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ABSTRACT 

The prevalence of type 2 diabetes among Native American populations is 

escalating, particularly in children and adolescents. Dietary factors appear to influence 

the development of diabetes, and therefore, are modifiable risk factors for primary 

prevention. Studies evaluating the dietary habits of Native American adolescents are 

sparse. Furthermore, studies examining the relationship between insulin and dietary 

factors have been limited to adult populations. The objective of this study was to 

describe dietary intake and food consumption patterns and examine dietary factors 

associated with fasting and 30-minute postprandial insulin levels among adolescents from 

the Zuni Pueblo, New Mexico. 

Dietary intake and plasma insulin concentration data were collected from Zuni 

male and female adolescents. 15-20 years of age, participating in the Zuni Diabetes 

Prevention Project (ZDPP). The ZDPP. a 4-year, cross-sectional, school-based 

intervention study was designed to reduced risk factors of type 2 diabetes among Zuni 

adolescents. 

Using 24-hr dietary recalls to estimate dietary intake, dietary data was collected 

during 1993-1994 (baseline) and spring of 1997 (3 years of intervention exposure). 

Modified glucose tolerance tests were conducted to measure plasma insulin 

concentrations. 

Baseline dietary data was adjusted to remove day-to-day variation and compared 

to national dietary guidelines. Logistic regression was conducted to examine associations 

between nutrient intake and insulin concentrations. 
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Estimated daily fat intakes of Zuni adolescents exceeded recommendations, 

whereas, dietary fiber intakes did not achieve guidelines. Less than half of Zuni females 

met or exceeded dietary recommendations for most micronutrients. Less than 50% of 

Zuni males consumed recommended levels of vitamin A, folate, vitamin E, calcium, and 

magnesium. Zuni adolescents reported a diet low in nutrient-dense vegetables, high-fiber 

grains, and fruits. Sugared-beverages were a significant source of energy and total 

carbohydrate. 

Among Zuni males, dietary fat and protein intakes were significantly inversely 

associated with insulin levels. A negative association between dietary fat and insulin 

levels was not evident among females. Positive associations were observed for total 

carbohydrate intake in the unadjusted models. Our results suggest that diets higher in fat 

or protein compared to high-glycemic carbohydrates may be less deleterious in 

individuals with minimal hyperinsulinemia. 
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INTRODUCTION 

Explanation of the Problem and Its Context 

Overview 

Type 2 diabetes is a chronic disease of considerable concern among researchers 

and health practitioners due to the rising prevalence among adults and children. 

especially among Native American populations. The disease is a serious health challenge 

due to its associated morbidity and mortality, particularly among Native Americans who 

have the highest prevalence in the world (Zimmet et al. 1997). Between 1990 and 1997. 

the prevalence of diabetes among Native Americans and Alaska Natives increased by 

29% (Burrows et al. 2000). In the Southwest, the prevalence of type 2 diabetes has risen 

dramatically among children, 10-19 years of age, as well (Fagot-Campagna et al 1999; 

Dabeleaetal. 1998). 

There is clearly a genetic susceptibility in diabetes, however the heritable 

mechamsm(s) and the etiology of the disease remain elusive. In spite of a great deal of 

research conducted to understand the clinical course of diabetes, particularly among the 

Pima Indians, the early metabolic alterations in the pathogenesis of the disease and the 

role of enviionmental factors are still a puzzle (Bennett 1999). This is due in part to the 

complex nature of diabetes, the heterogeneity of disease phenotypes among high-risk 

groups, and confounding factors such as obesity. Notwithstanding, environmental 

factors, such as diet, appear to contribute to the etiology of the disease. High intakes of 

dietary fat, particularly saturated fat, have been shown to be associated with insulin 

resistance and hyperinsulinemia, two significant predictors of type 2 diabetes (Marshall et 
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al. 1997; Storlien et al. 1996; Feskens et al. 1994; Parker et al. 1993). Low dietary fiber 

intakes were found to be associated with hyperinsulinemia and an increased risk of 

diabetes (Meyer et al. 2000; Marshall et al. 1997; Salmeron et al. 1997; Lovejoy and 

DiGirolamo 1992). Data from these studies suggests that dietary fat and fiber are 

modifiable risk factors for diabetes providing a direction for prevention measures. In the 

last decade, few studies have assessed dietary fat or fiber intake in Native American 

children or adolescents (Ballew et al. 1997; Brown et al. 1992). Likewise, studies 

evaluating associations between insulin levels and nutrients among Native American 

adolescents are nonexistent. 

The Zuni Diabetes Prevention Project (ZDPP), a community-based, four-year 

intervention study targeting high school adolescents was completed in 1998. The study, a 

multiple cross-sectional design, investigated the effects of behavioral and biological 

changes on diabetes risk factors (Teufel and Ritenbaugh 1998). In addition to collecting 

blood glucose and insulin measurements from oral glucose tolerance tests, the study 

assessed dietary intakes at baseline, and after 1.5 and 3.0 yezirs of intervention exposure 

using 24-hr dietary recalls. Baseline dietary assessment data were used in this 

dissertation to measure the dietary intake of Zuni adolescents and to compare to national 

dietary guidelines. Dietary and insulin data from baseline and the 3rd year of 

intervention were also used here to investigate potential associations between dietary 

factors and insulin concentrations. 
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Hypothesis and Specific Aims 

The purpose of this study was to characterize dietary intake and investigate 

potential dietary risk factors and their association with plasma insulin concentrations 

among adolescents from a population at high-risk for type 2 diabetes, [n the last decade, 

few studies have assessed dietary intake and food consumption patterns in adolescent 

Native Americans. Furthermore, studies investigating associations between nutrient 

intake and plasma insulin levels are limited to adult populations. Measuring nutrient 

intake levels and examining potential relationships between dietary factors and insulin 

response are essential for determining risk factors in Native American populations. 

Primary Hypotheses: 

Hypothesis #1. Zuni adolescent dietary intakes measured at baseline will e.xhibit 

diabetes risk factors. 

Hypothesis #2. Higher levels of saturated fat will be significantly associated with 

increased fasting and postprandial insulin levels among Zuni adolescents. 

Hypothesis #3. Higher levels of dietary fiber will be significantly associated with 

lower fasting and postprandial insulin levels. 

Specific Aims: 

The following specific aims were evaluated in order to test the primary hypotheses: 

Specific Aim #1. Describe and characterize the baseline food and nutrient intake 

patterns of Zuni adolescents and compare them to national guidelines for disease 

prevention and nutrient adequacy. 
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Specific Aim #2. Determine if higher saturated fat intake is significantly 

associated with increased fasting and postprandial insulin levels among Zuni adolescents. 

Specific Aim #3. Determine if higher intake of dietary fiber is significantly 

associated with lower insulin concentrations. 

BACKGROUND AND LITERATURE REVIEW 

PART I: OVERVIEW OF TYPE 2 DIABETES 

An Epidemic of Type 2 Diabetes 

There is a worldwide epidemic of type 2 diabetes in which the number of 

diabetics are predicted to double firom 143 million in 1997 to 300 million by 2025 (WHO 

1998a). It has been projected that developed countries, such as the United States, will be 

the most sensitive to increased diabetes prevalence, largely due to diet and lifestyle 

factors (King et al. 1998). In the United States, 800,000 new cases of diabetes are 

diagnosed per year (NIH 1999). Since 1958, the prevalence of diabetes among 

Americans has increased from 1.5 million to an estimated 10.5 million in 1998 (Harris 

1998). African-Americans, Mexican-Americans, and Native Americans are particularly 

at risk for developing diabetes. Native Americans are. on average, three times more 

likely to be diagnosed with type 2 diabetes when compared to similar aged non-Hispanic 

whites (NIH 1999). Between 1990 and 1997, the age-adjusted prevalence of diabetes 

among Native American and Alaska Natives increased by nearly 30%. In contrast, 

between 1990 and 1996. the age-adjusted prevalence among the general US population 

increased by 14% (Burrows et al. 2000). Among Native American groups in the 
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Southwest, the prevalence can be as high as 50% in individuals 30-64 years of age 

(Gohdes 1995). Pima Indians of Arizona have the highest documented diabetes 

prevalence and incidence in the world (Knowler et al. 1978). 

The morbidity associated with diabetes is considerable. Diabetes is the leading 

cause of end-stage renal disease, lower-limb amputations, and blindness caused by 

diabetic retinopathy (CDC 2000; Harris 1998). The age-adjusted mortality rate for 

cardiovascular disease is 2-4 times higher among diabetic versus non-diabetic adults and 

is the leading cause of death among diabetics (Gu et al. 1998). Among diabetic Pima 

Indians, the age-adjusted mortality rate is nearly 80% higher than non-diabetics (Sievers 

etal. 1992). 

Until recently, a diabetes diagnosis in children or adolescents was primarily type 

1 and rarely type 2. However the prevalence of type 2 diabetes is increasing among 

children from the general US population and in particular, among ethnic populations in 

which the adults are at high-risk for the disease (Dabelea et al. 1998; Neufeld et al. 1998; 

Pihoker et al. 1998; Glaser 1997). An increased prevalence of type 2 diabetes in Native 

American children and adolescents has been reported in the Southwest, and among First 

Nation populations in Canada (Fagot-Campagna et al. 1999; Dabelea et al. 1998; Dean et 

al. 1998; Harris et al. 1996). Between 1988 and 1997, the estimated number of diabetes 

cases among Native American adolescents, aged 15-19, from Arizona. Colorado, Nevada. 

New Mexico, and Utah rose from 128 to 201 (Fagot-Campagna et al. 1999). 

Furthermore, longitudinal data from 5274 Pima Indian children revealed an increase in 

diabetes prevalence from 1967-1976 to 1987-1996 (Dabelea et al. 1998). Among girls 
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and boys, 10-14 years of age, the rate increased from 0.72% to 2.88% and 0% to 1.4%, 

respectively. Among 15-19 year olds, the prevalence for boys rose from 2.43% to 3.78% 

and for girls, 2.73% to 5.31%. With the exception of Pima children and adolescents, who 

are routinely screened, the prevalence of diabetes among Native American youth is 

probably higher than estimated, since lack of symptoms can delay detection and 

diagnosis. 

Morbidity from diabetes is generally associated with adults; however, the earlier 

onset of diabetes in children and adolescents can result in microvascular and 

cardiovascular complications in early adulthood (Fagot-Campagna et al. 1998). 

Classification of Diabetes Mellitus 

There are four etiologic classifications of diabetes mellitus, type 1, type 2, 

gestational, and "other specific types" which includes diabetes resulting from diseases, 

infections, genetic syndromes, and drugs (ADA 1999). Type 1 diabetes, formerly known 

as insulin-dependent diabetes mellitus or juvenile-onset diabetes can account for 5-10% 

of diagnosed diabetics. Type I, which commonly occurs in children or adolescents, is 

characterized by autoimmune destruction of pancreatic p-cells (ADA 2000). Individuals 

with type 1 diabetes usually become dependent on exogenous insulin for survival and are 

at high risk for ketoacidosis. Symptoms of type I include polyuria, polydypsia, weight 

loss, ketonuria, and ketosis. Initially, the diagnosis of type 1 diabetes versus type 2 in 

children can be difficult due to the heterogeneity in clinical expression of the two forms. 

However, classification of type I can be determined by testing for P-cell autoantibodies 
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and very low C-peptide levels (ADA 2000). Children with type 2 diabetes usually do not 

have P-cell antibodies and C-peptide levels are either normal or elevated. 

Type 2 diabetes, also referred to as non-insulin-dependent or adult-onset diabetes, 

is the most prevalent form accounting for 90-95% of all diagnosed diabetes in the US 

(NIH 1999). This type of diabetes is associated with hyperglycemia coupled with a 

continuum of insulin resistance and pancreatic secretory capacities ranging from insulin 

resistance with a slight degree of insulin insufficiency to predominantly insulin deficient. 

In contrast to the type 1 form of diabetes, type 2 diabetics are less likely to require insulin 

treatment (except at later stages of the disease) and the occurrence of ketoacidosis is rare 

(ADA 1999). Symptoms of the disease (hyperglycemia) can include polyuria, polydipsia, 

weight loss, polyphagia, and blurred vision. Since the pathogenesis of type 2 is gradual, 

the onset of hyperglycemia may go undetected and diabetics often going undiagnosed for 

many years. Diagnosis of type 2 diabetes is determined by measurement of fasting 

plasma glucose > 126 mg/dl, 2-hour postload glucose in OGTT > 200 mg/dl. or 

symptoms plus a random plasma glucose > 200 mg/dl (ADA 1999). 

Gestational diabetes (GDM), which occurs in appro.ximately 4% of all US 

pregnancies, is defined as glucose intolerance diagnosed at the onset or during pregnancy 

(Engelgau et al. 1995). The prevalence of GDM is higher among ethnic groups at high-

risk for type 2 diabetes. The prevalence of GDM among Native American populations as 

a whole has not been determined, however, among the Zuni and the Navajo, is 14.3% and 

4.6%, respectively (Benjamin et al. 1993; Sugarman 1989). GDM is a risk factor for the 
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future development of type 2 diabetes in women as well as children who were exposed to 

intrauterine GDM (Dabelea et al. 1998; Pettitt et al. 1980). 

Risk Factors 

Age 

The prevalence of diabetes increases with age in the general population and in 

high-risk ethnic groups. In the US, 18.4% of all individuals 65 years or older have 

diabetes as compared with 8.2% in people age 20 or older (NIH 1999). Among all Native 

Americans, the prevalence of diabetes in individuals 65 years or older is 22.6%, whereas 

for age groups 20-44 and 45-64, the prevalence is 3.7% and 19.9%, respectively (NIH 

1999). Factors that appear to contribute to the decline in glucose tolerance with age are 

physical inactivity, obesity, and decreased p-cell secretory responses (Kahn et al. 1992; 

Chenetal. 1985). 

Genetic Factors 

Type 2 diabetes is a complex and heterogeneous chronic disease with a significant 

genetic component. Genetic susceptibility has been implicated due to familial clustering, 

concordance in monozygotic twins, and exceptionally high prevalence of diabetes among 

specific groups (Zinunet et al. 1997; Newman et al. 1987; Bamett et al. 1981; Knowler et 

al. 1981). Among the Pima Indians, fasting and postprandial insulin concentrations, 

insulin resistance, and impaired insulin secretion were found to be familial traits 

associated with high heritability (Sakul et al. 1997). Admixture studies provide an 
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additional source of evidence for a genetic prerequisite in developing diabetes. The 

prevalence of diabetes and high body mass index among Pima Indians was lower in 

individuals with European admixture (Williams et al. 2000; Knowler et al. 1988). 

Furthermore, fasting and 2-hr postprandial glucose levels, predictors of diabetes in the 

Pima, were inversely related to the level of admixture. These findings indicate that 

admixture from a population with low diabetes rates diminishes the genetic influence by 

introducing alleles associated with a lower risk for the disease. 

