2 diabetes rates have been increasing in the United States (Centers for 

Disease Control and Prevention, 2013b), particularly among Hispanic individuals 

(Centers for Disease Control and Prevention, 2013a), who represent the second largest 

racial/ethnic group (United States Census Bureau, 2013). Mexican Americans 

individuals in the U.S. are more likely to have type 2 diabetes, and are less likely to 

adequately control their blood glucose levels as compared to non-Hispanic Whites 

(Centers for Disease Control and Prevention, 2012, 2013a). It is important to 

understand how different factors might affect individual or group differences in HbA1c 

levels since impaired glucose control (higher HbA1c levels) is associated with many 

14 
 



negative outcomes, such as neuropathy, glaucoma, depression and comorbid diseases 

(Laakso, 1999; Topiwala et al., 2012). Immigration status is another factor which might 

affect the health of Mexican Americans residing in the U.S. (Cunningham et al., 2008; 

Oza-Frank et al., 2011). However, the relationships among country of birth, length of 

residency, and diabetes prevalence have not been adequately assessed among 

Mexican Americans. The present study will examine how these factors affect diabetes 

status, as well as HbA1c levels for Mexican Americans born in either the U.S. or Mexico 

with a nationally representative data set.  

Research Questions and Hypotheses 

Diabetes Prevalence: 

1. Among Mexican Americans, is country of birth (being U.S.-born versus Mexico-

born) related to the likelihood that individuals will report having diabetes? 

a. Diabetes status will be classified based on an affirmative response to the 

Diabetes Questionnaire yes/no item). 

Hypothesis  1: It is hypothesized that Mexico-born Mexican Americans will have a lower 

self-reported prevalence rate of diabetes when using the self-report diabetes status 

question, “Have you ever been told by a doctor or health professional that you have 

diabetes or sugar diabetes?”  

2. Among Mexican Americans, does country of birth (being U.S.-born versus 

Mexico-born) affect the likelihood that individuals will be classified as having 

diabetes? 
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Hypothesis 2: It is hypothesized that Mexico-born Mexican Americans will have a 

higher prevalence rate of diabetes when using the objective HbA1c diagnostic cut-

scores for diabetes status (cut-score will be set at 6.5% or greater to indicate diabetes). 

3. Does country of birth mediate the concordance rate of different diabetic 

classification among Mexican Americans? 

Hypothesis 3: It is hypothesized that Mexico-born Mexican Americans will have a lower 

epidemiological accuracy rate, meaning fewer true positives and fewer true negatives 

than the U.S.-born Mexican American group’s responses to the diabetes status 

question. This rate is calculated by dividing the sum of true positives and true negatives 

by total responses to the diabetes status question and used HbA1c classification as the 

gold standard (Please see Figure 1 for clarification).     

4. Is the relationship between self-reported diabetes prevalence and country of birth 

mediated by length of stay in the U.S? 

Hypothesis 4: Analogous to the Oza-frank et al. (2011) study findings, it is hypothesized 

that diabetes prevalence, as defined by an affirmative response to the diabetes status 

question, will significantly increase with length of stay in the U.S. among all Mexico-born 

Mexican Americans.  

5. Does the finding in the Oza-Frank et al. (2011) study (that diabetes rates 

increase with length of stay) also apply when using a more objective HbA1c 

classification of diabetes status? 

Hypothesis 5: It is further hypothesized that length of time in the U.S. will predict 

diabetes prevalence when using a more objective classification of diabetes among all 

Mexico-born Mexican Americans. Objective classification of diabetes was established 

16 
 



by assigning diabetes status only if individuals reported diabetes, had an HbA1c of 

6.5% or greater, or reported taking insulin or diabetic medication. 

Differences in HbA1c: 

6. Among all Mexican Americans, is country of birth related to glycemic control?  

Hypothesis 6: Based on the conceptualization of the “healthy immigrant effect”, it is 

hypothesized that all U.S.-born Mexican American individuals have higher HbA1c levels 

than Mexico-born Mexican Americans.  Additionally, it is hypothesized that age might 

affect this relationship, and is hypothesized to be a significant covariate.  

7. Is country of birth significantly associated with HbA1c levels among a diabetic 

subsample of Mexican Americans?  

Hypothesis 7: In opposition to the prediction of Hypothesis #6, it is hypothesized that 

among the diabetic subsample of Mexican Americans country of birth is related to 

poorer glycemic control (higher HbA1c levels) for Mexico-born Mexican Americans. 
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CHAPTER 2 

METHODS 

Participants 

Data for the present study was drawn from the National Health and Nutrition 

Examination Survey (National Health and Nutrition Examination Survey) 2007-2008. 

NHANES is a series of studies designed to assess the health and nutrition status 

through interviews and physical examinations of non-institutionalized adults and 

children in the United States.  NHANES uses a stratified multistage probability sample 

of the civilian non-institutionalized population of the U.S. The 2007-2008 survey 

oversampled all Hispanics, not just Mexican Americans, unlike previous years. The 

present study, considering the previously mentioned health disparities, focuses on 

adults (18 years and older) who reported their race/ethnicity as Mexican American in the 

2007-2008 NHANES interview. Participants were limited to adults, 18 years and older, 

to make the study sample consistent across the various measures of interest used in 

the present study.  

The present study is also interested in examined the influence of country of birth, 

which was used to group the present study’s sample into two groups: Group 1) U.S-

born (USB) Mexican Americans, which includes individuals who reported their 

race/ethnicity as Mexican American and were born in the 50 U.S. States, Washington, 

D.C., or U.S. territories and Group 2) Mexico-born Mexican Americans (MB), or 

individuals who also reported their race/ethnicity as Mexican American, and were born 

in Mexico. The present study uses the terminology “country of birth” rather than 

immigration status since these two terminologies have important and distinct 
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qualifications, despite them being entangled within the literature (for clarification, please 

see “Demographic Information” in Appendix A).   

Materials and Procedure 

NHANES, a Division of Health and Nutrition Examination Surveys, is a program 

within the National Center for Health and Statistics, which is part of the Centers for 

Disease Control (CDC). The information collected through NHANES is used to report 

health statistics at the national level. Since 1999, NHANES surveys were conducted 

continuously and interviews approximately 5,000 individuals of all ages yearly. 

Individuals are interviewed at home, and then complete health examinations in a mobile 

examination center (MEC) to provide standardization of the examination and lab 

portions. All NHANES 2007-2008 data underwent consistency checks for data entry 

error, and random sampling of interviews were assessed for quality control purposes. 

Data were recorded electronically using computerized questionnaire forms conducted 

by trained interviewers with aid of the computer-assisted personal interviewing (Moon et 

al.) system. Participants selected the language of interview, or requested a translator (if 

applicable); hand cards were also used for some questions to aid the interview. 

Demographic information (Appendix A), along with the following measures discussed 

below, was taken from NHANES 2007-2008 for the present study. 

