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Abstract

Background: Metabolic syndrome occurs commonly in the United States. The purpose of this study was to mea-
sure the prevalence of metabolic syndrome among American Indian and Alaska Native people.
Methods: We measured the prevalence rates of metabolic syndrome, as defined by the National Cholesterol
Education Program, among four groups of American Indian and Alaska Native people aged 20 years and older.
One group was from the southwestern United States (Navajo Nation), and three groups resided within Alaska.
Prevalence rates were age-adjusted to the U.S. adult 2000 population and compared to rates for U.S. whites
(National Health and Nutrition Examination Survey [NHANES] 1988–1994).
Results: Among participants from the southwestern United States, metabolic syndrome was found among 43.2%
of men and 47.3% of women. Among Alaska Native people, metabolic syndrome was found among 26.5% of
men and 31.2% of women. In Alaska, the prevalence rate varied by region, ranging among men from 18.9%
(western Alaska) to 35.1% (southeast), and among women from 22.0% (western Alaska) to 38.4 % (southeast).
Compared to U.S. whites, American Indian/Alaska Native men and women from all regions except western
Alaska were more likely to have metabolic syndrome; men in western Alaska were less likely to have meta-
bolic syndrome than U.S. whites, and the prevalence among women in western Alaska was similar to that of
U.S. whites.
Conclusion: The prevalence rate of metabolic syndrome varies widely among different American Indian and
Alaska Native populations. Differences paralleled differences in the prevalence rates of diabetes.
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Introduction

METABOLIC SYNDROME, a cluster of frequently associated
cardiovascular disease risk factors, occurs commonly

in the U.S. population.1,2 Using the definition of the Third
Report of the National Cholesterol Education Program
(NCEP), Ford et al. reported the prevalence of metabolic syn-
drome to be 21.8% among U.S. adults (23.7% age-adjusted to
the U.S. 2000 population), using the 1988–1994 National
Health and Nutrition Examination Survey (NHANES) data.2

The NHANES data included whites, African-Americans,

Mexican-Americans, and “other,” but did not have a sepa-
rate category for American Indian/Alaska Native people.
Few studies have been published on the prevalence of meta-
bolic syndrome among American Indian/Alaska Native peo-
ple. The Strong Heart Study, which included 4549 American
Indian participants aged 45–74 years at baseline (1988–1992),
reported a prevalence of metabolic syndrome of 55.2%.
Among men and women aged 45–49 years of age, prevalence
rates of metabolic syndrome were over twice as high as rates
reported for the general population of U.S. men and women.3

Studies in the Canadian population have found the preva-

1Alaska Native Tribal Health Consortium, Anchorage, Alaska.
2Southcentral Foundation, Anchorage, Alaska.
3University of Utah, Salt Lake City, Utah.



lence of metabolic syndrome to vary by ethnicity; the over-
all crude rate of metabolic syndrome was 33.3% among Na-
tive Indian people, 13.5% among Inuit people, and 30%
among non-Aboriginal people.4

The Education and Research Towards Health (EARTH)
Study has been collecting data related to risk factors for
chronic diseases among American Indian and Alaska Native
people since 2004. The study provides the opportunity to
measure the prevalence of metabolic syndrome among sev-
eral different groups of American Indian and Alaska Native
people who have a variety of lifestyles and to compare the
results to those reported for other populations.

Methods

Study population

Detailed study methods have been described.5 Partici-
pants were recruited in several areas of Alaska and on the
Navajo Nation in Arizona and New Mexico. Regional, local,
and village tribal health boards and chapters within local
health boards approved and supported the study. The study
protocol was approved by the following institutional review
boards: University of Utah, Navajo Nation, the Alaska Area,
and National Indian Health Service.

Participants in Alaska were recruited from 26 villages and
communities in three distinct regions: southcentral Alaska,
an area that contains Anchorage, a large city of over 280,000
people; southeastern Alaska, an area of small towns and vil-
lages in a largely coastal setting; and western Alaska, which
includes over 50 small villages accessible only by air or river
travel. Participants in the southwestern United States were
recruited on the Navajo Reservation in two separate areas.
In addition to the two clinic sites, a mobile van was used on
the Navajo reservation to increase access to the study.

