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Abstract

Background—American Indians have a very high prevalence of metabolic syndrome that 

increases their risk of developing cardiovascular disease and type 2 diabetes. Dietary habits are of 

central importance in the prevention and treatment of metabolic syndrome.

Objective—The main objective of this article was to describe dietary intake among American 

Indians with metabolic syndrome and compare it to several dietary recommendations. A secondary 

objective was to identify certain barriers to dietary adherence experienced by this population.

Methods—A total of 213 participants with metabolic syndrome were enrolled in the Balance 

Study, a randomized controlled trial with two intervention groups: Guided Group and Self-

Managed Group. Dietary intake was assessed using the Block Food Frequency questionnaire. 

Dietary intakes were evaluated against the Dietary Guidelines for Americans.

Results—Intakes of saturated fats, cholesterol, and sodium were higher and intakes of dietary 

fiber, calcium, magnesium, potassium, vitamin A, vitamin D, and vitamin E were lower than 

recommended. Additionally, intake of many food groups was noticeably low. Economic factors 

seem to be related to low adherence to dietary recommendations.

Conclusion—Results showed low adherence by the participants to dietary recommendations for 

key nutrients and food groups related to risk factors for metabolic syndrome, type 2 diabetes, and 

cardiovascular disease. Economic factors are related to this low adherence. These findings 

illustrate a need to develop innovative, focused, and perhaps individualized health promotion 

strategies that can improve dietary habits of American Indians with metabolic syndrome.
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INTRODUCTION

Metabolic syndrome (MetSyn) is a constellation of cardiometabolic risk factors. The 

components of MetSyn include abdominal obesity, hypertension, dyslipidaemia, and glucose 

intolerance (Grundy et al. 2004). MetSyn is associated with increased risk of type 2 diabetes 

(T2DM) (Sattar et al. 2003), cardiovascular disease (CVD) (McNeill et al. 2005), and all-

cause mortality (Lakka et al. 2002). American Indians experience the highest rates of T2DM 

of any population group in the United States (U.S.) (Centers for Disease Control and 

Prevention, 2011). National Data indicate that heart disease is the leading cause of death 

among American Indian men and the second leading cause of death among American Indian 

women (National Heart, Lung, and Blood Institute, 2012). Overall prevalence of MetSyn 

from the Strong Heart Study, a longitudinal population-based epidemiologic study of CVD 

in 4549 American Indians, was 55.2% among participants aged 45-74years, 43.6% and 

56.7% respectively among men and women aged 45-49 years, which was much higher than 

the 20% and 23.1% observed among all men and all women, respectively, in National 

Health and Nutrition Examination Survey (NHANES) III (Resnick 2002).

Previous studies have linked dietary intake to these individual components of MetSyn 

(Appel et al. 2006; Choi et al. 2005; Malik et al. 2006; Parillo & Riccardi, 2004; Schulze et 

al. 2004) as well as to the prevalence of MetSyn (Dhingra et al. 2007; Esmaillzadeh et al. 

2006, 2007; McKeown et al. 2004; Mennen 2000; Sahyoun et al. 2006). Therefore, as a part 

of a larger study, we measured the dietary intakes of a group of American Indians with 

MetSyn and compared them to national nutrient and food recommendations. Although 

previous studies have examined the diet of American Indians (Eilat-Adar et al. 2012; 

Zephier et al. 1997), no study, to our knowledge, has applied these dietary recommendations 

to American Indians with MetSyn.

The Balance Study was a 2-arm randomized controlled trial (RCT) to compare two CVD 

prevention strategies in American Indians with MetSyn. A total of 213 participants were 

randomized into the two intervention groups. This article considers all of the 213 

participants, regardless of their intervention group assignments. The participants were a 

population-based sample of American Indians with MetSyn, as defined by the National 

Heart, Lung, and Blood Institute (NHLBI) (Grundy et al., 2004). Baseline data from the 

Balance Study included information on the dietary intake of the study participants. The 

purpose of the current study is to report baseline dietary intake by the participants in the 

Balance Study and compare it to several national recommendations.

To provide accurate comparisons, we report dietary intake results by gender and have used 

the same age groups as provided in the sources for comparisons. Data on household income 

and health practices were also analyzed to identify some barriers to dietary adherence.

MATERIAL AND METHODS

Participant Selection

The study design and methods have been previously described (Lee et al. 2012). Briefly, the 

213 participants in the Balance Study came from the Seven Tribes in southwestern 
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Oklahoma – the Apache, Caddo, Comanche, Delaware, Ft. Sill Apache, Kiowa, and 

Wichita. All participants live among the general population in the Lawton and Anadarko 

areas.

Inclusion criteria included: 1) age 30-75 years; 2) Body mass index (BMI) ≥ 25; 3) MetSyn 

as defined by the NHLBI (Grundy et al. 2004): the presence of three or more of the 

following five characteristics: waist circumference > 102 cm (> 40 inch) in men or > 88 cm 

(> 35 inch) in women, triglyceride (TG) level > 150 mg/dL, high-density lipoprotein 

cholesterol (HDL-C) level < 40 mg/dL in men and < 50 mg/dL in women, systolic blood 

pressure (SBP) ≥ 130 mm Hg or diastolic blood pressure (DBP) ≥ 85, and fasting plasma 

glucose (FPG) ≥ 100 mg/dL. At the screening visit, fasting lipids and glucose levels were 

obtained from capillary blood using Cholestech analyzer (Allain et al. 1974). Cholestech 

results were used to determine the eligibility of prospective participants. We adjusted the 

values for triglycerides and HDL-C slightly according to previous reports (Carey 2006; 

Cummings 1994; Rogers 1993); that is, triglycerides ≥ 170 mg/dL, HDL-C < 35 mg/dL for 

men and < 45 mg/dL for women. The criterion for FPG by Cholestech remained ≥ 100 

mg/dL.