Environmental Factors 

While genetic susceptibility is a major determinant in the development of 

diabetes, environmental or lifestyle factors have a prominent role in the expression of the 

disease. In Pima Indians, the prevalence and incidence of type 2 diabetes has increased 

dramatically from 1960-1990, an increase too great to be accounted for by genetic 

variation (Knowler et al. 1990). Evidence for an environmental component has been 

found among migrating populations in which genetic backgrounds are similar but 

lifestyles have changed. Populations that have moved from traditional rural living to 

urban areas, a change in lifestyle habits that is associated with excess nutrient intake and 

low physical activity levels, are at higher risk for developing chronic diseases (Valencia 

et al. 1999; Edwards et al. 1998; Fujimoto 1996; Zimmet et al. 1983). A recent study 

compared the prevalence of diabetes in Pima Indians living in Sonora, Mexico, with Pima 

from the US. The age-sex standardized prevalence for Mexican and Arizona Pima was 

6% and 38%, respectively (Valencia et al. 1999). The divergence of the Pima is 



estimated at 700 - 1000 years ago, consequently the low prevalence of diabetes cannot be 

explained by genetic variation in either population (Niswander et al. 1969). It is 

assumed that the Mexican Pima have the same genetic predisposition as the Pima from 

Arizona; therefore, the higher prevalence of diabetes among the Arizona Pima appears to 

be due to ±e exposure to environmental factors that promote the expression of the 

disease. Dietary and physical activity data from the two groups revealed profound 

differences in lifestyle factors. The dietary fiber intake of Mexican and Arizona Pima 

was 53 g/day and 19 g/day, respectively (Valencia et al. 1999). Cholesterol intake for the 

Mexican Pima was 211 mg/day compared to 471 mg/day for the Arizona group. Fat 

intake, as a percentage of total energy, for Mexican versus Arizona Pima was 26% and 

35%, respectively. Occupational physical activity levels differed significantly between 

the two groups. Mexican Pima spent 23 hours/week in occupational activities, whereas 

the Arizona Pima participated in less than 5 hours/week (Valencia et al. 1999). Findings 

from this study indicate a significant role for diet and physical activity levels as 

environmental determinants of type 2 diabetes. 

Diet. Low dietary fiber intakes are associated with developing diabetes. In 

experimental animal and human studies, high fiber diets were associated with increased 

insulin sensitivity and glucose disposal (Higgins et al. 1996; Byrnes et al. 1995; Lovejoy 

et al. 1992; Fukagawa et al. 1990). Diets low in fiber were associated with 

hyperinsulinemia and an increased risk for diabetes (Meyer et al. 2000; Marshall et al. 

1997; Salmeron et al. 1997). Although multiple studies have examined the relationship 

between dietary fiber intake and diabetes risk in individuals firom the general US 



population, data are lacking for Native Americans groups. However, low dietary fiber 

has been reported as a risk factor among Native Canadians (Wolever et al. 1997). 

High fat diets, particularly high saturated fat diets are associated with an increased 

risk of developing type 2 diabetes. Among Mexican Americans, high fat intake predicted 

the progression of impaired glucose tolerance to type 2 diabetes (Marshall et al. 1994). 

In African-American and Caucasian non-diabetic women, Lovejoy and DiGirolamo 

(1992) found that high intakes of dietary fat were inversely correlated with insulin 

sensitivity. A positive association between saturated fat and hyperinsulinemia has been 

shown in several studies and saturated fatty acids were independent predictors of fasting 

and postprandial insulin levels (Marshall et al. 1997: Maron et al. 1991). Findings from 

a recent study of Alaskan Natives indicated that a shift from a fish and marine animal diet 

to a commercialized diet, which contained a higher proportion of saturated fat, was 

associated with the development of glucose intolerance and insulin resistance (Ebbesson 

et al. 1999). Swinbum et al. (1991) demonstrated that glucose tolerance deteriorated in 

non-diabetic Pima Indians on a high-fat (50% of total energy intake), low carbohydrate 

diet compared to a high carbohydrate, low fat (15%) diet. 

Physical Activity. Evidence is accumulating that physical activity is related to 

glucose tolerance and may decrease the risk of type 2 diabetes. Among Pima Indians, 

non-diabetics reported higher levels of physical activity over their lifetime compared to 

diabetics (Kriska et al. 1993). Similarly, moderate and high physical activity levels 

among Alaska Natives were associated with a decreased prevalence of glucose 

intolerance (Alder et al. 1996). Recent findings from the Nurse's Health Study 
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demonstrated that activity levels of moderate intensity were associated with a 

considerable reduction in diabetes risk (Hu et al. 1999). Data from the San Luis Valley 

Diabetes Study and the Zutphen Elderly Study showed that higher levels of physical 

activity among men were associated with lower insulin levels (Feskens et al. 1994; 

Regensteiner et al. 1991). The beneficial effects of exercise on glucose tolerance appear 

to be related to an improvement of peripheral tissue insulin sensitivity (Mayer-Davis et 

al. 1998; Prigeonetal. 1995). 

Intrauterine. Intrauterine environment is a significant diabetes risk factor for 

Caucasian and Native American children. In Pima Indians. 10-15% of all newly 

diagnosed diabetics were exposed to maternal diabetes in utero (Bennett 1999). Fetal 

hyperinsulinism, caused by poorly controlled maternal diabetes or gestational diabetes 

exposes the fetus to increased levels of glucose, which can result in large-for-gestational-

age infants (Stanley 1997). In one study comparing children from mothers who were 

diabetic during pregnancy with those from normal pregnancies, 19% from diabetic 

mothers developed impaired glucose tolerance, compared to 2.5% from the control group 

mothers (Silverman et al. 1995). Among Native Americans, the prevalence of the type 2 

diabetes in children of mothers diabetic at the time of pregnancy is considerably higher 

when compared to the prevalence among offspring from non-diabetic mothers or those 

not diagnosed with diabetes until after their pregnancy (Pettitt et al. 1988). The 

children's risk for developing diabetes is further compounded by an increased risk of 

developing obesity. Children of diabetic women (diagnosed during or before pregnancy) 

are more obese through childhood and early adulthood than offspring of non-diabetic 
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women. (Pettitt et ai. 1983). A recent study that assessed the factors that contributed to 

an increased prevalence of diabetes in Pima children, found the rise in the rate largely 

accounted for by an increase in weight for height and intrauterine exposure to diabetes 

(Dabeleaet al. 1998). 

Obesity 

Obesity is becoming increasingly common with the prevalence in the US general 

population at about 20% (Flegal et al. 1998). Successive cross-sectional national surveys 

from 1960 to 1994 demonstrated a marked increase in the prevalence of obesity in men 

and women (Flegal et al. 1998). The prevalence of overweight youth. 6-17 years of age. 

increased from the National Health and Nutrition Examination Survey (NHANES) II to 

III (Troiano et al. 1998). Native American and Native Canadian children also exhibit 

high rates of obesity (Hanley et al. 2000; Gilbert et al. 1992; Broussard et al. 1991). 

Navajo children, 6-12 years old, are heavier today than a decade ago (Eisenmann et al. 

2000). 

Among adults, overweight and obesity, defined by the National Institutes of 

Health as a body mass index (BMI) of 25-29.9 kg/m" and a BMI > 30 kg/m*. 

respectively, is associated with increased morbidity and mortality from diabetes (The 

Evidence Report 1998). It is estimated that the diabetes risk associated with obesity is 

nearly 75% (Manson and Spelsberg 1994). A number of studies, including the Nurses' 

Health Study, have demonstrated that the risk of developing type 2 diabetes increases as 

weight increases (Chan et al. 1994; Colditz et al. 1990). Among US women, an increase 

of one body mass index (kg/m") unit (above 22 kg/m"), is associated with approximately 
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a 25% increase in the relative risk of diabetes (Colditz et al. 1995). Among Native 

Americans, obesity is a significant diabetes risk factor in children and adults (Lee et al. 

1995; McCance et al. 1994; Knowler et al 1981). Independent of total body fat, 

abdominal fat has been shown to be a significant risk factor for type 2 diabetes in cross-

sectional and longitudinal studies (Chan et al. 1994; Haffner et al. 1991; Lundgren et al. 

1989). Obesity, especially intra-abdominal obesity leads to the development of insulin 

resistance, which is a major determinant in the pathogenesis of diabetes (Bjomtorp 1988). 

Clinical Features and Pathophysiology 

Type 2 diabetes is a complex disease that can arise from numerous causes and 

combinations of factors; however, the common endpoint is the inability of the endocrine 

pancreas to produce sufficient insulin to maintain normoglycemia. Type 2 diabetes is 

characterized by hyperglycemia resulting from peripheral insulin resistance and impaired 

P-cell function (Porte 1999). In a normal glucose tolerant individual, the P-cells of the 

endocrine pancreas sense and respond to plasma glucose concentrations by releasing 

insulin. Plasma insulin inhibits hepatic glucose production and promotes peripheral 

glucose uptake by binding to receptors on insulin-sensitive cells, and through signal 

transduction stimulates the transport, storage, or oxidation of glucose. Alterations in any 

number of these steps can lead to diabetes. 

To date, the underlying biochemical basis of diabetes has not been discovered; 

however, a model of the pathological mechanisms involved in the development of 

diabetes has been proposed based on longitudinal data firom high-risk populations (Saad 
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et al. 1991; Haffher et al. 1990). The model predicts the transition of normal glucose 

tolerance to impaired glucose tolerance (IGT) with insulin resistance as the primary 

determinant. Prior to the onset of impaired glucose tolerance, normal glucose tolerant 

individuals may have varying levels of decreased insulin sensitivity and compensatory 

hyperinsulinemia. Hyperinsulinemia, a pancreatic response to rising plasma glucose 

levels, is an efficient mechanism that can overcome insulin resistance and restore 

normoglycemia as long as the islet cells are flmctioning normally. Multiple pathological 

mechanisms may be involved in the deterioration of normal to impaired glucose 

tolerance, which may be population-specific. The key factors that appear to occur in the 

progression from normal glucose tolerance to impaired glucose tolerance in Caucasians 

are a P-cell defect coupled with a further decline in insulin sensitivity (Vaag et al. 1995; 

Mitrakou et al. 1992). A decline in P-cell function will require mild hyperglycemia in 

order to stimulate insulin release. The more difficulty the pancreas has in detecting 

glucose, the higher the plasma glucose concentrations must be in order to stimulate 

insulin release. Byrnes et al. (1996) demonstrated that the ability of the p-cell to sense 

and respond to glucose was diminished in individuals with impaired glucose tolerance, 

resulting in reduced first-phase insulin release. However, in Pima Indians with impaired 

glucose tolerance, elevated glucose levels are associated with impaired insulin action and 

not diminished p-cell function (Lillioja et al. 1988). The clinical manifestation of 

diabetes occurs when the p-cells go into failure and cannot respond to severe 

hyperglycemia. 
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Insulin Resistance and Hvperinsulinemia 

It is widely recognized that insulin resistance is a key pathogenic factor in the 

development of type 2 diabetes. Insulin resistance and fasting hyperinsulinemia, a 

surrogate measure of insulin resistance, are risk factors for type 2 diabetes in Pima 

Indians and Mexican Americans (Lillioja et al. 1993; Haf&ier et al. 1990). In normal 

glucose tolerant Pima Indian children, fasting hyperinsulinemia predicts the future 

development of diabetes and is associated with an increased risk of obesity (Odeleye et 

al. 1997; McCance et al. 1994). Compared with Caucasian children matched for age and 

weight, Pima Indian children are hyperinsulinemic suggesting that insulin resistance 

presents early in this population (Pettitt et al. 1993). 

Genetic and environmental factors appear to play a prominent role in the 

pathogenesis of insulin resistance. A genetic component has been implicated by the 

determination that a greater degree of insulin resistance is found among populations that 

are also experiencing increased rates of diabetes (Haffner et al. 1997). Among non-

diabetic Pima Indians, direct measurement of insulin-induced glucose disposal as well as 

maximum-likelihood estimates of heritability revealed that insulin action is a familial 

trait (Sa'cul et al. 1997; Lillioja et al. 1987). Dietary factors appear to contribute to the 

development and maintenance of insulin resistance (Patti 1999; Proietto et al. 1999). 

Fatty acids may contribute to reduced peripheral glucose disposal by reducing oxidative 

and non-oxidative glucose metabolism or by altering the translocation of glucose 

transporters due to modifications in the lipid composition of plasma membranes (Boden 
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et al. 1997; Baur et al. 1998). Likewise, glucose has been shown to induce insulin 

resistance (Baron et al. 1995; Rossetti et al. 1987). 

Insulin Secretion 

Glucose and other secretagogues. such as fatty acids, stimulate ionic and 

metabolic mechanisms that result in insulin release from pancreatic p-cells. A rapid rise 

in blood glucose concentrations, observed in a perfused rat pancreas or with IV glucose, 

results in the rapid and transient rise in insulin release referred to as first-phase insulin 

secretion. (Curry et al 1968; Ward et al 1986). After 5-10 minutes, the initial phase is 

followed by a second phase in which insulin levels gradually increase and decline over 1-

2 hours in response to glucose levels. Although first-phase is indistinguishable from 

second-phase insulin release when a mixed meal or oral glucose is consumed, first-phase 

release does stimulate higher initial insulin levels than would have occurred otherwise. 

First-phase insulin release serves an important role in the regulation of glucose 

homeostasis. First-phase insulin secretion suppresses the endogenous production of 

glucose by the liver in order to prevent ftirther glucose release to increasing plasma 

concentrations (Luzi and DeFronzo 1989; Steiner et al. 1982). Loss of the first-phase 

results in a substantial delay in the inhibition of hepatic gluconeogenesis. 

Disturbances in first-phase insulin release are indicative of impaired P-cell 

function observed in type 2 diabetes. Early in the course of P-cell impairment, first-phase 

insulin release is diminished or lost (Ward et al. 1984). As P-cell function declines 

further, later phases of insulin release are reduced, resulting in hyperglycemia (Ward et 
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al. 1984). Persistent hyperglycemia may contribute to the deterioration of P-cell function 

since it has been shown that islets chronically exposed to glucose decrease in sensitivity 

(Leahy etal. 1992). 

PART 2: OVERVIEW OF CARBOHYDRATES 

Introduction 

The primary determinant of postprandial glucose and insulin response to 

carbohydrates is the amount, type, and rate of digestion. Carbohydrates are classified as 

monosaccharides (single sugar residue), disaccharides (2 sugar residues), or 

polysaccharides (polymers of sugar residues). Glucose, a monosaccharide, is a potent 

stimulator of insulin release from pancreatic islet cells. In contrast, polysaccharides, 

which includes starch and dietary fiber, can slow the absorption of glucose from the small 

intestine and decrease insulin response. The different physical characteristics of 

carbohydrate subtypes and their effects on glucose absorption and insulin response are 

discussed below. 

Glucose 

Glucose is the most potent stimulator of insulin release from islet P-cells 

(Meglasson and Matschinsky 1986). Glucose modulates insulin secretion by its own 

metabolism in pancreatic P-cells. Signaling molecules generated from glucose oxidation 

stimulate one of several pathways that activate the exocytosis of insulin (Newgard and 

McGarry 1995). In the presence of glucose, fatty acids have been shown to enhance 
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glucose-stimulated insulin secretion (Meglasson and Matschinsky 1986). Amino acids 

are also considered secretagogues, by augmenting the effects of glucose; however their 

stimulus is considerably less potent than glucose or fatty acids (Nuttall et al. 1984). 

Glucose also appears to stimulate insulin secretion indirectly from the intestine by 

promoting the release of gastric inhibitory polypeptide (GIP) (Cataland et al. 1974). 

Earlier studies have shown that increasing doses of oral glucose in healthy adults resulted 

in similar dose-dependent increases in insulin and GIP concentrations, whereas blood 

glucose levels exhibited small incremental increases (Schleser et al. 1986: Falko et al. 

1980). Gastric inhibitory polypeptide may play a role in the prevention of hyperglycemia 

during a high glucose load by enhancing glucose-stimulated insulin secretion (Opara and 

Go 1993). Conversely. GIP has been shown to suppress insulin secretion when glucose 

concentrations are low. 