Eligibility criteria included: at least 18 years of age; Amer-
ican Indian or Alaska Native beneficiary of Indian Health
Service services; not pregnant; not actively undergoing can-
cer chemotherapy treatment; and physically and mentally
able to read and understand the consent form and to com-
plete survey instruments and medical tests. In participating
communities, all community members were invited to par-
ticipate. Staff disseminated information about the project
through brochures and posters, presentations at formal and
informal gatherings, advertisements in newspapers and an-
nouncements on local radio and television. For this effort,
only participants aged 20 years and older were included in
analysis to compare to previously published studies. Poten-
tial biases of the open recruitment method include reaching
a nonrepresentative group of participants, which might be
healthier, younger, and more motivated to participate. To ex-
amine the representativeness of our study population, we
compared demographic characteristics of the study partici-
pants to those reported in the 2000 U.S. Census for Ameri-
can Indian/Alaska Native people in each of the regions in-
cluded in the study.

Data collection

Medical tests at the baseline study visit were seated blood
pressure, fasting serum lipid and glucose levels, height,
weight, and waist/hip circumferences. Participants were
asked to fast for at least 9 hours.

Blood pressure was measured using the Omron HEM-907
automatic blood pressure device.6 The arm circumference
was measured to determine proper cuff size. After partici-
pants were seated for 5 minutes in a quiet environment, three
blood pressure measurements were taken at 1-minute inter-
vals, and the average blood pressure was calculated from the
last two measurements. Fasting glucose and lipid panel were
measured on a blood sample obtained by fingerstick using
the Cholestech LDX® System (Cholestech, Hayward, Ca).7

Tanita® digital scales (BWP800/BWP627A, Tanita Corpo-
ration of America Inc., Arlington Hills, IL) and the Road Rod
Stadiometer® (Seca, Hamburg, Germany) were used for
weight and height, respectively. For both weight and height,
two measurements were taken, and the average of the two
was used for analysis.

Waist and hip circumferences were measured to the near-
est 0.5 inch while the participant was standing using either
the Novel Products Figure Finder® tape (Novel Products Inc.,
Rockton, IL) or the Gulick II Plus® tape (Country Technol-
ogy Inc., Gays Mills, WI). Waist circumference was measured
at the smallest point between the tenth rib and the iliac crest;
hip circumference was measured at the level of maximum
protrusion of the gluteal muscles. Measurements were taken
in duplicate, and the average of the two used for analysis.

Participants completed questionnaires related to lifestyle
and usual diet using a touch screen computer. At the con-
clusion of the study visit, participants were provided feed-
back regarding the results of their medical tests and re-
sponses to questions about health risk behaviors. Quality
control procedures were in place to assure that data were
collected in a standardized way across study centers.

Metabolic syndrome

Metabolic syndrome was defined according to the NCEP
criteria as the presence of three or more of the following cri-
teria1:

• Waist circumference � 102 cm (40.2 inches) in men and �
88 cm (34.6 inches) in women;

• Triglycerides � 150 mg/dL (1.69 mmol/L);
• High-density lipoprotein cholesterol (HDL-C) � 40

mg/dL (1.04 mmol/L) in men and � 50 mg/dL (1.29
mmol/L) in women;

• Blood pressure � 130/85 mmHg (either systolic or dias-
tolic blood pressure elevated) or self-reported physician
diagnosed hypertension;

• Fasting glucose � 110 mg/dL (6.1 mmol/L) or self-re-
ported physician diagnosed diabetes.

Although newer definitions suggest that the glucose cut-
point be decreased to 100 mg/dL (5.5 mmol/L) to meet
American Diabetes Association recommendations, we used
the 110 mg/dL cut point to be consistent with the published
prevalence rates of metabolic syndrome that used the origi-
nal NCEP criteria.8

Data analysis

Data were analyzed using EpiInfo (version 3.3.2). Preva-
lence rates of each of the individual criteria for metabolic
syndrome and prevalence rates of metabolic syndrome based
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on the criteria were calculated and age-adjusted to the U.S.
2000 adult population using the direct method.