Exclusion criteria included: (1) participation in the Special Diabetes Program for Indians; 

(2) participation in the study of another person from the same household ; (3) current 

participation in any weight loss program; (4) currently pregnant, lactating, or planning to 

become pregnant in the next 12 months; (5) mental incapacity and/or cognitive impairment; 

(6) incident CVD, cancer, or end stage renal disease; (7) diabetes mellitus or hypertension 

uncontrolled by medication; (8) weight over 350 pounds; or (9) TG > 400 mg/dL.

Before recruitment of participants, the protocol was approved by the participating Indian 

tribes, the institutional review boards of the University of Oklahoma Health Sciences Center 

and the Oklahoma City Area Indian Health Service (IHS), and the Protocol Review 

Committee appointed by the National Heart Lung and Blood Institute. Various recruitment 

methods included personal contact, mass mailing, telephone contact, media announcement, 

contact at community and tribal meetings, contact at community gatherings, posters 

displayed at various tribal and health facilities and referrals through IHS physicians.

Written informed consent was obtained from the prospective participants. A screening exam 

was conducted to determine the eligibility of prospective participants before enrollment in 

the study.

Assessments and Measures

A personal interview and a brief physical examination were conducted at the baseline visit 

after enrollment. The personal interview collected data on socio-demographics, medical 

history, health practice (Health Practices Survey), quality of life and self-efficacy; 

questionnaires for dietary intake and physical activity level (Kriska & Bennett,1992; Kriska 

et al. 1990) were administered. A pedometer (ACCUSPLIT Model AE120XL) was provided 

to every participant to record walking data for seven consecutive days. The physical 

examination included height, weight, waist circumference, and blood pressure. Laboratory 

evaluation included fasting serum glucose, lipids, and hemoglobin A1c (HbA1c), and 
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urinary sodium, potassium, albumin and creatinine. Because a laboratory was not available 

on-site, blood and urine specimens were shipped to off-site laboratories and results on some 

of the measures were received after several days.

Dietary Assessment

Dietary information at baseline examination was collected using the previously validated 

Block 2005 Food Frequency Questionnaire (FFQ) (Block Questionnaire, 2005; Boucher et 

al., 2006). This FFQ was used to evaluate food consumption during the previous six months 

and ascertained consumption of 125 food items, including some traditional foods. In one 

study, addition of some ethnic-specific foods was shown to result in increased nutrient 

estimates for some nutrients (G. Block et al. 2004). The FFQ asked two questions about 

each of 125 food items, how often participants ate those foods, and then how much they ate 

each time. There were nine pre-defined frequency categories, ranging from “NEVER” to 

“EVERY DAY”, as well as predefined portion size categories. For example, for green beans 

or green peas, first select how often, on average did you eat the food during the past 6 month 

from NEVER, A FEW TIMES, ONCE PER MONTH, 2-3 TIMES PER MONTH, ONCE 

PER WEEK, 2 TIMES PER WEEK, 3-4 TIMES PER WEEK, 5-6 TIMES PER WEEK, 

EVERY DAY. Then select how much did you usually eat of the food on those days, from A, 

B, C, D (from portion size picture). The FFQ questionnaire booklet included a portion size 

picture guide, instructions for participants, and a description of several American Indian 

Foods. The Block FFQ utilizes the Nutrition Data System for Research Database Version 

4.06_34 (Minneapolis, MN) (G. Block et al. 2004). A Balance Study interviewer explained 

the FFQ to every participant and answered questions. Once the participant completed the 

FFQ, the interviewer reviewed the form to ensure that the participants completed it 

correctly. The forms were then sent to NutritionQuest (Berkeley, CA) to be analyzed. The 

analysis report included detailed nutrient and whole food intake of each participant. This 

article reports the baseline dietary data of the Balance Study participants.

Sources for Comparisons

For the purpose of comparison to the national dietary recommendations, the source for all 

nutrient recommendations except for saturated fat, polyunsaturated fat, monounsaturated fat, 

and cholesterol is the Dietary Reference Intakes (DRI) series (National Research Council 

2005) developed by the Institute of Medicine of the National Academy of Sciences. DRI is 

the general term for a set of reference values used for planning and assessing nutrient intake 

for healthy people. Four important types of reference values included in the DRIs are: 1) 

Acceptable Macronutrient Distribution Range (AMDR); 2) Recommended Dietary 

Allowances (RDA); 3) Adequate Intakes (AI); and 4) Tolerable Upper Intake Levels (UL). 

We used RDA/AI and UL to create references ranges for calcium, iron, magnesium, sodium, 

vitamin A, vitamin D, vitamin E, vitamin C, niacin, folate, and vitamin B6. For potassium, 

no UL is provided in the DRI, and because no adverse effects have been documented of its 

excessive consumption from food alone (National Research Council 2005), we added ≥ in 

front of AI. Furthermore, we added ≥ in front of AI for thiamin, riboflavin, vitamin B12, and 

vitamin K because DRI does not provide UL for these nutrients (National Research Council 

2005).
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Recommendations for saturated fat, polyunsaturated fat, monounsaturated fat, and 

cholesterol are from the National Cholesterol Program Expert Panel on Detection, 

Evaluation, and Treatment of High Blood Cholesterol in Adults (Adult Treatment Panel III) 

final report 2002.