Demographic Information 

 Demographic Information, such as gender, age, country of birth, etc. was 

collected for all individuals participating in the 2007-2008 NHANES. For a complete 

listing of demographic information items, please refer to Appendix A. 
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Diabetes Mellitus 

A Diabetes Questionnaire was used as part of NHANES 2007-2008 data 

collection to gather personal interview data for participants over the age of 1 year. The 

questionnaire includes items to assess pre-diabetes and diabetes status, medication 

usage, reports of glucose monitoring, and health care visits (for the full diabetes 

questionnaire and response items see Appendix B). For the present study, two 

assessments of diabetes status were compared; individuals were considered self-

reported diabetic if they respond affirmatively to the following question: “Have you ever 

been told by a doctor or health care professional that you have diabetes or sugar 

diabetes,” herein referred to as the diabetes status question. Separately, due to the 

potential for error in self-reporting, or even knowledge of diabetes status, HbA1c lab 

measures (described below) used for diabetic classification purposes are used. Based 

on current ADA recommendations and clinical cut-score criteria for diagnosing diabetes, 

a level of 6.5% or greater was used for diabetic diagnostic classification purposes.  

Glycohemoglobin 

Blood glycohemoglobin labs were drawn for the adult sample in the 2007 – 2008 

NHANES and were used to assess glycemic control, as well as diabetes status, in the 

present study. Data for this variable is restricted to individuals who completed the 

mobile examination center (MEC) portion of the study since all laboratory variables were 

taken in a controlled mobile center to increase standardization and accuracy. Often 

referred to as hemoglobin A1c, or HbA1c, this test is used to determine blood glucose 

control over the past two to three months. Higher HbA1c levels reflect higher blood 

glucose levels on average, suggesting poor glucose control over the previous 60-90 
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days, with a telescoping effect where more recent blood glucose levels have a stronger 

impact. Recent clinical recommendations suggest adding diagnostic criteria for diabetes 

for HbA1c levels at or above 6.5%, and suggestions for pre-diabetes are 5.7% to 6.4%. 

For the present study, participants are considered to meet diagnostic criteria for 

diabetes if they have an HbA1c level of 6.5% or greater. It should be noted that in 

clinical settings HbA1c is only reported to one decimal place. 
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CHAPTER 3 

DATA ANALYSIS 

Exclusion Criteria and Descriptive Statistics 

The total NHANES 2007-2008 sample size for adults 18 years or older is 6,228 

individuals; of this sample, 1,097 (17.6%) reported their race/ethnicity as Mexican 

American. Out of the Mexican American sample, 96 out of 1,097 (8.8%) individuals 

were missing values for the glycohemoglobin lab because those participants did not 

complete the MEC (mobile examination centers) portion of data collection, but only the 

interview portion.  Four cases were excluded because these individuals were not born in 

the 50 U.S. states/ Washington, D.C. or Mexico; they reported being born in another 

Spanish speaking country (n = 3) or another non-Spanish speaking country (n = 1).  14 

cases were excluded because the respondents replied that they were “borderline” when 

asked if they had ever been told if they had diabetes; these cases are likely to represent 

pre-diabetic individuals, and were excluded from analyses for clarity purposes in 

determining who actually meets clinical criteria for diabetes mellitus. A final sample of 

983 (52.4% female) was used for the present study. Descriptive statistics were run to 

obtain the frequency and percentage of the categorical variables: gender, diabetes 

status, country of birth (United States, or Mexico), and continuous variables (HbA1c 

levels and age). Participant characteristics, along with tests for group differences, are 

shown in Table 1.  

Atheoretical Exploratory Inferential Statistics 

Correlational analyses of all continuous and ordinal variables for the U.S.-born 

and Mexico-born Mexican American groups were run to explore relationships among 
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constructs; these are shown in Table 2. Additionally, t-tests were run to test differences 

in sample characteristics for these same groups. Results of these tests are discussed 

below, corresponding to the appropriate hypothesis, or in Table 1.  

Hypothesis Testing 

The following statistical analyses were run to test the following hypotheses and address 

each related research question: 

Hypothesis 1: To test the hypothesis that Mexico-born Mexican Americans have a lower 

self-reported prevalence rate of diabetes. Using the diabetes status question responses, 

a chi-squared test was run to compare responses (yes/no) for each group (U.S.-born 

and Mexico-born Mexican Americans).  

Hypothesis 2: To test the hypothesis that Mexico-born Mexican Americans have a 

higher prevalence rate of diabetes when using the objective HbA1c cut-score diagnostic 

classification of diabetes status another chi-squared test was run; the categories are 

diabetic (HbA1c levels of 6.5% or greater) or non-diabetic (<6.5%) for each group (U.S.-

born and Mexico-born Mexican Americans).  

Hypothesis 3: To test the hypothesis that MB Mexican Americans have a lower 

epidemiological accuracy rate (meaning fewer true positives and fewer true negatives) 

than the U.S.-born group a 2 x 2 x 2 (immigration status x diabetes self-report x HbA1c 

diabetes diagnostic classification) cross tabs test of accuracy of prediction was 

conducted. Accuracy, precision, negative predictive value, sensitivity and specificity 

(please see Figure 1 for an explanation of these variables) were also calculated to 

provide an accuracy in response rate for each group. Responses to the question “Other 

than during pregnancy, have you ever been told by a doctor or health care professional 
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that you have diabetes or sugar diabetes?” were compared to the gold standard HbA1c 

diagnostic classification criteria of having an HbA1c level >=6.5%. 

Hypothesis 4: To test the Oza-frank et al. (2011) study finding that self-reported 

diabetes prevalence significantly increases with length of stay in the U.S. among all 

Mexico-born Mexican Americans, a binary logistic regression was run. Diabetes status 

was based off an affirmative response to the diabetes status question.  

Hypothesis 5: Related to hypothesis 4, hypothesis 5 sought to test the effect of length of 

time in the U.S. on diabetes prevalence rates for the MB population. In this analysis 

objective classification of diabetes was established by assigning diabetes status only if 

individuals reported diabetes, had an HbA1c of 6.5% or greater, or reported taking 

insulin or diabetic medication. Then, a hierarchical binary logistic regression was run to 

test the contributions of each of these variables with this objective diabetes status 

classification methodology.  

Hypothesis 6: To test the hypothesis that all U.S.-born Mexican American individuals 

will have higher HbA1c levels than Mexico-born Mexican Americans a means difference 

t-test was run. Secondly, to control for potential age differences, a one-way ANCOVA 

(with age as a covariate) was also conducted. 

