ORIGINAL ARTICLE

Diabetes and Impaired
Glucose Tolerance in Three
American Indian

Populations Aged 45-74
Years

The Strong Heart Study

ELisa T. LEE, pHD
BARBARA V. HOWARD, PHD
PETER J. SAVAGE, MD
Linpa D. CowaN, pHD
RicHArD R. FaBsitz, MA

Arvo J. Oorik, Mpt
JEUNLIANG YEH, PHD
Oscar Go, PHD

Davip C. RosBiNs, MD
Traomas K. WELTY, MD

OBJECTIVE — To estimate prevalence rates of diabetes and impaired glucose tolerance (IGT) in
three American Indian populations, using standardized diagnostic criteria, and to assess the associa-
tion of diabetes with the following selected possible risk factors: age, obesity, family history of
diabetes, and amount of Indian ancestry.

RESEARCH DESIGN AND METHODS — This cross-sectional study involved enrolled
members, men and women aged 45-74 years, of 13 American Indian tribes or communities in
Arizona, Oklahoma, and South and North Dakota. Eligible participants were invited to the clinic for
a personal interview and a physical examination. Diabetes and 1GT status were defined by the World
Health Organization criteria and were based on fasting plasma glucose and oral glucose tolerance test
results. Data on age, family history of diabetes, and amount of Indian ancestry were obtained from the
personal interview, and measures of obesity included body mass index, percentage body fat, and
waist-to-hip ratio.

RESULTS — A total of 4,549 eligible participants were examined, and diabetes status was deter-
mined for 4,304 (1,446 in Arizona, 1,449 in Oklahoma, and 1,409 in the Dakotas). In all three centers,
diabetes was more prevalent in women than in men. Arizona had the highest age-adjusted rates of
diabetes: 65% in men and 72% in women. Diabetes rates in Oklahoma (38% in men and 42% in
women) and South and North Dakota (33% in men and 40% in women), although considerably lower
than in Arizona, were several times higher than those reported for the U.S. population. Rates of IGT
among the three populations (14-17%) were similar to those in the U.S. population. Diabetes rates
were positively associated with age, level of obesity, amount of Indian ancestry, and parental diabetes status.

CONCLUSIONS — Diabetes is found in epidemic proportions in Native American populations.
Prevention programs and periodic screening should be impFemented among American Indians. Stan-
dards of care and intervention have been developed by the Indian Health Service for individuals in
whom diabetes is diagnosed. These programs should be expanded to include those with IGT to
improve glycemic control or to reduce the risk of development of diabetes as well as to reduce the risk
of diabetic complications.
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n the U.S., ~1.5 million American

Indians, Eskimos, and Aleuts reside

on reservations or live among the
general population. Diabetes was rarely
diagnosed among the American Indians
until the 1930s. However, in the last 60
years, it has become more common in
most American Indian tribes/communi-
ties (1,2). In most tribes, diabetes has be-
come a major cause of morbidity and
mortality and the prevalence of diabetes
has been steadily rising (2—6). The type of
diabetes suffered by this group is believed
to be almost exclusively non-insulin-
dependent diabetes mellitus (NIDDM)
(8.

Information on the prevalence of
diabetes among American Indians is far
from complete. 1t is also difficult to com-
pare prevalence rates of diabetes among
American Indians obtained in different
studies. Different definitions of being In-
dian, non-uniform diagnostic criteria for
diabetes, varying methodologies used to
estimate the population at risk, and vari-
ous sampling procedures contribute to
the variations in the reported rates of di-
abetes.

The Strong Heart Study (9), a
three-center study funded by the Na-
tional Heart, Lung, and Blood Institute,
was initiated in 1988 to estimate cardio-
vascular disease (CVD) mortality and
morbidity rates using standardized meth-
odology and to compare CVD risk factors
among American Indians living in three
geographic areas: central Arizona, south-
western Oklahoma, and North and South
Dakota. Because of the high prevalence of
diabetes expected among American Indi-
ans and because diabetes is a recognized
risk factor for CVD, standard glucose tol-
erance tests were administered to ascer-
tain diabetic status. To our knowledge,
the Strong Heart Study is the first study of
CVD and its risk factors, including diabe-
tes, in American Indians using a standard-
ized protocol in several geographic areas.
It provides an opportunity to obtain data
on the prevalence of diabetes in three ma-
jor Indian communities. This study re-
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Figure 1—Locations of Strong Heart Study communities.

ports the prevalence rates of diabetes, im-
paired glucose tolerance (IGT), and
normal glucose tolerance (NGT) in the
Strong Heart Study communities and
their association with the following se-
lected possible risk factors of diabetes:
age, family history of diabetes, amount of
Indian ancestry, and levels of obesity. We
recognized that obesity may have been
modified in many diabetic patients and
thus, etiological interpretations of associ-
ation would be inappropriate based solely
on these cross-sectional data. However,
association with family history of diabetes
and degree of Indian blood may reflect
some etiological role.

RESEARCH DESIGN AND

METHODS — The primary objective
of the Strong Heart Study was to estimate
the prevalence of CVD and relate it to a
number of potential risk factors by exam-
ining 1,500 men and women, aged 45-74
years, at each of the three centers. Partic-
ipants were enrolled members of one of
the 13 Indian tribes or communities liv-
ing in the survey areas: the Pima/Mari-
copa/Papago of the Gila River, Salt River,
and Ak-Chin Indian Communities near
Phoenix, AZ; the Apache, Caddo, Co-
manche, Delaware, Fort Sill Apache,
Kiowa, and Wichita in southwestern
Oklahoma; and the Oglala Sioux and

Cheyenne River Sioux in South Dakota
and the Devils Lake Sioux in the Fort Tot-
ten area of North Dakota. The map in Fig.
1 identifies the study communities and
their locations. In Arizona and Okla-
homa, every eligible person was invited to
participate. In North and South Dakota, a
cluster sampling technique was used to
obtain the 1,500 subjects needed: 900
from Pine Ridge, 400 from Eagle Butte
area, and 200 from Fort Totten area. Par-
ticipants were all volunteers.