In contrast to the role of glucose promoting its own uptake into cells by 

stimulating insulin secretion in the pancreas, there is evidence that elevated levels of 

plasma glucose can lead to insulin resistance in peripheral tissues. E.xperimental animal 

studies have demonstrated that hyperglycemia can impair glucose uptake by fat and 

muscle tissue by inhibiting the translocation of glucose transporters to cell membranes 

(Baron et al. 1995; Napoli et al. 1995). 

Fructose and Sucrose 

In moderate amounts, dietary fructose does not appear to directly stimulate 

pancreatic insulin release, rather it enhances glucose-induced insulin secretion. In 



32 

isolated rat pancreas or islet cell preparations, only large non-physiological levels of 

fructose directly stimulated insulin release (Curry et al. 1972; Hager et al. 1972). In 

laboratory animals, large doses of oral fructose resulted in a rise of insulin levels that was 

accounted for by a rise in glucose concentrations (Niewoehner et al. 1984). In human 

metabolic studies, moderate amounts of oral fructose did not increase insulin 

concentrations, whereas large doses (1.75g/kg) of fructose resulted in a modest increase 

(MacDonald et al. 1978; Reiser et al. 1987; Crapo et al. 1980). In contrast to short-term 

administration of fructose, chronic ingestion of fructose (7 days) resulted in increased 

glucose-stimulated insulin secretion and a reduction in peripheral tissue insulin sensitivity 

(Zavaroni et al. 1980). Thorbum et al. (1989) also demonstrated diets high in fructose 

were associated with insulin resistance. Lastly, fructose may indirectly stimulate insulin 

secretion by promoting an increase in GIP (Reiser et al. 1987). 

Studies evaluating the role of the disaccharide sucrose (glucose and fructose) in 

glucose tolerance have shown that sucrose indirectly stimulates insulin response by 

enhancing glucose induction of insulin release and can promote the development of 

insulin resistance. A rise in insulin secretion after the ingestion of sucrose was largely 

accounted for by the rise in glucose concentrations (MacDonald et al. 1978; Crapo et al. 

1976). In experimental animals, diets high in sucrose were associated with insulin 

resistance (Storlien et al. 1988). 
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Dietary Fiber and Starch 

Starch, a polysaccharide in the form of amylose or amylopectin, is used by plants 

to store glucose in cells, analogous to glycogen in animals. Amylose. a linear polymer, 

and amylopectin, a branched polymer, are characterized by a linkages between the 

glucose residues. The branched-chain structure of amylopectin is more rapidly digested 

by intestinal enzymes (a-amylases) due to multiple cleavage sites, whereas, the linear 

structure of amylose results in slower digestion and absorption. The different digestion 

properties of amylose and amylopectin and their respective effect on insulin response has 

been demonstrated in animal and human studies. Byrnes et al (1995) showed that rats on 

amylopectin-containing diets exhibited significantly higher postprandial insulin responses 

compared to amylose-fed rats. Similarly, rats fed a glucose, amylopectin. or amylose-

containing diet developed insulin resistance after 8 weeks on the glucose diet; animals 

fed amylopectin became progressively more insulin resistant between 12-26 weeks, 

whereas animals fed amylose did not develop insulin resistance until week 26 (Higgins et 

al. 1996). In non-diabetic humans, amylose favorably effected insulin and glucose levels 

(Granfeldt et al. 1994). 

Dietary fiber, which refers to non-starch polysaccharides and lignin components 

of plants, is often classified as water-soluble (certain hemicelluloses. pectins, gums, and 

P-glucans) and water-insoluble (cellulose and lignin). In contrast to amylose and 

amylopectin, non-starch polysaccharides contain P linkages between the 

monosaccharides. The significance of the two types of linkages is that a-amylases 
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cannot catalyze the cleavage reaction of P-linked carbohydrates, consequently, dietary 

fiber is non-digestible (or poorly digestible) and not absorbed in the small intestine. 

Water-soluble fibers are associated with increased viscosity of gastrointestinal 

contents, which results in delayed intestinal transit and slow enzymatic digestion and 

absorption of food substrates (Jenkins et al. 1978). Guar and oat gum form highly 

viscous gels and have been shown to decrease postprandial glucose and insulin 

concentrations in non-diabetic adults (Landin et al. 1992; Braaten et al. 1991; Jenkins et 

al. 1978). In contrast, pectin, which forms a less viscous gel. failed to decrease 

postprandial glucose and insulin levels (Sandu et al. 1987; Jenkins et al. 1978). Water-

insoluble fibers increase gastrointestinal transit time and reduce the absorption of starch 

by interfering with its digestion. Several studies found that insoluble fiber improved 

insulin sensitivity and glucose tolerance (Karlstrom et al. 1984; Bosello et al. 1980). 

Studies mentioned above examined the effects of polysaccharide subtypes 

(soluble vs. insoluble, viscous vs. less viscous, branched vs. linear starch polymers) on 

glucose absorption and insulin response and demonstrated differential effects. It would 

seem plausible to extend findings &om isolated fibers to intact foods and predict insulin 

and glucose response or associations with diabetes risk. However, the ability to 

demonstrate a relationship between dietary fiber intakes and improved glucose and 

insulin responses becomes complex. Several studies found that dietary fiber reduced 

hyperinsulinemia and improved insulin sensitivity (Marshal et al. 1997; Lovejoy and 

DiGiroIamo 1992). However, inconsistent findings have been reported fi-om prospective 
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studies with respect to an association between dietary fiber and diabetes risk (Meyer et al. 

2000; Salmeron et al. 1997; Salmeron et al. 1997; Feskens et al. 1995) (Table 1). 

High-givcemic Carbohydrates 

In 1981, Jenkins and colleagues introduced the glycemic index (GI), which 

classifies carbohydrate-containing foods according to their effect on postprandial glucose 

response (Jenkins et al. 1981). Factors that contribute to the large differences in Gl 

include the type of starch, processing of the food, particle size (whole grains versus 

refined grains), presence of dietary fiber, and interactions with fat or protein (Jenkins et 

al. 1995). The intake of high-glycemic carbohydrates has been shown to cause 

hyperinsulinemia and insulin resistance in rats (Pawlak et al. 2001; Higgins et al. 1996). 

Similarly, among women with and without a family history of coronary heart disease, an 

increase in insulin sensitivity was observed following a low-glycemic index diet (Frost et 

al. 1998). Salmeron et al. (1997) reported that a high-glycemic diet was associated with 

an increased risk of type 2 diabetes among men and women participating in the Health 

Professionals Follow-up Study and the Nurses' Health Study, respectively. 

PART 3: OVERVIEW OF DIETARY FAT 

Introduction 

As early as the I930's, it was suggested that dietary fat was detrimental to glucose 

tolerance by impairing insulin action (Himsworth 1934). In general, subsequent studies 

have provided further evidence that fat may be influential in the pathogenesis of diabetes; 
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Table 1. Results from epidemiologic studies on dietary fiber and diabetes risk 
Study Population Design Objective Dietary 

Factors 
Association Confounders Conclusion 

Feskens et 
al. 1995 

Dutch and 
Finnish men 
70-89y 
n=338 

Cohort 
Seven 
Countries 
Study 

FFQ 

Role of diet 
as predictor 
of glucose 
intolerance 

Dietary fiber No Age. BMI. 
energy 

No 
association 
between 
fiber and 
diabetes risk 

Liu etal. 
2000 

Women 
38-63y 
n=75.52I 

Cohort 
Nurse's 
Mealth Study 

FFQ 

Relationship 
of whole 
grains & 
reflned grains 
on diabetes 
incidence 

Whole grains 
Refined 
grains 

Yes. inverse 
Yes 

Age. BMI. 
alcohol, 
smoking. 
PA. fam 
history of 
diabetes 
Multivits 
Vit E suppI 

Whole 
grains 
inverse &. 
refined 
grains 
positive 
association 

Meyer et 
al.2000 

Women 
55-69y 
n=41.836 

Cohort 
Iowa 
Women's 
Mealth Study 

FFQ 

Relationship 
of CHO & 
tiber on 
diabetes 
incidence 

Total CHO 
Dietary tiber 
Cereal fiber 

No 
Yes, inverse 
Yes. inverse 

Age. BMI. 
energy. PA. 
WHR. 
smoking, 
alcohol. 
educ 

Total grain, 
whole grain, 
total fiber, 
cereal fiber 
& inverse 
assocation 
with 
diabetes risk 

Salmeron 
etal. 1997 

Women 
40-65y 
n=65.173 

Cohort 
Nurse's 
Health Study 

FFQ 

Relationship 
between low 
fiber & 
diabetes risk 

Total CHO 
Total fiber 
Cereal fiber 

No 
Yes 
Yes 

.Age. BMI. 
alcohol, 
smoking. 
PA. family 
history of 
diabetes 

Inverse 
association 
total and 
cereal fiber 
& diabetes 
risk 

Salmeron 
etal. 1997 

Men. white 
40-7SV 
n=41759 

Cohort 
Health 
Professionals 
Follow-up 
Study 
FFQ 

Diets with 
high 
glycemic 
inde.x and 
diabetes risk 

Total CHO 
Total fiber 
Cereal fiber 

No 
No 
Yes 

Age. BMI. 
alcohol, 
smoking. 
PA. fam 
history of 
diabetes 

Inverse 
association 
cereal fiber 
& 
diabetes risk 

Wolever 
et al. 1997 

Canadian 
Natives 
Men & women 
10-79y 
n=630 

Cross-
sectional 

I 24-hr recall 

Relationship 
between diet 
and newly 
diagnosed 
diabetes 

Total fiber Yes. inverse .•\ae. sex. 
BMI 

Inverse 
association 
fiber & 
diabetes risk 
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however, the pathophysiological effects of fat on glucose tolerance are intricate and 

remain poorly defined. Inconsistencies in the data appear to reflect the complex 

interaction of fat and glucose tolerance and the multiple metabolic alterations that occur 

in the clinical course of the disease. Furthermore, there are difficulties interpreting and 

extending findings &om experimental animal to human studies and metabolic to 

epidemiological studies. The effect of fat on glucose tolerance and pancreatic secretion 

of insulin will be discussed in the following section. 

Fatty Acids and B-cell Function 

It is generally accepted that the stimulation of insulin secretion requires the 

metabolism of glucose in the pancreatic p-cell in order to generate metabolic signal(s) for 

insulin release. However, there is increasing evidence for a complex interaction between 

fatty acids and P-cell function. Earlier studies measuring pancreatic insulin secretion in 

vitro and in intact animals reported that an acute elevation of fatty acids stimulated 

insulin secretion (Campillo et al. 1979; Crespin et al. 1969; Malaisse et al. 1968; Seyffert 

et al. 1967). In contrast, long-term lipid infusions in laboratory animals resulted in a 

50% reduction of glucose-stimulated insulin secretion (Sako and Grill 1990). Similar 

findings have also been observed in human islets cells in which fatty acids added to the 

culture for 48 hours inhibited glucose-stimulated insulin secretion (Zhou and Grill 1995). 

In vivo investigations have shown that acute elevated fatty acids enhanced glucose 

stimulated insulin secretion, whereas long-term elevation suppressed insulin secretion 

(Carpentier et al. 1999; Chalkey et al. 1998; Paolisso et al. 1996). 
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Recent studies have investigated the direct influence of fatty acids on pancreatic 

function and glucose-induced insulin secretion in fed and fasted states. In healthy fasted 

(24-48 hours) humans, elevated levels of fatty acids are required for maintenance of basal 

insulin concentrations and a normal P-cell response to a glucose load (Dobbins et al. 

1998). However, after an overnight fast, only basal insulin concentrations rely on 

circulating fatty acids. In the fed state, islet cells are not dependent on fatty acids for 

glucose-stimulated insulin secretion; however they do potentiate the effects of glucose 

resulting in a greater insulin response. Similar results have also been demonstrated in 

experimental animals (Stein et al. 1997; Stein et al. 1996). 

Long-chain and saturated fatty acids are more potent at stimulating insulin 

secretion than unsaturated, shorter-chained fatty acids (Wamotte et al. 1999; Stein et al. 

1997). Furthermore, the spatial configuration of fatty acids may also play a role in the P-

cell secretory response to glucose. Trans vs. cis fatty acids modestly enhance glucose-

induced insulin secretion in mice islet cells (Alstrup et al. 1999; Stein et al 1997). 

The findings discussed above indicate that P-cell function can be governed by the 

concentration and physical properties of circulating fatty acids. In fact, in a fasted state, 

it appears that the P-cells are completely dependent on fatty acids for glucose-induced 

insulin secretion. 

Fat-Induced Insulin Resistance 

There is abundant evidence that suggests that increased plasma concentrations of 

firee fatty acids play a role in the pathogenesis of insulin resistance. Randle et al. (1963) 
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first proposed that elevated circulating free fatty acids could compete with glucose for 

oxidation by suppressing glycolysis, leading to insulin resistance. Increased fatty acid 

oxidation would result in elevated levels of acetyl-CoA which directly inhibits the 

activity of pyruvate dehydrogenase, a key ens^me in glycolysis. Support for this 

hypothesis has been demonstrated in rats in which elevated plasma fatty acid 

concentrations inhibited glycolysis resulting in decreased glucose uptake into skeletal 

muscle (Kim et al. 1996). Furthermore, Kruszynska et al. (1990) found that in lipid-

infused rats the reduction in glycolysis was due to decreased pyruvate dehydrogenase 

activity in heart, adipocytes, and skeletal muscle. 

Indirect support of Randle's hypothesis has also been found in human studies, 

although the relationship between fatty acids and insulin-stimulated glucose uptake 

appears to be more complex than simply suppressing glycolysis (Roden et al. 1996; 

Boden et al. 1994). Boden et al. (1994) demonstrated that after an acute elevation of fatty 

acids by lipid infusion, less than 50% of the decreased glucose uptake into skeletal 

muscles was accounted for by glucose oxidation, indicating that non-oxidation of glucose 

may also be impaired. Others have provided data suggesting that fatty acids reduce 

insulin sensitivity by inhibiting glucose transport or phosphorylation, thereby decreasing 

substrate for oxidative metabolism. (Dresner et al. 1999; Roden et al. 1999). Recent 

clinical studies (Mayer-Davis et al 1997; Lovejoy et al. 1998) have demonstrated that 

elevated dietary fat intake is associated with decreased insulin sensitivity in peripheral 

tissues. 
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Fatty Acid Composirion of Cell Membrane 

There are indications from experimental animal and metabolic/epidemiologic 

human studies that there is an association between insulin sensitivity and the fatty acid 

composition of the diet. Rats fed high-fat diets experienced decreased insulin sensitivity, 

irrespective of fat profile of the diet; however, saturated fats were more deleterious than 

polyunsaturated fats and long-chain omega-3 fatty acids reversed the insulin insensitivity 

(Fickova et al. 1998; Storlien et al. 1991; Field et al. 1990). One possible mechanism 

contributing to diminished insulin sensitivity associated with saturated vs unsaturated fat-

containing diets may be changes in the fatty acid composition of cell membranes. Ayre 

and Hulbert (1996) found in experimental animals that the fatty acid composition of cell 

membranes in skeletal muscles was influenced by dietary fatty acids. Thus, rats fed a 

low polyunsaturated fatty acid/saturated fatty acid ratio diet exhibited reduced insulin 

sensitivity and decreased glucose uptake in adipose cell membranes compared to controls 

(Field et al. 1990). Borkman et al. (1993) reported that insulin sensitivity in healthy men 

was positively associated with the percent of polyimsaturated fatty acids found in skeletal 

cell membranes. Similarly, an inverse relationship between insulin sensitivity and a high 

proportion of saturated fatty acids in skeletal cell membranes has been shown in men 

(Vessby et al. 1994). A greater proportion of saturated fatty acids in a cell membrane 

may reduce insulin sensitivity by impairing the function of the insulin receptor, signal 

transduction, or the translocation of glucose transporters (Storlien et al. 1996). Higher fat 

intake is associated with reduced glucose transporters in muscle (Zierath et al. 1997; 

Long and Pekala 1996). 
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PART 4: DISSERTATION FORMAT 

Explanation of the Dissertation Format 

This dissertation, composed of two papers, is based on the research of the Zuni 

Diabetes Prevention Project. This subsection describes my contribution to the project 

and the research for the papers. 

