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The Strong Heart Study is a study of cardiovascular
disease and its risk factors among diabetic and
nondiabetic Native Americans. The study includes 12
tribes in Arizona, Oklahoma, and North and South
Dakota. Phase I, initiated in October 1988, included a
mortality survey to determine CVD death rates in
individuals 35-74 yr old between 1984 and 1988, and a
medical record review to determine rates of myocardial
infarction and stroke for individuals ages 45-74 during
the same time. In addition, a physical examination was
performed on persons 45-74 yr old to measure the
prevalence of cardiovascular and peripheral vascular
diseases and known and suspected risk factors. In
Phase II, CVD mortality and morbidity rates will be
determined in the examined cohort by surveillance.
CVD risk factors, changes in risk factors over time,
and the relationship between risk factors and CVD
incidence will be assessed longitudinally. This study
provides data on the relative importance of
cardiovascular risk factors in nondiabetic and diabetic
Native Americans and will provide insight into possible
variations in the quantitative or qualitative importance
of CVD risk factors among diverse population groups.
Diabetes 41 (Suppl. 2):4-11,1992

From the Medlantic Research Institute, Washington, D.C.
Address correspondence and reprint requests to Barbara V. Howard, PhD,

Medlantic Research Institute, George Hyman Memorial Research Building,
108 Irving Street, NW, Washington, DC 20010.

Received for publication 3 April 1992 and accepted 12 May 1992.
CVD, cardiovascular disease; ICD9, International Classification of Dis-

eases, Injuries, and Causes of Death, 9th rev.; LDL, low-density lipoprotein;
IHS, Indian Health Service; TIA, transient ischemic attack; NHLBI, National
Heart, Lung and Blood Institute; ECG, electrocardiogram; Ml, myocardial
infarction; FEV1f forced expiratory volume in 1 s; FVC, forced vital capacity;
SVC, slow vital capacity; S3, third heart sound; WHO, World Health Organi-
zation; BMI, body mass index.

Although mortality rates for cardiovascular dis-
ease appear to be lower in Native Americans
than in the U.S. population as a whole, cardio-
vascular disease is the leading cause of death

(1-4). Cardiovascular morbidity rates are increasing in
some tribes, and the rates appear to differ greatly among
tribes (5).

Determining the prevalence of cardiovascular disease
in Native Americans raises special problems in study
design. Small community size, relatively young age,
cultural and anthropological diversity, and geographic
dispersion make it difficult to include large numbers of
persons in research examinations or in surveys of vital
statistics. There is some suggestion, based on high rates
of CVD mortality in some younger Native American
groups (4), that overall CVD may increase as the popu-
lation ages and that CVD may become a more serious
health problem among Native Americans in the future.

Existing data made it difficult to form conclusions about
rates of CVD and possible risk factors. Definitions of the
term "Indian" varied in published reports, and the de-
nominators from which disease rates were calculated
often were based on uncertain estimates of the popula-
tions at risk. Definitions of disease and methods of
ascertainment of disease and its risk factors also varied
among studies. In addition, health-care services avail-
able to Native Americans differed considerably in differ-
ent geographic areas and possibly contributed to
differences in reported rates of cardiovascular disease
and risk factors.

The Strong Heart Study was initiated to estimate car-
diovascular disease mortality and morbidity by standard-
ized methodology, as well as to allow comparison of
cardiovascular disease risk factors among Native Amer-
ican groups living in different areas (6). The objective is to
provide data on the quantitative and qualitative impor-
tance of risk factors for cardiovascular disease in both
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TABLE 1
Eligible population for mortality (age 35-74 yr) and morbidity (age 45-74 yr) study by tribe, sex, and age, Strong Heart Study,
1984-1988

Study population

Phoenix, Arizona
Gila River Indian Community
Salt River Indian Community
Total

Seven Tribes of Southwestern Oklahoma
Apache
Caddo
Comanche
Delaware
Fort Sill Apache
Kiowa
Wichita
Total

South and North Dakotat
Oglala Sioux (Pine Ridge)
Cheyenne River Sioux (Eagle Butte)
Devil's Lake Sioux (Fort Totten)
Total

Men

516
172
688

44
43

326
14
2

283
25

737

760
248
157

1165

35-44
Women

491
162
653

52
48

294
20

6
287

20
727

788
258
163

1209

Age

Total

1007
334

1341

96
91

620
34

8
570

45
1464

1548
506
320

2374

(yr)