The clinical examination con-
sisted of a personal interview and a phys-
ical examination. Details of the examina-
tion have been described previously (9).
Briefly, the personal interview assessed
demographic information, family health
history, personal medical history, and
lifestyle factors, such as smoking and al-
cohol consumption, and physical activity.
The physical examination included an-
thropometric measurements, blood pres-
sure measurements, examination of the
heart, lungs, pulses, and vessels for
bruits, a 12-lead electrocardiogram, fast-
ing glucose and 2-h glucose tolerance
tests, fasting blood samples for measure-
ments of lipids, lipoproteins, insulin, gly-
cated hemoglobin, apolipoproteins, and
fibrinogen, and a morning urine collec-
tion for measurements of albumin and
creatinine.

Medical records were reviewed
for previous glucose values, history of di-
abetes, and evidence of treatment for dia-
betes. A 2-h oral glucose tolerance test
(OGTT) was performed after ingestion of
a 75-g glucose load (Glutol, Paddock,
Minneapolis, MN) on all participants ex-
cept the following: 1) diabetic patients
being treated with insulin, 2) diabetic pa-
tients who were taking oral hypoglycemic
agents and whose medical records indi-
cated at least two previous random glu-
cose values =250 mg/dl, and 3) partici-
pants with a fasting glucose values of
=225 mg/dl as determined by Accu-
Chek 11 (Baxter Healthcare, Grand Prai-
rie, TX). The participants were classified
into five diabetes status groups based on
their OGTT results and whether they
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were receiving hypoglycemia therapy.
Criteria used for diabetes mellitus and
IGT followed the World Health Organiza-
tion (WHO) recommendations (10,11):

e Known diabetes. If the participant 1)
was receiving insulin treatment, 2) was
receiving a hypoglycemic agent and
had two prior measurements of ele-
vated blood glucose (=250 mg/dl) re-
corded, 3) was on renal dialysis or had
kidney transplantation and a history of
diabetes by questionnaire, or 4) had a
fasting blood glucose value =140
mg/dl or a 2-h blood glucose value
=200 mg/dl and a history of diabetes
by questionnaire.

e New diabetes. If the participant had ei-
ther a fasting blood glucose value
=140 mg/dl or a 2-h blood glucose
value =200 mg/dl and no mention of a
history of diabetes by questionnaire.

o IGT. If the participant had either a fast-
ing blood glucose value <140 mg/dl or
a 2-h blood glucose value between 140
and 199 mg/dl.

e NGT. If the participant had fasting
blood glucose and 2-h blood glucose
values <140 mg/dl and no history of
diabetes by questionnaire.

o Diabetic status undetermined. 1) If the
participant was on renal dialysis or had
a kidney transplant without mention of
diabetes in the medical history by ques-
tionnaire, 2) if the result of the OGTT
was missing, or 3) if the participant re-
fused an OGTT and, in some cases, if
the fasting blood specimen was not
sufficient to determine the diabetic
status.

Indexes of obesity included body
mass index (BMI) and percentage body
fat, and fat distribution was measured by
waist-to-hip ratio (WHR). BMI was calcu-
lated as weight in kilograms divided by
the square of height in meters. Over-
weight was defined as a BMI of 27.8-
31.09 for men and 27.3-32.29 for
women. Obesity was defined as a BMI
=31.1 for men and =32.3 for women.
These criteria were approximately the
85th and 95th percentiles for men and
women aged 20-29 from The National
Health and Nutrition Examination and

Survey IT (NHANES IT) (12). Of the study
sample, these cutoff points corresponded
to the 28th and 59th percentiles for
women and the 39th and 64th percentiles
for men. In comparing diabetes rates,
subjects were also divided into two
groups according to percentage body fat
and WHR. Percentage body fat was esti-
mated by bioelectrical impedance using a
RJL impedance meter (model B14101,
RJL Equipment, Detroit, MI) and an equa-
tion based on total body water. The lean
body mass was computed by multiplying
the total body water by 0.732 (personal
communication, M. Singer, RJL). Obesity
was defined for men as having >34%
body fat and for women >45% body fat.
Waist girth was measured at the level of
the umbilicus with the participant su-
pine. The hip girth was measured at the
level of maximal protrusion of the gluteal
muscles. WHRs >0.98 for men and
>0.96 for women were used as cutoff
points. These values were approximately
the 65th percentiles of the percentage
body fat and WHR distributions of the
study sample.

Statistical analysis

Statistical methods used include the di-
rect method for standardizing prevalence
rates (13) for age using 1980 U.S. census
data, x* test for comparing rates, analysis
of variance technique, and Student’s ¢
tests for comparing continuous variables
among different diabetic status groups
and the three study centers.

RESULTS — A total of 4,549 eligible
participants were examined, 1,500 in Ar-
izona, 1,522 in South and North Dakota,
and 1,527 in Oklahoma. These numbers
represent a participation rate of 71% in
Arizona, 53% in South and North Dakota,
and 62% in Oklahoma (14). To deter-
mine how representative the participants
were, a random sample of 311 (100 each
in Arizona and Oklahoma and 111 total
in the Dakotas) nonparticipants was in-
terviewed to obtain information about di-
abetes and some major CVD risk factors.
Results of the comparison are reported in

Lee and Associates

a separate study (14) that focuses on re-
cruitment of the study participants.
Briefly, there is a higher participation rate
among women, and the participants are
slightly younger than the nonparticipants
(mean ages 56 and 58 years, respectively).
Overall, the rate of self-reported diabetes
was similar in the participants (40%) and
nonparticipants (38%).

Approximately 4% of the eligible
participants, more men than women, re-
fused the OGTT (84 men and 56 women),
and a small number of blood samples (n
= 65) were lost during shipping to the
core laboratory in Washington, DC.
Thus, of the 4,549 participants examined,
diabetes status was determined for 4,304
(95%; 1,446 in Arizona, 1,449 in Okla-
homa, and 1,409 in the Dakotas). Among
them, 831 had known diabetes (499 tak-
ing insulin and 332 taking oral agents)
and 61 were on dialysis or had kidney
transplants (45 in Arizona, 11 in the Da-
kotas, and 5 in Oklahoma). A total of
1,512 participants were classified as hav-
ing NGT, including 44 participants who
indicated that they were told by a health
professional that they had diabetes at one
time but were not taking insulin or hypo-
glycemic agents and had no abnormal
blood glucose values or evidence of ther-
apy seen in medical records.