Zuni Diabetes Prevention Proiect 

In 1989. at a conference that included representatives from National Institutes of 

Health (NIH) and the Indian Health Service (IHS), tribal leaders requested research 

funding for primary prevention studies. There was sufficient evidence indicating a role 

of environmental factors in the development of type 2 diabetes; however, prevention 

studies targeting modifiable risk factors were lacking among Native American groups. 

The Zuni Pueblo of New Mexico, with a long history of promoting fitness programs as a 

treatment for diabetes among the adults, immerged as an active partner in the initial 

planning stages of a primary prevention program. Prior to the Zuni Diabetes Prevention 

Project, primary prevention had not been conducted in the Zuni community. In 1991, the 

National Institute of Diabetes, Digestive and Kidney Diseases (NIDDK) awarded 

Jennifer Joe, Ph.D. a one-year planning grant for the development of a diabetes 

prevention project (R21-DK44586). In 1993, NIDDK funding for the implementation of 

the Zuni Diabetes Prevention Project was awarded to Cheryl Ritenbaugh, Ph.D, MPH 

(R01-DK47091). 
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The project, a 4-year, school-based intervention study, was designed to 

investigate the effects of changes in behavioral and biological factors on risk factors of 

diabetes in Zuni high school students. Cheryl Ritenbaugh, PhD, MPH, former Director 

of the School for Public Health at the University of Arizona, was the Principal 

Investigator of the project from its inception in 1993 to 1998. Co-investigators for the 

study were Jennifer Joe, Ph.D., David Johnson M.D.. and Scott Going, Ph.D. Nicolette 

Teufel, Ph.D. was project director and university/tribal liason, facilitating communication 

between the tribe and the University of Arizona. Mikel Aickin, Ph.D. was the project 

biostatistician. 

I have been involved with this study since 1995. My responsibilities have 

included organizing the collection and processing of blood samples obtained during oral 

glucose tolerance tests from Zuni and Tucson high school students (comparison 

population); training and supervising research assistants from the Arizona Cancer 

Center's Nutrition and Behavorial Measurement Unit in the set up and completion of 

Native American diet and physical activity databases: development of food coding 

guidelines and recipes of composite foods prepared in the Zuni community; analyzing 

dietary and physical activity data; and writing, preparing, and publishing research papers. 

Primary support for my study came from funding awarded when I was selected as 

the Graduate College Dean's Doctoral Fellow in 1999. Supplemental support was also 

provided by the Graduate Student Final Project Fund. I conducted all of the data 

analyses, and wrote, and prepared the accompanying manuscripts for publication. I 

received guidance in statistical analyses from Denise Roe, Ph.D., Director of the 
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Biometry Unit at the Arizona Cancer Center and Alicia Carriquiry, Ph.D., Iowa State, 

who specializes in dietary data adjustment. Drs. Teufel and Ritenbaugh provided 

theoretical and editorial assistance for the first paper, which was published in the Journal 

of the American Dietetic Association. Anna Giuiiano. Ph.D. and Robin Harris, Ph.D. 

assisted by editing early drafts of the second paper and providing suggestions for 

analyses; Drs. Ritenbaugh and Teufel provided input to later drafts. 
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PRESENT STUDY 

Introduction 

The methods, results, and conclusions of this study are presented in the papers 

appended to this dissertation in Appendices A and B. The following is a brief account of 

the study population, analytic methods, particularly for sections not explicitly detailed in 

the papers, and a siunmary of the primary findings of each of the papers. 

Methods 

Population 

Subjects for this study voluntarily participated in the Zuni Diabetes Prevention 

Project, a 4-year (1994-1998), intervention study designed to reduce risk factors of type 2 

diabetes among Zuni adolescents. The target population was junior and senior high 

school students between the ages of 15-19 attending the Zuni and Twin Buttes High 

Schools located at the Zuni Pueblo in northwest New Mexico. Since the project was a 

school-based intervention, recruitment of participants was primarily conducted through 

school-wide and in-class announcements; with the majority of student volunteers 

recruited during classroom time. Students less than 16 years of age were not eligible to 

participate in the oral glucose tolerance test. Outcomes were evaluated using a multiple 

cross-sectional design. 

In the 1993-1994 academic year (0 intervention exposure; designated baseline) 50 

junior and senior students were recruited to provide baseline dietary assessment data. In 

1993-1994 and spring of 1997, the total enrolhnent for jimiors and seniors attending the 
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two high schools was 175 and 150, respectively, with a daily absentee rate of 8%. An 

additional 10% of juniors and seniors were off campus daily attending the Area 

Vocational School. Based on a combined absentee rate of 18%, 50 students providing 

dietary recalls represented 35% of eligible students actually on campus on a given day. 

From this sample, 35 participated in an oral glucose tolerance test. During the spring of 

1997 (3 years of intervention exposure; designated year 3), dietary intake data were 

collected from 74 students (60% of those eligible and on campus). From that sample, 63 

also participated in an oral glucose tolerance test. 

Data Management and Analyses 

Cross-sectional assessment of Zuni adolescents' dietary intake was conducted 

using 24-hr dietary recalls. Differences in nutrient intakes between weekday and 

weekend diets have been demonstrated among non-native groups, consequently the 

project's dietary assessment protocol prescribed the collection of two dietary recalls, one 

weekday and weekend day recall from each participant (Beaton et al. 1979). However, 

difficulties in scheduling adequate time to collect thorough recalls from the participants 

resulted in 54% (27/50) of the students providing more than one recall at baseline: in year 

3. only one day was attempted for most students (4/74 provided 2 recalls). 

Dietary assessment interviews were conducted by four junior and senior Zuni 

high school students upon completion of a si.x-hour training course in dietary data 

collection. Students collected dietary data to overcome potential culture and age 

barriers. Furthermore, for educational purposes, the Zuni school administration requested 
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that students be involved in research procedures. All dietary recalls, recorded by a 

participant or a student interviewer, were reviewed on site by study investigators to 

ensure complete records. 

Composite foods made a significant contribution to the adolescents' diets. Food 

coding guidelines were developed to establish a standardized entry of foods that were 

different from or not included in the Nutritionist III food database. Foods routinely 

consumed from local restaurants were purchased so that individual ingredients could be 

weighed and entered as single food items. Foods prepared at home were recreated by the 

adolescents or their family members, which provided investigators the opportunity to 

record ingredients, weights, and preparation procedures. Recipes were obtained from 

food service personnel for foods consumed in the school cafeterias. In general, foods 

prepared in the household or at school were entered as single food items (ingredients) 

rather than composite foods. 

Dietary recalls were coded and entered at the University of Arizona Nutrition and 

Behavioral Measurement Unit using Nutritionist III (version 6; N-Squared Computing). 

Twenty-five percent of the recalls were randomly chosen for recoding and re-entry by a 

second coder for verification. Using a program developed by the Nutrition Core Unit, 

Nutritionist III food codes and weights were linked to the USDA Continuing Survey of 

Food Intake of Individuals 1985-86 (CSFII-86) database. The program generates an 

output file that contains total daily nutrient intakes for each participant based on the 

USDA food composition tables. The nutrient composition database is continuously 

updated as new or revised nutrient data are available. Basic statistics were conducted for 
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nutrient variables to determine deviant values. Outliers were investigated and corrected 

if due to data coding or entry error. 

Food Group Data 

In order to identify food patterns among Zuni adolescents, dietary sources of 

nutrients were obtained from baseline and year 3 24-hr dietary recall data. Nutritionist 

III food codes (only those food codes reported by participants) were divided into 15 food 

groups with groupings based on food categories firom a southwestern Native American 

food frequency questionnaire (Teufel 1997). Nutritionist III dietary data, categorized by 

food groups, were linked to the USDA food composition table as described previously. 

An ASCII output file that contained total daily intake of energy and nutrients by food 

groups for each dietary recall was merged with the dietary database discussed above for 

diet composition analyses. Foods such as bouillon, sugar substitutes, and spices were not 

categorized. 

Estimating Usual Intake 

An objective of this study was to estimate nutritional adequacy among Zuni 

adolescents by comparing nutrient intakes with national recommendations. The 

proportion of individuals with inadequate intakes may be overestimated if nutrient intake 

distributions do not reflect usual Intake. The source of this error in determining adequacy 

is found in the nutrient distributions. The population distribution of 1 or 2 days of dietary 

intakes is wider and flatter than the distribution of usual intakes due to day-to-day 
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variations in intakes (National Research Council, 1986). The basis of day-to-day 

variations is largely the within-subject variance and to a lesser degree the between-

subject variance. Consequently, at any given cutoff point on a 1-day nutrient intake 

distribution, the proportion of individuals with intakes below the recommended levels 

(below the cutoff point) will be overestimated. Dietary Reference Intake (DRI) 

guidelines for estimating the adequacy of nutrient intakes among groups recommend 

adjusting dietary data for day-to-day variation if the method of dietary assessment is 

short-term (e.g. 1 or 2 days of replicate records per participant) (Food and Nutrition 

Board 1997). A method for statistical adjustment of short-term intake data has been 

developed which removes the effects of day-to-day variation (within-subject variance) 

from the nutrient distributions (National Research Council, 1986). In this study, the 

small sample size as well as the limited number of replicate recalls (27 participants with 

> 1 recall) may have resulted in values that remain somewhat biased and must be 

interpreted with caution. Nevertheless, it was recommended that adjustment analyses 

should be conducted on this dietary dataset rather than attempt to estimate nutritional 

adequacy using unadjusted data (George Beaton, written communication, 2000; Alicia 

Carriquiry, verbal communication 2000). 

Dietary Intake and Food Patterns in Zuni Adolescents 

Introduction 

Rates of type 2 diabetes are rising among adolescents, particularly those from 

high-risk adult populations. Dietary factors appear to influence the development of 
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diabetes and thus, are modifiable risk factors for primary prevention. To date, there is 

limited information regarding the dietary habits of Native American adolescents. The 

purpose of this paper was to describe the diet of Zuni adolescents in order to identify 

potential food consumption patterns that could be targeted for chronic disease prevention 

and to compare the nutrient intakes to national dietary guidelines. 

Synopsis of Methods 

Cross-sectional nutrient intake and food pattern data, collected from male and 

female adolescents, 15-19 years of age, prior to the implementation of the Zuni Diabetes 

Prevention Program, was evaluated in this study. Eighty-one 24-hr dietary recalls from 

50 participants were included in the analyses. Estimated daily nutrient intake data was 

adjusted to remove day-to-day variation. Adjusted energy, macronutrient. and fiber 

intakes of Zuni males and females were compared to national dietary guidelines. 

Nutritional adequacy of selected micronutrients was assessed using the recommended 

levels of the Estimated Average Requirements (EARs), Adequate Intakes (AIs), or 2/3 of 

the Recommended Dietary Allowances (RDA). In order to describe reported food intake 

patterns, food groups were summarized as a mean percentage of the unadjusted total 

nutrient intake. 

Primary Findings 

The primary findings of the dietary intakes of Zuni adolescents are summarized in 

the following paragraphs. The complete article, published in the Journal of the American 

Dietetic Association is provided in Appendix A. 
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Estimated daily energy and fiber intakes for Zuni males and females were below 

the recommended levels. In contrast, protein and fat intakes exceeded the recommended 

guidelines in both groups. Less than 10% of Zuni females met or exceeded Dietary 

Reference Intakes guidelines for folate, vitamin E, calcium, and magnesium. Less than 

20% achieved recommendations for zinc and iron. Less than 50% of Zuni males met or 

exceeded recommended levels of vitamin A, folate, vitamin E, calcium, and magnesium. 

Meat, low-fiber grains, and sugared-beverages were the primary sources of energy for 

males and females. Sugared-beverages were a significant contributor to total 

carbohydrate and vitamin C intakes. Major sources of dietary fiber were low-fiber grains 

and vegetables (primarily com and potatoes), which led to a low overall intake of fiber. 

In order to achieve nutritional adequacy and reduce diabetes risk, dietary 

recommendations should emphasize nutrient-dense food choices and reducing sugared 

beverage consumption. 

Dietary Fat Intake is Inversely Associated with Insulin Concentrations among 

Male Zuni Adolescents 

Introduction 

In general, experimental animal and human studies suggest that dietary fat and 

high-glycemic carbohydrates may play a role in the pathogenesis of diabetes by 

promoting hyperinsulinemia. Studies evaluating the relationship between dietary factors 

and insulin levels have been limited to adult populations. This study was designed to 
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examine dietary factors associated with fasting and 30-minute postprandial insulin levels 

among non-diabetic Zuni adolescents. 

Synopsis of Methods 

Ninety-eight participants were included in the analyses. Cross-sectional dietary 

intake and insulin levels, measured during the academic year of 1993-1994 and spring of 

1997, were pooled for analysis. Dietary intake was assessed using a 24-hour dietary 

recall. Fasting and 30-minute postprandial insulin levels were measured by a modified 

oral glucose tolerance test. Initial analyses compared the mean intake of nutrients and 

insulin concentrations between male and female participants. Logistic regression was 

used to evaluate associations between nutrients and insulin concentrations. Findings are 

presented as crude odds ratios and odds ratios adjusted for confounders. 

Primary Findings 

The primary findings in the examination of nutrients associated with insulin 

concentrations are summarized in the following section. The complete manuscript is 

appended to this dissertation in Appendix B. Supplemental tables for this manuscript are 

found in Appendix C. 

The purpose of this study was to evaluate dietary factors associated with fasting 

and 30-minute postprandial insulin levels among 98 Zuni adolescent participants. Total, 

saturated, and monounsaturated fat intakes among Zuni males were significantly 

inversely associated with fasting insulin levels. These associations were not observed for 

the females. Carbohydrate intake of Zuni females was positively associated with fasting 

and postprandial insulin levels in the unadjusted models. In the adjusted models, the 
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association remained positive, although not statistically signiflcant. Similar associations 

were found in the males. Dietary fiber was not significantly associated with insulin 

levels in adjusted or unadjusted models. Investigations of the relationship between 

dietary factors and insulin concentrations have not been conducted among adolescents at 

high risk for diabetes. Further studies are necessary to confirm our findings and to 

provide additional insight of the role of diet in hyperinsulinemia. 

Summary and Future Directions 

Results of the baseline dietary intake analysis indicated that the dietary habits of 

Zuni adolescents should be modified in order to achieve nutritional adequacy and reduce 

their risk of developing type 2 diabetes. Dietary fiber intakes, particularly among the 

females, were well below recommended levels. Primary food sources of dietary fiber are 

high-fiber grains, vegetables, and fhiits; however, low consimiption of each of these food 

groups led to an overall low intake of dietary fiber. Furthermore, the major contributor to 

the adolescents' total carbohydrate intake was sugared-beverages. a high-glycemic food 

source. These findings are a concern given the protective effect dietary fiber and low-

glycemic diets appear to have on insulin concentrations and diabetes risk. 