Hypothesis 7: To test the hypothesis that the diabetic subsample of Mexico-born 

Mexican Americans will have higher HbA1c levels, indicating poorer glycemic control, a 

means difference t-test was run. Secondly, similarly to Hypothesis #6, a one-way 

ANCOVA (with age as a covariate) was also run to control for potential age differences.  
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CHAPTER 4 

RESULTS 

Principal Analyses 

Hypothesis 1: To test the hypothesis that Mexico-born Mexican Americans have 

a lower prevalence rate of diabetes when using the self-report diabetes status question, 

a chi-squared test was run to compare responses (yes/no) for each group (U.S.-born 

[USB] and foreign-born Mexican Americans [MB]). Although a smaller percentage of MB 

reported they had been told they had diabetes (10%) as compared to USB (14%), the 

overall Pearson chi-square did not reach statistical significance ( X2 (1) = 3.79, p = 

.052).  

When tested for just the diabetic subsample, defined by HbA1c diagnostic 

criteria, this was found to be significant. Specifically, 80% of USB diagnostically diabetic 

individuals reported yes and 19.6% reported no they had not been told they had 

diabetes, whereas only 56% of MB diagnostically diagnosed individuals responded yes 

and 43.5% responded no to the same question ( X2 (1) = 7.04, p = .008). 

Hypothesis 2: To test the hypothesis that Mexico-born Mexican Americans have 

a higher prevalence rate of diabetes when using the objective HbA1c cut-score 

diagnostic classification of diabetes status another chi-squared test was run; the 

categories are diabetic (HbA1c level of 6.5% or greater) or non-diabetic (<6.5%) for 

each group (U.S.-born and foreign-born Mexican Americans). Of those born in Mexico, 

12.1% meet clinical criteria for diabetes, while 11.1% of those born in the U.S. meet 

criteria; this overall chi-squared tests was not significant (X2 (1) = 0.217, p = .641), 
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suggesting that objective diabetes diagnostic status does not significantly differ based 

on country of birth.     

Hypothesis 3: It was hypothesized that Mexico-born Mexican Americans have a 

lower diabetes status accuracy rate, meaning fewer true positives and fewer true 

negatives than the U.S.-born groups’ responses to the diabetes status question. This 

rate was calculated by dividing the sum of true positives and true negatives by total 

responses to the diabetes status question and used HbA1c classification as the gold 

standard (Please see Figure 1 for clarification). Overall, the accuracy rates did not 

substantially differ between the groups (MB accuracy rate = .92; USB accuracy rate = 

.93). In addition to running a crosstabs to provide calculations for both groups, a 2x2 

chi-squared test of independence was run to compare the self-report and HbA1c 

responses for the MB and USB groups separately, and was found to be significant for 

both the MB (X2 (1, N = 570) = 188.78, p <.001) and USB groups (X2 (1, N = 413) = 

189.02, p <.001). Not surprisingly, this highly significant result demonstrates that, not 

surprisingly, individuals who meet objective diagnostic classification for diabetes status 

(i.e. HbA1c of 6.5% or greater) are much more likely to respond affirmatively to the 

diabetes status questionnaire. 

 Upon further examination, it was revealed that within the group of individuals with 

an HbA1c level less than 6.5% (those who would not meet clinical criteria for diabetes) 

there was no significant difference in reporting of diabetes status (X2 (1, N = 868) = 

2.24, p = 0.135). Additionally, the individuals who would be classified as false positives 

(responded affirmatively to the diabetes status question, but did not have an HbA1c of 

6.5% or above), the vast majority (>50%) reported that they were currently taking 
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diabetic medications (64.1%), controlling their weight (71.8%), increasing their physical 

activity (56.4%), or reducing their fat/ calories in their diet (74.4%) to lower their blood 

sugar. These findings suggest that although these individuals’ HbA1c levels are below 

the clinical cut-score, they are likely not incorrect in their reporting since medication, 

weight control, physical activity, and dietary restrictions are all effective ways of lowering 

one’s blood sugar levels, thus possibly resulting in a level below the clinical cut-score.  

Finally, a 2x2x2 (COB x diabetes status question response x HbA1c diabetes 

status classification) crosstab test of accuracy was then run to compare the group 

responses. This overall comparison approached, but did not reach significance (X2 (1, N 

= 983) = 3.79, p =.052), but interestingly there was a significant relationship found 

among just the diabetic group (X2 (1, N = 115) = 7.042, p =.008). Mexico-born Mexican 

Americans with diabetes were significantly less likely to respond affirmatively to the 

diabetes status classification than the USB diabetic group (43.5% to 19.6%), meaning 

that they were more likely to be incorrectly classified by the self-report diabetes status 

question. As seen in Figure 2, this means that although the overall accuracy rates did 

not differ, there was a larger number of false negative responses to the diabetes status 

question for the MB group as compared to the USB group (n = 30; n = 9, respectively).  

Hypothesis 4: Analogous to the Oza-frank et al. (2011) study findings, it was 

hypothesized that diabetes prevalence (as indicated by the diabetes status question) 

significantly increases with length of stay in the U.S. among all Mexico-born Mexican 

Americans; to test this, a hierarchical binary logistic regression was run. The model 

contained three independent variables: length of time in the U.S., age, and BMI. The 

length of time in the U.S. is an ordinal variable reported by number of years and coded 
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into values ranging from 1 (less than 1 year) to 9 (50 years or more). The dependent 

variable was either a yes or no answer to the self-reported diabetes status question. In 

the first step, length of time in the U.S. was entered alone, in the subsequent step, age 

and BMI were entered, and the final step contained all three variables. The final model, 

containing all predictors was significant, indicating that the model was able to 

distinguish between participants who reported and did not report having been told they 

had diabetes (X2 (3, N = 537) = 59.65, p < .001.). The model as a whole explained 

between 10.5% (Cox & Snell R Square) and 22.8% (Nagelkerke R squared) of the 

variance, and correctly classified 90.7% of the cases. However, in the final model only 

two of the predictors, age (Wald = 25.00, p < .001) and BMI (Wald = 8.53, p = .003) 

made a unique significant contribution to the model. When length of time in the U.S. 

was entered into the model by itself, it did significantly predict the likelihood of reported 

diabetes prevalence (Wald = 23.45, p < .001), but it was not a significant predictor in the 

subsequent steps.  

Hypothesis 5: It was further hypothesized that diabetes prevalence, as defined by 

objective classification, would also significantly increase due to increased length of stay 

in the U.S. for all MB Mexican Americans. Objective classification included individuals 

who responded affirmatively to the diabetes status question, have an HbA1c of 6.5% or 

greater, or reported using insulin or diabetic medication to lower their blood sugar 

levels. A hierarchical binary logistic regression was run to determine if diabetes 

prevalence would increase with length of stay in the U.S.; medication and insulin usage 

were entered in the first step, followed by length of time in the U.S., and then the final 

step included age and BMI. The overall model, containing all of the predictive variables, 
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was significant, X2 (2, N = 537) = 21.46, p <.001. The model as a whole, predicted 

between 33.6% and 59.6% of the variance in objective diabetes status for MB 

individuals. In the final step, only age and BMI were found to significantly predict 

diabetes status (Wald = 18.65, p < .001; Wald = 4.12, p = .042, respectively). 