Men

561
196
757

50
81

323
42
10

328
35

869

1367
447
282

2096

45-74
Women

690
270
960

48
104
436

35
10

409
75

1117

1418
463
294

2175

Total

1251
466

1717

96
185
759

77
20

737
110

1986

2785
910
576

4271

Source: tribal records as of December 1988.
tNumbers listed represent entire tribal populations.

diabetic and nondiabetic Native Americans as well as to
provide insight into reasons for population differences in
rates of CVD and the relative importance of the risk
factors.

RESEARCH DESIGN AND METHODS
The study has five components: a mortality survey to
estimate the cardiovascular disease death rate; a mor-
bidity survey to estimate rates of both first and recurrent
hospitalized myocardial infarction and stroke; a clinical
examination including a personal interview, physical ex-
amination, and laboratory tests to estimate the preva-
lence of cardiovascular disease and cardiovascular
disease risk factors; a surveillance component to deter-
mine CVD mortality and morbidity in the examined co-
hort; and a second examination to evaluate incidence of
CVD and the changes in risk factors over time.
Study population. The Strong Heart Study population
includes resident members of the following tribes: the
Pima and Maricopa of central Arizona who live in the Gila
River Indian Community, the Salt River Indian Commu-
nity, and the Ak-Chin Indian Community; the seven tribes
of southwestern Oklahoma—Apache, Caddo, Co-
manche, Delaware, Fort Sill Apache, Kiowa, and Wichi-
ta—which live primarily in 23 counties of southwestern
Oklahoma; and the Oglala Sioux Tribe on the Pine Ridge
Reservation, the Cheyenne River Sioux Tribe in the Eagle
Butte area of South Dakota, and the Devil's Lake Sioux
Tribe in the Fort Totten area of North Dakota.

Tribal councils and the Bureau of Indian Affairs were
consulted about enumeration of the study population.
The consensus was that the best source for a population
estimate was tribal records, because there are financial
motivations for tribes to keep an updated tribal roll. The
tribal lists were reviewed by long-time residents to iden-

tify people who do not meet the criteria of residence.
Table 1 gives the estimated 1988 study population by
age and sex. These rates were obtained from the 12
participating tribes. For the mortality survey, resident
tribal members who were age 35-74 yr during 1 January
1984 through 31 December 1988 constitute the study
population. For the morbidity survey, the study popula-
tion is composed of tribal members who reside in study
communities and were age 45-74 yr during 1 January
1984 through 31 December 1988.
Sample size estimates. For the physical examination
component of the study, sample size is 1500 persons at
each of the three study centers. A sample size of 1500
subjects permits estimates of prevalence as low as 15%
with 90% confidence and a 10% error rate (7). For
comparison of prevalence rates between centers, the
sample size would have 90% power at a significance
level of 0.05 to detect differences as low as 1.25-fold for
rates between 10% and 50% (8). For studies of associ-
ation, the sample size would have >95% power at a
significance level of 0.05 to detect a risk ratio of 2, if the
overall exposure rate was as low as 10% and if 10% of
the unexposed individuals have the disease (9).

Morbidity and mortality data obtained from surveillance
of the examination cohort will allow us to estimate 4-yr
incidence density (with person-years computed from the
baseline exam). Because data for first events will be
available, survival data-analysis techniques can be used
to investigate potential risk factors. A participation rate
among surviving eligible cohort members of 93% is
expected because of the high interest among partici-
pants and the close contact maintained in the Native
American communities. It is estimated that 4% of the
examined cohort will die during the surveillance phase.
The resulting sample size of 4185 will allow us to estimate