Analysis of the dietary fat intakes of Zuni males and females showed that their 

diets exceeded national guidelines for total and saturated fat. Given the metabolic and 

clinical data supporting a role of dietary fat in the pathogenesis of diabetes, the 

expectation might be that high fat intakes reported by Zuni adolescents may be increasing 

their diabetes risk. However, data firom our study suggests that among individuals with 
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minimal hyperinsulinemia, a higher-fat diet compared to a high-glycemic carbohydrate 

diet may be associated with reduced diabetes risk by not contributing to elevated insulin 

concentrations. These findings were unexpected, but may reveal an early metabolic stage 

in the clinical course of diabetes. Characterizing the metabolic phenotype of this age 

group in response to diet without the confounding effects of obesity or pronounced 

hyperinsulinemia may further the understanding of the clinical course of diabetes and 

provide insight into disease prevention efforts. Finally, it is possible we may be detecting 

heterogeneity of the underlying genetic causal factors for diabetes among Native 

American populations. 

Additional studies of the dietary habits of children and adolescents, particularly 

those firom populations at high risk for diabetes are necessary to determine their dietary 

risk factors. Future studies should consider examining fat, carbohydrate, and dietary 

fiber subtypes given the differential effects subtypes have been shown to have in 

experimental studies on insulin levels and diabetes risk. Likewise, food and glycemic 

index-based analyses may further our understanding of the complex relationship between 

carbohydrates/dietary fiber and diabetes. Several recent studies examined whole grains 

and cereal fiber in relation to diabetes risk in adults and found a protective effect (Liu et 

al. 2000; Meyer et al. 2000). 
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Dietary intake and food patterns of 
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CHERYL fC MTENBAUGH. PhD. MPH; RICHARD A. YZENBAARD. UA. 
DAVJD L COCKERHAM. PhD 

I n a trend similar Co (hat smr in other 
Native-American populations. Zuni In
dians of northwest New Mexico dem

onstrate high rates or type 2 (non-insu-
Un-dependent) and gestational diabe
tes. and escalating incidence of cardio
vascular disease. Currently, among the 

Zuni, type 2 diabetes affects I in 3 per
sons ag^ 35 years or older (I). Onset is 
typically between 25 and 35 years; how
ever. persons as young as IS years of 
age have been diagnosed with the dis
ease (I). To curb the progress of this 
disturbing trend, it is important to iden-

5. M Cote is a doctamt candidate at the University of Arizona. Tucson, tf. L 
Texifel-Shane is an associate professor. College of Public Health, University of 
Arizona, Tucson. C. K Ritenbaugh is a senior investigator with Kaiser 
Permanente Center far Health Research, Portland, Ore R. A. Yzenbaard is 
assistant principal, Zuni High School, Zuni. Sif D L. Cockerhatn is 
superintendent, Zuni Public School District, Zuni, SM 

Address correspondence Co: Nicolette I. Teufei-Shone, PhD, Arizona 
Prevention Center. PO Box S4SISS. University of Arizona, Tucson, AZ 
9572* 

tifir causes and suggest strategies for 
change. 

Dietary (actors have been implicated 
in the etiology and the prevention of 
chrooic diseases such as ty^ 2 diabetes, 
osteoporosis, cardiovascular disease, and 
some forms of cancer (2). rurther, to 
gain fuU benefit from dietary recommen
dations. preventive nutrition should be
gin in childhood and be maintained 
throughout adolescence and adulthood 
(3,4). Therefore, information on the diet 
patterns of young Zuni persons is desir
able. Ifowever. information on the di
etary intake and food choices of Native-
American adolescents living on reserva
tions is limited. The Navaio Health and 
Nutrition Survey (5) is one of the few 
recent surveys reporting Native-Ameri-
can adolescent dietary intake Collecting 
health'related information, and dietary 
intake in particular, fitim nonclinical, 
adolescent, and mmonty populations can 
be challenging (6 9). These populations 
may hesitate Co participate in assess
ment acuvities because they are not sick 
and see little need (or the process, and/or 
are distrustful of research-related activi
ties (8.10-12). Because of these obstacles, 
the goal of this report is to provide other 
investigators with nutrient intake and 
food pattern data pertaining to Zuiu ado
lescents and to provide insight mto po
tential areas for primary prevention 
through dietary intervention. 

METHODS 
The Zuni Indian Reservation is home to 
just under 10,000 tnbol members (Zuni 
Tnbal Census Office, 1999) and is known 
nationally for promoting physical activ
ity to treat and prevent impaired glucose 
tolerance and type 2 diabetes (13-17). 
Dietary recalls were collected from Zuni 
adolescents attending high school dur
ing the 1993-1994 academic year, which 
was before the implementation of the 
Zuni Diabetes Prevention Program, a 4-
year. school-based health promotion 
project designed to reduce di^tes risk 
(actors among high school aged persons 
(16) 
Our sample of SO student volunteers 

(31 females and 19 males) represented 
approximately 35% of the Zuni high 
school population aged IS Co 19 years. To 
overcome cultural and age barriers to 
datacoUection. 11th-and l2th-gtadeZuni 
high school students were hired as inter
viewers. Such peer tnvolvment has pre
viously been identified as a component 
of successful interventions (18) One. 
two, orchree 24-hour dietary recaUs were 
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collected rrom students, resulting in a 
total of 81 recalls. Dietary intakes ol 
students with multiple recalls were 
pooled and averaged. 
Records were coded and entered us

ing Nutritionist HI Cvetsion6, N-Squaied 
Computing. Salem. Ore) and linked to 
composition infomiation from the US 
Department of Agriculture Continuing 
Survey ofFood Intake oflndhriduab I98S-
86 database via a program developed by 
the Univernty of Arizona Nutrition Core 
Lrni^ 
Consistent with the Dietary Reference 

Intake (DRl) guidelines for assessing 
nutrition adequacy among population 
groups. Estimated Average Require
ments (EARs) or Adequate IntakesCAb), 
were used as recommended levels for 
selected micranutrients (19-21). For 
nutrients in which DRIs were unavail
able, the recommended level was two-
ihirrts of the Recommended Dietary Al
lowance (RDA) (22). The EAR is the 
nucnenc intake level that meets the esti-
macetl requirement of 50% of a healthy 
population, so concern about nutnent 
adequacy anses when more than 50% 
are coruumuig less than the EAR. Indi
viduals with intakes at or above the A1 
are likely to be adequate. A model devel
oped by the US National Academy of 
Sciences was used to adjust the esti
mated intakes of each Zuni student for 
day -to -day variation by removing within-
person vanation (23). Estimated nutri
ent intake data (adjusted and unad
justed) were sununarized by gender. 
A food-grouping program was devel

oped to provide an overview of the di
etary patterns Nutnents, by food group, 
were sununanzed as a mean percentage 
of the unadjusted total nutnent intake. 
Alcohol (beer), condiments, legumes, and 
fruit juice were minor contributors to the 
adolescents' diet and were excluded from 
analjrsis. Data were analyzed using Stata 
software (version 5.0,1997, Stata Corp, 
College Stauon, Tex). 

RESULTS 
The mean percentage of Zuni and Native 
American heritage for males (n=16; 
sample sizes vary from dietary tables due 
to missing anthropometric infonnation) 
was 96% and 94%, respectively, and for 
females (n=29), M% and 95%, respec
tively. The mean (t standard deviation) 
height, weight, and txxly mass index (mea
sured as kg/m^ for males was 170.216 2 
cm. 76.3±1S.3 kg, and 26.124.5, respec
tively, and for females 1S6.7±4.3 cm, 
62 6±15.2 kg. and 25 2±S.6. respectively. 

Tables I and 2 present the estimated 
mean daily energy, macronutrient. and 
micronuttient intakes; the mean percent
age of nutrient intakes contrilNited by 
food groups; and the propottioa of ado
lescents with adjusted intakes that met 
or exceeded the DRI guidelines for se
lected nutrients, by gender. The mean 
adjusted daily energy intake of Zuni ado
lescents feD short (by approxiniateiy 500 
kcai/day) of the recomniended average 
energy ̂ owance of 3,000 kcaVday for 
males and 2,200 kcal/day for lionales 
(assuming light to moderate physical 
activity levels) (22). Both groups ex
ceeded their respective protein recom
mendations of 59 g/day for males and 44 
g/day for females (22). Dietary guide
lines developed for the prevention of 
chronic diseases include restricting total 
bt intake to 30% (<10% saturated bt) of 
total energy and increasing dietary fiber 
intake to 20 to 30 g^day (24,25). More 
than 70% of males (n=14) and 80% of 
females (n=26) exceeded the guidelines 
fur total and saturated fat intakes. Thirty-
two percent of Zuni males (n^) and 
none of the females achieved the mira-
mum recommendation for dietary fiber. 

To develop realistic 
strategies tor behavior 

modification in 
Native-American 

adolescents, dietary 
intervention practices 

must take into 
consideration 

financial resources, 
food availability, 

and cultural 
preferences 

Relabve to food patterns, meat, kiw-
fiber grains, and su^tred beverages were 
sutistantial contributors to the adoles
cents'total energy intakes. Meat was also 
a primary source of total bt, saturated 
Eat, and selected micronutrients in the 

diets. Sugared beverages (including for
tified fruit drinks) contributed substan
tially to total carbohydrate and vitamin C 
intakes. Soft drinks, for instance, con
tributed 27% and 21% of total cartxihy-
drate intake in females' and males' diets, 
respectively (data not shown). Primary 
sources of dietary fiber for all students 
were low-llbergrains and vegetables (pri
marily com and potatoes), which led to a 
low overall intake of fiber. Dairy prod
ucts contributed more than 30% of cal
cium in the adolescents' diets; however, 
infrequent consumption resulted in low 
overall intake of c^cium. Zuni adoles
cents reported low consumption of high-
fiber grains, (ruit, fruit juice, legumes, 
and nutrient-dense vegetables. 

DISCUSSION 
Studies descnbing adolescents' dietary 
intake and food choices are crucial to 
understanding the effect of diet through 
the life span and in the development of 
adult health behaviors This study, the 
first we know of chat estimates nutnent 
intakes among Zum adolescents, broad
ens our knowledge of adolescent dietary 
behaviors and provides insight relative 
to nutntion adequacy and disease-pre-
vention nutntion planning, specifically 
among a population at high nsk for type 
2 diabetes 
Zuni adolescents reported a diet high 

in protein and (at. but low in dietary 
fiber, selected micronutrient, and total 
energy intake. Energy intakes may be 
low because of underreporting of diet 
and/or alcohol. National survey data in
dicate frequent alcohol consumption by 
IS% to 28% of high school students fixim 
Nauve-Amencan and general US popu
lations (26.27) However, only 10% of 
Zuni students (n=S) reported alcohol 
intake. Although confidentiality of self-
reported dietary data was ensured in this 
study, participants may have been hesi
tant to report alcohol consumption due 
to concern that school administrators 
would receive the information. Athough 
Bandini et at (28) found significant 
underreporting of dietary intakes among 
adolescents, lowenergy expenditure and 
reduced metabolic rates may have con-
tnbuted to the reduced energy uitakes of 
our study population. Preliminary analy
ses of Zuni Diabetes Prevention Program 
physical activity data indicate that Zuni 
adolescents, who do not participate oi 
team sports, are relatively inactive Pilot 
survey data from that program revealed 
that 56% of Zum high school students 
did not participate in any team sports. 
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Measurement of resting neubolic nCes 
have not been conducted in this popula-
Cton.(K>*e«er,lo« resting metabofietttes 
have been shown in other Nttive-Ameri
can populalions (S). 

AmOtAstaei I9s7.a7;isa»-ist2. 
r. Confc lO. Jlraan AR. WUdtt S. fram mml 

•qu«C|r Aisenment (Jsitg fxtoH Curmji^jttw Sunfyt. W«l»ngMi. OC; Halion« ^Icatjomy 

appucahons 

pravano. kc MM*in SG. PMman AC. M^Mn-
IHtmOtwc0on»)rH» rmmwt * • C«w««y. Wwr I9S133M/*. 
a. Om SM. IM fmaOKing pMic««anr !•-

To develop realistic strategies for behav
ior modificatian in Native-American ado
lescents. dietary intervention practices 
must take into considention liiuncial 
resources, food availability, and cultural 
preferences. Dietary interventions that 
target the reduction of nigared bever
ages and the replacement of low-Aber. 
high-fat, and nutrient-poor foods con
sumed by adolescents would be benefi
cial, as these behaviors are associated 
with diabetes rfslc GM-34). These strate
gies could contribute to nutrient ad
equacy and diabetes prevention eSorts 
among Zuni adolescents and, ultimately, 
the entire population. 
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Introduction 

Hyperinsulinemia is a central feature of insulin-resistant states, including obesity 

and type 2 diabetes. In Pima Indian adults, a population with one of the highest rates of 

type 2 diabetes worldwide, fasting hyperinsulinemia predicts the development of type 2 

diabetes, independent of insulin resistance (Weyer et al. 2000). Likewise, fasting insulin 

levels are associated with an increased risk of diabetes among Mexican-Americans 

(Haffher et al. 1990). Hyperinsulinemia predicts both diabetes and obesity in Pima 

Indian children (McCance et al 1994; Odeleye et al 1997). Since hyperinsulinemia has 

been shown to be an independent risk factor for type 2 diabetes, identifying modifiable 

factors that contribute to elevated insulin concentrations would provide a direction for 

primary prevention. 

Environmental factors, such as diet, appear to promote the development of 

hyperinsulinemia. Elevated dietary fat intake, particularly saturated fat. and carbohydrate 

intake with a high glycemic index have been shown to be associated with 

hyperinsulinemia in humans and experimental animals (Pawlak et al. 2001; Dobbins et al. 

1998; Stein et al. 1997; Higgins et al. 1996). Dietary fat may directly induce 

hyperinsulinemia by enhancing glucose-stimulated insulin secretion or indirectly by 

promoting insulin resistance via decreased glucose transporters in peripheral tissues, 

reducing oxidative or non-oxidative glucose metabolism, increased circulating free fatty 

acids, or altering cell membranes (Dresner et al. 1999; Roden et al. 1999; Boden et al. 
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1997; Field et al. 1990). The intake of rapidly absorbed, high-glycemic carbohydrates 

can contribute to hyperinsulinemia by increasing insulin demand (Jenkins et al. 1987). In 

contrast, dietary fiber may improve glucose tolerance and reduce postprandial insulin 

concentrations (Marshall et al. 1997; Lovejoy and DiGirolamo 1992). 

Native American populations have some of the highest rates of type 2 diabetes 

worldwide and those estimates are rising. The Zuni Indians of northwest New Mexico, 

with over 10,000 tribal members, are experiencing elevated rates of type 2 diabetes. 

Roughly 30% of Zuni adults over the age of 35 have diabetes (National Institutes of 

Health 1999). Likewise, among tribes in the Southwest, the number of children. 10-19 

years of age, diagnosed with diabetes has risen (Fagot-Campagna et al 1999; Dabelea et 

al. 1998). Long-term complications of diabetes, previously found among adults, are now 

presenting in diabetic children (Fagot-Campagna et al. 1998). 

Previous studies have examined associations between dietarv' fat. carbohydrate, 

and dietary fiber intake and insulin concentrations in adults. To our knowledge, no 

reports examining the relationship of dietary factors and hyperinsulinemia in adolescents 

are available. The aim of this present study is to determine the effect of dietary factors on 

fasting and postprandial insulin concentrations among adolescents from a population at 

high-risk for type 2 diabetes. Modifying dietary risk factors of hyperinsulinemia. early in 

the clinical course of diabetes, may prevent the advancement of the pathogenesis to the 

disease. 



84 

Methods 

The Zuni Diabetes Prevention Project was a four-year, school-based intervention 

study completed in 1998. The objective of the project was to implement a wellness 

program for Zuni adolescents to modify behaviors believed to influence diabetes risk. 

