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Relation of generalized and central obesity

to cardiovascular risk factors and prevalent
coronary heart disease in a sample of American
Indians: the Strong Heart Study
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OBJECTIVE: To examine the hypothesis linking measures of obesity including body mass index (BMI), waist
circumference (waist) and percentage body fat to coronary heart disease (CHD) prevalence and its risk factors in
American Indians.

DESIGN: The Strong Heart Study assesses the prevalence of CHD and its risk factors in American Indians in Arizona,
Oklahoma and South/North Dakota. Participants underwent a physical examination and an electrocardiogram;
anthropometric and blood pressure measurements were taken, as were measurements of glucose, lipoproteins,
fibrinogen, insulin, hemoglobin A;. and urinary albumin.

PARTICIPANTS: Data were available for 4549 men and women between 45 and 74y of age.

MEASUREMENTS: Obesity, measured using body mass index, waist circumference and percentage body fat, was
correlated with prevalent CHD and its risk factors.

RESULTS: More than 75% of participants were overweight (BMI > 25 kg/m?). Measures of obesity were greater in
women than in men, in younger than in older participants, and in participants with diabetes than in nondiabetic
participants. CHD risk factors were associated with measures of obesity but, except for insulin concentration, changes
in metabolic variables with increasing obesity were small. Associations were not stronger with waist than with BMI.
The prevalence of CHD in those whose BMI and/or waist measurements lay in the lowest and highest quintiles, by
gender and diabetic status, was similar.

CONCLUSIONS: Although CHD risk factors are associated with obesity in American Indians, distribution of obesity (ie
waist) is no more closely related to risk factors than is generalized obesity (ie BMI), and changes in CHD risk factors
with obesity were small. Thus, the relations among obesity, body fat distribution and CHD risk may differ in this
population.
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dies of cardiovascular disease and its risk factors have
described a significant, independent relationship
between BMI and CHD.%!!:12 Recently, the distribu-
tion of obesity has been proposed as a more reliable
predictor of CHD than BML.!2~ 18 Waist/hip ratio, as
an index of central obesity, has been shown to
correlate more strongly than BMI with a cluster of

Introduction

Obesity is a risk factor for coronary heart disease
(CHD).!-# Rates of CHD clearly increase with
extreme obesity, but very underweight individuals
also appear to have increased rates of CHD.> This

U-shaped relationship may, however, partly be due
to the confounding influence of smoking on body
weight.® Body mass index (BMI) provides a measure
of weight in relation to height” and is recognized to be
associated with altered lipids, hypertension and dia-
betes, which are themselves regarded as risk factors
for emergent CHD.3~!0 Large-scale prospective stu-
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metabolic risk factors for CHD.!°~22 Central body fat
distribution may,>* or may not,?* be the most telling
index of insulin resistance, which is believed to
determine an individual’s metabolic risk factor profile
and likelihood of developing CHD.?>

The above relationships have been derived mainly
from studies of White individuals of European origin.
It is necessary to challenge the epidemiological endor-
sement of the hypothesis linking body fat distribution,
metabolic risk factors and CHD by examining a wide
range of ethnic subgroups. When African American
populations have been considered, initial studies sug-
gested that the relationship between CHD risk and
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BMI was evident in men?® but not in women.?6-?’
More recently, a prospective review of a large popula-
tion of White and African American men and women
has indicated a U-shaped relationship between mor-
tality and BMI that was remarkably similar for both
races in men and women.?® African Americans may
be more insulin resistant than Hispanics and non-
Hispanic Whites.?° The relationship between waist/
hip ratio and insulin resistance is found in African
American as in other ethnic subgroups,?® although the
relationship between waist circumference and fasting
insulin may be weaker.3? Central obesity also has been
reported to correlate with cardiovascular risk factors
in Japanese3! and Chinese’?33 cohorts.

American Indians represent an ethnic group of
particular interest in this regard because they are
characterized by high rates of obesity, insulin resis-
tance and diabetes. However, a large population study
of Pima Indians showed little relation between obesity
and mortality.3* We therefore examine a large and
geographically diverse population of American
Indians in the Strong Heart Study, whose cardiovas-
cular disease prevalence and metabolic risk profiles
have already been well characterized. Our aims were
to explore (a) the relation of BMI to those metabolic
parameters thought to be CHD risk factors, (b)
whether body fat distribution is more closely related
than BMI to CHD risk factors, and (c) whether body
fat distribution is more closely related than BMI to
prevalent CHD.