Interestingly, in the second model, length of time in the U.S. was found to be a 

significant predictor of diabetes rates, even after controlling for insulin and medication 

usage (Wald = 10.56, p = .001). However, this was not a significant predictor in the third 

model (Wald = .039, p = .843), suggesting that length of stay in the U.S. does not 

predict unique variance in diabetes prevalence above that of age and BMI.  

Hypothesis 6: Based on the conceptualization of the “healthy immigrant effect”, it 

was hypothesized that all U.S.-born Mexican Americans have higher HbA1c levels than 

Mexico-born Mexican Americans. To test this hypothesis an independent samples t-test 

was run and indicated that the average HbA1c for groups based on reported country of 

birth, MB (5.79%) and USB (5.66%), was not significantly different, t(981) = -1.76, p = 

.079. Secondly, a one-way analysis of covariance (ANCOVA) was run to test mean 

HbA1c levels between groups while using age as a covariate. Using age a covariate 

was not found to be significant, F(1,981) = 3.49, p = .062.  

However, based on important covariates identified in the literature, several 

additional factors, such as gender and BMI were included in related ancillary analyses, 

reported here, to further examine how HbA1c levels might be affected by covariates for 

the two groups. In these analyses age and BMI were used as covariates and the main 

effect for gender and COB was examined (please see Table 3 for results). First, a 

model was run without covariates or fixed factors for the total sample and COB was not 
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found to be significant. Then, the second model, with age and BMI as covariates, was 

run; COB was found to be a significant predictor (F = 5.75, p = .017), with the mean 

HbA1c slightly higher for the MB group (adj. M = 5.80) than for the USB group (M = 

5.63).  Although gender was not found to be significant in this model, visual inspection 

of the means adjusted for gender and country of birth revealed that the means for USB 

males, USB females, and MB females were similar (M = 5.63, 5.63, and 5.68, 

respectively), while the mean for MB males was seen as notably higher (M = 5.92). To 

further examine this relationship, additional models were run while varying for gender 

(Model 3; male only) and COB (Model 4; MB only). In Model 3 (male only), HbA1c levels 

did significantly differ by COB (USB: M = 5.62, MB: M = 5.88). Additionally, age was still 

a significant covariate in this model (F = 48.68, p < .001), but BMI was no longer 

significant (F = 1.86, p = .028). A final model was run using the MB subsample; age and 

BMI were found to be significant covariates, and adjusted HbA1c levels remained 

significantly higher for MB males (M =5.86) than for MB females (M = 5.70). Overall, 

these models demonstrate that COB can be a significant covariate for HbA1c levels 

when adjusting for age and BMI, and HbA1c levels were found to be significantly higher 

for only one of the subgroups, Mexico-born males.  

Hypothesis 7: To test the hypothesis that the diabetic subsample of Mexico-born 

Mexican Americans have higher HbA1c levels, a means difference t-test was run. 

Secondly, similarly to Hypothesis #6, a one-way ANCOVA (with age as a covariate) was 

conducted to control for potential age differences. HbA1c levels did not significantly 

differ between the MB and USB diabetics subsample, t(112.20) = -1.90, p = .059. It is 

important to note that the group differences approach significance, and this finding can 
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be considered clinically significant since the MB diabetic subsample’s mean HbA1c 

level (8.48%) was judged to be higher than the USB diabetic subsample (7.90%) at a 

clinically significant level and might indicate a significant difference in risk for 

microvascular complications (American Diabetes Association, 2013c). However, when 

controlling for age, diabetic medication, and insulin, the effect of country of birth does 

not even approach significance, F(1,83) = 0.497, p = 0.483. When including these 

covariates, the mean HbA1c levels are 8.04% for USB and 8.29% for MB, suggesting 

that diabetic medication treatment might account for some of the observable differences 

in HbA1c scores.  

Ancillary Analyses 

After running the above proposed analyses and related analyses, several 

unpredicted correlations were found which did not directly relate to the proposed 

hypotheses, but were nonetheless included as important variables because of their 

potential clinical meaningfulness. For example, an interview question which asked 

participants “Are you covered by health insurance or some other kind of health care 

plan?” Affirmative responses to this question included health insurance obtained 

through employment, purchased directly from providers, Medicare, Medicaid, or other 

government programs which provide medical care or help pay medical bills. This 

variable was found to correlate with three other variables in a potentially meaningful 

way; most strongly, country of birth (r(981) = .334, p <.001), next diabetes status based 

off HbA1c diagnostic classification (r(981) = -.086, p = .007), and finally the diabetes 

status question (r(981) = -.111, p <.001).  To further examine this relationship, a 2x2 

chi-Squared test was run for COB and responses to the health insurance question; the 
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overall chi-Squared was significant (X2 (1) = 109.70, p < .001) and indicated that MB 

individuals were significantly less likely to be covered by insurance (38.4%) as 

compared to USB (72.3%). A second chi-Squared test was run to examine this 

relationship for the diabetic subsample and this was also significant (X2 (1) = 8.65, p = 

.003) and still MB were less likely to be covered by health insurance than USB Mexican 

Americans (53.6% and 80.4%, respectively). Both of these findings are seen as 

clinically, as well as statically, highly meaningful differences. 

Finally, a univariate 2 X 2 analysis of variance (ANOVA) was run to examine the 

effect of health insurance status on HbA1c levels for diabetic and non-diabetic 

individuals. Results indicated that there was a significant main effect for diabetes status 

(F(1,977) = 1706.21, p < .001). Not surprisingly this illustrated that individuals who 

should be classified as diabetic based on clinical criteria were much more likely to have 

higher HbA1c levels than individuals who do not meet criteria (M = 8.40% compared to 

5.40%, respectively). There was also a significant main effect for health insurance 

coverage (F(1,977) = 36.36, p < .001); individuals who responded affirmatively to the 

Health Insurance Questionnaire (Williams et al.) had an average HbA1c of 6.67%, 

which was significantly lower than those who were not covered by health insurance (M = 

7.11%).  

Furthermore, these effects were qualified by a significant interaction between the 

two factors (health insurance coverage X HbA1c diabetic diagnostic classification), 

F(1,977) = 45.04, p < .001. Among individuals who did not meet clinical criteria for 

diabetes, those who reported health insurance coverage actually had slightly higher 

HbA1c level (5.42%) compared to those without coverage (5.38%). However, among 
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individuals who met clinical criteria for diabetes, those with coverage had a significantly 

lower HbA1c level than those without coverage (7.92% and 8.84%, respectively). This, 

almost 1% difference in HbA1c levels, besides being clinically significant, is also highly 

clinically meaningful. 
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CHAPTER 5 

DISCUSSION 

Discussion of Hypothesis Testing 

 The present study’s finding of 12.1% diabetes prevalence for MB individuals and 

11.1% for USB Mexican Americans is slightly lower than more resent rates; current 

standardized estimates of Mexican American adults diagnosed with diabetes range from 

about 13% (Karlamangla, Merkin, Crimmins, & Seeman, 2010) to 13.9% (Centers for 

Disease Control and Prevention, 2014). Given that the present study analyzed data 

from 2007-2008, it is not surprising that current rates are slightly higher considering the 

increasing trend of diabetes prevalence rates in general, particularly among Mexican 

Americans.  