DIABETES, VOL. 41, SUPPL. 2, OCTOBER 1992

D
ow

nloaded from
 http://diabetesjournals.org/diabetes/article-pdf/41/Supplem

ent_2/4/506639/41-2-s4.pdf by guest on 19 Septem
ber 2024



STRONG HEART STUDY

TABLE 2
Summary of diagnostic criteria for

Cardiac pain

hospitalized nonfatal

Hospitalized

ECG findings

myocardial infarction and stroke, Strong

nonfatal myocardial infarction

Enzymes

Heart Study, 1984-1988

Diagnosis

Present

Not Present

Evolving diagnostic ECG

Diagnostic ECG

Equivocal ECG

Absent, uncodable, or other

Evolving diagnostic ECG

Diagnostic ECG

Equivocal

Absent, uncodable, or other

Abnormal
Equivocal
Incomplete
Normal

Abnormal
Equivocal
Incomplete
Normal

Abnormal
Equivocal
Incomplete
Normal

Abnormal
Equivocal
Incomplete
Normal

Abnormal
Equivocal
Incomplete
Normal

Abnormal
Equivocal
Incomplete
Normal

Abnormal
Equivocal
Incomplete
Normal

Abnormal
Equivocal
Incomplete
Normal

Definite Ml
Definite Ml
Definite Ml
Definite Ml

Definite Ml
Possible Ml
Possible Ml
No Ml

Definite Ml
Possible Ml
No Ml
No Ml

Definite Ml
Possible Ml
No Ml
No Ml

Definite Ml
Definite Ml
Definite Ml
Definite Ml

Definite Ml
Possible Ml
No Ml
No Ml

Possible Ml
Possible Ml
No Ml
No Ml

Possible Ml
No Ml
No Ml
No Ml

incidence rates as low as 18% with a 10% error and 90%
confidence. For comparisons of two proportions, there
will be at least 90% power to detect differences as low as
1.2-fold for rates between 10% and 70%. For comparing
two means, there will be >95% power with a = 0.05
(two-sided) to detect a 0.26 mM (10 mg/dl) difference, for
example, in total cholesterol. The sample size will allow
the study to detect a relative risk of 2 with at least 90%
power and a significance of 5% if 20% of the participants
are exposed and the incidence rate for the unexposed is
2.5%.
Mortality survey (1984-1995). All deaths in the study
population are identified from tribal and Indian Health
Service records, the state health departments, and other
sources. To identify recent decedents, contact is made
regularly with tribal representatives who know of death-
benefit claims. Local newspapers and other sources of
community information are also monitored regularly.
State health departments are contacted once per year to
identify deaths occurring in the target population.

A potential cardiovascular disease death is defined as

mention of any of the following anywhere on the death
certificate: any type of cardiovascular disease (ICD9
codes 390-448), diabetes (ICD9 code 250), diseases of
the lung (ICD9 code 518.4), renal disease (ICD9 code
585), and sudden death with unknown cause (ICD9 code
798). Autopsy reports are obtained when available. If the
decedent was hospitalized within 6 wk before death,
medical charts are reviewed and abstracted. If death
occurred outside a hospital or available information is not
sufficient to determine whether the death was due to a
cardiovascular problem, an attending physician is iden-
tified from the death certificate or other sources and
contacted for information about the circumstances of the
death. All of the information obtained is sent to the
mortality review committee for confirmation of the cause
of death.
Morbidity survey (1984-1988). Cases of hospitalized
acute myocardial infarction and stroke in the study pop-
ulation are identified through review of hospital records
and through interviews with participants in the clinical
exams. Information in the medical records of the potential
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TABLE 2—Continued

Diagnostic evidence

Hospitalized nonfatal stroke

Onset and duration of
neurologic deficit

B.V

Other causes

'. HOWARD AND ASSOCIATES

Diagnosis

Unequivocal physician or laboratory
Discharge diagnoses of stroke

(ICD9 codes 431, 432, 434, 436,
and 437)

All other combinations

Rapid, >24 h

Rapid, >24 h

Absent

Absent

Definite stroke

Possible stroke
No stroke

cases is abstracted to allow independent confirmation of
the diagnosis by a morbidity review committee using
specific diagnostic criteria (Table 2; 10). Myocardial
infarction and stroke were selected retrospectively, as
ascertained morbidity survey events, because other
types of cardiovascular disease, such as angina pecto-
ris, rheumatic heart disease, congestive heart failure, and
peripheral vascular disease are more difficult to identify
from hospital records. In addition, hospitalization may not
be required for these conditions.
First clinical examination. The clinical examination de-
termines the prevalence of coronary atherosclerotic dis-
ease and large-vessel peripheral disease and measures
risk factors. Prevalence estimates from the physical ex-
amination are based on a uniformly applied set of diag-
nostic procedures and disease definitions (Table 3). The
clinical examination includes a personal interview.