Research design and methods

Study design
The study design, survey methods and laboratory
techniques of the Strong Heart Study have been
reported previously.?>2¢ Briefly, the study population
included resident tribal members aged 45—74 y exam-
ined between July 1989 and January 1992 at three
study centers: Arizona, Oklahoma and North/South
Dakota. Participants were members of the following
tribes: Pima/Maricopa/Papago of central Arizona in
the Gila River, Salt River and Ak Chin Indian com-
munities; the seven tribes of southwestern Oklahoma
(Apache, Caddo, Comanche, Delaware, Fort Sill
Apache, Kiowa and Wichita); the Oglala and Chey-
enne River Sioux in South Dakota; and the Spirit Lake
Tribe in the Fort Totten area of North Dakota.
Geographically diverse tribes were included to repre-
sent the wide variation in predisposition to CHD that
occurs among American Indian groups.3?
Approximately 1500 individuals from each of the
three centers were included. Participation rates were
71% in the Arizona center, 61% in the Oklahoma
center and 53% in the Dakota center.3” Non-respon-
dents did not differ significantly from respondents
in age, BMI or self-reported frequency of diabetes.
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Respondents were more often female and nonsmo-
kers, and had slightly higher self-reported frequencies
of hypertension and obesity than did non-respon-
dents.3” For the prevalence rates of CHD and risk
factors, the denominators are all tribal members aged
45—74y who attended the clinical examination.

Clinical examination
The clinical examination consisted of a personal
interview and a physical examination. Participants
reported in the morning after at least a 12 h overnight
fast. After informed consent was obtained, fasting
blood samples were drawn for measurements of glu-
cose, insulin, fibrinogen, glycated hemoglobin
(HbA,,), lipids and lipoproteins. A urine specimen
was obtained on arrival to the clinic (usually between
08:00 and 09:00 h) for measurement of creatinine and
albumin content. A 75g oral glucose tolerance test
was performed on all participants, except for diabetic
persons treated with insulin or oral hypoglycemic
agents or participants with a fasting glucose
>12.5mmol/l (225mg/dl) as determined by an
Accu Check II (Baxter Healthcare Corporation,
Grand Prairie, TX). Cholesterol, triglyceride and glu-
cose levels were determined by enzymatic methods
using a Hitachi chemistry analyzer. High-density
lipoprotein (HDL) cholesterol was determined in the
supernatant following precipitation of apolipoprotein
B (apoB)-containing lipoproteins by heparin manga-
nese. Low-density lipoprotein (LDL) size was deter-
mined on plasma samples using the method of Krauss
and Burke3® in the laboratory of Medstar Research
Institute (Washington, DC). Insulin was measured by
a modification of the method of Morgan and
Lazarow;3 it could not be measured in 65 patients
with diabetes who showed evidence of anti-insulin
antibodies. Fibrinogen was determined by the method
of von Clauss*® and HbA,. by high-pressure liquid
chromatography.*! Urinary albumin was measured by
a nephelometric immunochemical procedure*? and
creatinine by the alkaline picrate method.*3
Anthropometric measurements included weight,
height and waist circumference measured with parti-
cipants wearing light clothing and without shoes.
Waist was measured at the level of the umbilicus
while the participant was supine. BMI was defined as
weight (kg)/height (m?). Percentage of body fat was
estimated with an RJL impedance meter (Model
B14101; RIJL Equipment Company, Detroit, MI)
using an equation based on total body water (M
Singer, RJL Equipment Company, personal commu-
nication, 1992). Three consecutive measurements of
blood pressure, using the first and fifth Korotkoff
sounds, were performed with the participants seated,
after 5 min rest, on the right arm using the appropriate
size cuff with a Baum mercury sphygmomanometer
(WA Baum Company, Copiague, NY). The mean of
the last two measurements was used to estimate the
blood pressure. American Indian heritage was



expressed as percentage Indian blood and based on
self-reported data obtained during the interview.