Results indicated that for the diabetic subsample, those born in Mexico were less 

likely to report having received a diabetes diagnosis than those born in the U.S.; 

however this difference was not significant for the total sample. A subsequent test 

indicated that objective diabetes status did not differ based on country of birth. When 

comparing the various methods of diabetes status used in the present study (HbA1c 

cut-scores and affirmative responses to the diabetes status question) epidemiological 

accuracy rates did not significantly differ based on nativity. However, within the diabetic 

subsample MB individuals were twice as likely to be incorrectly classified when using 

the self-report method as compared to the “gold standard” classification of HbA1c 

clinical cut-scores.  

Together, these results suggest that nativity did not predict the likelihood of 

diabetes prevalence, but it does affect the sensitivity rate of the diabetes status 
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questionnaire, resulting in more false negatives, or misses for those born in Mexico than 

for those born in the U.S. Although this question is widely used in large national 

population-based surveys, such as in NHANES and the National Health Interview 

Survey (NHIS), results from the present study suggest that it might not be as sensitive 

when utilized as a measure of diabetes prevalence for Mexico-born populations. 

Another study also found results which suggested that the “healthy immigrant effect” is 

at least partially based on undiagnosed diabetes among Mexican American immigrants. 

Researchers using a self-report question for disease status classification might be 

overestimating the buffering effect that Mexican-born individuals have before migrating 

to the United States (Barcellos, Goldman, & Smith, 2012). An additional study 

examining the prevalence rate of diabetes among Hispanics and Latinos from diverse 

backgrounds found that 11.9% of individuals reported diabetes during a baseline 

interview, but an additional 6.2% were later classified as diabetic according to lab tests 

and medication usage (Schneiderman et al., 2014). The findings of the present study 

are substantiated by these studies, and also demonstrate the importance of using a 

more objective classification of diabetes diagnosis with the immigrant population, 

particularly in regards to diabetes status among those born in Mexico. 

Although the present study focused on Mexican Americans, a 2004 study found a 

similar result; the sample consisted of U.S. adults living in a northeastern county. This 

study randomly mailed out a questionnaire asking “Has a medical provider ever told you 

that you had any of following conditions?” with diabetes and borderline diabetes being 

two of the listed conditions. Answers to these options were then compared to the 

participant’s medical records and results indicated a high number of false negatives, 
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and low questionnaire sensitivity (66%), for the diabetes responders. Even for 

individuals who reported that they had borderline diabetes, examination of medical 

records revealed a diagnosis of diabetes, not borderline or pre-diabetes (Okura, Urban, 

Mahoney, Jacobsen, & Rodeheffer, 2004).  The present study’s findings are similar to 

this study, despite using a very different sample, and results corroborate the present 

finding that self-reporting of diabetes diagnosis is not adequately sensitive.  

Alternatively, a different study found a higher sensitivity rate (85.2%) for self-

report of diabetes using a sample from a Taiwan national survey on health of the 

elderly. The question used in this study asked individuals if they currently have or have 

ever had diabetes; responses were compared to HbA1c scores taken during a 

laboratory portion of the study. Results indicated that the majority (97.3%) of 

respondents who reported having diabetes indicated that a physician had diagnosed 

their condition (Goldman, Lin, Weinstein, & Lin, 2003). Although this study used slightly 

different wording, as well as a higher HbA1c diagnostic cut-score (7.0% versus 6.5% 

used here) their sensitivity rate for their self-report measure is similar to that of the 

sensitivity for the U.S.-born group in the present study (80%), suggesting that self-report 

questions to screen for diabetes status might be adequately sensitive for certain 

populations, specifically various racial/ ethnic groups or elderly populations.  

 In the present study, additional hypotheses focused on demonstrating the 

findings of the Oza-frank et al. (2011) study by examining whether length of stay in the 

U.S. significantly affected diabetes prevalence for the MB group. Length of time in the 

U.S. was found to significantly predict diabetes prevalence based on both self-report, 

but only when included in the model by itself. It was also found to be a significant 
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predictor for objective diabetes status, but again only when included in the initial model 

(with reported insulin and medication usage). Length of time in the U.S. was not found 

to predict diabetes prevalence above and beyond the variance accounted for by age 

and BMI. Age was not found to significantly differ between the two groups, however BMI 

was significantly different, with the MB group having a lower average BMI (28.52) than 

the USB group (30.17). The present study findings indicate that length of time in the 

U.S. does not uniquely contribute to an increase in diabetes prevalence, however, 

increases in BMI and age did predict the incidence of diabetes. Previous research has 

shown that obesity, or having a BMI of 30.0 and above, is a significant risk factor for 

developing type 2 diabetes (Wild & Byrne, 2006). It has also been demonstrated that 

obesity has been shown to significantly predict the incidence of type 2 diabetes in 

Mexican Americans after an 8-year follow-up (Haffner, Hazuda, Mitchell, Patterson, & 

Stern, 1990).Despite the limitation of the present study being a cross-sectional design, 

this finding supports the idea that length of time in the U.S. likely contributes to an 

increase in BMI, which along with increasing age, then contributes to diabetes via 

insulin resistance (Haffner et al., 1990).  

 The current literature, including the Oza-frank et al. (2011) study, demonstrates 

different findings. It is important to note that there are several differences between the 

present study and the Oza-frank et al. (2011) study. The 2011 study had a much larger 

sample size, utilizing pooled data from the National Health Interview Survey (NHIS) 

from survey years 1997 to 2005. Although length of stay in the U.S. was reported 

similarly, the authors were also able to access the data as a continuous variable, which 

is not publically available. Furthermore, their sample consisted of respondents who 
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were born in Mexico, Central America, or the Caribbean, and their results could either 

demonstrate different effects based on varying countries of birth or less specific racial/ 

ethnic groups. 

Another study utilizing NHIS data did not find length of residence to be related to 

increased diabetes prevalence among immigrants. This study used fewer categories for 

length of stay than Oza-Frank and colleagues, and only one year of NHIS data (Koya & 

Egede, 2007). Conversely, another study utilizing a larger sample size found that 

diabetes prevalence did differ based on length of residence, after adjusting for age and 

gender. The significance was only for duration of 10 years or more in the United States; 

those residing less than 10 years did not differ from those born in the U.S. in terms of 

adjusted diabetes prevalence. This study also utilized a diverse sample from the HCHS 

and SOL studies, in addition to using multiple methods of diabetes status classification, 

including self-report, medication usage, and lab tests (Schneiderman et al., 2014). 