The U.S. Department of Agriculture (USDA) (U.S. Department of Agriculture, 2012) Food 

Groups Overview was used for the recommendations for the food groups.

Statistical Analysis

Summary statistics (frequencies, means and 95% confidence intervals (95% CI)) of the daily 

nutrient intake were stratified by age and gender. Frequencies and percentages of 

participants whose nutrient intake were either below the recommended values or were above 

the recommended values were provided. To assess for any differences between the sex 

groups by baseline characteristics, daily nutrient intake, or by daily food group intake, 

Fisher's exact test for categorical variables and t-test for continuous variables were 

performed. Significance level was p < 0.05. All statistical analyses were performed with 

SAS statistical software, version 9.2.

RESULTS

Of the 213 participants of the study, 207 had baseline data available on most study 

measures. Baseline characteristics of the participants by gender are given in Table 1. Only 

20% of the participants were men. The mean ages for men and women were 51 and 52 years 

respectively. Women had significantly higher mean BMI (37.01 kg/m2) than men (34.62 

kg/m2) (p = .011). More men (56.1%) reported being former smokers than women (35.2%), 

whereas more women (23.9%) reported being current smokers than men (12.2%) (p = 

0.047). Although a substantial proportion of both men (51.2%) and women (45.2%) reported 

being current drinkers, the number of drinks consumed in a typical week by 90% of men and 

93% of women in this study were found to be within the recommended guidelines (U.S. 

Department of Agriculture and U.S. Department of Health and Human Services). Men had 

significantly higher means than women for systolic blood pressure (SBP), 131.7 mmHg vs. 

125.8 mmHg (p = 0.043), and for diastolic blood pressure (DBP), 82.27 mmHg vs. 76.66 (p 

= 0.001). The mean number of steps walked per day from the 7-day period after enrollment 

was significantly lower for women (4011.9) than men (6775.7) (p = 0.001). The baseline 

mean 7-day step count for both men and women are much lower than the 8000 free-living-

steps, which are roughly equivalent to the recommend 30 minutes moderate activity per day. 

None of the other baseline characteristics were significantly different between men and 

women.

The FFQ was completed by 166 participants. Reasons for incompletion of FFQ by about 

20% of participants were mainly related to the time requirement to complete the FFQ. On 

average, it takes about 40 minutes to complete this form. Some participants did not have 

sufficient time during their baseline visit to complete this form. Because the FFQ is a self-

administered questionnaire, the participants who were unable to complete this form during 

the baseline visit were given the form to complete at their homes and return to the study at a 

later time. Efforts to retrieve completed forms from some participants were not successful. 
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Comparison of the group of participants who completed the FFQs to the group that did not, 

showed no statistical difference between these two groups for age (p = 0.187), gender (p = 

0.586), and years of education completed (p = 0.528). Based on these comparisons, the 

authors are confident that there is no negative impact on the results that are presented in this 

article because of the missing FFQs. Comparisons to the recommendations are given in 

Table 3, which shows the mean daily nutrient intake (along with the 95% CI) of these 

baseline Balance participants who had completed the FFQ and the proportions of 

participants below and above the recommended levels. The results were considered 

significant if the CI did not overlap with the recommended levels.

The mean intake by participants was consistent with dietary recommendations for protein, 

carbohydrates, and both polyunsaturated and monounsaturated fats. However, intake of total 

fiber was below the recommended level in 75.4% of women and 93.8% of men. Fiber 

consumption was significantly lower for both genders and for all age groups. Calcium intake 

was significantly below the recommended level in men aged above 30 years, and in women 

above 50. Consumption of potassium, vitamin D, and vitamin E were significantly below the 

recommended levels in both genders. Intakes of magnesium and vitamin A were also 

significantly below the recommendations men.

Intakes of total fat, saturated fat, cholesterol, and sodium were significantly above the 

recommendations for both genders. All men and 99.3% of women over-consumed saturated 

fats. Men, on average, were consuming nearly double the recommended limit for saturated 

fat intake, and were consuming it significantly more than women. A large proportion of both 

men and women over-consumed sodium in the 30-50 (83.3% of men and 83.3% of women) 

and the 51-70 (66.6% of men and 67.1% of women) age groups.

For a broader perspective on dietary habits, Table 4 displays the average daily food group 

intake of participants along with the USDA Food Group recommendations. As a whole, 

participants substantially under-consumed whole grains, vegetables, fruits, and milk. The 

average daily recommendation for milk intake is 3 cups per day, according to USDA Food 

Group recommendations, and, on average, men drank less than a cup per day. Additionally, 

men consumed half or less than half the daily recommended intake of fruit depending on age 

group. Men and women did adhere adequately to total grain intake, but both genders did not 

adhere to whole grain intake: men consumed less than a third of daily whole grain 

recommendations and women consumed less than a half. Women aged 31 to 50 consumed 

significantly more whole grains than men in the same age range. Significant over-

consumption was observed for protein foods by women in > 30 age group.