Results

Study populations

A total of 9696 participants aged 20 years and older en-
rolled in the EARTH Study from March 1, 2004, through Sep-
tember of 2006; 3576 were from Alaska and 6120 were from
the southwestern United States. Participants with missing
values for any of the metabolic syndrome components, pre-
dominantly those who were not fasting at the time of the
study visit, were excluded from the analysis (78 from Alaska
and 1586 from the southwestern United States). Data are pre-
sented for 8032 participants (3498 from Alaska and 4534 from
the southwestern United States).

The two populations showed similar distributions for age
and sex (Table 1). Overall the study population was pre-
dominately young (46.2% less than 40 years of age) and in-
cluded more women than men (64.3% vs. 35.7%). Although
the sample was one of convenience, the age distribution of
the two populations closely resembled the distribution of
age, employment, and marital status reported by the 2000
U.S. census for American Indian Alaska Native people in the
respective regions (data not shown).9

Of the Alaskan participants, 37.7% lived in southcentral
Alaska, 22.4% lived in southeastern Alaska, and 39.9%
resided in western Alaska. Those living in the southcentral
area were diverse in terms of Alaska Native ethnic origins;
most from southeastern Alaska were Tlingit, whereas the
vast majority of participants from western Alaska were
Yupik.

Prevalence of metabolic syndrome and components

Because women were overrepresented in the EARTH
Study population, data are presented by sex. The overall age-
adjusted prevalence of metabolic syndrome was 34.9%
among men and 40.0% among women (Table 2). Among

American Indian men and women from the southwestern
United States, metabolic syndrome was found among 43.2%
of men and 47.3% of women. Among Alaska Native people
overall, metabolic syndrome was found among 26.5% of men
and 31.2% of women. In Alaska, the prevalence rate of meta-
bolic syndrome among Alaska Native people varied by re-
gion, ranging from 18.9% among western Alaska men to 38.4
% among southeastern women.

Compared to U.S. whites, American Indian and Alaska
Native men and women from all regions, with the exception
of western Alaska, were more likely to have metabolic syn-
drome; men in western Alaska were less likely to have meta-
bolic syndrome than U.S. whites, and the prevalence among
women in western Alaska was similar to that of U.S. whites.
Men and women from all regions of Alaska had a lower
prevalence of metabolic syndrome than American Indian
men and women from the southwestern United States.

The most common component of the metabolic syndrome
among U.S. white men and Alaska Native men from south-
central and western Alaska was high blood pressure; among
Alaska Native men from southeastern Alaska and American
Indian men from the southwestern United States, the most
common component was high waist circumference. Among
all women, the most common component was high waist cir-
cumference. Among participants with metabolic syndrome,
22.9% had self-reported diabetes (16.6% for Alaska and 26.0%
for southwestern United States).

The prevalence of metabolic syndrome increased with age
among American Indian southwestern U.S. men and women
until age group 50–59, and then appeared to level at ap-
proximately 55% among men and 60% among women (Figs.
1 and 2). Among Alaska Native people, the age-specific rates
increased until age group 60–69, and then decreased. Age-
specific rates were lower at every age group for Alaska men
and women compared to American Indian people from the
southwestern United States.

Southwestern American Indian people had higher preva-
lence rates of metabolic syndrome than rates reported for
U.S. white, African-American, and Hispanic peoples (Fig. 3).
The rate for Alaska Native men was similar to the rate for
U.S. white men, and the rate for Alaska Native women was
higher than the rate for U.S. white women. Both Alaska Na-
tive men and women had rates that were higher than rates
for African-American men and women, and similar to rates
for Hispanic men and women.

Discussion

This study is the first to measure the prevalence of meta-
bolic syndrome among American Indians and Alaska Native
adults of all ages living in a variety of settings. The vast ma-
jority of American Indian participants from the southwest-
ern United States lived on the Navajo reservation; partici-
pants from Southcentral Alaska lived in or near Alaska’s
largest city and were from a wide variety of Alaska Native
ethnic backgrounds; those from southeastern Alaska lived in
small communities and were largely Tlingit in ethnicity, and
those from Western Alaska also lived in small communities
and were Yupik in ethnicity.