Together, these variant findings suggest that inconsistencies might exist in the literature 

due to the different methodologies and classifications utilized.  

 The final analyses in the present study examined how HbA1c levels differ based 

on nativity and diabetes status. Using the total sample, results suggested that country of 

birth did not significantly affect the HbA1c levels for either group. A post-hoc power 

analysis might suggest that this analysis was underpowered at 0.55 and a larger sample 

size (2,416 instead of 1,208) might have yielded significance. Regardless, an interesting 

difference was noted based on gender when additional analyses were run.  Specifically, 

HbA1c levels were found to significantly differ for MB males, but not among MB 

females, USB males or USB females, indicating that country of birth is a significant 
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predictor of higher HbA1c levels, but only among Mexican American males. 

Examination of the current literature did not yield studies with the same finding for only 

Mexico-born males, but there are a few studies which suggest implications for how 

specific gender effects might contribute to higher HbA1c levels for males. Males, as well 

as racial/ ethnic minorities, are less likely to self-monitor their blood glucose levels, 

which could contribute to higher HbA1c levels (Karter, Ferrara, Darbinian, Ackerson, & 

Selby, 2000). Additionally, one study focusing on Mexican Americans with Type 2 

diabetes found a gender difference using a sample from a Mexico-border city. 

Participants were being treated for diabetes, and results suggested that males in the 

diet-only treatment condition had higher mean HbA1c levels (12.1% to 10.1%) than 

females. Although this findings was not statistically significant, which is likely due to a 

small sample size, this difference remains clinically meaningful given the reduction in 

risk a 2% decrease in HbA1c can have (Brown et al., 2000).  Finally, a study examining 

SES and ethnic factors associated with cardiovascular risk found that SES (educational 

attainment and poverty ratio) associations were weaker for foreign-born Mexican 

American males, but were more significant for foreign-born females and non-Hispanic 

Whites (Karlamangla et al., 2010). These variables could plausibly affect the HbA1c 

scores among the present samples MB males through an interaction of various factors.  

Moreover, among the diabetic subsample HbA1c levels did not significantly differ 

by country of birth, although the MB diabetic subsample did trend toward higher levels 

and this relationship approached significance (p = .059). Another post-hoc power 

analysis was conducted and the achieved power 0.43, well under the .80 standard of 

detecting an effect. The power analysis suggested that a sample size of 268 is likely 
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needed to be able to detect an effect. The present study had a sample size of only 115, 

likely resulting in the lack of significance. This finding might have been significant with a 

larger sample size considering the reduction in power when running analyses on the 

diabetic subsample. However, given the findings of differences in HbA1c levels for 

Mexican-born males, further study is needed to investigate how all of these variables 

might affect one another, particularly for individuals with and without diabetes.  

Discussion of Ancillary Analyses 

 Health insurance coverage was found to be a significant variable with several of 

the other variables in the present study. U.S.-born Mexican Americans were almost 

twice as likely to be covered by health insurance as MB individuals. This is consistent 

with other study findings (Barcellos, Goldman, & Smith, 2012; Gonzalez-Barrera & 

Lopez, 2013; Ziemer et al., 2014), and was also demonstrated with the diabetic 

subsample. Individuals with health insurance coverage were also found to have 

significantly lower HbA1c levels. However, this effect was qualified by diabetes status; 

individuals with coverage who were not diabetic actually had slightly higher HbA1c 

levels, but among individuals with diabetes, those with coverage had significantly lower 

HbA1c levels. As noted above, this is seen as a highly important difference, both 

clinically and additionally for public health considerations. 

A lack of health insurance has been found to predict poorer diabetic care and 

uninsured individuals are also more likely to report low income and be Hispanic (Nelson, 

Chapko, Reiber, & Boyko, 2005). Health insurance coverage could also affect HbA1c 

levels due to the high cost of blood glucose monitoring, both self-monitoring of blood 

glucose, SMBG (i.e. regular testing through use of a glucometer) and professional 
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testing (i.e. HbA1c), which might lead to less frequent monitoring and therefore fewer 

implementation of management strategies by individuals without health insurance 

coverage. One study by Karter and colleagues, mentioned earlier, examined factors 

predicting fewer adherences to diabetes management. Results indicated that higher 

out-of-pocket costs for glucometer strips, particularly for those with lower incomes, 

predicted poorer adherence to SMBG (Karter et al., 2000). This study also found that 

being an ethnic minority or having difficulty communicating in English was also related 

to poorer adherence among Hispanics. This finding might also be associated with the 

finding that a lower proportion of Mexican Americans SMBG, as compared to non-

Hispanic Caucasians (Harris, 2001). Additional factors, such as lower education, longer 

duration of diabetes, male sex, smoking and alcohol consumption were also found to 

predict low SMBG (Karter et al., 2000). 

Taken together, these findings likely contribute to multiple results of the present 

study; it might be that MB males have higher HbA1c levels due to a combination of 

factors affecting SMBG, nativity, and health insurance coverage. It is likely a complex 

interplay among many contributing variables which can affect poorer glycemic control, 

thus yielding higher HbA1c scores. Further study, with a larger sample size, is 

necessary to distinguish the effects of these potential factors.  

Strengths and Limitations 

The present study exhibits numerous strengths over the previous literature in the 

field, along with several limitations. One of the strengths of the present study is the 

specificity resulting from a focus on one specific racial/ethnic group, Mexican 

Americans, to examine variables affecting diabetes. Complications arise when studies 
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conduct racial/ethnic analyses by using a mixture of racial and ethnic terminology which 

can refer to a wide variety of individuals, like Hispanic or Latino. It should be noted that 

the present sample was determined based on self-report of race/ethnicity, therefore 

although it was more specific than other studies, it still contains the inherent error 

associated with self-report. Furthermore, the specificity of the present study did limit the 

sample size, particularly when examining diabetic status, since the majority of the 

sample was not diabetic.  