Table 1 shows the age- and sex-
specific and standardized prevalence
rates and the total number of participants
with IGT and diabetes by center. In all
three centers, diabetes was more preva-
lent in women than in men. Arizona had
the highest age-adjusted rates of diabetes,
65% in men and 72% in women. While
Arizona had the highest rate of diabetes in
both men and women and in every age
category, IGT rates were comparable in
men among the three centers. In women,
the rates of IGT were lower in Arizona
than in the other two centers. No substan-
tial differences were found in the rate of
diabetes between Districts 1-5 of the Gila
River Indian Community (65% in men
and 73% in women) and other districts of
the Gila River Indian Community and the
Salt River Indian Community combined
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Table 1—Age- and sex-specific and standardized prevalence of IGT and diabetes in three American Indian populations

Arizona Oklahoma South and North Dakota Total
Diabetes Diabetes Diabetes Diabetes
n  IGT (%) (%) n  IGT (%) (%) n  1IGT (%) (%) n IGT (%) (%)
Men
Age (years)
45-54 301 14 63 311 14 30 303 12 30 915 13 41
55-65 152 13 72 189 13 40 208 15 34 549 14 47
65-74 68 22 57 118 19 47 94 15 35 280 18 45
All ages 521 15 65 618 15 36 605 13 32 1,744 14 43
Age-standardized 15 65 15 38 14 33 15 44
prevalence (%)
95% Cl 12.0-18.8 60.3-69.1 12.0-17.8 339418 10.7-16.4 29.0-36.8 12.8-16.3 41.7-46.5
Women
Age (years)
45-54 471 14 65 363 23 32 389 22 33 1,223 19 45
55-65 306 12 78 296 14 47 271 17 51 873 14 59
65-74 148 16 74 172 21 49 144 19 56 464 19 59
All ages 925 14 71 831 19 41 804 20 43 2,560 17 52
Age-standardized 14 72 19 42 19 46 17 54

prevalence (%)
95% ClI
Total age-standardized
prevalence (%)
95% CI

14

11.6-16.4 69.3-75.3

70

12.5-16.5 67.2-72.2

16.4-21.8 38.6-45.4

17.3 40 17

153-19.2 37.7-42.8

16.4-22.1 42.1-49.1

14.8-18.9 37.5-42.8

15.8-18.8 51.9-55.9

40 16 50

15.1-17.3 48.5-51.6

Cl, confidence interval.

(63% in men and 69% in women). Dis-
tricts 1-5 of the Gila River Indian Com-
munity have been the site of the National
Institute of Diabetes and Digestive and
Kidney Diseases (NIDDK) longitudinal
diabetes study for the last 25 years. Dia-
betes rates in Oklahoma (38% in men and
42% in women) and the Dakotas (33% in
men and 40% in women) were similar to
each other and considerably lower than
those in Arizona. In Oklahoma and the
Dakotas, prevalence rates were higher in
each successive age-group. In Arizona,
the rate was lower in both men and
women after age 65. The IGT rate in Ari-
zona was slightly higher in the 65- to 74-
year-old than in the younger age-groups,
while this was not observed in Oklahoma
or the Dakotas.

Table 2 shows the prevalence of
known cases and newly diagnosed cases
by center. Among the three centers, Ari-
zona had the lowest new:known ratios.

For every 10 known cases of diabetes,
there were ~1-2 patients with newly di-
agnosed diabetes. A close examination of
the two Arizona Indian Communities
(Gila River and Salt River) revealed that
Gila River Districts 1-5 had a lower new:
known ratio than the other districts (0.15
vs.0.17inmenand 0.13 vs. 0.14 in wom-
en). In Oklahoma and the Dakotas, for
every 10 known cases, there were 3 to 7
new cases. The overall ratio in men was
higher in the Dakotas than in Oklahoma,
but the reverse was observed in women.
The highest ratio occurred in the 65- to
74-year-old men in the Dakotas (0.67),
indicating a considerable reservoir of un-
diagnosed cases of diabetes in this group.
In Oklahoma, the highest ratio occurred
in women aged 45-54 (0.41).

In the participants known to be
diabetic, the mean duration of diagnosed
diabetes was the longest in Arizona
(14.37 years) compared with that in

Oklahoma (7.8 years) and the Dakotas
(6.9 years). Of the diabetic patients in Ar-
izona, diabetes had been diagnosed for
>10 years in 58% and for >20 years in
31%. The duration distribution of the
Oklahoma patients was similar to that of
South and North Dakota, in that diabetes
was diagnosed for >5 years before the
Strong Heart Study examination in 45%
of the patients in the Dakotas and 50% of
those in Oklahoma.

Parental diabetes status

Of those participants whose diabetes sta-
tus was determined (n = 4,304), 26% of
the women and 29% of the men did not
know whether diabetes had been diag-
nosed in one or both of their parents. Ta-
ble 3 gives the percentage of diabetic sub-
jects and mean age at diagnosis by sex,
center, and diabetic status of parents
(among those with known parental status
only). Diabetes rates were not different
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Table 2—Prevalence of newly diagnosed and known cases of diabetes in three American Indian populations

Arizona Oklahoma South and North Dakota Total
New Known Ratio New Known Ratio New Known Ratio New Known Ratio
Men
Age (years)
45-54 7 55 0.13 23 0.35 9 21 0.43 8 33 0.24
55-65 12 60 0.20 11 30 0.37 11 24 0.46 11 36 0.31
65-74 9 49 0.18 0 36 0.28 14 21 0.67 11 34 0.32
All ages 9 56 0.16 27 0.33 10 22 0.45 9 34 0.26
Women
Age (years)
45-54 9 56 0.16 9 22 0.41 10 24 0.42 9 36 0.25
55-65 9 69 0.13 12 35 0.34 10 41 0.24 10 49 0.20
65-74 6 68 0.09 13 36 0.36 13 42 0.31 11 48 0.23
All ages 8 62 0.13 11 30 0.37 10 33 0.30 10 43 0.23
Data are %.

between participants who had only a dia-
betic father or only a diabetic mother, and
thus, they were combined. Parental dia-
betes was significantly associated (P <
0.01) with diabetes; the prevalence of di-
abetes increased with the number of dia-
betic parents. The rates of diabetes in off-
spring of two diabetic parents were
almost twice those in offspring with no
diabetic parents among the women in
Oklahoma and the Dakotas. Overall, the
prevalence odds ratios were 1.84 and
1.80 in men and women, respectively, for
individuals with one or two diabetic par-
ents relative to those without any diabetic
parents. No clear patterns were found be-

tween the rate of IGT and parental diabe-
tes status (data not shown).