A 12-lead electrocardiogram (ECG) was taken
using a Marquette system (MAC-PC or MAC-12,
Marquette Electronics, Milwaukee, WI). All electro-
cardiograms were read clinically by three staff cardi-
ologists at the Fitzsimons Medical Center and were
forwarded to the University of Minnesota electrocar-
diogram center for application of Minnesota codes.**

Urinary albumin excretion was expressed by the
ratio of albumin (mg) to creatinine (g); this ratio is
highly correlated with the albumin excretion rate in a
24 h urine collection.*®

Definitions of terms

The participants’ medical histories included the Rose
Questionnaire for angina pectoris.*® Criteria used
to define prevalent CHD have been previously
described.?> Definite myocardial infarction (MI) was
determined by Minnesota-coded Q wave changes on
ECG or by history of MI verified as definite by
medical record review and confirmed by a Strong
Heart Study cardiologist.>> Possible MI included
ECGs with a broader range of Minnesota codes or a
history of MI verified as possible by medical record
review and confirmed by a Strong Heart Study cardi-
ologist.?> Criteria for definite CHD included definite
MI, evidence in the medical record of coronary
angioplasty or bypass surgery, thrombolytic therapy,
a positive angiogram, or angina pectoris by Rose
Questionnaire when accompanied by Minnesota
Code 4.1 or 5.1 or a verified history of possible MI.
Possible CHD included an ECG with a broad range of
Minnesota codes, angina pectoris by Rose Question-
naire, or a history of MI by interview.

Participants were classified as diabetic according to
World Health Organization criteria®’ if they were
taking insulin or oral anti-diabetic medication, or if
they had fasting glucose concentrations > 7.8 mmol/l
(>140mg/dl) or 2h glucose > 11.0mmol/l
(=200mg/dl) after a 75g oral glucose tolerance
test. In this analysis, participants with normal glucose
tolerance (NGT) had fasting and 2h glucose values
<7.8mmol/l (< 140mg/dl), whereas those with
impaired glucose tolerance (IGT) had fasting glucose
levels <7.8mmol/l (< 140mg/dl) but 2h glucose
levels between 7.8 and 11.0mmol/l (140—
199 mg/dl).

Obesity was defined as BMI > 30 kg/m? and over-
weight was defined as BMI > 25kg/m?, as recom-
mended by the National Heart, Lung, and Blood
Institute.*®

Data analysis
Summary analyses were done by gender and diabetic
status. Where diabetic status was considered, only
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participants with NGT or diabetes (being extremes
in carbohydrate metabolism) were included in the
analysis. Those with IGT (n =693, 16%) were elimi-
nated from further consideration because it remains
questionable as to whether they should be classified
with NGT or diabetes. Correlation analysis, either
Pearson’s or Spearman’s, adjusting for age and
center, was used to compute the correlation between
each obesity-related (BMI, percentage body fat and
waist) and metabolic variable. Center was coded as an
indicator variable using Oklahoma as the reference
center. Reciprocal and logarithmic transformations
were done as necessary to ensure normality. No
adjustments were made to the P values to control
for multiple comparisons. To partially account for
multiple tests of significance, correlations and asso-
ciations were considered significant only at the 1%
level. P values < 0.05 were considered to be signifi-
cant for comparisons of means and prevalences.

The prevalence of CHD and odds ratios were
compared in the upper and lower quintiles of obe-
sity-related variables by gender and diabetes status,
adjusting by age and center. Those participants with
possible CHD (n=182) were excluded from this
analysis because of concern that obesity-related 7-
wave changes on ECG might be spuriously accepted
as evidence of CHD.

To demonstrate the impact of increasing obesity
(BMI and waist) on each CHD risk factor measure-
ment, a regression model was computed by gender,
adjusting for age and center in nondiabetic patients.
The CHD risk factors included triglycerides, total
cholesterol, HDL cholesterol, ratio of urinary albumin
to creatinine, fasting insulin, HbA ., fibrinogen, LDL
size, and systolic (SBP) and diastolic blood pressures
(DBP). Only statistically significant regression models
with an R? > 0.10 with normally distributed residuals
were used to compute 95% confidence intervals of
predicted CHD risk measurements.

For the following CHD risk factors, the normal
range was defined as follows: <200mg/dl for tri-
glycerides, <200mg/dl for total cholesterol,
>35mg/dl for HDL cholesterol, <140mmHg for
SBP, <90 mmHg for DBP (and not on anti-hyperten-
sion medication), and <30mg/g for the ratio of
urinary albumin to creatinine. For fasting insulin,
HbA ., and fibrinogen, the highest quartile was con-
sidered beyond the normal range, whereas for LDL
size, the lowest quartile was considered beyond the
normal range. A value outside the normal range was
counted as a risk. Current smokers were considered as
having an additional risk factor.