Another strength of the present study was utilizing a large nationally 

representative data set which utilized stratified multistage probability sampling to ensure 

that the sample paralleled population characteristics. NHANES also entails highly 

trained interviewers who conduct interviews at home in either Spanish or English. It is 

important to note that NHANES data is only representative of non-institutionalized 

individuals within the U.S. and therefore is limited by these parameters. Additionally, 

labs and anthropometrics are conducted in MECs to enhance standardization. However, 

given that the survey is collected in two parts, there was sample attrition (8.8%) due to a 

portion of participants only completing the interview portion of the study. Although 

attrition analyses did not reveal significant differences among variables of interest 

except that participants without an HbA1c lab value were more likely to be male. Finally, 

the NHANES is a cross-sectional design and data are not collected continuously across 

years. The present study therefore cannot discern cause and effect from other potential 

confounding variables; however, as cited in the document, some longitudinal studies 

have found similar results, supporting the present study conclusions.  
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 Finally, although HbA1c is recognized by both the ADA and the World Health 

Organization (American Diabetes Association, 2014; World Health Organization, 2011 ) 

as an accurate and standardized diagnosis of diabetes, it is not 100% accurate and the 

epidemiological rates for accuracy, specificity, sensitivity, etc. are limited by the 

fundamental error of the “gold standard” comparison. Despite potential limitations of 

HbA1c as a test, it is considered as one of the clinical criteria for diagnosing diabetes 

and for the present study offered benefits above other diabetes lab tests, such that it 

was given to participants regardless of day or time, whereas fasting blood glucose is 

often limited to morning participants. Additionally, the findings of Okura et al. 

demonstrated similar sensitivity rates as the present study and they utilized patient 

medical records, which might be considered a more robust assessment of diabetes 

diagnosis. Another possible limitation is that the present study data did not differentiate 

between type 1 and type 2 diabetes. This might have affected the findings given that the 

type of diabetes is related to the age of onset and the longer an individual has had 

diabetes, the more difficult their glycemic levels are to maintain.  

Implications and Future Research 

 Overall, the present study provides insight into factors affecting HbA1c levels and 

diabetes prevalence, as well as implications for self-report of diabetes for Mexican 

Americans in the U.S. The current literature is convoluted with classification variables 

such as race/ethnicity classification differences and country of birth versus immigration 

status. The present study has found additional factors which might affect the 

interpretation of the “healthy immigrant effect” as applied to Mexican Americans; 

specifically, there was a notable difference in HbA1c levels for Mexico-born males and 
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overall Mexican Americans born in Mexico were significantly more likely to be 

misclassified concerning diabetes status when using a self-report questionnaire. These 

findings have important research, clinical and even public health implications. Much of 

the current literature, particularly large data sets, utilize the convenience and efficacy of 

using a self-report item for disease prevalence (i.e. the Oza-Frank study when looking 

at diabetes prevalence), which might possess inherent error for Mexico-born individuals 

who might be underdiagnosed compared to their U.S. born counterparts.  

Results of the present study provide implications for the conceptualization of the 

healthy immigrant effect. Studies which utilize self-report methods may lead to a 

misinterpretation of the “healthy immigrant effect”, as suggested by Barcellos, Goldman, 

and Smith (2012). However, it is important to note that in the present study the MB 

group did have a lower BMI and were not significantly more likely to be objectively 

classified as having diabetes, suggesting that they might be healthier than their U.S.-

born counterparts in some aspects. This actually supports the concept of the “healthy 

immigrant effect” given that foreign-born Mexican Americans are statistically more likely 

to have lower SES and less access to health care (Williams et al., 2010). Seemingly in 

contradiction, the present study also found that MB males had higher HbA1c levels and 

that nativity did yield clinically meaningful differences in HbA1c groups. However, this 

difference was reduced when controlling for age and diabetic medication. This suggests 

that MB diabetics might not be managing their diabetes as adequately as USB 

diabetics, likely due to their limited access to healthcare and therefore reduction in 

medication usage to maintain appropriate blood sugar levels.  
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As mentioned earlier, Williams and colleagues provide an excellent review of 

how complex the interplay of different factors (including health care access, age and 

gender) might contribute to health disparities (Williams et al., 2010). Furthermore, these 

factors might also contribute to the illusion of health disparities in different ways. It is 

important to note that despite certain risk factors, MB individuals appear to be generally 

healthier than their U.S.-born counterparts. However if MB individuals do develop 

diabetes, they appear to be less likely to have been told about their disease, are less 

likely to be insured, less likely to have available funds for treatment, and less likely to 

manage their blood sugar levels. These factors subsequently increase their risk for 

microvascular complications, comorbid diseases, and mortality. It appears that the 

perspective that foreign-born Mexican Americans are always healthier than U.S.-born 

Mexican Americans is an overly simplistic view which is mediated by length of time in 

the U.S.  

 The present study findings have important clinical implications, particularly for 

health care providers. Findings that Mexico-born individuals are more likely to be 

missed using self-report questionnaires might also indicate that these individuals are 

being missed for intervention strategies. The literature and the present study 

demonstrate that Mexico-born Mexican Americans are less likely to be insured and 

have less access to health care, which is exacerbated by the lack of knowledge that 

they have diabetes. Additionally, there is evidence that they are also less likely to 

monitor their blood glucose and males in particular might be less likely to manage their 

diabetes, in addition to not being aware that they have diabetes. Health care providers, 

as well as researchers, should be aware that simply screening for diabetes status 
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through self-report might contribute to an increased number of false negative for this 

population, who might also be less likely to be offered an HbA1c test, despite an 

increased need for a more objective screening for diabetes. Moreover, the effect that 

research has on health care interventions could be exacerbating this problem; if there is 

the simplistic belief that immigrants are healthier than their U.S.-born counterparts 

coupled with the fact that they are less likely to access health care, these individuals are 

likely to be overlooked for intervention and treatment.  

 Future research and clinical practice should utilize more objective classification 

or screening measures to ensure that there is not inherent bias in reporting, particularly 

when it comes to immigrant or foreign-born populations. Additionally, the complex 

interplay of variables associated with immigrant or foreign-born status should continue 

to be examined to clearly understand the interaction among these variables, particularly 

those which have been found to be inherently related to race/ethnicity and country of 

birth. Finally, given the limitations of the present study and literature which utilizes 

cross-sectional data, use of more objective disease classification across a longitudinal 

time period would contribute to more decisive conclusions drawn about the effect of 

length of stay in the U.S. for this population. It appears that the healthy immigrant effect 

is not unconditional, and that despite an apparent resilience of foreign-born individuals 

for certain risk factors, such as BMI, they also possess other risk factors increasing the 

likelihood of complications upon developing diabetes. 
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Table 1 

Participant Characteristics  

 Total Sample U.S.-Born (Group 1) Mexico-Born (Group 2) Comparative Analyses 
 N % N % N %  
Sample Size: 983 100 413 42.0 570 58.0  
Gender:       X2 (1, 983) = 5.201, p = 

.023* 
      Male 468 47.6 179 43.3 289 50.7  
      Female 515 52.4 234 56.7 281 49.3  
Diabetes Statusa 115 11.7 46 11.1 69 12.1 X2 (1, 983) = 0.217, p = 

.641 
        

 M SD M SD M SD  
Age 43.81 17.28 43.80 18.28 43.83 16.53 t(981) = - 0.026, p = 979 
BMI 29.22 6.02 30.17 6.85 28.52 5.23 t(733.5) = 4.07, p < .001* 
HbA1c:        
    Total Sample 5.73 1.16 5.66 0.98 5.79 1.28 t(981) = -1.756, p = .079 
    Diabetic 
Subsample 