Age at diagnosis
Table 3 also shows that parental diabetes
status was related to age at diagnosis. Di-
abetes was diagnosed at a younger age in
participants with one or both parents
having diabetes than in those with neither
parent having diabetes. In each parental
diabetes status group, the average age at
diagnosis was significantly lower for Ari-
zona diabetic participants (P < 0.05)
than for those from Oklahoma and from
South and North Dakota.

Figure 2 (Arizona, Oklahoma,

and North and South Dakota) shows the
distributions of reported age at diagnosis
for all diabetic participants by centers.
Age at diagnosis peaked during the 4th
decade of life for both men and women in
Arizona. The average age at diagnosis in
Districts 1-5 of the Gila River Indian
Community was approximately the same
as that in the other districts. In Okla-
homa, diabetes was diagnosed in men at a
younger age (peaked in 40-49 years) than
in women (peaked in 50-59 years). In
South and North Dakota, the distribu-
tions for men and women are similar, but
an almost equal percentage of partici-
pants has diabetes diagnosed in the 4th

Table 3—Prevalence of diabetes and age at diagnosis by parental diabetes status, sex, and center

Arizona

Oklahoma

South and North Dakota

Parental diabetes

status Prevalence (%) Age (years) Prevalence (%) Age (years) Prevalence (%) Age (years)

Men

Neither 57.1 46.6 291 51.8 30.6 53.0

Either 69.6 42.4 41.8 49.7 37.5 47.9

Both 719 383 47.1 45.4 48.2 45.7
Women

Neither 63.9 46.4 317 533 333 52.2

Either 733 41.8 48.0 48.4 44.7 49.6

Both 76.6 39.6 61.5 50.3 63.8 16.9
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Figure 2—Distribution of age at diagnosis. B, men; +, women.

decade as in the 5th decade. When all
three centers are combined, a single peak
during the fourth decade was observed
because of the dominating effect of the
large number of diabetic patients in Ari-
zona.

Obesity

Obesity is prevalent in all three centers.
Among them, Arizona had the highest
prevalence of obesity (75%; BMI =27.8
for men and =27.3 for women), followed
by Oklahoma (70%) and the Dakotas
(62%). The average BMIs in men (wom-
en) were 31.1 (33.1), 30.2 (31.3), and
28.5 (30.1), respectively, in Arizona,
Oklahoma, and South and North Dakota.
For the men of all three centers and the
women in Arizona, the average BMI was
highest in the 45- to 54-year-old group
and lowest in the 65- to 74-year-old
group. Figure 3 shows the overall preva-
lence of diabetes by BMI in men and
women in the three centers combined.
The rate of diabetes increased steadily
with increasing BMI in both sexes, except
that it declined slightly in women in the
highest BMI group.

In Oklahoma and in North and
South Dakota, there was a consistent pat-
tern of significantly increased prevalence
rates of diabetes across the normal, over-
weight, and obese groups (P < 0.001; Ta-
ble 4). Similar results were obtained using
percentage body fat. In the Arizona men,
diabetes rates were slightly lower in the
most obese (based on BMI), although the
differences were not statistically signifi-
cant. Similar results were observed in the
Arizona women when percentage body

80

65 64
57.

<20 20-24 2529 30-3¢ 385-39 >=40
BMI
Figure 3—Prevalence of diabetes by age, sex,
and BMI. B, men; (0, women.

fat was used. Women in all three centers
with a WHR =0.96 had a significantly (P
< 0.001) higher rate of diabetes than
those with a WHR <0.96. We also exam-
ined the association of obesity using BMI
and percentage body fat and diabetes
prevalence, taking age into consideration.
Overall, the rate of diabetes increased sig-
nificantly (P < 0.05) in the obese group
after adjustment for age (data not shown).
However, the association between the
prevalence of IGT and degree of obesity
was not so consistent across centers or
sex. Only in Arizona were IGT rates
slightly higher in the obese group than
the overweight and normal weight
groups, in both men and women. Partic-
ipants with =34% body fat had slightly
higher IGT rates than those with less body
fat except for the Oklahoma women. Men
with a WHR =0.98 had slightly higher
IGT rates than those with lower WHR.
However, none of the differences was sta-
tistically significant.

Table 5 compares the diabetes
and IGT rates of the Strong Heart Study
populations to NHANES 1I data (15) by
parental diabetes status and level of obe-
sity. In Oklahoma and South and North
Dakota, the presence of either obesity or
diabetic parents increased the total diabe-
tes rate, and both factors together in-
creased the rate almost threefold. Also,
obesity was more closely associated with
diabetes prevalence than parental dia-
betic status in these two centers. How-
ever, in Arizona, where both obesity and
diabetes were most prevalent, parental di-
abetes appeared to be a more dominating
factor than obesity. The rates of new dia-
betes were, in general, higher in the obese
group than in the nonobese group. In the
nonobese group, the rate of new diabetes
in those with parents having diabetes was
equal to or smaller than that in those
without parents having diabetes. The re-
verse was observed in the obese group.
Thus, there appeared to be a considerable
reservoir of undiagnosed cases of diabetes
in the obese group and in the nonobese
group with no parents having diabetes.
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Table 4—Prevalence of diabetes and IGT by sex, obesity, percentage body fat, WHR, and center

Arizona Oklahoma South and North Dakota
% Diabetes IGT % Diabetes IGT % Diabetes IGT
Men
Obesity
Normal weight 331 63.9 139 354 28.6% 11.1 46.4 19.4% 8.4
Overweight 26.0 68.7 10.5 24.5 26.3 17.8 27.1 38.6 139
Obese 40.9 62.0 18.3 40.1 49.6 15.7 26.5 47.3 20.6
Body fat (%)
=34 40.4 63.0t 19.2 38.5 45.8* 19.1 31.0 45.4% 22.2
<34 59.6 64.9 11.9 61.5 30.0 11.9 69.0 26.3 9.6
WHR
=0.98 39.7 64.1 175 37.7 45.2% 14.8 51.5 14.0% 17.0
<0.98 60.3 65.6 12.2 62.3 31.2 14.7 48.5 23.4 9.8
Women
Obesity
Normal weight 199 72.5 10.1 29.2 20.6* 219 342 31.6% 18.2
Overweight 299 73.9 11.2 30.9 38.0 213 335 43.4 215
Obese 50.3 68.4 16.8 40.0 57.3 15.8 324 542 19.5
Body fat (%)
=45 43.4 67.3% 18.2 373 50.3* 18.1 294 52.2% 20.0
<45 56.6 73.5 10.4 62.7 348 20.0 70.6 38.6 10.8
WHR
=0.96 50.6 77.7% 11.5 26.6 51.8% 153 38.2 52.8% 19.6
<0.96 49.4 63.9 16.4 73.4 36.8 20.7 61.8 36.2 19.6

Normal weight: BMI <27.8 for men and <27.3 for women; overweight: BMI 27.8-31.09 for men and 27.3-32.29 for women; obese: BMI =31.1 for men and =32.3

for women. *P < 0.001; 1P < 0.05.