For each participant, the number of CHD risk
factors was computed. The median test was then
used to check for a difference in the distribution of
risk factor counts between the first and fifth quintile of
each obesity-related variable by gender. Box and
whisker plots by quintile were used to visually display
the differences in the distribution of total risk factor
counts.
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Results

The Strong Heart Study cohort included 4549 men
and women aged 45—74y. Table 1 shows measures of
obesity, including weight, BMI, waist circumference,
and percentage body fat, together with the prevalence
of overweight and obesity in participants by center
and gender. Measures of weight, waist, BMI and
prevalence of overweight and obesity, respectively,
were similar when comparing men from Arizona and
Oklahoma, whose measures were greater than those of
men from South/North Dakota. For men, percentage
body fat was highest in Arizona and lowest in South/
North Dakota. For women, each measure of obesity
was highest in Arizona and lowest in South/North
Dakota. Measures of obesity other than weight were
greater in women than in men.

When participants were divided into two groups
according to diabetic status, nondiabetic (NGT) and
diabetic (DM) women both demonstrated consistently
greater mean values of BMI, prevalence of obesity,
waist and percentage body fat compared to men.
Diabetic participants of each gender showed statisti-
cally significant larger values for each measure of
obesity than did nondiabetic participants.

Table 2 shows comparative measures of weight,
including prevalence of overweight and obesity, by
decade of age, according to gender and diabetic status.
These tables show that with increasing age each
measure of obesity declines in men and in diabetic
women. No statistically significant age-related trends
in measures of obesity were evident in nondiabetic
women. In view of these observations, the analysis of
measures of obesity is hereafter described by gender
and diabetic status and is corrected for age and center.

Table 1 Obesity-related characteristics of study participants, by gender and center
Arizona Oklahoma South/North Dakota Total

Men Women Men Women Men Women Men Women
n 546 954 642 885 658 864 1846 2703
Age (y) 55+8 56+8 56+8 57+8 56+ 8 57+8 56+ 8 57+8
Percentage with diabetes 65 71 36 41 32 43 43 52
Weight (kg) 91+21 83+18 92+ 17 80+18 88+ 17 78+ 15 90+19 80+17
BMI (kg/m?) 30.9+6.7 33.1+7.0 30.2+5.3 31.3+6.4 28.5+4.9 30.1+5.7 30+6 32+6
Percentage overweight 87 89 85 85 77 81 83 85
Percentage obese 48 64 48 54 36 47 44 55
Waist (cm) 104+14 112+15 104+12 105+ 15 101+13 103+ 14 103+13 107+15
Percentage body fat 30.4+6.7 42.7+7.1 28.9+5.5 41.0+7.1 27.6+5.8 39.8+6.9 29+6 41+7

Data are presented as mean+s.d. Overweight is defined as BMI > 25kg/m? and obese is defined as BMI > 30kg/m?. Statistically
significant differences (P < 0.0002) are found in men between Oklahoma/Arizona vs South//North Dakota for all measurements except
percentage body fat. Statistically significant differences (P=0.0001) between centers in percentage body fat are found in men.
Statistically significant differences (P=0.0001) in all measurements are found between centers in women. Gender differences
(P <0.0003) are found in all within-center measurements except in Oklahoma for waist (P=0.108) and percentage overweight

(P=0.907), and in Arizona in percentage overweight (P=0.177).

Table 2 Obesity-related variables by diabetic status and age group
NGT DM

45-54y b55-64y 65-74y 45-54y b5-64y 65-74y
Men
n 413 218 99 370 256 127
Weight (kg) 89+18 83+ 147 78+ 147 96+ 19 91+18 86+ 147
BMI (kg/m?) 29.1+5.6 27.4+4.47 26.3+4.4° 31.8+5.8 30.7+5.9 29.5+4.4°
Percentage overweight 80 72 63°? 88 88 83
Percentage obese 37 29 19° 60 46 412
Waist (cm) 100£13 98+ 11° 96+ 11° 107+13 105+13 103+ 11°
Percentage body fat 27.8+5.7 26.5+5.6° 26.4+5.7 30.2+6.0 30.0+5.7 28.1+6.17
Percentage current smoker 78 81 84 80 77 68°
Women
n 431 234 100 550 513 271
Weight (kg) 7717 75+ 15 73+16 86+ 17 834+ 16° 76+ 152
BMI (kg/m?) 29.7+6.5 29.8+5.7 29.3+6.3 33.3+6.5 32.7+6.0 30.8+5.9°
Percentage overweight 75 79 76 92 89 87
Percentage obese 43 43 42 66 64 52?2
Waist (cm) 100+ 16 102+14 103+ 16 111+£14 111+£14 108+ 13°
Percentage body fat 39.9+7.4 40.0+6.8 40.14+7.2 42.8+6.7 42.1+6.6 39.6+6.9°
Percentage current smoker 65 57¢ 522 58 477 427