A question in the Health Practices Survey assessed if the participants ate five servings of 

fruits or vegetables each day. If the answer was “no” to this question, a follow-up question 

then assessed the reasons for not eating five servings of fruits or vegetables. A substantial 

proportion (30.3%) of participants selected the option of “too expensive” and 17.1% of 

participants selected the option of “Family members don't like them” as the reasons for not 

eating five servings of fruits or vegetables each day.
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DISCUSSION

Our results show that, in general, adherence to national dietary recommendations is poor in 

this group of American Indians with MetSyn. As a whole, the group substantially diverged 

from the dietary recommendations of USDA Food Group recommendations for whole grain, 

vegetable, fruit, and milk intake. The lack of adherence to food group recommendations is 

subsequently reflected in poor adherence to many nutrient recommendations.

As noted earlier, no previous study has examined the dietary adherence of American Indians 

with the MetSyn. There have been documented health implications, however, for certain 

dietary trends. Discussed below are cardiometabolic health implications resulting from low 

adherence to dietary recommendations, specifically for those nutrients whose level of 

consumption by the participants in this study was significantly different from the national 

recommendations.

A majority of the participants did not have enough fiber. High-fiber diets have received 

considerable attention in recent years due to their association with decreased incidence of 

several metabolic disorders. High-fiber intake has been found to be associated with 

significant reduction in blood pressure (BP) (Whelton et al. 2005). Large cohort studies have 

demonstrated an inverse relationship between fiber intake and CVD rates (Rimm et al. 

1996). Fiber intake has been associated with a reduced risk of T2DM (Montonen et al. 

2003). A previous study has noted that low fiber and high protein intake is “marginally” 

associated with poor glycemic control (Xu et al. 2007). It is unclear how this finding applies 

to this group, as Table 3 shows consumption of protein as a percentage of calories at 

recommended levels, but Table 4 shows consumption of the food group of high protein 

foods to exceed recommendations among 31-50 year-old women.

Participants in this study did not consume the recommended amount of calcium (79% of 

women and 78% of men). Low consumption of calcium has been reported to be associated 

with increased BMI and body fat (Eilat-Adar et al. 2007).

A large proportion of both men and women (93.8% and 92.5% respectively) under-

consumed potassium. The favorable effects of dietary potassium are well documented. 

Previous studies have detected an inverse relationship between dietary potassium intake and 

BP (Ascherio et al. 1992; Whelton PK 2003). Results of an intervention study showed 

positive effect of increased potassium intake on CVD mortality (Chang et al. 2006). 

Potassium is particularly abundant in fruits and vegetables. A greater fruit and vegetable 

consumption has been shown to protect against the occurrence of stroke (FJ. He et al. 2006).

Magnesium was under-consumed by 87.5% of men. Magnesium plays a role in a number of 

chronic conditions. Some investigators have reported inverse association between 

magnesium intake and the incidence of MetSyn (K. He et al. 2006), and T2DM risk (Lopez-

Ridaura et al. 2004). Increased magnesium intake has been observed to improve serum lipid 

profiles (Vaskonen 2003).

Intake of vitamin A was below the recommended level in men and intake of vitamin E was 

also low in both men and women. Both vitamins A and E are considered antioxidants. 
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Researchers have documented that eating a diet rich in antioxidant-containing foods, such as 

fruits, vegetables, and whole grains, has been linked to reduced risk of CVD (Dauchet et al. 

2006; Kelly et al. 2007; Rautiainen et al. 2012; Seal 2006). Reports from a previous study 

showed an inverse association between plasma vitamin E concentration and MetSyn 

(Sempertegui et al. 2011).

Consumption of vitamin D was low in all of the study participants. Researchers have 

observed that vitamin D intakes have been inversely associated with BMI (Kamycheva et al. 

2003), CVD risk (Zittermann et al. 2009), and incident MetSyn (Fung et al. 2012).

Data in Table 4 indicate that consumption of vegetables was substantially below the 

recommended level in all subgroups except for women over the age of 51. Also, in all 

gender and age subgroups, whole grains, fruits, and milk were substantially under-

consumed. These food groups contribute important nutrients that were shown to be 

substantially under-consumed in Table 3. Whole grains, fruits, and vegetables, for example, 

are rich in fiber and their insufficient consumption seems to have led to inadequate 

consumption of this macronutrient in all age and gender categories. This relationship 

between under-consumed nutrient and under-consumed food group holds true for calcium 

(contributors: milk, fruit, and vegetables), potassium (contributors: fruits, vegetables, and 

milk), magnesium (contributors: vegetables and whole grains), vitamin A (contributors: 

fruits and vegetables, vitamin D (contributor: milk), and vitamin E (contributor: vegetables).

Just as some macronutrients were significantly under-consumed, there were other 

macronutrients that had unhealthy overconsumption among large proportion of participants. 

Across both genders saturated and total fats had an intake greater than the recommended 

levels. A previous longitudinal study of American Indians has shown that increased intake 

of saturated fats and total fats increases the likelihood of fatal and non-fatal CVD events (Xu 

et al. 2006).

Additionally, a large proportion of both men and women used too much sodium which is 

known to be a contributor to hypertension (Hummel et al. 2012), and hypertension is a 

characteristic of metabolic syndrome (Grundy et al. 2004).