Amount of Indian ancestry

Self-reported amount of Indian ancestry
(as a percentage) was available from 95%
of the participants. The Arizona partici-
pants have the highest reported quantum
of Indian ancestry (average 98%, 93.6%

full-blood), followed by the Oklahoma
participants (average 88%, 74.3% full-
blood) and the Dakota participants (aver-
age 79%, 48.7% full-blood). None of the
participants in Arizona had <50% Indian
ancestry and all the Oklahoma partici-

pants had at least 25% Indian ancestry.
Figure 4 shows that the prevalence of di-
abetes increased with degree of Indian an-
cestry in both the overweight or obese
(BMI =27.3 for women, =27.8 for men)
and nonobese subgroups. Table 6 gives

Table 5—Diabetes and IGT rates (weighted to U.S. population) according to parental diabetes status and level of obesity as compared with

NHANES 1I data
Nonobese Obese
No diabetic parent Diabetic parent No diabetic parent Diabetic parent
SD/ Sb/ SD/ SD/
Diagnostic catetory AZ OK ND NHANES AZ OK ND NHANES AZ OK ND NHANES AZ OK ND NHANES
Known diabetes 56.0 12.6 11.9 3.5 67.0 20.7 178 10.6 52.1 26.1 29.6 6.2 65.1 39.7 36.9 139
New diabetes 70 68 53 39 70 37 20 35 115 107 119 8.6 74 119 127 143
Total diabetes 63.0 194 172 74 740 244 198 141 63.6 368 415 148 725 516 49.6 282
IGT (WHO criteria) 9.0 153 115 12.8 110 146 59 19.7 176 19.8 18.8 21.5 132 152 20.2 31.1
Data are %.
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Table 6—Diabetes rates of participants by sex, center, and amount of Indian ancestry

Men Women
Amount of Indian

ancestry (%) AZ OK SD/ND AZ OK SD/ND

<25 — oM 8.3(24) — o 5.6 (36)

25-49 — 13.8 (29) 20.2 (89) 0(1) 11.5 (26) 13.9(79)
50-74 58.8 (17) 25.9 (108) 24.2 (95) 66.7 (24) 29.6 (125) 44 .4 (108)
75-99 60.0 (20) 27.3(33) 38.8(121) 64.5 (31) 46.9 (49) 43.9(171)
100 65.1 (484) 41.2 (447) 38.4 (276) 71.4 (869) 43.8 (630) 51.2 (410)

Data are % (n).

diabetes rates by sex, center, and amount
of Indian ancestry. The rate of diabetes
increased consistently in all three centers
with amount of Indian ancestry. The
prevalence in individuals with 50% or
more Indian ancestry was significantly (P
< 0.0001) higher than that in those with
<50% Indian ancestry. In South and
North Dakota, diabetes rates in the full-
blood Indians were more than four and
nine times higher in men and women, re-
spectively, than in the Indians with
<25% Indian ancestry. The full-blood In-
dians in Oklahoma had more than three
times higher diabetes rates than those re-
porting 25-49% Indian ancestry. The dif-
ferences in diabetes rates among the
groups defined by degrees of Indian an-
cestry (Table 6) are highly significant (P
< 0.01) in both the Dakotas and Okla-
homa, even after controlling for the effect
of obesity.

Figure 5 shows the prevalence of
diabetes of participants stratified by num-
ber of diabetic parents, obesity status, and
amount of Indian ancestry. For partici-
pants with at least 50% Indian ancestry,
the rates are also stratified by center.
Clearly, individuals with <50% Indian
ancestry had much lower diabetes rates
than those with at least 50% Indian ances-
try. The obese group had higher rates
than the nonobese group, and partici-
pants with parents having diabetes had
higher rates than those with no parents
having diabetes. In participants with at
least 50% Indian ancestry, the rates in-
creased with obesity and the number of
diabetic parents. Similar results were ob-

tained when the number of diabetic par-
ents was replaced by age (data not
shown).

CONCLUSIONS —

The Strong Heart Study is the first study
in which standardized criteria were used
to diagnose diabetes and IGT in multiple
American Indian populations. Diabetes
rates in the three Indian populations have
all reached epidemic proportions. The
Pima/Maricopa/Papago Indian communi-
ties have the highest diabetes rates (65%
in men and 72% in women) among the
three centers. These rates may also be the
highest among all populations in the
world (16). The prevalence of diabetes in
Oklahoma (38% in men and 42% in
women) and the Dakotas (33% in men

70
60
50
40
30
20}----
10-

0 L i
25-49

50-74

and 40% in women), although lower than
those in Arizona, are much higher than
those reported for other U.S. populations.
The comparison between participants
and nonparticipants shows that partici-
pants are younger (an average of 2—4
years younger among the men and
women in the three centers). The esti-
mated rates may be lower than the true
rates in the communities. On the other
hand, women had a higher participation
rate, and diabetes rates are higher in
women, which may lead to an overesti-
mate. We believe that the estimation bi-
ases are very small.