Questionnaires administered during the interview as-
sess demographic information, family health history, life-
style, and medical history and include the Rose
questionnaire (11) for angina pectoris and intermittent
claudication. Information on leisure time and occupation-
ally related exercise is also obtained with an interview (or
questionnaire) developed by Kriska et al. (12) and mod-
ified for use in Native Americans. A dietary survey is
conducted at each center on a random sample of 50 men
and 50 women in each decade of age from 45 to 74 yr
old. This survey includes a 24-h recall on food frequency
questionnaires as adapted for surveys of Native Ameri-
cans by Rising et al. (13).

The physical examination includes anthropometric
measurements—weight, height, and waist and hip cir-
cumferences. Body fat is estimated with a model B1A101
impedance meter (RJL Systems, Mt. Clemens, Ml) and
an equation validated with densitometric measurements
in a large group of Native Americans (13). An examina-
tion of the heart, lungs, and pulses includes auscultation
to detect signs of congestive heart failure, valvular dis-
ease, and carotid and femoral bruits. Pedal edema,
dilatation of neck veins in the upright position, and
posterior tibial and dorsalis pedis pulses are assessed.
Blood pressure is measured in three consecutive read-
ings performed after 5 min of rest with the participant
seated. These measurements are taken on the right arm
with an appropriate size cuff and a mercury sphygmo-
manometer (Baum, Copiague, NY). The mean of the last
two measurements is used. In addition, systolic blood
pressure is measured in the right brachial artery and in
both ankles with the Mascot doppler (Imex Medical

Systems, Golden, CO). The pressure recorded in the
right arm is used to calculate the systolic brachial and
lower extremity pressure ratio for both ankles.

A 12-lead electrocardiogram is obtained with a Mar-
quette-based system. All electrocardiograms are trans-
mitted electronically to Fitzsimons Army Medical Center
in Denver, Colorado. The electrocardiograms are read by
computer algorithm with independent verification by
three board-certified or board-eligible staff cardiologists.
Any discrepancies are adjudicated by the study cardiol-
ogist or the chief of the cardiology service at Fitzsim-
mons. The confirmed readings are transmitted either
electronically or by mail back to the site of origin, and all
electrocardiograms with nonnormal readings are for-
warded to the University of Minnesota Electrocardiogram
Center in Minneapolis for application of Minnesota
codes.

For laboratory measurements, all subjects are re-
quested to fast for 12 h. Fasting blood samples are drawn
from all participants. An oral glucose-tolerance test is
performed on all participants except diabetic patients
being treated with insulin, diabetic patients who are
taking oral hypoglycemic agents and whose medical
record indicates at least two previous values of random
glucose >14 mM (250 mg/dl), and participants with a
fasting glucose >12.6 mM (225 mg/dl) as determined by
an Accucheck II.

For those who are eligible for the glucose-tolerance
test, blood samples are drawn by venipuncture 2 h after
ingestion of a 75-g glucose load (glutol) (14).

Laboratory measurements in addition to the glucose-
tolerance test are 1) lipids (total cholesterol (15), total
triglyceride (16), high-density lipoprotein cholesterol
(17), low-density lipoprotein cholesterol, very-low-den-
sity lipoprotein cholesterol, and very-low-density lipopro-
tein triglyceride), 2) apolipoproteins B and A-l (18),
glycated LDL (19), and apolipoprotein E phenotypes
(20), 3) fasting insulin (21), 4) plasma creatinine (22), 5)
urinary albumin (23), and creatinine (24), 6) plasma
fibrinogen (25), and, 7) glycated hemoglobin (26). The
p-quantitation procedure (27) is used to measure the
lipids because of the need for accuracy in the measure-
ment of LDL cholesterol and because it yields the very-
low-density lipoprotein triglyceride fraction of particular
interest in a population with a high prevalence of diabe-
tes. Plasma samples from each subject are stored at
-70°C, and DNA from white cells of each subject is
extracted and stored at the same temperature for future
genetic studies.
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STRONG HEART STUDY

TABLE 3
End points

End points and events Type of rate Source of data

Primary clinical endpoints
Myocardial infarction Incidence
Stroke Incidence
Congestive heart failure Incidence
ECG evidence of new Ml Incidence
Coronary bypass surgery or angioplasty Incidence