Metabolic syndrome was more common among south-
western United States American Indian people than among
Alaska Native people. Although within Alaska, rates var-
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TABLE 1. CHARACTERISTICS OF THE STUDY POPULATIONa

Characteristic Alaska (%) Southwest (%)

Total 3498 4534
Age (years)

20–29 812 (23.2) 1102 (24.3)
30–39 779 (22.2) 1024 (22.6)
40–49 927 (26.5) 1163 (25.7)
50–59 556 (15.9) 817 (18.0)
60–69 270 (7.7) 352 (7.8)
70� 154 (4.4) 76 (1.7)

Sex
Male 1345 (38.5) 1519 (33.5)
Female 2153 (61.5) 3015 (66.5)

Area in Alaska
Southcentral 1318 (37.7) N.A.
Southeast 785 (22.4) N.A.
Western 1395 (39.9) N.A.

aIncludes study participants aged 20 years and higher, and for
whom all data were available to evaluate presence of metabolic 
syndrome.

Notes: N.A., not applicable.
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ied by region, the southwestern United States rates for both
men and women were higher than the rates for each of the
Alaska regions. The lowest prevalence rates of metabolic
syndrome were found in western Alaska, where the vast
majority of the participants were Yupik. The variation in
prevalence was similar to that reported by Canadian stud-
ies, where rates were lowest among the Inuit (both Yupik
and Inuit are peoples of the North American Arctic region
and are culturally related) and highest among First Na-
tions people.4,10–14

Not only did the overall prevalence rates of metabolic syn-
drome vary by region, but the distribution of the individual
risk factors varied as well. Western Alaska EARTH Study
men and women had the lowest prevalence rates of elevated
triglycerides, low HDL and elevated glucose; this pattern
was also similar to the pattern described in the Canadian
population for the Inuit compared to the Oji-Cree Indians
and to non-aboriginal populations.4 Previous studies in
Alaska communities have also documented lower preva-
lence rates of elevated triglycerides/low HDL levels among
the Yupik people.15,16

The age-adjusted prevalence rate of metabolic syndrome
among southwestern EARTH Study men (43.2%) was almost
twice as high as that reported for U.S. whites (24.8%), and
the rate for women (47.3%) was over twice as high as that
for U.S. whites (22.8%). In addition, the prevalence rates of
each of the risk factors were higher than those for U.S. whites.
The prevalence rates for metabolic syndrome found for
southwestern EARTH Study participants were similar to or
higher than those reported by the Strong Heart Study for
American Indian people aged 45–74 years of age. Among
southwestern United States EARTH Study participants liv-
ing on the Navajo Nation aged 45–74, the overall prevalence
of metabolic syndrome was 55.9%, and among those with-
out diabetes or heart disease, the rate was 45.3%; the Strong
Heart Study reported an overall prevalence of 55.2% and a
prevalence of 35% among nondiabetic participants without
cardiovascular disease.17

Differences in lifestyle and genetics likely contribute to
the variation in the prevalence rates of metabolic syndrome

found in this study. Differences in lifestyle among the
groups included in this study include dietary differences,
with the Alaska groups eating much more fish and sea
mammals, for example. Daily physical activity level and
obesity prevalence may also differ. Distinguishing which
of the lifestyle and genetic factors most contributes is be-
yond the scope of this cross-sectional analysis. The Strong
Heart Family Study examined genetic and environmental
contributions to the insulin resistance syndrome, and
found three clusters of risk factors: glucose/insulin/obe-
sity; blood pressure; and dyslipidemia. Significant heri-
tabilities were found for each of the three clusters, leading
researchers to conclude that heredity may explain a large
proportion of the variability of factors that underlie the in-
sulin resistance syndrome among American Indians.18,19

Studies in the Canadian populations have found similar
groupings and ethnic variation in the distribution of the
individual risk factors.20