The 1976-1980 NHANES 11 (15)
reported that in the U.S. population, a
history of diabetes was reported for 4.3,
6.6, and 9.3% of the 45- to 54-, 55- to

75-99 100

INDIAN BLOOD
Figure 4—Prevalence of diabetes by Indian ancestry, sex, and obesity. 0, nonobese men;

0, obese men; M. nonobese women; M, obese

women.
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64-, and 65- to 74-year-old age-groups,
respectively. The prevalence was higher
in men than in women and in blacks than
in whites. Rates of undiagnosed diabetes
in NHANES 1I were similar to the rates for
known diabetes. Rates of IGT using WHO
criteria (10,11) were 14.8, 15.1, and
22.8%, respectively, in the three above-
listed age-groups. More recently, the
Centers for Disease Control (17) reported
that based on their Behavioral Risk Factor
Surveillance System, the prevalence of
self-reported diabetes ranged from 4.0%
among individuals aged 35-54 years to
12.5% among individuals aged 65-74
years. A population-based study in Min-
nesota (18) showed similar rates of
NIDDM (93.2 per 1,000 in individuals
aged 40-59 years and 206.8 per 1,000 in
those older than 60) and IGT (183.3 per
1,000 in individuals aged 40-59 years
and 294.8 per 1,000 in those over 60).
The rates of NIDDM and IGT were 11.9%
and 27.8%, respectively, in a California
community of adults aged 40-79 years
(19).

While the rates of IGT obtained
by the Strong Heart Study were compara-
ble with or slightly lower than those re-
ported from these studies, which in-

cluded largely white populations, the
rates of diabetes in the Strong Heart Study
populations were four to eight times
higher. Although different ascertainment
methods were used, it is unlikely that
variation in study design and methods
alone could account for the large differ-
ences in the rate of diabetes between
white and American Indian populations.

In addition to blacks, Hispanic
men and women have a higher prevalence
of NIDDM than non-Hispanic whites
(20). The age-adjusted prevalences of
NIDDM were 9.9 and 10.7%, respec-
tively, in Hispanic men and women aged
30-69 years, compared with 4.5 and
3.5% in the non-Hispanic whites. The
San Antonio Heart Study (21) had similar
results, with prevalence rates in Hispanic
men ranging from 5.5 to 13.4% and in
Hispanic women ranging from 3.7 to
13.7%. The lowest prevalence rates were
seen in those living in suburban San An-
tonio. The Hispanic Health and Nutrition
Examination Survey in 1982-1984 (22)
found that among the 45- to 74-year-old
Mexican-Americans, 13.4% of the men
and 15.2% of the women had diabetes.
These rates, although higher than those
reported by the NHANES 11 for the white

Lee and Associates

population, were still much lower than
those obtained by the Strong Heart Study.

There have been several previous
epidemiological studies to determine the
prevalence of NIDDM in different Indian
tribes. However, methods used to ascer-
tain NIDDM varied; some studies used
OGTT tests and others were based on self-
reported data or other patient informa-
tion data bases. The 1987 Survey of
American Indians and Alaska Natives
showed that based on self-reported data,
the age-/sex-adjusted prevalence rate of
diabetes was 12.2%, which was 2.35
times higher than that in the general U.S.
population (23). In the Pima tribe of Ari-
zona, a tribe that has participated in an
NIDDK-sponsored longitudinal study of
diabetes for over 25 years (Districts 1--5 of
the Gila River Indian Community), the
prevalence rates of NIDDM increased
from 3.2% (all ages) in the early 1950s to
19% (age =5 years) in the 1960s (24).
There was a 42% increase in age-adjusted
diabetes prevalence rates between 1967
and 1977 (26). By the early 1980s, 50%
of Pima Indians older than age 35 had
diabetes (25). Between 1982 and 1990,
the prevalence of diabetes in those older
than 35 years of age ranged from 46%
(women between 35 and 44 years) to 74%
(women over 65 years) (27). In this study,
fasting glucose levels and OGTTs were
used at the biennial examination to clas-
sify diabetes according to WHO criteria
(10,11), and the reported diabetes rates
were very similar to those obtained by the
Strong Heart Study. This ongoing study
of NIDDK may have promoted early de-
tection and thereby produced a slightly
lower new:known diabetes ratio than in
other areas of the Arizona center (0.15 vs.
0.17inmenand 0.13 vs. 0.14 in women).
In fact, the overall prevalence rate of
newly diagnosed cases in the Strong Heart
Study was <10%, much lower than the
nearly 50% found in the NHANES 11 (15).
The lower proportion of newly diagnosed
cases may have resulted from the high
suspicion level of the health care provid-
ers at the Indian Health Service facilities
and their efforts in increasing the aware-
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ness of diabetes and promoting early de-
tection.

Although no other tribes have
been studied as extensively as the Pima,
scattered reports have shown varying
rates of diabetes in other tribes. The over-
all age-adjusted prevalence of diabetes,
15.7 per 1,000, in the Alaskan Eskimos,
Indians, and Aleuts was lower than the
overall U.S. rate of 24.7 per 1,000 (5).
Among these three populations, preva-
lence rates ranged from 8.8 per 1,000 for
the Eskimos to 22.0 per 1,000 for the In-
dians and 27.2 per 1,000 for the Aleuts.
Diabetes cases were ascertained from the
Patient Care Information System estab-
lished by the Indian Health Service in
Alaska and verified by chart review. The
Navajo Indians, the largest Indian tribe in
the U.S., were classified as having a low
prevalence of diabetes in the 1970s (1).
However, a recent report (4) showed that
estimated age-adjusted prevalence rates
for the Navajo between 20 and 74 years of
age were 13.9 and 18.4% for men and
women, respectively, which were 2.5
times the U.S. rates. In this study, diabe-
tes was ascertained according to the crite-
ria of WHO (11) for the OGTT. In a study
of 29,000 American Indians living on or
near 10 reservations in the Pacific North-
west (Washington, Oregon, and 1daho),
the Indian Health Service facilities’
records showed an age- and sex-adjusted
prevalence rate of 7.1%, which was three
times higher than the comparable U.S.
rate in 1980 (6). The age-adjusted preva-
lence of diabetes among all Bands of
Sioux in the Dakotas in 1987 was 236.1
per 1,000 for those aged 45-64 years and
267.9 per 1,000 for those aged 65 or over
(28). The 1987 age-adjusted prevalence
of diabetes for all ages among the three
Sioux tribes included in the Strong Heart
Study, based on ambulatory care data,
ranged from 2.8 to 4.5 times the U.S. rate
(29).

Some Indian reservations had
prevalence rates of diabetes close to those
found in the Strong Heart Study. For ex-
ample, in the Warm Springs reservation
community, women aged 55-64 years

had a prevalence rate of 46.7% (6). In
addition, the prevalence rates of diabetes
among the Navajos approach those in the
Strong Heart Study in some older age-
groups (4); rates ranged from 26.7% in
men aged 45-54 10 45.7% in women aged
55-64 years. It appears that, besides the
Pima, only the Naurus of the Pacific
Ocean had a reported diabetes prevalence
(~41.5% in the age range 30-64 years)
close to those found in the Strong Heart
Study (30).