Secondary events of interest and preclinical disease
Valvular heart disease Prevalence
Angina Incidence
Peripheral vascular disease Incidence

Transient ischemic attack Prevalence

Cardiac catheterization, positive Prevalence

Positive treadmill test Prevalence
Left ventricular hypertrophy Prevalence
Global evaluation of left ventricular function Prevalence
Cardiac wall motion abnormalities Prevalence
Obstructive lung disease (Ratio FEVyFVC or
FBySVC) Prevalence

Surveillance contact, phase II examination
Surveillance contact, phase II examination
Surveillance contact, phase II examination
Phase II examination
Surveillance contact, phase II examination

Phase II examination
Phase II examination
Phase II examination
Surveillance contact, interview with

medical record confirmation
Surveillance contact, interview with

medical record confirmation
Surveillance contact, interview with

medical record confirmation
Phase II examination
Phase II examination
Phase II examination

Phase II examination

Following are definitions of cardiovascular endpoints determined based on data collected during examination.
1. Electrocardiographs abnormalities defined by Minnesota Code Criteria

Major ischemic abnormalities are defined either as Major Q-wave abnormalities (Minnesota Codes 1.1.1-1.1.7) or by a strict
criteria such as that of the Tecumseh Study (Minnesota Codes 1.1-1.2, 4.1, 5.1-5.2, 6.1, and 7.1).

For minor electrocardiographic abnormalities, although the functional significance of minor ST- and T-wave changes are
debated, several less stringent epidemiologic criteria for CVD have been developed which include those such as that of the
Pooling Project (Minnesota Codes 1.1-1.2, 4.1-4.2, 5.1-5.2, 6.1-6.2, 7.1-7.2, 7.4, 8.1, and 8.3) and the Whitehall Study
(Minnesota Codes 1.1, 1.3, 4.1-4.4, 5.1-5.3, and 7).

2. Congestive heart failure
Congestive heart failure will be diagnosed based on physical examination by internist or cardiologist, if preliminary (Phase II)

examination results are suggestive. A minimum of two major or one major and two minor criteria must be present concurrently
(from the Framingham Study).

Major criteria are paroxysmal nocturnal dyspnea or orthopnea, neck-vein distention, rales, cardiomegaly, acute pulmonary
edema, S3 gallop, increased venous pressure >16 cm of water, circulation time >25 s, and hepatojugular reflux.

Minor criteria are ankle edema, night cough, dyspnea on exertion, hepatomegaly, pleural effusion, vital capacity decreased
1/3 from maximum, and tachycardia (rate >120/min).

Weight loss >4.5 kg in 5 days in response to treatment can be a major or minor criterion.
3. Peripheral vascular disease

Although atherosclerosis is most often associated with definite ischemic cardiac changes, other manifestations of
atherosclerosis include occlusion of large vessels in the periphery. This is of particular interest in our study because of the high
prevalence of diabetes and because of data from other population surveys indicating that diabetes confers greatly increased
risk of peripheral vascular disease.

Peripheral vascular disease will be defined by the following criteria: intermittent claudication as identified by the Rose
questionnaire, peripheral occlusion as evidenced by absence of dorsalis pedis or posterior tibial pulses on either side, a ratio
of ankle/arm systolic blood pressure of less than 0.8, femoral bruits.

4. Angina pectoris defined by the Rose questionnaire
5. Heart valve and lung disease

Evidence of valvular heart or preclinical disease is determined by echocardiography, and evidence of obstructive lung
disease is based on pulmonary function tests.

Recruiting. Recruitment in these populations depends
heavily on local community members. In each center,
recruiters are hired to travel from house to house locating
eligible participants, scheduling them for examinations,
and transporting them to and from examination sites
when necessary. If participants are reluctant to attend the
examination, a nurse or physician travels with the re-
cruiter to the home of the participant to reinforce the
recruiting effort. Recruiting is also performed at local
community events and through advertisements in local
newspapers and radio stations. Recruiting is assisted by
IHS personnel, IHS clinic staff, and tribal visiting nurses,
who aid in both identification and recruitment of study
subjects.