The primary focus for dietary intervention was reducing soft drink consimiption among 

the adolescents. The study examined behavior and biological markers of Zuni high 

school students during the fall of 1993 through spring of 1994 (baseline), winter of 1996 

(1.5 years of intervention exposure), and spring of 1997 (3 years of intervention 

exposure) using a multiple cross-sectional design. Here we report cross-sectional data 

from the 1993-1994 academic year and spring 1997. 

Population 

Junior and senior students, between the ages of 16 and 20 years, from Zuni High 

School and Twin Buttes High School of the Zuni Pueblo were the target population. In 

the school year 1993-1994, 50 students participated in the dietary assessment, with 35 

students (26 females and 9 males) also undergoing an oral glucose tolerance test. In 

1997, 74 students provided dietary information with 63 (31 females and 32 males) also 

participating in the oral glucose tolerance test. The objective of this report was to 

examine the relationship between dietary factors and insulin concentrations. 

Consequently, dietary and insulin data from the two time periods were pooled in order to 

improve the power of detecting associations. Data &om 98 Zuni students (57 females 

and 41 males) were included in the analyses. 
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Dietary assessment 

24-hr dietary recalls were used to estimate energy and nutrient intake. A research 

protocol was established to collect one weekday and one weekend day dietary recall from 

each subject. However, in 1993-1994 interviewers experienced difficulties scheduling 

adequate time for both recalls and only one recall was sought in 1997. Overall. 123 

recalls were collected from 98 students. Fifty-one percent of the participants (18/35) 

provided 2 recalls, 11% (4/35) provided 3 recalls, during the first time period and 6% 

(4/63) provided 2 recalls in 1997. 

Dietary interviewers were junior and senior high school students who attended a 

six-hour training course in diet collection procedures. The training course emphasized 

accurate measurement of food portions and documentation of brand names, ingredients, 

and food preparation. Food models of meats and baked goods, large drinking tumblers, 

and a series of spoons and ladles marked in household measurement units were used by 

the interviewers and participants to estimate serving sizes. In order to maintain quality 

control and assurance, monthly meetings were scheduled to address problems in the 

interview process and to conduct training interviews. 

Dietary recalls were coded and entered using Nutritionist 111 (version 6: N-

Squared Computing, Salem, OR) at the University of Arizona's Nutrition and Behavioral 

Measurement Unit. Nutritionist III food items, identified by code and weight, are linked 

to composition information from the USDA's Continuing Survey of Food Intake of 

Individuals 1985-86 (CSFII-86) database, which generates the total daily intake of 
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nutrients for each participant. Outliers for each nutrient were assessed and errors due to 

diet data entry and coding were corrected. 

Oral glucose tolerance test 

A modified glucose tolerance test (OGTT) was used to assess plasma insulin and 

glucose after an 8-hour fast. Details of the OGTT have been previously described 

(Ritenbaugh et al., in press). Briefly, fasting and 30-minute post-glucose load (75 g oral 

glucose) insulin and glucose levels were collected from the participating Zuni students 

during the school year of 1993-1994 and spring of 1997. 

Plasma glucose concentrations were measured using colorimetry (Trinder kit from 

Sigma, St Louis, MO). Plasma insulin concentrations were determined using doubled 

antibody radioimmunoassay (Diagnostic Product Corp.. Los Angeles. CA). 

Classification of Insulin Levels 

We did not have a similar-age control group in which both dietary intake and 

insulin levels were aveiilable; consequently we dichotomized Zuni adolescents on the 

basis of their insulin levels designating the low insulin group as our control group. 

Fasting and 30-minute postprandial insulin concentrations of Zuni adolescents were 

categorized into high versus low insulin levels. A comparison group of 38 Caucasian 

high students (19 males and 19 females, collectively) from Tucson, AZ participated in a 

modified OGTT at baseline and at year 3. The cutpoints for fasting and 30-minute 

insulin levels were determined by calculating the 75'*' percentile of fasting and 30-minute 
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insulin concentrations collected from Caucasian high school students. The cutpoint of 

10(j.U/dl for fasting insulin levels was the 75"' percentile for Caucasian students as well as 

a standard reference value for hyperinsulinemia found in diagnostic test manuals 

(Fischbach 1992). Since no standard existed for determining elevated 30-minute post-

glucose load insulin levels, we applied the 75"* percentile cutpoint here as well. 

Analysis 

Data analyses were performed using Stata (version 6; 1999. College Station, 

Texas). Subject characteristics, dietary intakes, and plasma insulin concentrations are 

presented as mean (+ SD). Nutrient densities for carbohydrate, protein, and fat were 

calculated as a percentage of total daily energy intake; dietary fiber was calculated as 

grams per 1000 kilocalories. Nutrients and insulin concentrations with a skewed 

distribution were transformed using natural log (In) or square root before analyses. 

Student's t-test (normal distribution) or Wilcoxon ranksum test (non-normal distribution) 

was used to compare anthropometric, dietary and insulin data by gender. Zuni 

adolescents were dichotomized at the median for nutrient intakes firom a subset of Zuni 

adolescents with fasting insulin levels < 10 fiU/dl. The outcome variables, fasting and 

30-minute postprandial insulin concentrations were dichotomized at > 10 |j.U/dl and > 50 

{4.U/dl, respectively, based on the cutpoints outlined previously. 

Nutrient densities were energy adjusted using the multivariate nutrient density 

model to reduce potential confounding effects of total energy intake (Willett et al. 1997). 

Using this approach, nutrient density and total energy intake are entered simultaneously 
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in a logistic regression model. In effect, total energy intake is held constant or isocaloric 

while the association of dietary composition and disease can be assessed. This is critical 

for the analyses of this report, since the objective of this study is to examine relationships 

between specific nutrients and insulin concentrations. 

Associations between nutrient intake and insulin concentrations were determined 

using logistic regression analyses. Non-dietary covariates that remained significant in a 

multivariate model were used to adjust nutrients in separate models. To determine if the 

association between nutrients and insulin concentrations were similar between gender and 

year, interaction terms were evaluated in the separate nutrient models. 

Backwards stepwise logistic regression was used to determine the non-dietary 

variables that were significantly associated with insulin levels. Variables known to be 

associated with fasting and postprandial insulin concentrations or potential confounders 

of the nutrient-insulin association were evaluated (e.g. age, year, gender, parental history 

of diabetes, body mass index, and waist/hip ratio). A positive parental history of diabetes 

was defined if either a mother or father or both had a history of diabetes (self-reported 

data). Parental history (yes vs. no) and year of participation (baseline vs. year 3) were 

entered into the model as categorical variables. Age, body mass index (kg/m"), and 

waist/hip ratio were dichotomized above and below the respective median values 

generated from the subset of Zuni adolescents with low fasting insulin levels. The final 

model included year and BMI. Statistical significance was set at P < 0.05. 
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Results 

Characteristics of the sample of Zuni adolescents are presented by gender in Table 

1. Although body mass index was similar between gender groups, males had a 

significantly higher waist/hip ratio when compared to females. 

Estimated daily intake of energy, macronutrients. and dietary fiber are 

summarized in Table 2. Mean energy intakes reported by Zuni males and females were 

below the recommended average energy allowance of 3000 and 2,200 kcal/day, 

respectively (Food and Nutrition Board 1989). Dietary guidelines for total and saturated 

fat intake recommend restricting total fat to 30% and saturated fat to 10% of total energy 

intake (USDA 2000). Zuni adolescents consumed above recommended levels for both 

total fat and saturated fat. Intake of dietary fiber was below the minimum 

recommendation of 20 g/day for both males and females (USDA 2000; Williams et al. 

1995). 

Tables 3 and 4 present associations between nutrient densities and fasting and 

postprandial insulin concentrations that exhibited significant gender interaction. Crude 

and adjusted odds ratios are presented with nutrients adjusted by year, body mass index, 

and kilocalories. In unadjusted models, carbohydrate intake of Zuni females was 

positively associated with fasting (OR = 3.40, 95% CI = 1.03-11.17) and 30-minute 

postprandial (OR = 2.97. 95% CI = 0.91-9.64) itisulin levels. However, in adjusted 

models, the association was not statistically significant, although still elevated. Similar 

associations were shown for males. Among Zuni males, total, saturated, and 

monounsaturated fat intakes were significantly inversely associated with fasting insulin 
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levels in both adjusted and unadjusted models. These associations were not evident 

among the females. No dietary factors were significantly associated with 30-minute 

postprandial insulin concentrations in females. Among males, protein intake was 

significantly and marginally inversely associated with fasting (Adjusted OR = 0.06. 95% 

CI = 0.01-0.62) and 30-minute postprandial (Adjusted OR = 0.19,95% CI = 0.04-1.00) 

insulin levels, respectively. Dietary fiber was not associated with insulin concentrations 

for either males or females (data not shown). 

Discussion 

This is one of the first studies to examine the relationship between dietary intake 

and insulin concentrations in adolescents. A group of 98 Zuni adolescents were 

evaluated for dietary intake and fasting and 30-minute post-glucose load plasma insulin 

levels. In this study, total fat, saturated fat, monounsaturated fat, and protein intakes 

reported by Zuni males were negatively associated with fasting insulin concentration 

after adjusting for year, BMI. and total energy. Similar, but weaker associations were 

observed for protein and monounsaturated fat when analyses were repeated with 30-

minute postprandial insulin concentrations. The relationship between dietary fat and 

insulin concentrations in Zuni males was similar regardless of whether fat was expressed 

in grams per day (data not shown) or as a percentage of total energy. These findings, 

although internally consistent, were not consistent with previous adult studies. High 

saturated and monounsaturated fat intake was associated with higher fasting insulin levels 

in men with coronary heart disease (Maron et al. 1991). Likewise, results from the 
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Normative Aging Study, the Kaiser Permanente Women Twins Study, and the San Luis 

Valley Diabetes Study demonstrated positive relationships between saturated fat intake 

and fasting insulin levels (Marshall et al. 1997; Mayer et al. 1993; Parker et al. 1993). 

To our knowledge, this is the first study to demonstrate an inverse relationship 

between dietary fat and insulin levels. It is difficult to reconcile these inconsistencies, 

particularly given the metabolic and epidemiological data that provides evidence for a 

positive relationship between dietary fat and hj^rinsulinemia. Differences in study 

populations may account for the inconsistent results. Cohorts from prospective studies 

discussed above consisted of non-diabetic males, 32-85 years of age. with and without 

coronary heart disease; non-diabetic Caucasian women, 30-84 years of age; and non-

diabetic Hispanic and non-Hispanic white volunteers, aged 20-74 years. In contrast, our 

study population consisted of Native American adolescents. 16-20 years of age. 

Admixture studies indicate that Native American ancestry is a risk factor for type 2 

diabetes, consequently, the underlying genetic basis of diabetes among Native Americans 

may be responsible for the inverse association between fat intake and insulin levels 

observed in this study (Williams et al. 2000). However, Swinbum et al. (1991) found 

that glucose tolerance deteriorated in non-diabetic Pima Indians on a high-fat (50% of 

total energy intake), low-carbohydrate diet compared to a high-carbohydrate, low-fat 

(15% of total energy) diet. Although puberty is associated with insulin resistance, the 

effects of puberty on insulin levels in this study population should have been minimized 

due to the age of these males (Potau et al. 1997; Arslanian and Kalhan 1994). The Zuni 

Diabetes Prevention Project was designed to overcome confounding of puberty by 
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recruiting volunteers primarily 17-18 years of age, cross-sectionally versus 

longitudinally. Ninety-three percent of the males (38/41) in this study were 17 years of 

age or older. 

One possible explanation for our findings is that we may be seeing early 

metabolic alterations in the clinical course of type 2 diabetes that can only be detected in 

the younger members of high-risk populations. Although investigations of the 

relationship between dietary factors and insulin levels have been conducted among 

adults, there are no comparable data available in adolescents. Extensive longitudinal 

studies have been conducted among the Pima Indians, including children and adolescents: 

however, the ability to detect nutrient-insulin associations early in the pathogenesis of 

diabetes would have been confounded by their high rates of obesity (Knowler et al. 

1991). In contrast, < 17% (17/98) of the Zuni participants in this study were obese 

(defined as BMI > 30 kg/m") (The Evidence Report, 1998). 

This study also demonstrated a significant gender difference in the relationship 

between selected nutrients, especially fat intakes, and insulin concentrations. A 

statistically significant relationship between fat and insulin levels was not observed 

among Zuni female volunteers, however the elevated risk observed with total and 

saturated fat intake was consistent with prospective studies outlined above. Furthermore. 

Zuni females had significantly higher fasting and 30-minute postprandial insulin 

concentrations compared to the males, indicating a greater degree of insulin resistance. 

The inverse relationship between fat intake and insulin levels in males suggests that a 
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higher fat intake has a protective effect on insulin levels in adolescents with minimal 

hyperinsulinemia, however, that effect is reversed with increased insulin resistance. 

Our findings showed a positive relationship between carbohydrate intake and 

insulin concentrations in unadjusted models among Zuni female adolescents. A similar, 

although not statistically significant, relationship was found for males. These results are 

consistent with experimental animal and clinical studies that demonstrated high-

glycemic carbohydrates are associated with insulin resistance and increased insulin 

concentrations (Higgins et al. 1996; Crapo et al. 1976). Zuni males and females reported 

diets low in dietary fiber and high in sugared-beverages. We previously showed that 

sugared-beverages contributed 28% and 38% of total carbohydrate intake in males' and 

females' baseline diets, respectively (Cole et al. 2001). Similarly, approximately 20% of 

total carbohydrate intake reported by Zuni adolescents at year 3 came from sugared-

beverages (data not published). 

The results of this study indicate that among individuals with minimal insulin 

resistance, a higher fat, higher protein diet compared to a high-glycemic carbohydrate 

diet may not contribute to elevated insulin concentrations. These observations are 

interesting in light of a hypothesis proposed by James Neel in 1962, where he suggested 

that individuals predisposed to diabetes may be metabolically adapted for surviving 

cycles of feast and famine (Neel 1962). Work stimulated by Neel's "thrifty genotype" 

hypothesis, led others to postulate a survival advantage of early Native American 

populations that were metabolically adapted to a higher protein, higher fat diet 

(Ritenbaugh and Goodby, 1989; Szathmary 1986). Our findings are consistent with this 
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hypothesis and may contribute to an understanding of the metabolic adaptations of early 

Native Americans that are now maladaptive with modem diet. 

One limitation of this study is that 24-hr dietary recalls were used as the dietary 

assessment method to estimate usual dietary intake. Short-term dietary intake data can 

result in greater intraindividual variation that could reduce the ability to detect 

associations between nutrients and outcomes (Beaton et al. 1979). High intraindividual 

variance can also result in misclassiflcation of individuals by dietary intake levels (Liu et 

al. 1978). The accuracy in estimating nutrient intake can be improved by increasing the 

number of dietary recalls collected per subject. It is important to point out that the 

dietary assessment component of the ZDPP was not designed to estimate usual intake. 

Our study was also limited by the small number of Zuni adolescents participating 

in the ZDPP. The small sample of males and females with both dietary intake and insulin 

data may have reduced our ability to detect significant associations between nutrients and 

insulin concentrations. 