8.25 1.78 7.90 1.24 8.48 2.04 t(112.19) = -1.90, p = .059 

        
Note. Total Sample is comprised of the U.S.-Born and Mexico-Born Groups; * = significant at the .05 level; aDiabetes 
status is based off HbA1c levels of 6.5% or greater. 
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Table 2 

Correlations Matrix for Variables of Interest 
Variable 1. 2.  3. 4. 5. 6. 7. 8. 
1. Age _        

2. Gender .032 
(p = .313) 

_       

3. COB .001 
(p = .979) 

-.073* 
(p = .023) 

_      

4. BMI 
(n = 968) 

.086** 
(p = 008) 
 

.062 
(p = .054) 

-.132 
(p < .001) 

_     

5. HbA1c level .354** 
(p < .001) 

.040 
(p = .210) 

.056 
(p = .079) 

.142** 
(p < .001) 

_    

6. Told you have 
diabetes 

-3.40** 
(p < .001) 

.017 
(p = .585) 

.062 
(p = .052) 

-.139** 
(p < .001) 

-.539** 
(p < .001) 
 

_   

7. Weight in lbs. 
(n = 969) 

-.020 
(p = .541) 

-.284** 
(p < .001) 

-.187** 
(p < .001) 

.863** 
(p < .001) 

.093** 
(p = .004) 

.074* 
(p = .021) 

_  

8. Health Insurance 
Coverage 
(n = 981) 

-.302** 
(p < .001) 

-.095** 
(p = .003) 

.334** 
(p <.001) 

-.104** 
(p =.001) 

.044 
(p = .172) 

-.111** 
(p < .001) 
 

-.112* 
(p < .001) 
 

_ 

9. Length of time in 
the U.S. (n = 548)a 

.604** 
(p < .001) 

.057 
(p = .180) 

b 

_ 
.201** 
(p < .001) 

.211** 
(p < .001) 

-.215** 
(p < .001) 

.158** 
(p < .001) 

-.484** 
(p < .001) 

Note. For most variables n = 983, unless otherwise specified. *Correlation is significant at the 0.05 level. **Correlation is 
significant at the .01 level. aSample size is smaller since analyses were only run for the MB group, bfurthermore COB is 
not calculated since the whole subsample was born in Mexico.   
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Table 3 

ANCOVA Results Demonstrating the Effect of Various Factors on HbA1c  

 Unadjusted Adjusted 
Factors: M  M  M  M  F p ɳ2 ɳ2 

Interpretation 
Model 1:         
Country of Birth 5.65 (USB) 5.78 (MB) 5.65 (USB) 5.78 (MB) 3.00 .084 .003 Very small 
         
Model 2b:         
Age 43.76 (USB) 43.74 (MB) a a 136.25 .000* .124 Large 
BMI 30.17 (USB) 28.55 (MB) a a 17.98 .000* .018 Small 
Gender 5.78 (M) 5.68 (F) 5.77 (M) 5.65 (F) 2.95 .086 .003 Very small 
Country of Birth 5.65 (USB) 5.78 (MB) 5.63 (USB) 5.80 (MB) 5.75 .017* .006 Very small 
Gender * Country of 
Birth 

  5.63 (M;USB) 
5.63 (F; USB) 

5.92 (M;MB) 
5.68 (F;MB) 

2.96 .086 .003 Very small 

         
Model 3 (Males only)c:         
Age   a a 48.68 .000* .097 Medium 
BMI   a a 1.86 .173 .004 Very small 
Country of Birth 5.65 (USB) 5.86 (MB) 5.62 (USB) 5.88 (MB) 4.87 .028* .011 Small 
         
Model 4 (MB only)d:         
Age   a a 64.23 .000* .104 Large 
BMI   a a 5.33 .021* .010 Small 
Gender 5.86 (M) 5.70 (F) 5.90 (M) 5.66 (F) 5.70 .017* .010 Small 

         
Note. aAge and BMI as covariates. bSample includes all males and females from total sample with data for age, BMI, 
gender, and COB (n = 968). cSample includes 177 USB males and 282 MB males (n = 459). dSample includes 282 MB 
males and 277 MB females (n = 559).  *p is significant at the .05 level
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HbA1c 
“gold standard” 

Condition positive 
HbA1c > or = to 6.5% 

Condition negative 
HbA1c < 6.5% 

DSQ 

“yes” True positive 
(accurate) 

False positive 
(Type I error) 

Precision = 
Σ True positive 

Σ Test outcome positive 

“no” False negative 
(Type II error) 

True negative 
(accurate) 

Negative predictive value = 
Σ True negative 

Σ Test outcome negative 

 
Sensitivity = 

Σ True positive 
Σ Condition positive 

Specificity = 
Σ True negative 

Σ Condition negative 

Accuracy=  
TP + TN 

All responses to DSQ 

 
Figure 1. Accuracy configuration of the diabetes status question (DSQ) responses 
compared to HbA1c classifications: accuracy, precision, negative predictive value, 
sensitivity and specificity. 
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 Group 1:U.S.-born   

 

HbA1c 
“gold standard” 

Condition positive 
HbA1c > or = to 

6.5% 

Condition negative 
HbA1c < 6.5% 

DSQ 

“yes” 
37 (80.4%) 

True positive 
(accurate) 

21 (5.7%) 
False positive 
(Type I error) 

Precision = .64 
Σ True positive 

Σ Test outcome positive 

“no” 
9 (19.6%) 

False negative 
(Type II error) 

346 (94.3%) 
True negative 

(accurate) 

Negative predictive value = .97 
Σ True negative 

Σ Test outcome negative 

 
Sensitivity = .80 
Σ True positive 

Σ Condition positive 

Specificity = .94 
Σ True negative 

Σ Condition negative 

Accuracy = .93 
TP + TN 

All responses to DSQ 
*Percentages in () are based on the percentage for each n based on HbA1c cut-score 
 
 

 Group 2:Mexico.-born   

 

HbA1c 
“gold standard” 

Condition positive 
HbA1c > or = to 6.5% 

Condition negative 
HbA1c < 6.5% 

DSQ 

“yes” 
39 (56.5%) 

True positive 
(accurate) 

18 (3.6%) 
False positive 
(Type I error) 

Precision = .68 
Σ True positive 

Σ Test outcome positive 

“no” 
30 (43.5%) 

False negative 
(Type II error) 

483 (96.4%) 
True negative 

(accurate) 

Negative predictive value = .94 
Σ True negative 

Σ Test outcome negative 

 
Sensitivity = .57 
Σ True positive 

Σ Condition positive 

Specificity = .96 
Σ True negative 

Σ Condition negative 

Accuracy = .92 
TP + TN 

All responses to DSQ 
*Percentages in () are based on the percentage for each n based on HbA1c cut-score 
 
Figure 2. Accuracy configuration of the diabetes status question responses compared to 
HbA1c classifications for Group 1 (USB) and Group 2 (MB). 
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