Some other relationships between nutrients and health parameters are more difficult to 

interpret. Saturated fat and cholesterol were on average over-consumed. However, baseline 

results in Table 1 indicate that except for less than optimal mean HDL-C level for women, 

the mean levels of total serum cholesterol, low-density lipoprotein cholesterol (LDL-C), and 

HDL-C for men are all within normal ranges. Perhaps one explanation for this phenomenon 

could be relatively younger mean age of the study participants who have not yet developed 

substantial dyslipidemia. Based on the previous reports on negative changes in lipid profile 

in American Indians as they grew older (Welty et al. 2002), and from the findings from this 

study of significant over-consumption of saturated fat and cholesterol, it is likely that 

without any lifestyle intervention the participants in this study will eventually develop 

dyslipidemia at an older age. The Strong Heart Study documented unfavorable changes in 

the lipid profile over four years of follow-up among its participants in which men aged from 

55.6 to 59.5 years and women aged from 56.5 to 60.4 years (Welty et al. 2002). The adverse 
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changes in lipid profile in the participants in this study included increases in LDL-C for 

women and decreases in HDL-C for both men and women. Furthermore, it has been 

reported that even modestly elevated LDL-C levels as well as low HDL-C levels are risk 

factors for CVD among American Indians (Howard et al. 1995).

We analyzed the household income data and information from the Health Practices Survey 

to identify some potential barriers to adherence to dietary guidelines. The data on household 

annual income showed that 68% of participants had household income of ≤ $35,000 and 

85.5% of participants had household income of ≤ $50,000.

Although 97.5% of study participants said that it is not hard to find fruits and vegetables in 

grocery stores in study communities, a substantial proportion (30.3%) of participants said 

that the reason that they do not eat at least five servings of fruits or vegetables each day is 

because it is too expensive to do so. Researchers have suggested that low-income 

neighborhoods have increased exposure to fast food that contributes to the environmental 

causes of the obesity epidemic in these populations (JP. Block et al. 2004). Such barriers 

should be carefully considered while planning nutrition education strategies in these 

communities.

The dietary intakes of participants of this study were similar to the trends observed in other 

dietary investigations involving American Indian populations. Less than half of the 

participants in the Strong Heart Dietary Study (SHDS) (Zephier et al. 1997) met dietary 

guidelines for reduction of chronic disease. A meta-analysis of dietary investigations among 

American Indians showed fat intake ranged from 31% to 47% of total caloric intake (Story 

et al. 2000). The Navajo Health and Nutrition Survey (Ballew et al. 1997) revealed that 

fruits and vegetables were each consumed less than once per day per person, as were dairy 

products.

Although similar trends of low adherence to dietary recommendations were observed among 

American Indians from three geographic areas in the SHDS (Zephier et al. 1997), the SHDS 

showed difference in the intake of some nutrients by the geographic area. Men in Arizona 

(American Indians in the SHDS mostly live on reservations in Arizona) consumed more 

energy from carbohydrates and less energy from total fat than did men in North and South 

Dakota (American Indians in the SHDS mostly live on reservations in North and South 

Dakota) and Oklahoma (American Indians in the SHDS live among general public in 

Oklahoma) (p ≤ 0.01). Men and women in Arizona consumed more cholesterol and fiber 

than did participants in North and South Dakota and Oklahoma (p ≤ 0.01) and less 

antioxidant vitamins (p ≤ 0.01).

We compared findings of this study to some of the dietary intake characteristics of the 

general population in the U.S. Intake of fat and saturated fat in this population of American 

Indians with MetSyn is far above what has been observed in the general population in the 

U.S. Based on data from the National Health and Nutrition Examination Survey (NHANES) 

2009-10 (What We Eat in America, NHANES 2009-2010), the intake of fat in adults 

averaged between 31-34% of calories, depending on age and gender, with an overall average 

intake of 33% of calories. This compares to fat intake of 39-40% of calories seen in the 
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population of American Indians in this study. The intake of saturated fat in the general 

population averaged between 10-11%, depending on age and gender, with an overall 

average intake of 11% of calories. This compares to a saturated fat intake of 12-13% of 

calories seen in the population of American Indians in this study. Comparisons for intake of 

fruits and vegetables showed that 32.8% of the U.S. adults reported meeting the 

recommended fruit intake (CDC State Indicator Report on Fruits and Vegetables, 2009), 

whereas only 7.83% of American Indian participants of this study reported meeting the 

recommended fruit intake (the recommendation for fruit intake that is used in the CDC State 

Indicator Report on Fruits and vegetables, 2009, is used for this comparison). Furthermore, 

27.4% of the U.S. adults reported meeting recommended vegetable intake (CDC State 

Indicator Report on Fruits and Vegetables, 2009), whereas only 10.2% of American Indian 

participants of this study reported meeting the recommended vegetable intake (the 

recommendation for vegetable intake that is used in the CDC State Indicator Report on 

Fruits and vegetables, 2009, is used for this comparison). It is obvious from these 

comparisons that adherence to dietary recommendations by American Indians in this study 

is worse than the adherence to dietary recommendations by the general population in the 

U.S.

Although nutrition is a key environmental factor associated with MetSyn risk, a role for 

genetic susceptibility to MetSyn phenotypes has also been identified. However, recent 

genetic studies that included American Indians (including some American Indians from our 

study communities) provide inconclusive evidence of association between genetic variation 

and MetSyn phenotypes in American Indians and illustrate the need for additional 

investigations. A study conducted to investigate the joint impact of 61 previously identified 

single nucleotide polymorphisms (SNPs) in nicotinic acetylcholine receptor genes on insulin 

resistance and T2DM in 3,665 American Indians showed that, although multiple SNPs 

displayed marginal individual association with insulin resistance and T2DM, only a few 

passed adjustment for multiple testing (Yang et al. 2012). The Population Architecture using 

Genomics and Epidemiology (PAGE) Consortium investigated the association between the 

13 SNPs that were identified by the Genome-Wide Association Studies (GWAS) (primarily 

in populations of European ancestry) and body mass index (BMI) and obesity in 69,775 

subjects, including 6,149 American Indians (Fesinmeyer et al. 2012). This study defined 

“generalizing SNPs” as those associated with an allele frequency-specific increase in BMI. 