3P < 0.05 for comparison with age 45-54y. Overweight is defined as BMI > 25 kg/m? and obese is defined as BMI > 30 kg/m?. For each
measure of obesity, a significantly (P <0.05) lower value was observed for nondiabetic men than for men with diabetes. For each
measure of obesity, and for each age group, a significantly (P <0.05) lower value was observed for nondiabetic women than for
women with diabetes (except age 65—-74 for percentage BMI > 30 kg/m? and percentage body fat where no significant difference was

observed).
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Table 3 shows the correlations (adjusted for age and
center) between measures of obesity and risk factor
variables for diabetic and nondiabetic men and
women, as well as the partial correlations (adjusted
for age and center) between BMI adjusted for waist
and waist adjusted for BMI. BMI and waist are highly
correlated (r=0.90, P <0.0001 for men; r=0.87,
P <0.0001 for women). Among nondiabetic men,
statistically significant positive correlations were
observed between each measure of obesity and log
triglycerides, log insulin, HbA ., and SBP and DBP,
whereas statistically significant inverse correlations
were observed between each measure of obesity and
HDL cholesterol. Among nondiabetic women, statis-
tically significant positive correlations were observed
between each measure of obesity and log insulin,
HbA,., SBP, DBP and log fibrinogen, whereas sig-
nificant inverse correlations were observed between
each measure of obesity and total cholesterol and
HDL cholesterol. A significant inverse relationship
was observed between BMI and waist with log LDL
size for nondiabetic men and women. The only
correlations representing more than 5% of the vari-
ance were with insulin and HDL cholesterol in men
and women, and triglycerides in men. For diabetic
participants, there were fewer and weaker associations
with risk factors. Among diabetic men, both measures
of obesity had significant, positive correlations with
log insulin and significant inverse correlations with
HDL cholesterol and log urinary albumin/creatinine.
Among diabetic women, both measures of obesity had

significant positive correlations with log insulin and
diastolic blood pressure and significant inverse corre-
lations with total cholesterol. Of these, only the
correlations with insulin represented more than 5%
of the variance.

Table 4 gives 95% confidence intervals for the
predicted value of a CHD risk measurement computed
at increments of BMI and waist representing a range
of overweight to obesity; only significant regressions
are shown. Because the range of BMI was greater than
that of waist, four categories of BMI were used,
compared with three categories of waist. Although
triglycerides, HDL cholesterol and LDL size in men,
and total cholesterol, HDL cholesterol, fibrinogen and
LDL size in women were all statistically associated
with obesity, changes with increasing BMI or waist
were relatively small. On the other hand, insulin
varied by as much as 100% over the range of BMI
and waist in men and women.

The number of CHD risk factors is shown to
increase with obesity (Table 5). For nondiabetic men
and women, those in the highest quintile of each
measure of obesity had a higher median number of
risk factors than did those in the lowest quintile. No
single measure of obesity was more closely associated
with risk factors than the others. For diabetic partici-
pants, the number of CHD risk factors was unrelated
to measures of obesity, except in BMI in men
(P <0.015). Risk factor scores were similar for each
measure of obesity in men and women, whether
diabetic or nondiabetic. Diabetic men and women

Table 4 Predicted mean values of risk factor measurements in nondiabetic men and women by category of BMI and waist
measurement?
Men Women

BMI Mean (95% Cl) Waist Mean (95% Cl) BMI Mean (95% Cl) Waist Mean (95% Cl)

Triglycerides (mg/dl) 25 110 (51-236) 92 123 (90-169) 25 90 83 (67 -104)
28 123 (56-272) 99 135 (96-190) 29 99 86 (67 —109)
30 132 (59-296) 106 148 (103-213) 33 110 88 (68-114)
35 154 (66—359) 35

Total cholesterol (mg/dl) 25 92 25 165 (123-207) 90 159 (142-175)
28 99 29 161 (116-205) 99 156 (138-173)
30 106 33 157 (111-203) 110 153 (134-172)
35 35 155 (108-202)