Conclusion 

In summary, results from this cross-sectional study of Zuni adolescents 

demonstrated an inverse association between fat intake and insulin concentrations among 

the males. These findings are not consistent with several studies reporting a positive 

relationship between fat intake and hyperinsulinemia among adults. Positive associations 

were observed for total carbohydrate intake in which sugared-beverages were a major 

contributor. Our results suggest that diets higher in fat or protein compared to high-
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glycemic carbohydrates may be less deleterious in individuals at risk for developing 

hyperinsulinemia. Additional studies evaluating the relationship between nutrients and 

insulin concentrations in adolescents and children, particularly those at high risk for 

diabetes, are necessary to confirm our results and further our understanding of the 

influence of dietary factors on hyperinsulinemia. Future analyses among adolescents 

should consider evaluating subtypes of fatty acids, carbohydrates, and dietary fiber, and 

food sources of dietary fiber. 
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Tablet. Characteristics of Zuni adolescents, l6-20y, by gender 

Females Males ^ 
(n = 57) (/i=41) 

Age (y) 
Mean (SD) 
Range 

17.5 (0.9) 
16-20 

17.9 (0.9) 
16- 19 

0.205 

Body Mass Index 
Mean (SD) 
Range 

Waist/hip Ratio 
Mean (SD) 
Range 

25.1 (4.9) 
18.4-36.1 

0.83 (0.1) 
0.71 -0.98 

26.0 (5.3) 
19.2 - 39.9 

0.319 

0.88 (0.1) 0.001 
0.76- 1.1 

Parental history of diabetes, n (%) 
Yes 
No 

9 (16) 
48 (84) 

12 (29) 
29 (71) 

0.109 

'Chi square test was used to determine gender differences in categorical characteristics; Student's t-test 
was used to determine gender differences in mean values. 
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Table 2. Comparison of estimated mean daily intakes of energy and nutrient densities and plasma insulin 
concentrations among Zuni adolescents, 16-20y, by gender 

Females Males P' 
(« = 57) (/7 = 4I) 

Mean (SD) 

Nutrients 

Energy (kcal/d) 1967.5 (726.5) 2488.6 (1167.9) 0.014 
Protein (% of energy) 14.9 (5.1) 15.6 (3.5) 0.220 
Carbohydrate (% of energy) 49.8 (10.4) 46.5 (12.9) 0.178 
Total fat (% of energy) 36.4 (7.9) 38.2 (10.8) 0.362 
Saturated fat (% of energy) 13.1 (3.4) 13.5 (3.9) 0.663 
Polyunsaturated fat (% of energy) 7.0 (4.2) 6.7 (3.6) 0.833 
Monounsaturated fat (% of energy) 13.4 (3.2) 14.9 (4.7) 0.071 
Dietary fiber (g/1000 kcal) 6.6 (2.5) 6.3 (3.3) 0.404 

Insulin (^U/dl) 

Fasting 15.0 (13.6) 12.8 (24.8) 0.002 
30 minutes post-glucose load 105.6 (88.1) 64.55 (82.6) 0.006 

Student's t-test (normal distribution) or Wilcoxon ranksum test (non-normal distribution) was used to 
determine gender differences in mean values. 



Table 3. Associations between fasting insulin concentrations and estimates of nutrient densities' among Zuni adolescents, l6-20y, by gender 

Females Males 

Fasting 
Insulin 
> 10 

MU/dl 

Fasting 
Insulin 
<=10 

^U/dl 

Crude 
OR 

Adjusted 
0R= 

Fasting 
Insulin 
> 10 

^U/dl 

Fasting 
Insulin 
<=10 

nU/dl 

Crude 
OR 

Adjusted 
OR' 

Protein (% of energy) 
<16,1 
>= 16,1 

Continuous 

N 

23 
9 

N 

15 
10 

1.00 
0.59 (0.19-1.78) 
0.32 (0.06-1,73) 

1.00 
0.90 (0.25-3.20) 
0.59 (0.08-4,17) 

N 

12 

2 

N 

11 
16 

1.00 
0.12 (0.02-0.62) 
0.00 (0.00-0.14) 

1.00 
0.06 (0.01-0.62) 
0.00 (0,00-0,15) 

Carbohydrate (% of 
energy) 

<43,4 
>= 43,4 

Continuous 

6 
26 

11 
14 

1.00 
3,40 (1.03-11,17) 
1.03 (0.98-1,08) 

1.00 

2.11 (0.55-8.12) 
0.99 (0.93-1.05) 

5 
9 

15 
12 

1.00 
2.25 (0.60-8.52) 
1.09 (1.02-1.17) 

1.00 
2.62 (0.56-12.33) 
1,15 (1.04-1.27) 

Total fat (% of energy) 
<39,3 
>= 39,3 

Continuous 

23 
9 

16 
9 

1.00 
0.70 (0.23-2,14) 
0,98 (0.92-1.05) 

1.00 
1.51 (0.40-5.72) 
1.05 (0,97-1.14) 

11 
3 

10 
17 

1.00 
0.16 (0.04-0.72) 
0.91 (0.85-0.99) 

1.00 
0.14 (0.02-0.79) 
0.88 (0.80-0.97) 

Saturated fat (% of energy) 
< 14,4 
>= 14.4 

Continuous 

20 
12 

16 
9 

1.00 
1.07 (0,36-3.16) 
1.01 (0,86-1,18) 

1.00 
1,69 (0,48-5.91) 
1,11 (0.93-1.34) 

12 
2 

12 

15 
1.00 
0.13 (0.03-0.71) 
0.67 (0,51-0,87) 

1.00 
0.13 (0,02-0.86) 
0.66 (0.49-0,89) 

Monounsaturaied fat (% of 
energy) 

< 15,0 
>= 15.0 

Continuous 

23 
9 

16 
9 

1.00 
0.70 (0.23-2.14) 
1.00 (0.85-1.18) 

1.00 
0,89 (0,25-3.17) 
1.11 (0,92-1.35) 

11 
3 

11 
16 

1.00 
0.19 (0,04-0,83) 
0.77 (0.62-0,95) 

1.00 
0.14 (0.02-0.87) 
0.71 (0,54-0,92) 

' Nutrients that demonstrated significant gender interaction are presented in this table. 
^ Nutrients adjusted by year, body mass index (kg/m'), and kilocalories. 



Table 4. Associations between 30-minute postprandial insulin concentrations and estimates of nutrient densities' among Zuni adolescents, 

16-20y, by gender 

Females Males 

30 min 30 min Crude Adjusted 30 min 30 min Crude Adjusted 
Insulin Insulin OR OR- Insulin Insulin OR OR^ 
> 50 < = 50 > 50 <=50 

nU/dl nU/dl nU/dl nU/dl 

N N N N 

Protein (% of energy) 
< 16.1 27 11 1,00 1.00 13 10 1.00 1.00 
>= 16,1 10 9 0.45 (0.15-1.42) 0,83 (0,18-3,69) 4 14 0.22 (0.06-0.88) 0,19 (0.04-1,00) 

Continuous 0.28 (0.05-1.63) 2,25 (0,16-32.64) 0.01 (0.00-0.33) 0,00 (0,00-0,49) 

Carbohydrate (% of energy) 
<43.4 8 9 1.00 1.00 7 13 1.00 1.00 
>= 43,4 29 II 2.97 (0.91-9.64) 1.12 (0.23-5.41) 10 11 1.69 (0,48-5,93) 1.50 (0.35-6.37) 

Continuous 1.04 (0.99-1.10) 0.97 (0.89-1.05) 1.06 (1.00-1.12) 1.06 (I.OO-I.I4) 

Monounsaturated fat (% of 
energy) 

< 15,0 
>= 15,0 

Continuous 

26 
11 

13 
7 

1.00 

0.79 (0.25-2.50) 
0.97 (0.82-1.16) 

1.00 

1.40 (0.29-6.73) 
1.11 (0.89-138) 

II 
6 

II 
13 

1.00 
0.46 (0.13-1.66) 
0.87 (0.74-1.02) 

1.00 
0,49 (0,11-2.15) 
0,87 (0.73-1.03) 

' Nutrienis thai demonstrated sjjgniflcani gender interaciioii are presented in this table. 
' Nutrients adjusted by year, body mass index (kg/m"), and kilocalories. 
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Table 1. Comparison of estimated mean daily intakes of energy, nutrients, foods, and plasma insulin 
concentrations among Zuni adolescents, 16-20y, by gender 

Females Males P' 
(n = 57) (/7 = 4I) 

rviean isuj 

Nutrients 

Energy (kcal/d) 1967.5 (726.5) 2488.6 (1167.9) 0.014 
Protein (g/d) 73.3 (36.0) 96.7 (48.5) 0.026 

% energy 14.9 (5.1) 15.6 (3.5) 0.220 
Carbohydrate (g/d) 238.5 (86.1) 284.7 (150.9) 0.146 

% energy 49.8 (10.4) 46.5 (12.9) 0.178 
Total fat (g/d) 82.9 (41.0) 108.2 (68.4) 0.082 

% energy 36.4 (7.9) 38.2 (10.8) 0.362 
Saturated fat (g/d) 29.6 (14.1) 37.2 (21.1) 0.070 

% energy 13.1 (3.4) 13.5 (3.9) 0.663 
Polyunsaturated fat (g/d) 16.9 (16.3) 20.5 (23.1) 0.315 

% energy 7.0 (4.2) 6.7 (3.6) 0.833 
Monounsaturated fat (g/d) 29.9 (13.9) 41.8 (25.4) 0.013 

% energy 13.4 (3.2) 14.9 (4.7) 0.071 
Dietary fiber (g/d) 13.5 (7.8) 16.5 (13.1) 0.496 

per 1000 kcal 6.6 (2.5) 6.3 (3.3) 0.404 

Foods (g/d) 

High-fiber grains 5.6 (16.7) 25.9 (107.9) 0.395 
Low-fiber grains 107.7 (107.3) 193.0 (164.3) 0.005 
Meat/eggs/nuts 140.1 (114.4) 200.4 (166.3) 0.065 
Vegetables 88.5 (99.2) 123.6 (148.3) 0.495 
Fruits 77.0 (106.0) 41.0 (78.4) 0.039 
Fats/oils 15.3 (23.8) 27.9 (36.3) 0.069 
Sugared-beverages 556.7 (494.3) 527.0 (497.2) 0.583 
Salty snacks 26.5 (51.1) jj.j (86.5) 0.403 

insulin (ftU/dl) 

Fasting 15.0 (13.6) 12.8 (24.8) 0.002 
30 minutes post-glucose load 105.6 (88.1) 64.55 (82.6) 0.006 

'Student's t-test (normai distribution) or Wilcoxon ranksum test (non-normal distribution) was used to 
determine gender differences in mean values. 



Table 2. Associations between fasting insulin concentrations and estimates of energy, macronutrients, mid dietary fiber among Zuni adolescents, l6-20y, 

by gender 

Females Males 

Fasting Fasting Crude Adjusted Fasting Fasting Crude Adjusted 
Insulin Insulin OR OR' Insulin Insulin OR OR' 
> 10 <=10 > 10 <=10 

nU/dl nU/dl MlJ/dl nU/di 

N N N N 
Energy (kcal/d) 

<2181,5 23 14 1,00 1.00 7 12 1.00 1.00 
>=2181.5 3 11 0,50 (0,17-1,50) 0.63 (0.19-2.12) 7 15 0.80 (0.22-2.92) 0,78 (0,19-3.23) 

Continuous 1,00 (1,00-1,00) 1.00 (1.00-1.00) 1.00 (1.00-1.00) 1,00 (1,00-1.00) 

Protein (g/d) 
< 90,75 29 15 1.00 1.00 8 11 l.(K) 1.00 
>= 90,75 3 10 0,16 (0.04-0.65) 0.17 (0.03-0.98) 6 16 0.52 (0.14-1.91) 0.27 (0,03-2,45) 

Continuous 0.34 (0.11-1,05) 0.76 (0.12-4.94) 0.47 (0.15-1.50) 0,00 (0,00-0,22) 

Protein (% of energy) 
<16.1 23 15 1.00 1.00 12 11 1.00 1,00 
>= 16,1 9 10 0.59 (0.19-1.78) 0.90 (0.25-3,20) 2 16 0.12 (0.02-0.62) 0.06 (0.01-0.62) 

Continuous 0.32 (0.06-1,73) 0.59 (0.08-4.17) 0.00 (0.00-0.14) 0.00 (0.00-0,15) 

Carbohydrate (g/d) 
< 266.5 21 12 1.00 1.00 7 14 1.00 1,00 
>= 266.5 II 13 0.48 (0.17-1.41) 0.24 (0.03-1.71) 7 13 1.08 (0.30-3.92) 2,93 (0,34-25,5) 

Continuous 0.93 (0.77-1.12) 0.98 (0.66-1.48) 1.12 (0.95-I.3I) 1,64 (1,06-2,53) 

Corbohydrate (% of energy) 
<43.4 6 11 1.00 1.00 5 15 1.00 1,00 
>= 43,4 26 14 3.40 (1 03-11.17) 2.11 (0.55-8,12) 9 12 2.25 (0.60-8.52) 2,62 (0,56-12.33) 

Continuous 1.03 (0.98-1.08) 0.99 (0.93-1.05) 1.09 (1.02-1.17) 1,15 (1.04-1.27) 

Total fot (g/d) 
<88,3 23 14 1.00 1.00 10 12 1.00 1.00 
>= 88,3 9 11 0.50 (0.17-1.50) 0.80 (0.10-6.54) 4 15 0.32 (0.08-1.28) 0.15 (0.02-1.22) 

Continuous 0.52 (0.18-1.51) 4.67 (0.47-46.11) 0.47 (0.15-1.44) 0.01 (0.00-0.33) 



Table 2. Continued 

Females Males 

Fasting Fasting Crude Adjusted Fasting Fasting Crude Adjusted 
Insulin Insulin OR OR' Insulin Insulin OR OR' 
>  1 0  < =  1 0  > 1 0  < = 1 0  

^U/dl ^U/dl ^U/dl ^iU/dl 

N N N N 
Total fat (% of energy) 

<39,3 23 16 1.00 1.00 11 10 1.00 1.00 
>= 39.3 9 9 0.70 (0.23-2.14) 1.51 (0.40-5.72) 3 17 0.16 (0.04-0.72) 0.14 (0.02-0.79) 

Continuous 0.98 (0.92-1.05) 1.05 (0.97-1.14) 0.91 (0.85-0.99) 0.88 (0.80-0.97) 

Saturated fat (g/d) 
<31.4 20 14 1.00 1.00 9 12 1.00 1.00 
>= 31.4 12 11 0.76 (0.26-2.22) 1.51(0.30-7.52) 5 15 0.44 (0.12-1.68) 0,30 (0,04-2.08) 

Continuous 0,80 (0.52-1.21) 1.76 (0.69-4,50) 0.72 (0.47-1.11) 0,15 (0,04-0,61) 

Saturated fat (% of energy) 
<14,4 20 16 1.00 1.00 12 12 1.00 1,00 
>=14.4 12 9 1,07 (0,36-3.16) 1.69 (0.48-5.91) 2 15 0.13 (0.03-0,71) 0.13 (0.02-0.86) 

Continuous 1,01(0,86-1.18) 1.11(0,93-1.34) 0.67 (0,51-0,87) 0,66 (0.49-0,89) 

Monounsaturated fat (g/d) 
<33,9 24 10 1,00 100 8 11 1.00 1.00 
>= 33.9 8 15 0.50 (0.16-1,55) 0,64(0,11-3.70) 6 16 0.52 (0.14-1.91) 0.31(0.04-2.27) 

Continuous 0.78 (0,51-1,20) 1.80 (0 68-4.71) 0.80 (0.55-1,16) 0,19 (0.05-0,71) 

Monounsaturated fat (% of 
energy) 

< 15.0 23 16 1.00 1.00 II II 1.00 1.00 

>= 15,0 9 9 0,70 (0,23-2,14) 0.89 (0,25-3 17) 3 16 0,19 (0,04-0.83) 0.14 (0.02-0,87) 
Continuous 1,00 (0.85-1.18) 1.11(092-1.35) 0.77 (0.62-0.95) 0.71(0.54-0.92) 