By this definition, this study generalized 5/9 SNP associations in American Indians, 

suggesting inadequate tagging of causal variants in this group. In another study, researchers 

with the PAGE Consortium investigated the association between 49 GWAS-identified SNPs 

and fasting HDL-C, LDL-C, and TG levels in 38,265 subjects, including 6,000 American 

Indians (Dumitrescu et al. 2011). This study generalized 45%, 64%, and 77% genotype-

phenotype associations for HDL-C, LDLC, and TG respectively, again suggesting 

inadequate tagging of causal variants.

This study had several limitations. The sample size was relatively small and women far out-

numbered men. Since American Indians in Oklahoma do not live on reservations; they live 

among the general population, it may be inappropriate to generalize these findings to 

American Indians living on reservations. Similarly, because these participants were all 

located in Southwestern Oklahoma, it may be inappropriate to generalize these findings to 
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American Indians living in other parts of the country. Because this current investigation is a 

cross-sectional analysis, cause and effect cannot be established.

The strength of this study is the ability to describe dietary patterns in a population of 

American Indians who have MetSyn. American Indians already have, as noted previously, 

the highest rate of type-2 diabetes in the country and increasing rates of cardiovascular 

disease. These participants are at high risk of developing these two ailments, of which the 

MetSyn is a major risk factor.

As described by Jobe and colleagues (Jobe et al. 2012), a number of reasons exist for the 

high rates of obesity, and for type 2 diabetes and MetSyn in American Indians, but one 

important factor is the adoption of unhealthy Western lifestyles at the expense of more 

healthy traditional Native lifestyles. Although traditional American Indian diets vary by 

tribe and region, generally, they are very healthy and include corn, climbing beans (but not 

pinto beans), and squash (known as The Three Sisters), wild rice, roots, berries, nuts, and 

lean game meats (bison, deer, turkey, fish). The traditional lifestyle includes hunting, 

gathering, fishing, sports and games, and traditional dances.

CONCLUSION

Results showed low adherence by our American Indian participants to dietary 

recommendations for key nutrients and food groups related to risk factors for metabolic 

syndrome, T2DM, and cardiovascular disease. Economic factors are related to this low 

adherence. The results of this study can be used to direct the design of specific health 

promotion and disease prevention programs that are sensitive to the barriers to adherence to 

national nutrition guidelines that exist in American Indian communities, and that focus on 

increasing the consumption of fruit, vegetables, whole grains, and low fat dairy products in 

order to mitigate the risk of developing CVD and diabetes for American Indians with the 

MetSyn. Intervention efforts should focus on the community level, as well as the individual 

level, and focus on intake of more traditional American Indian foods. Intervention efforts 

should be innovative and focused to alleviate the burden of MetSyn, T2DM, and CVD in the 

American Indian communities.
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Table 1

Baseline Characteristics of Balance Study Participants, Mean (Standard Deviation) or Percent

Men (n=42) Women (n=165) P
1

Mean (SD) or % Mean (SD) or %

Age (years) 51.07 (11.86) 51.82 (10.52) 0.688

Body mass index (Kg/m
2
)

34.62 (4.85) 37.01 (6.88) 0.011

Waist circumference (cm) 114.8 (11.81) 116.2 (14.71) 0.557

Education (years) 13.21 (2.06) 13.35 (2.09) 0.704

Smoking status

    Never 31.7% 40.8%

    Former 56.1% 35.2%

    Current 12.2% 23.9% 0.047

Alcohol drinking status

    Never 7.3% 11.3%

    Former 41.4% 43.4%

    Current 51.2% 45.2% 0.742

Fasting plasma glucose (mg/dL) 114.1 (50.12) 110.6 (41.53) 0.643

HbA1c
2
 (%)

6.67 (1.93) 6.59 (1.51) 0.805

Total cholesterol 168 (35.25) 172.2 (37.47) 0.519

LDL-C
3
 (mg/dL)

98.69 (32.82) 98.44 (32.28) 0.964

HDL-C
4
 (mg/dL)

42.49 (10.91) 45.70 (9.51) 0.066

TG
5
 (mg/dL)

133.8 (73.1) 139.8 (66.19) 0.618

Log(TG) 4.72 (0.62) 4.82 (0.50) 0.307

Log(UACR
7
)

2 .00 (1.64) 2.17 (1.01) 0.546

Albuminuria
6 7.5% 8.7% 1.000

Urinary sodium (mEq/L/day) 113.3 (55.74) 116.3 (57.72) 0.764

Urinary potassium (mEq/L/day) 60.9 (30.58) 58.99 (32.42) 0.737

SBP (mm Hg) 131.7 (16.18) 125.8 (16.73) 0.043

DBP (mm Hg) 82.27 (10.31) 76.66 (10.06) 0.001

Average of 7-day step count 6775.7 (3018.8) 4011.9 (3072.1) 0.001

1
p-value for testing difference between two groups

2
hemoglobin A1c

3
low-density lipoprotein cholesterol

4
high-density lipoprotein cholesterol

5
triglycerides

6
if UACR>=30 mg/g

7
urinary albumin/creatinine ratio
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Table 2

Displays the daily dietary recommendations for macronutrients, minerals, and vitamins by age and gender, and 

only those recommendations applicable to Balance participants are presented.