Age, obesity, parental diabetes,
and degree of Indian ancestry have been
consistently and strongly associated with
diabetes (1,5,25,27,31). The prevalence
of diabetes was higher in older age-
groups in all three centers of the Strong
Heart Study except Arizona, where the
rate was lower in those older than 65
years. This may be due to a possible co-
hort effect or excess mortality rates in this
population (33,34). In the Pima Indians,
several risk factors have been reported to
predict the development of diabetes.
These include age, diet, obesity, genetic
markers, and parental diabetes (25,27).
Similar results were observed in the
Strong Heart Study. In addition, we
found that the rates of diabetes were sig-
nificantly higher in persons with greater
amounts of Indian ancestry, similar to re-
sults obtained in other Northern Plains
Tribes in North Dakota (35).

The reason for the high preva-
lence of diabetes in the Indian population
remains unclear. However, the increasing
diabetes rates in persons with higher
amounts of Indian ancestry provide
strong evidence that Indian race is highly
associated with the disease. Our observa-
tion is that obesity has increased over the
last few decades, and it has occurred in
young individuals, even children. Diabe-
tes has also been diagnosed in young
American Indians. All this supports the
“thrifty” genotype hypothesis. More ge-
netic studies are needed.

Interestingly, the prevalence of
IGT in our study cohorts was similar to
that of the general U.S. population, but
the prevalence of diabetes was much

higher. Does this imply that the glucose
values of many Native Americans increase
rapidly from normal to diabetic levels
without going through an IGT period?
Our ongoing follow-up study will be able
to shed some light on this issue.

Standards of care have been de-
veloped and implemented by the Indian
Health Service for those American Indi-
ans in whom diabetes has been diag-
nosed, emphasizing therapy, diet, and ex-
ercise to improve glycemic control or
reduce the risk of development of diabetic
complications. The extent of implementa-
tion is being monitored periodically. Fur-
ther study is needed to define the most
effective intervention for patients with
IGT and newly diagnosed diabetes. How-
ever, the best strategy would be the pre-
vention of IGT and diabetes. Currently,
screening for diabetes is not included in
national recommendations for preventive
care. Because of the epidemic of diabetes
in American Indians, regular screening
witha OGTT (75-g) should be considered
for American Indians older than 40 years
of age, particularly those who are over-
weight and those who have diabetic par-
ents or a high amount of Indian ancestry.
In addition, much more needs to be done
in developing effective programs for pre-
venting diabetes.

Acknowledgments— This study was sup-
ported by grants UO1 HL-41642, UO1 HL-
41652, and UO1 HL-41654 from the National
Heart, Lung, and Blood Institute.

We wish to express our appreciation to the
13 American Indian tribes/communities (Ak
Chin Papago/Pima, Gila River Pima/Maricopa,
and Salt River Pima/Maricopa in Arizona;
Apache, Caddo, Comanche, Delaware, Fort
Sill Apache, Kiowa, and Wichita in Oklahoma;
and Cheyenne River Sioux, Oglala Sioux, and
Devil's Lake Sioux in South and North Da-
kota) for their support and participation and
to the Indian Health Service and its clinics and
hospitals at each site for their endorsement
and assistance. We also wish to thank the co-
ordinators of the Strong Heart Study field cen-
ters: Beverly Blake, Betty Jarvis, and Martha
Stoddart and the Strong Heart Study staff.

608

DiaBETES CARE, VOLUME 18, NUMBER 5, May 1995

220z JaquianoN 0} uo 3sanb Aq ypd-665-G-81/62SE vY/66S/S/81/APd-aloilE/a180/610"S|BUINOISE}BGEIP//:d]IY WOL PapEOjUMO]



References

1.

10.

11.

12.

West KM: Diabetes in American Indians.
Adv Metab Disord 9:29-46, 1978

. Sievers ML, Fisher JR: Diabetes in North

American Indians. In Diabetes in America.
Harris MI, Hamman RF, Eds. Washing-
ton, DC, U.S. Govt. Printing Office, 1985,
p. X1-1-X1-20, (DHHS publication no.
85-1468)

. Nelson RG, Everhart JE, Knowler WC,

Bennett P: Incidence, prevalence and risk
factors for non-insulin-dependent diabe-
tes mellitus. Primary Care 15:227-250,
1988

. Sugarman JR, Gilbert TJ, Weiss NS: Prev-

alence of diabetes and impaired glucose
tolerance among Navajo Indians. Diabetes
Care 15:114-120, 1992

. Schraer CD, Lanier AP, Boyko EJ, Gohdes

D, Murphy NJ: Prevalence of diabetes
mellitus in Alaskan Eskimos, Indians, and
Aleuts. Diabetes Care 11:693-700, 1988

. Freeman WL, Hosey GM, Diehr P, Gohdes

D: Diabetes in American Indians of Wash-
ington, Oregon and Idaho. Diabetes Care
12:282-288, 1989

. Indian Health Service: Indian Health Ser-

vice Trends in Indian Health. Washington,
DC, U.S. Dept. of Health and Human Ser-
vices, Public Health Service, 1993

. Katzeff HL, Savage PJ, Barclay-White B,

Nagulesparan M, Bennett PH: C-peptide
measurement in the differentiation of type
1 (insulin-dependent) and type 2 (non-
insulin-dependent) diabetes mellitus.
Diabetologia 28:264-268, 1985

. Lee ET, Welty TK, Fabsitz R, Cowan LD,

Le NA, Oopik AJ, Cucchiara A, Savage
PJ, Howard BV: The Strong Heart Study, a
study of cardiovascular disease in Ameri-
can Indians: design and methods. Am J
Epidemiol 136:1141-1155, 1990

World Health Organization: WHO Expert
Committee on Diabetes Mellitus. Second Re-
port. Geneva, World Health Org., 1980
(Tech. Rep. Ser., no. 646)

World Health Organization: Diabetes Mel-
litus: Report of a WHO Study Group. Ge-
neva, World Health Org., 1985 (Tech.
Rep. Ser., no. 727)

Najjar MF, Rowland J: Anthropometric
reference data and prevalence of over-
weight, United States, 1976-1980. Vital

13.