Table 2. Continued 

Females Males 

Fasting Fasting Crude Adjusted Fasting Fasting Crude Adjusted 
Insulin Insulin OR OR' Insulin Insulin OR OR' 
> 10 <=10 > 10 <=10 

HU/dl nU/dl MU/dl nU/dl 

N N N N 
Polyunsaturated fat (g/d) 

< 16,5 25 J3 1.0(1 1.00 8 13 1.00 1.00 
>= 16,5 7 12 0,30 (0.10-0.96) 0.48 (0.12-1.96) 6 14 0.70 (0.19-2.56) 0.30 (0.04-2,00) 

Continuous 0.71 (0.35-1.45) 1 48 (0.51-4.31) 0.94 (0.40-2,20) 0,44 (0.10-1,91) 

Polyunsaturated fat (% of 
energy) 

<6,7 18 12 l.(H) 1.00 8 15 1,00 1.00 
>= 6,7 14 13 0.72 (0.25-2.05) 0.87 (0.25-3.01) 6 12 0,94 (0,26-3.45) 0.70 (0,14-3,37) 

Continuous 0.84 (0.33-2.17) 1.39 (0.48-4.07) 0.86 (0.25-2.96) 0.53 (0.12-2.30) 

Dietary fiber (g/d) 
< 12.6 16 14 1.00 1.00 7 12 1.00 1,00 
>= 12,6 16 II 1,27 (0,45-3,64) 3,75 (0.76-18.49) 7 15 0.80 (0.22-2.92) 1.34 (0.22-8,00) 

Continuous 0.55 (0.22-1.39) 1,47 (0.29-7.40) 1.21 (0.51-2.88) 1,89 (0.39-9,20) 

Dietary fiber (/iOOO kcal) 
<6,0 14 11 1.00 1.00 6 16 1.00 1,00 
>= 6,0 18 14 I.Ol (0.35-2.90) 1.62 (046-5.70) 8 11 1.94 (0.52-7.17) 1.81 (0,43-7.67) 

Continuous 0.68 (0.18-2.65) 1.26 (0.25-6.40) 1.63 (0.40-6.75) 2.66 (0,51-13.79) 

' Maeronutrienis and dietar>' fiber adjusted by year, body mass index (kg/m*), and kiiocalories; energy adjuslcd by year and body mass index (kg/m"). 

o 
00 



Table 3. Associations between 30-ininutc postprandial insulin concentrations and estimates of energy, macronutrients, and dietar>' fiber among Zuni adolescents, 

I6-20y, by gender 

Females Males 

30-min 
Insulin 
> 50 

^U/dl 

30-niin 
Insulin 
< = 50 

MU/dl 

Crude 

OR 

Adjusted 

OR' 

3()-min 

Insulin 
> 50 

nU/dl 

30-min 
Insulin 
<=50 

nU/dl 

Crude 
OR 

Adjusted 
OR' 

N N N N 

Energy (kcal/d) 
<2181,5 
> = 2181.5 

Continuous 

Protein (g/d) 
< 90.75 
>= 90.75 

Continuous 

Protein (% of energy) 
< 16,1 
>= 16.1 

Continuous 

Carbohydrate (g/d) 
< 266,5 
>= 266,5 

Continuous 

Carbohydrate (% of 
energy) 

<43,4 
>= 43,4 

Continuous 

26 
II 

30 
7 

27 
10 

21 
16 

8 
28 

II 
9 

14 
6 

II 
9 

12 
8 

9 

II 

1,00 
0,52 (0,17-1.60) 
1,00 (1.00-1,00) 

1.00 

0.54 (0.15-1.92) 
0.39 (0.12-1,24) 

1.00 
0.45 (0.15-1.42)) 
0.28 (0.05-1.63) 

1.00 
1.14 (0.38-3.45) 
1.01 (0.83-1.22) 

1.00 
2.97 (0.91-9.64) 
1.04 (0.99-1.10) 

1.00 10 

0.57 (0.13-2.53) 7 
1.00 (1.00-1.00) 

1.00 11 
3.02 (0.31-29.6) 6 
2.42 (0.17-35.3) 

1.00 13 
0.83 (0.18-3.69) 4 
2.25 (0.16-32.64) 

1.00 
Not calculated 
0.87 (0.52-1.45) 

1.00 
1.12 (0.23-5.41) 
0.97 (0.89-1.05) 

7 
10 

9 

15 

8 
16 

10 
14 

12 
12 

13 
1 1  

1.00 
0.42 (0.12-1.50) 
1.00 (1.00-1.00) 

1.00 

0.27 (0.07-1.01) 
0.24 (0.06-0.86) 

1.00 
0.22 (0.06-0.88) 
0.01 (0.00-0.33) 

1.00 

0.89 (0.26-3.08) 

1.00 (0.86-1.15) 

l.(K) 
1.69 (0.48-5.93) 
1.06 (1.00-1.12) 

1.00 
0.37 (0.09-1,52) 
1,00 (1,00-1,00) 

1,00 
0,18 (0,02-1,65) 
0,00 (0,00-0,15) 

1.00 
0.19 (0.04-1.00) 
0.00 (0,00-0.49) 

1.00 

5,61 (0,43-72,8) 

1.19 (0.88-1.60) 

1.00 
1.50 (0.35-6.37) 
1.06 (1.00-1.14) 



Table 3. Continued 

Females Males 

30-min 30-min Crude Adjusted 30-min 30-min Crude Adjusted 
Insulin Insulin OR OR' Insulin Insulin OR OR' 
> 50 < = 50 > 50 <=50 

Mll/dl nU/dl nU/dl nU/dl 

N N N N 
Total fat (g/d) 

<88.3 27 10 1.00 1.00 12 10 1.00 1.00 

V
 It oc
 

pe
 

10 10 0,37 (0.12-1.16) 0.32 (0.03-3.87) 5 14 0.30 (0.08-1.12) 0,36 (0.06-2.13) 
Continuous 0,53 (0.18-1.62) 3.95 (0.22-71 39) 0.29 (0.09-0.95) 0.02 (0.00-0.59) 

Total fat (% of energy) 
<39.3 29 10 1.00 1.00 II 10 1.00 1.00 
>= 39.3 8 U) 0.28 (0.09-0.89)) 0.63 (0.14-2.77) 6 14 0.39 (0.11-1.41) 0.48 (0.11-2.02) 

Continuous 0.95 (0.88-1,02) 1.02 (0.93-1.13) 0.95 (0.89-1.01) 0.95 (0.88-1.02) 

Saturated fat (g/d) 
<31,4 24 !0 1.00 1.00 11 10 1.00 1.00 
>= 31.4 13 10 0,54 (0.18-1.64) 0.73 (0.12-4.46) 6 14 0.39 (0.11-1.41) 0.60 (0.10-3.52) 

Continuous 0.80 (0.52-1.24) 1 13 (0.40-3.20) 0.63 (0.41-0.98) 0.30 (0.10-0.84) 

Saturated fat (% of energy) 
< 14.4 25 11 1.00 1 00 13 11 1.00 1.00 
>= 14.4 12 9 0.59 (0.19-1.79) 0.78 (0 18-3.36) 4 13 0.26 (0.07-1.03) 0.34 (0.07-1.56) 

Continuous 0.94 (0.80-1.11) 1.03 (0.84-1,27) 0.80 (0.66-0.97) 0.83 (0.68-1.02) 

Monounsaturated fat (g/d) 
< 33.9 26 13 1.00 1.00 11 8 1 00 1.00 
>= 33.9 11 7 0.79 (0.25-2.50) 2.69 (0,29-24.59) () 16 0.27 (0.07-1.01) 0.25 (0.04-1.73) 

Continuous 0.84 (0.54-1.30) 1.72 (0,54-5,48) 0.71 (0.49-1,04) 0.41 (0.17-1.01) 

Monounsaturated fat (% of 
energy) 

< 15.0 26 13 1.00 1.00 11 II 1,00 1.00 
>= 15.0 11 7 0.79 (0,25-2.50) 1.40 (0.29-6.73) 6 13 0,46 (0,13-1,66) 0.49 (0,11-2,15) 

Continuous 0.97 (0.82-1.16) Ml (0.89-1.38) 0,87 (0,74-1.02) 0,87 (0.73-1,03) 



Table 3. Continued 

Females Males 

30-min 30-inin 
Insulin Insulin 
>50 < = 50 

^U/dl nU/dl 

Crude 
OR 

Adjusted 
OR' 

30-min 
Insulin 
> 50 

HlJ/dl 

30-min 
Insulin 
<=50 

nU/dl 

Crude 
OR 

Adjusted 
OR' 

N N N N 
Polyunsaturated fat (g/d) 

< 16,5 28 10 1.00 1.00 10 II 1.00 1.00 
>= 16.5 9 10 0.32 (0.10-1.02) 0.81 (0.17-3.87) 7 13 0.59 (0.17-2.08) 0.51 (0.09-2.85) 

Continuous 0.63 (0.30-1.35) 1.21 (0.38-3.85) 0.57 (0.24-1.37) 0.39 (0.10-1.61) 

Polyunsaturated fat (% of 
energy) 

<6.7 22 8 1.00 1.1)0 10 13 1.00 1.00 
>= 6,7 15 12 0.46 (0.15-1.38) 0.86 (0.20-3.70) 7 11 0,83 (0.24-2.91) 0.80 (0.18-3.65) 

Continuous 0.60 (0.22-1.65) 1.20 (0.37-3.89) 0.71 (0.21-2.38) 0.60 (0.15-2,35) 

Dietary fiber (g/d) 
< 12,6 21 9 1.00 1.00 11 8 1.00 1,00 
>= 12.6 16 11 0.62 (0.21-1 86) 1.71 (031-9.48) 6 16 0.27 (0.07-1.01) 0.39 (0.07-2.17) 

Continuous 0.42 (0.15-1.15) 0.55 (0.08-3.83) 0.59 (0.25-1.41) 0.62 (0.12-3.26) 

Dietary fiber (/lOOO kcal) 
<6,0 18 7 1.00 1.00 9 13 1,00 1.00 
>= 6.0 19 13 0.57 (0.19-1.75) 1.03 (0.23-4,61) 8 11 1,05 (0.30-3,65) 0.94 (0.23-3.87) 

Continuous 0.26 (0.06-1 23) 0.50 (007-3.81) 0.70 (0.18-2.73) 1.19 (0.24-5.87) 

Macronuiricnts and dieiar>' fiber adjusied by year, body mass index (kg/m"), kilocalories; energy adjusied b) year and body niass index (kg/nr). 



Table 4. Associations between fasting insulin concentrations and estimates of food intake among Zuni adolescents, l6-20>', by gender 

Females Males 

Fasting Fasting Crude Adjusted Fasting Fasting Crude Adjusted 

insulin insulin OR OR' insulin insulin OR OR' 
> 10 <=10 > 10 <=10 

(tU/dl nU/dl HlJ/dl tilJ/dl 

Foodi (g/d) N N N N 

High Tiber grains 

0 26 23 1.00 l.OU 12 21 1.00 100 
>0 6 2 2.65 (0.64-1101) 2 33 (0 47-11.43) 2 6 0 58 (0.13-2.53) 0.76 (0.16-3.53) 

Low fiber grains 
<97.7 20 14 1.00 1.00 3 12 1 00 1,00 
>=97.7 12 II 0.76 (0 31-1.87) 0 84 (0 31-2.27) II 15 2.93 (0.84-10 20) 4 49 (1.02-19.8) 

Meat/eggs/nuts 
< 140.7 22 14 1 00 1 00 6 12 1 00 1 00 
>= 140.7 10 11 0.58 (0 23-1.44) 0 98 (0 34-2 79) 8 IS 1 07 (0 36-3 18) 0.71 (0,20-2 50) 

Vegetables 
<81.5 21 14 1.00 1 00 9 12 1 00 1 00 

V
 

u
 oc
 

II 11 0 67 (0 27-1 64) 0,56 (020-1 58) 5 15 0 44 (0 15-1 36) 0.85 (0 24-3,08) 

i'ruits 

0 18 11 1.00 1.00 12 18 1 00 100 
>0 14 14 0.61 (0.25-1.48) 0 58 (0,21-1.57) 2 9 0 33 (0.08-1 39) 0.40 (0.09-1.78) 

Fats/oils 
<6.6 12 15 1.00 1 00 4 II 1 00 1.00 
>= 6.6 20 10 2.50 (1 01-6.15) 3.08 (1 10-8.65) 10 16 1.72 (0.54-5,52) 0.97 (0 24-3,83) 

Sugared beverages 
<370 II 12 1.00 1,00 6 15 1 00 1 00 
>•= 370 21 13 1.76 (0 72-4 J3) 13-1 (0 48-3.73) 8 12 1 67 (0 56-4,97) 1 47 (0 44-4 86) 

Salty snacks 

0 20 12 1.00 1 00 8 20 1 00 1.00 
>0 12 13 0.55 (0.23-1 35) 0 81 (0 30-2 23) 6 7 2 14 (0 68-6 73) 1 80 (0 51-6 34) 

' Foods adjusted by year and body moss index (kg/m'). 



Table 5. Associaiions between 30-minute pustprundial insulin concentrations and estimates of food intake among Zuni adolescents, l6-20y, by gender 

Females Males 

30-min 30-min Crude Adjusted 30-min 30-min Crude Adjusted 

Insulin Insulin OR OR' Insulin Insulin OR OR' 
> 50 < = 50 > 50 <=50 

ftU/dl ^lU/dl jiU/dl nU/dl 

Foods (g/d) N N N N 

High Tiber grains 
0 33 16 1.00 LOG 16 17 1,00 1.00 

>0 4 4 0.49 (0.14-1.72) 0,26 (0 04-1 65) 1 7 0.15 (0.02-0.96) 0.17 (0.03-1.12) 

Low fiber groins 
<97.7 21 13 1.00 1,00 5 10 1.00 1.00 
>=97.7 16 7 1.41 (0.55-3.64) 2,36 (0,67-8.36) 12 14 1.71 (0.57-5 20) 2.29 (0.65-8.07) 

Meat/eggs/nuts 
< 140.7 21 10 1.00 1 00 9 9 1 00 1.00 
>= 140.7 11 10 0.42 (0 16-1.09) 0,97 (0 28-3,35) 8 15 0 53 (0 19-1.54) 0.32 (0.09-1.14) 

Vegetables 
<81.5 23 12 1.00 1,00 11 10 1 00 1.00 
>= 81.5 14 8 0.91 (0.36-2 33) 1 07 (0,32-3 63) 6 14 0.39 (0.13-1.14) 0.72 (0 22-2.44) 

Fruits 
0 20 9 1.00 1,00 13 17 1 00 1.00 

>0 17 II 0.70 (0.28-1.74) 0,88 (0 26-2,91) 4 7 0,75 (0,23-2,47) 0.84 (0.23-3.00) 

Fats/oils 
< 6.6 16 11 1.00 1,00 7 8 1,00 1.00 
>= 6.6 21 9 1.60 (0.64-4 02) 2,52 (0 71-8 99) 10 16 071 (0,24-2,10) 0.39 (011-1.47) 

Sugared beverages 
<370 12 II 1.00 1 00 9 12 1 00 1.00 
>= 370 25 9 2.55 (1.00-6,50) 1 39 (0,41-4 68) 8 12 0 89 (0,31-2.52) 0.69 (0.22-2.20) 

Sally snacks 

0 23 9 1.00 1 00 II 17 1.00 1.00 
>0 14 II 0 50 (0 20-1,26) 1 16 (0 33-4 01) 6 7 1 32 (0.43-4.04) 1.06 (0.31-3 63) 

' Foods adjusted by year and body mass index (kg/m'). 