Although metabolic syndrome is a constellation of car-
diovascular disease risk factors, it has been found to be a bet-
ter predictor of type 2 diabetes (among people without dia-
betes) than elevated fasting glucose alone.21–23 Similar
findings have been reported for American Indian and Alaska
Native people.16 The prevalence of type 2 diabetes among
American Indian and Alaska Native people is over twice as
high as the prevalence among the U.S. general population;
similarly, diabetes mortality rates are higher.24,25 In addition,
regional variations exist for the prevalence rate of diabetes
that parallel the differences in the prevalence of metabolic
syndrome. Among American Indian people in the south-
western region included in the Navajo EARTH Study, the
prevalence rate for type 2 diabetes is over twice that of
Alaska, and mortality rates from diabetes are approximately
four-fold higher.23–26 Within Alaska, the lowest prevalence
rates of diabetes have been found among the Yupik people
of Western Alaska.27,28 However, the rates of diabetes have
been increasing in all American Indian and Alaska Native
populations, and the rate of increase has been largest for
Alaska.25 The Alaska Area Diabetes program also has found
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FIG. 1. Age-specific prevalence of metabolic syndrome
among American Indian and Alaska Native men.

FIG. 2. Age-specific prevalence of metabolic syndrome
among American Indian and Alaska Native women.



that Western Alaska has one of the highest rates of increase
in the prevalence of diabetes in the state.29,30 Within Alaska,
the prevalence of metabolic syndrome in two regions was
higher than rates for U.S. whites. The rate may currently be
low in western Alaska, but given the historical trend toward
increasing diabetes and increasing obesity, once might ex-
pect the rate to increase in the future.

One limitation of this analysis is that we compared our
data to those for U.S. whites measured during the time pe-
riod 1988–1994. Ford et al. measured the change in preva-
lence of metabolic syndrome among participants from
NHANES from 1988 to 1994 and 1999 to 2000 and found that
the prevalence of metabolic syndrome increased by 2.2%
among men and 23.5% among women.31 The report did not
present results specifically by race.

Another limitation is that we measured lipids and glucose
from a fingerstick blood sample using the Cholestech LDX,
which may not be directly comparable to the NHANES lab-
oratory methodology. However, a number of studies have
shown good correlation of lipid values measured on the
Cholestech LDX and those from serum obtained from ve-
nous blood samples.7,32 The Cholestech LDX has recently re-
ceived Cholesterol Reference Method Laboratory Network
certification for the LDX total and HDL cholesterol tests. The
Cholestech cassette has a filtration device so that the ana-
lytes are measured on plasma rather than whole blood. The
package insert instructs users to use the normal and recom-
mended values designated by the National Cholesterol Ed-
ucation Program and the American Diabetes Association. Al-
though studies validating the glucose measurement have not
been done, the device has received a Clinical Laboratory Im-
provement Amendments (CLIA) waiver, which indicates
that clinical decisions can be made on the basis of study re-
sults. Our study used careful quality control measures, in-
cluding staff training, procedure manuals, site visits, and
keeping records as designated by the Cholestech manual to
assure consistent and accurate data collection.

We used the glucose cut point of �110 mg/dL to com-
pare to previously published studies. Using the glucose
cut point of �100 mg/dL, as expected, increases the preva-
lence of metabolic syndrome. The age-adjusted rates us-
ing the lower glucose cut point were 32.9% and 39.4%
among Alaska men and women, respectively, and 51.6%
and 53.5% among southwestern U.S. men and women, re-
spectively.

This study found a wide variation in prevalence of meta-
bolic syndrome among American Indian and Alaska Native
populations. The variation in prevalence roughly parallels
the differences in diabetes prevalence. Because metabolic
syndrome is a good indicator of who may progress on to
type 2 diabetes, identification of metabolic syndrome in these
populations could help direct prevention efforts, especially
with limited resources. This may be particularly true in re-
gions such as western Alaska where rates of obesity are high,
but low HDL and high triglyceride levels are less prevalent.
Patients with the metabolic syndrome could be targeted as
opposed to all individuals with an elevated body mass in-
dex (BMI).

Disparities in metabolic syndrome prevalence rates may
indicate differences that are either heritable, environmental,
or a combination of both. Possible protective environmental
factors include traditional/subsistence foods or more active
lifestyles. Further exploration of this could expand our un-
derstanding of the increasing prevalence of diabetes in these
populations and how to prevent it.
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