Table 2: Daily Dietary Recommendations
1

Age Group (Years) Women Men

Macronutrients

Protein (% of calories) 30+ 10-35 10-35

Carbohydrate (% of calories) 30+ 45-65 45-65

Total fiber (g) 30
31-50
51+

≥28
≥25
≥22

≥34
≥31
≥28

Total fat (% of calories) 30+ 20-35 20-35

Saturated fat (% of calories) 30+ <7 <7

Polyunsaturated fat (% of calories) 30+ ≤10 ≤10

Monounsaturated fat (% of calories) 30+ ≤20 ≤20

Cholesterol (mg) 30+ <200 <200

Minerals

Calcium (mg) 30-50
51+

1,000-2500
1,200-2,500

1,000-2,500
1,200-2,500

Iron (mg) 30-50
51+

18-45
8-45

8-45
8-45

Magnesium (mg/d) 30
31+

≥310
≥320

≥400
≥420

Potassium (mg) 30+ ≥4700 ≥4700

Sodium (g) 30-50
51-70
71+

1.5-2.3
1.3-2.3
1.2-2.3

1.5-2.3
1.3-2.3
1.2-2.3

Vitamins

Vitamin A (mcg)
2 30+ 700-3,000 900-3,000

Vitamin D (mcg) 30-70
71+

15-50
20-50

15-50
20-50

Vitamin E (mg) 30+ 15-1,000 15-1,000

Vitamin C (mg) 30+ 75-2,000 90-2,000

Thiamin (mg) 30+ ≥1.1 ≥1.2

Riboflavin (mg) 30+ ≥1.1 ≥1.3

Niacin (mg)
3 30+ 14-35 16-35

Folate (mcg)
4 30+ 400-1,000 400-1,000

Vitamin B6 (mg) 30-50
51+

1.3-100
1.5-100

1.3-100
1.7-100

Vitamin B12 (mcg) 30+ ≥2.4 ≥2.4

Vitamin K (mcg) 30+ ≥90 ≥120

1
Source for all nutrient recommendations except for saturated fat, polyunsaturated fat, monounsaturated fat, cholesterol is the Dietary Reference 

Intakes series. Full reports are available from the National Academies Press at www.nap.edu. Recommendations for saturated fat, polyunsaturated 
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fat, monounsaturated fat, and cholesterol come from the National Cholesterol Program Expert Panel on Detection, Evaluation, and Treatment of 
High Blood Cholesterol in Adults (Adult Treatment Panel III).

2
As Retinol activity equivalents (RAEs) 1RAE = 1 mcg retinol.

3
As niacin equivalents (NE).

4
As dietary folate equivalents (DFE)
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Table 3

Daily Mean Nutrient Intake and Proportion of Participants Below and Above Nutritional Recommendations

Women Men

Age Group (Yrs.) Mean (95% CI) N = 134 % (N) 
Below 

Rec.
1 

Values

% (N) 
Above 
Rec. 

Values

Mean (95% CI) N = 32 % (N) 
Below 

Rec.
1 

Values

% (N) 
Above 
Rec. 

Values

Macronutrients

Protein
2 30+ 14.96 (14.47-15.46) 3.7 (5) 0 15.28 (14.42-16.14) 0 0

Carbohydrate
2 30+ 46.95 (45.63-48.26) 42.5 (57) 1.4 (2) 44.14 (41.35-46.93) 50 (16) 0

Total fiber (g) 30
31-50
51+

10.81 (8.98-12.63)
19.92 (16.27-23.57)
17.00 (14.54-19.46)

100 (3)
82.5(52)
67.6(46)

0
0
0

0
16.77 (12.90-20.64)
13.20 (9.17-17.23)

0
94.4 (17)
92.8 (13)

0
0
0

Total fat
2 30+ 39.26 (38.21-40.32) 0 75.3 (101) 40.53 (38.36-42.70) 0 81.2 (26)

Saturated fat
2 30+ 12.13

*
 (11.73-12.53)

0 99.2 (133) 13.09 (12.14-14.05) 0 100 (32)

Polyunsaturated fat
2 30+ 8.41 (8.09-8.73) 0 16.4 (22) 8.08 (7.50-8.65) 0 12.5 (4)

Monounsaturated fat
2 30+ 15.56 (15.08-16.05) 0 5.2 (7) 15.97 (15.08-16-86) 0 6.2 (2)

Cholesterol (nig) 30+ 330.7 (290.12-371.35) 0
70.1

*
 (94)

372.6 (301.00-444.10) 0 87.5 (28)

Minerals

Calcium (mg) 30-50
51+

919.40 (748.25-1090.56)
712.07 (622.02-802.12)

63.6 (42)
94.1 (64)

1.5 (1)
0

806.73 (626.39-987.08)
654.25 (482.12-826.38)

61.1 (11)
100 (14)

0
0

Iron (mg) 30-50
51+

17.10 (13.82-20.38)
13.94 (11.91-15.97) 62.1

*
 (41)

29.4 (20)

3 (2)
1.4 (1)

15.83 (12.48-19.18)
12.11 (9.21-15.02)

11.1 (2)
35.7 (5)

0
0

Magnesium (mg) 30
31+

193.98 (167.42-220.54)
318.04 (282.39-353.70)

100 (3)

58
*
 (76)

0
0

0
269.52 (226.74-312.31)