14.

15.

16.

17.

18.

19.

20.

21

22.

Health Stat 11:238, 1987 [DHHS publica-
tion (PHS) 87-1688]

Lee ET: Statistical Methods for Survival
Data Analysis. 2nd ed. New York, Wiley,
1992

Stoddart MK, Blake B, Fabsitz R, Jarvis B
for the Strong Heart Study Investigators:
Recruitment of American Indians in epi-
demiological research: the Strong Heart
Study. In Proc of the American Public
Health Association Annual Meeting, San
Francisco, 1993

Harris MI, Hadden WC, Knowler WC,
Bennett PH: Prevalence of diabetes and
impaired glucose tolerance and plasma
glucose levels in U.S. population aged
20-74 years. Diabetes 36:523-534, 1987
Jarrett RJ: Epidemiology and public
health aspects of non-insulin-dependent
diabetes mellitus. Epidemiol Rev 11:151-
171, 1989

Centers for Disease Control: Regional
variation in diabetes mellitus preva-
lence—United States, 1988 and 1989.
Morb Mortal Wkly Rep 39(45):805-812,
1990

French LR, Boen JR, Martinez AM, Buch-
house SA, Sprafka JM, Goetz FC: Popula-
tion-based study of impaired glucose tol-
erance and type Il diabetes in Wadena,
Minnesota. Diabetes 39:1131-1137,
1990

McPhillips JB, Barrett-Connor E, Wing-
ard DL: Cardiovascular-disease risk fac-
tors before the diagnosis of impaired glu-
cose tolerance and non-insulin-dependent
diabetes mellitus in a community of older
adults. Am ] Epidemiol 131:443-453,
1990

Hamman RF, Marshall JA, Baxter ], Kahn
LB, Mayer EJ, Orleans M, Murphy JR,
Lezotle DC: Methods and prevalence of
non-insulin-dependent diabetes mellitus
in a biethnic Colorado population. Am J
Epidemiol 129:295-311, 1989

Stern MP, Rosenthal M, Haffner SM, Ha-
zuda HP, Franco LJ: Sex difference in the
effects of sociocultural status on diabetes
and cardiovascular risk factors in Mexican
Americans: the San Antonio Study. Am |
Epidemiol 123:96-112, 1986

Flegal KM, Ezzati TM, Harris M1, Haynes
SG, Juarez RZ, Knowler WC, Perez-Stable
EJ, Stern MP: Prevalence of diabetes in

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

Lee and Associates

Mexican Americans, Cubans and Puerto
Ricans from the Hispanic Health and Nu-
trition Examination Survey, 1982-1984.
Diabetes Care 14:628-638, 1991
Johnson A, Taylor A: Prevalence of Chronic
Diseases: A Summary of Data from the Sur-
vey of American Indians and Alaska Natives.
National Medical Expenditure Survey Datu
Summary 3. Rockville, MD: Agency for
Health Care Policy and Research, Public
Health Service, 1991 (AHCPR publ. no.
91-0031)

Bennett PH, Miller M: Diabetes mellitus in
Indians of the southwestern United
States. In Proc of the VII Congress of the
International Diabetes Federation. Amster-
dam, Excerpta Medica Foundation, 1970,
p- 318-324 (Excerpta Medica Int. Congr.
Ser., no. 231)

Knowler WC, Pettitt DJ, Savage PJ, Ben-
nett PH: Diabetes incidence in Pima Indi-
ans: contributions of obesity and parental
diabetes. Am | Epidemiol 113:144-156,
1981

Bennett PH, Knowler WC: Increasing
prevalence of diabetes in the Pima (Amer-
ican) Indians over a ten-year period. In
Proc 10th Congress of the International Dia-
betes Federation. Waldhausl WK, Ed. Am-
sterdam, Excerpta Medica, 1979, p. 507~
511

Knowler WC, Saad MF, Pettitt D], Nelson
RG, Bennett PH: Determinants of diabetes
mellitus in the Pima Indians. Diabetes
Care 16 (Suppl. 1):216-227, 1993
Gohdes D, Kaufman S, Valway $: Diabetes
in American Indians, an overview. Diabe-
tes Care 16 (Suppl. 1):239-243, 1993
Stahn RM, Gohdes D, Valway SE: Diabe-
tes and its complications among selected
tribes in North Dakota, South Dakota,
and Nebraska. Diabetes Care 16 (Suppl.
1):244-247, 1993

King H, Rewers M: Diabetes in adults is
now a Third World problem. WHO Bull
OMS 69:644, 1991

Stein JH, West KM, Robey JM, Tirador
DF, McDonald GW: The high prevalence
of abnormal glucose tolerance in the
Cherokee Indians of North Carolina. Arch
Intern Med 116:842-845, 1965

Knowler WC, Saad MF, Pettitt DJ, Nelson

DiaBeTEs CARE, VOLUME 18, NUMBER 5, May 1995

609

220z JaquianoN 0} uo 3sanb Aq ypd-665-G-81/62SE vY/66S/S/81/APd-aloilE/a180/610"S|BUINOISE}BGEIP//:d]IY WOL PapEOjUMO]



Diabetes and IGT in American Indians

33.

RG, Bennett PH: Determinants of diabetes
mellitus in the Pima Indians. Diabetes
Care 16 (Suppl. 1):216-227, 1993

Sievers ML, Nelson RG, Knowler WC,
Bennett PH: Impact of NIDDM on mortal-
ity and causes of death in Pima Indians.

34.

Diabetes Care 15:1541-1549, 1992

Sievers ML, Nelson RG, Bennett PH: Ad-
verse mortality experience of a southwest-
ern American Indian community: overall
death rates and underlying causes of
death in Pima Indians. ] Clin Epidemiol 43:

35.

1231-1242, 1990
Brosseau JD, Eelkema RC, Crawford AC,
Abe TA: Diabetes among the three affili-
ated tribes: correlation with degree of In-
dian inheritance. Am ] Public Health 69:
1277-1278, 1979

610

DiaBeTEs CARE, VOLUME 18, NUMBER 5, May 1995

220z JaquianoN 0} uo 3sanb Aq ypd-665-G-81/62SE vY/66S/S/81/APd-aloilE/a180/610"S|BUINOISE}BGEIP//:d]IY WOL PapEOjUMO]