Surveillance study. Table 3 lists the primary endpoints
and secondary events of interest to be ascertained
during the prospective phase of the Strong Heart Study.
Annual surveillance for all persons who participated in
the Phase I exam will be conducted through June 1995.
For each examination participant, a biannual contact
date is determined based on the date of the Phase I
exam. The first biannual contact will serve to maintain
contact with participants, update postal addresses, and
inform them of upcoming events. A brief questionnaire is
used to collect data for the morbidity surveillance. The
second biannual contact will directly involve the partici-
pant and include specific questions about the occur-
rences of hospitalized nonfatal myocardial infarction or
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TABLE 4
Preliminary data from Strong Heart Study Phase

Center

ECG abnormalities* (%)
Diabetest (%)
BMI (kg/m2)
Hypertension^ (%)
High cholesterol (%)
Proportion of Native American ancestry (%)

1 exam

AZ
Women

3.6
67
34
42
22
98

Men

6.1
59
30
47
23
96

OK
Women

5.8
33
31
44
43
87

B.V. HOWARD AND ASSOCIATES

Men

11
29
29
51
41
84

SD
Women

9.6
38
30
32
44
75

Men

15
25
28
35
48
72

Data are based on 1161 participants.
*Defined as possible or definite infarct as determined by panel of 3 cardiologists.
tDefined by WHO criteria.
^Defined as > 140/90 or taking antihypertensive medication.
§Greater than 200 mg/dl.

stroke or new diagnoses of congestive heart failure or
TIA. Persons will also be asked whether certain treat-
ments or diagnostic procedures, including cardiac sur-
gery or angioplasty cardiac catherization and treadmill
testing, were done in the past year. Participants reporting
any such event or procedure will be asked to sign a
consent form allowing for a review of their medical
records.

The surveillance phase also includes a reexamination
of the Phase I examination cohort. This will allow a direct
determination of the incidence of cardiovascular disease
among members of the original cohort over ~4 yr and an
assessment of changes in CVD risk factors.
Second examination. The second examination will re-
semble the initial examination in many respects. Anthro-
pometric measurements, examinations of the heart and
the lung, peripheral vascular examination, blood pres-
sure measurements, and an electrocardiogram will be
performed as in the first exam. In addition, a standard-
ized echocardiographic examination will be performed.
This will focus on basic measurements including two-
dimensional guided M mode echocardiograms and se-
lected Doppler readings. Studies will be sent to the
central reading center at Cornell University (Ithaca, NY)
for blinded interpretation, focusing on measures of left
ventricular mass and geometry, global and regional
systolic function, and diastolic filling. Pulmonary function
tests will also be performed, including a measurement of
forced vital capacity and slow vital capacity, as standard-
ized by the American Thoracic Society.

Laboratory measurements will include the glucose-
tolerance test as performed in exam 1 and also fasting
blood samples for lipoprotein cholesterol and triglycer-
ide, apolipoproteins B and A-l, fasting insulin, plasma
creatinine, and urine albumin and creatinine. Additional
DNA will be isolated and stored. Additional components
of the laboratory studies will include measurement of
plasminogen activator inhibitor as an additional assess-
ment of hemostatic function and typing of red blood cells
and immunoglobulins for assessment of genetic admix-
ture.
Quality assurance program. Standardized data collec-
tion forms are used by each center. Decisions on the
diagnosis of nonfatal cardiovascular disease and deter-

mination of the cause of death are made by a review
committee. Quality-control measures for the physical
examination include standardized training, observation
of data collection by supervisors and duplicate measure-
ments on selected individuals. The coordinating center
performs regular quality-control analysis of physical data
to detect digit preference and other nonrandom varia-
tions. Several levels of quality control monitor the echo-
cardiographic component. Careful monitoring is also
implemented for all steps of the laboratory procedures
from blood drawing to sample receipt and laboratory
measurement. Blinded, duplicate blood samples are
obtained from approximately 1 in every 10 subjects.
Finally, quality-control site visits are scheduled every 6
mo with a team consisting of representatives from NHLBI
and each study center. At the end of the visit, discrep-
ancies, problems, and ways to improve are discussed
with the entire center staff.