0
87.5 (28)

0
0

Potassium (mg) 30+ 2775.1 (2503.08-3047.21) 92.5 (124) N/A 2589.7 (2136.06-3043.26) 93.7 (30) 0

Sodium (g) 30-50
51-70
71+

4.45 (3.63-5.27)
3.43 (2.91-3.95)
1.80 (0.95-2.66)

9 (6)
9.3 (6)

0

83.3 (55)
67.1 (43)

0

4.16 (3.30-5.03)
3.20 (2.24-4.17)

3.54 (−13.50-20.60)

0
8.3 (1)

0

83.3 (15)
66.6 (8)
50 (1)

Vitamins

Vitamin A (mcg) 30+ 748.94 (663.91-833.97) 52.9 (71) 0.75 (1) 702.54 (542.91-862.18) 71.8 (23) 0

Vitamin D (mcg) 30-70
71+

2.86 (2.49-3.23)
1.61 (0.13-3.09)

100 (130)
100 (4)

0
0

2.44 (1.87-3.0)
2.41 (−10.40-15.22)

100 (30)
100 (2)

0
0

Vitamin E (mg) 30+ 8.61 (7.64-9.59) 91 (122) 0 7.08 (5.77-8.40) 90.6 (29) 0

Vitamin C (mg) 30+ 101.86 (90.47-113.26) 43.2 (58) 0 109.78 (73.94-145.62) 59.3 (19) 0

Thiamin (mg/d) 30+ 1.74 (1.50-1.98) 32.84 (44) 0 1.55 (1.30-1.80) 40.63 (13) 0

Riboflavin (mg) 30+ 2.19 (1.93-2.46) 17.16 (23) 0 2.02 (1.71-2.33) 21.88 (7) 0

Niacin (mg) 30+ 24.13 (20.92-27.35) 30.6 (41) 17.91 (24) 21.76 (18.09-25.42) 34.38 (11) 15.63 (5)

Folate (mcg) 30+ 564.10 (483.20-654.00) 39.55 (53) 6.72 (9) 505.80 (422.46-589.13) 40.63 (13) 0

Vitamin B6 (mg) 30-50
51+

2.12 (1.70-2.55)
1.85 (1.57-2.12)

31.82 (21)
41.18 (28)

0
0

1.95 (1.48-2.42)
1.59 (1.21-1.96)

33.33 (6)
50 (7)

0
0

Vitamin B12 (mcg) 30+ 5.49 (4.70-6.27) 20.9 (28) N/A 5.22 (4.22-6.22) 12.5 (4) 0
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Women Men

Age Group (Yrs.) Mean (95% CI) N = 134 % (N) 
Below 

Rec.
1 

Values

% (N) 
Above 
Rec. 

Values

Mean (95% CI) N = 32 % (N) 
Below 

Rec.
1 

Values

% (N) 
Above 
Rec. 

Values

Vitamin K (mcg) 30+ 168.35 (144.46-192.25)
26.87

*
 (36)

0 177.90 (100.69-255.10)
62.5

*
(20)

0

1
recommeded

2
as percent of calories

*
p < 0.05 vs. males
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Table 4

Average Daily Food Group Intake and USDA Recommendations
1

Women (N = 134) Men (N = 32)

Food Group Age Group (Years) Mean (CI) (N) Daily Rec.
2 Mean (CI) (N) Daily Rec.

Grains (oz. equiv./day) 30
31-50
51+

6.09 (1.43-10.75) (3)
7.84 (6.08-9.59) (63)
5.60 (4.66-6.54) (68)

6
6
5

0
6.14 (4.74-7.55) (18)
4.56 (2.94-6.19) (14)

8
7
6

Whole Grains (oz. equiv/
day)

30
31-50
51+

0.65 (-0.23-1.55) (3)

1.44
*
 (1.12-1.76) (63)

1.28 (1.06-1.49) (68)

3
3
3

0
0.88 (0.61-1.15)(18)
0.92 (0.51-1.33) (14)

4
3.5
3

Vegetables (cups/day) 30 31-50
51+

0.95 (-0.24-2.16) (3) 2.03 
(1.73-2.33) (63) 1.73 

(1.43-2.03) (68)

2.5 2.5 2 0
2.07 (1.37-2.77) (18) 
1.49 (0.99-1.99) (14)

3 3
2.5

Fruits (cups/day) 30 31-50
51+

0.49 (-0.13-1.11) (3) 0.78 
(0.61-0.94) (63) 0.87 

(0.70-1.03) (68)

2
1.5 1.5

0
1.06 (0.49-1.63) (18) 
0.73 (0.32-1.13) (14)

2
2
2

Milk (cups/day) 30
31-50
51+

1.10 (−0.19-2.39) (3)
1.33 (1.03-1.63) (63)
0.94 (0.80-1.09) (68)

3
3
3

0
0.99 (0.70-1.28) (18)
0.92 (0.57-1.27) (14)

3
3
3

Protein Foods (oz. equiv/
day)

30
31-50
51+

5.41 (2.90-7.91) (3)
7.68 (6.12-9.25) (63)
6.24 (5.06-7.41) (68)

5.5
5
5

0
8.00 (5.86-10.14) (18)
5.83 (4.27-7.39) (14)

6.5
5

5.5

1
These amounts are appropriate for individuals who get less than 30 minutes per day of moderate physical activity, beyond normal daily activities. 

This footnote is not applicable to the milk group

2
Daily recommendation

*
p < 0.05 vs. males
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