RESULTS
Preliminary data. To date, the Strong Heart Study has
shown that the three groups of Native Americans in the
study are not homogenous for cardiovascular disease
and its risk factors (Table 4). Initial data analyses indicate
that the prevalence of ECG-diagnosed myocardial inf-
arction varies. Sioux in North and South Dakota have the
highest prevalence, southwestern Oklahoma Native
Americans have slightly lower, and the Pima in Arizona
have the lowest. Preliminary analyses of data indicate
that the prevalence of cardiovascular disease risk factors
also differs from center to center. Diabetes is high in all
groups, but highest among the Pima (>60%). Levels of
cholesterol in Sioux and Oklahoma Native Americans are
comparable to those for the rest of the U.S., but are
considerably lower among the Pima. The prevalence of
smoking is high in the Sioux (—50%), low in the Pima, and
intermediate in Oklahoma Native Americans. Hyperten-
sion is less prevalent than in the U.S. overall in all groups,
but the prevalence is higher among the Pima and Okla-
homa tribes than among the Sioux. Sedentary lifestyle
exists in all three groups. Prevalence of obesity is high in
all three groups, and is highest in the Pima. Genetic
admixture was determined by interview; >90% of Pima
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report they are "full-blood" Native American, less than
half of the Sioux report being full-blooded, and 73% of
Oklahoma Native Americans report being full-blooded.
Benefits to Native American communities. The Strong
Heart Study has provided significant benefits to the
participating Native American communities.

All participants receive appropriate educational mate-
rial. They are informed by mail of the results of their
examinations and advised to obtain medical follow-up
when indicated. Assistance and follow-up are given to
assure that medical attention is obtained. A summary of
the results of the examinations is provided to the IHS or
personal physician. Consistent referral levels have been
established and are applied at each center. The prelim-
inary results are continuously presented to tribal groups.
Results are useful for health-care planning and interven-
tion.

Knowledge from this study is encouraging tribal lead-
ers to promote healthier lifestyles in the younger gener-
ations and to implement educational programs so that
cardiovascular disease rates will be reduced.

Thirty health-profession students have worked in the
Strong Heart Study, and 20 of these students are Native
American. For many of these students, participation has
stimulated them to pursue health careers and has as-
sisted in recruiting them to serve in Native American
communities when they complete their training.

DISCUSSION
To our knowledge, the Strong Heart Study is the first
study of cardiovascular disease in Native Americans with
a standardized protocol in several geographic regions. It
is the first study in the United States of cardiovascular
disease in populations with large numbers of diabetic
people. The study design will provide estimates of car-
diovascular disease, mortality and morbidity rates, and
prevalence rates of a large number of risk factors and will
investigate the relationship between these risk factors
and cardiovascular disease in both diabetic and nondi-
abetic people. Study subjects must be enrolled members
of 1 of the 12 participating tribes. The 12 participating
tribes represent a diversity of environments in which
Native Americans live outside of urban areas. The Pima
and Maricopa in Arizona and the Sioux tribes in the
Dakotas live on reservations, whereas the Oklahoma
tribes live among the general population. The Indian
Health Service is the major health-care provider in the
three areas. The frequency of use of services offered
through the IHS health care varies, especially in Okla-
homa, where many Native Americans have their own
private health-care providers. The lifestyle of these tribes
resembles, in many respects, that of other Americans.
Compared with their ancestors, many Native Americans
have a more sedentary lifestyle; however, very little
quantitative information is available on the level of phys-
ical activity among Native Americans. Large families,
diabetes, obesity, and poverty are common in all three
groups. Diet is a risk factor common to obesity, diabetes,
and cardiovascular disease. The current foods eaten by
Native Americans appear to contain more fat than tradi-

tional diets, but standardized data on dietary habits in
these populations are lacking. The Strong Heart Study
provides a unique opportunity to begin to understand the
current status of diet, physical activity, and the availability
and use of health care in this population.

On the basis of the risk factors identified, additional
educational programs and other preventive measures
can be devised to reduce the development of cardiovas-
cular disease in Native Americans to improve the health
of these populations. In addition, information on qualita-
tive or quantitative differences in heart disease among
the populations and between nondiabetic and diabetic
people will be useful for application to a variety of ethnic
groups. The study will provide an opportunity to generate
important hypotheses on the etiology of cardiovascular
disease to be used in future prospective studies. The
family history data and the stored DNA may also provide
a basis for future genetic studies of cardiovascular
disease. It is hoped that the Strong Heart Study will
establish a precedent for research on cardiovascular
disease in isolated population groups and lead to addi-
tional significant research on cardiovascular disease in
other populations.
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