HDL cholesterol (mg/dl) 25 46 (33-77) 92 44 (38-52) 25 46 (36-67) 90 44 (40-49)
28 43 (31-71) 99 41 (36-49) 29 44 (35-62) 99 43 (39-48)
30 42 (30-68) 106 39 (34-47) 33 43 (33-60) 110 42 (38-47)

. 35 39 (28-61) 35 42 (33-60)

LDL size (A) 25 257 (244-271) 92 257 (251-262) 25 258 (247-270) 90 257 (253-262)
28 257 (243-271) 99 256 (250-262) 29 258 (246-270) 99 257 (252-261)
30 256 (243-271) 106 256 (249-262) 33 257 (246-270) 110 256 (251-261)
35 255 (241-270) 35 257 (244-269)

Insulin (mU/1) 25 6.21(2.80-13.78) 92 7.86(5.67-10.89) 25 5.74(3.07-10.73) 90  8.40 (6.58-10.67)
28 8.30(3.64-18.94) 99 10.14(7.13-14.41) 29 7.48(3.89-14.41) 99 9.88(7.62-12.82)
30 9.91 (4.27-22.98) 106 13.07 (8.97-19.05) 33 9.43 (4.78-18.62) 110 11.66 (8.82-15.41)
35 14.70 (6.10-35.42) 35 10.48 (5.25-20.93)

Fibrinogen (mg/dl) 25 92 25 223 (174-287) 90 232 (211-256)
28 99 29 229 (176-298) 99 237 (214-263)
30 106 33 234 (177-308) 110 242 (217-270)
35 35 237 (179-313)

2 Only significant regressions are shown.

Mean (95% Cl) values of CHD risk factors are provided according to BMI (across a range of overweight to obesity) and according to

waist (across a range observed in this population).
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Table 5 Median number of risk factors by quintile of measures of obesity, by gender and diabetic status

Men Women
NGT P DM P NGT P DM P

BMI

5th quintile 3(0-10) <0.00 4 (0-8) 0.02 3(0-7) <0.00 3(0-8) 0.80

1st quintile 2 (0-9) 3(0-9) 2 (0-6) 3(0-8)
Percentage body fat

5th quintile 3(0-10) <0.00 3(0-8) 0.52 3(0-7) <0.00 3(0-8) 0.98

1st quintile 2 (0-7) 3(0-9) 2 (0-6) 3(0-8)
Waist

5th quintile 3(0-10) <0.00 4 (0-8) 0.08 3(0-7) <0.00 3(0-8) 0.30

1st quintile 2 (0-9) 3(0-9) 2 (0-5) 3(0-8)

Data are presented as median (min—max). (Note: no adjustments were made to control the type | error rate.) The
normal range was defined as <200 mg/dl for triglycerides, <200 mg/dl for total cholesterol, >35mg/dl for HDL
cholesterol, <140 mmHg for SBP, <90 mmHg for DBP (and not on anti-hypertension medication) and <30mg/g
for the ratio of urinary albumin to creatinine. For fasting insulin. HbA,; and fibrinogen, the highest quartile was
considered beyond the normal range. A value outside the normal range was counted as a risk. Current smokers

were considered as having an additional risk factor.
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Figure 1

Distribution of the number of risk factors for each quintile of measures of obesity, by gender and diabetic status. The tops

and bottoms of the boxes represent the 25th and 75th percentiles of the distribution. The whiskers extend to the most extreme point
within the 1.5 interquartile range. An interquartile range is the distance between the 25th and 75th percentiles. The lines connect the
medians of the distributions. These lines appear at the bottoms of the boxes in cases in which the 25th and 75th percentiles are the

same.

had a significantly higher median risk factor score
(P <0.001) than did nondiabetic men and women
(data not shown).

The distribution of the median number of risk
factors for each quintile of measures of obesity, by
gender and diabetic status, is shown in Figure 1.
Although significant differences are apparent owing
to the large population size, they are modest in
biological terms.

Table 6 compares the prevalence rates per 100 of
definite CHD in participants whose measures of obe-

sity lay in the lowest and highest quintiles, by gender
and diabetic status, and shows them to be similar.

Discussion

Obesity, however it is defined, is extremely common
among American Indians and has contributed greatly
to the epidemic of diabetes that is currently afflicting
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Table 6 Comparison of prevalence per 100 of CHD in upper and lower quintiles of obesity-related variables by gender and diabetes

status, adjusted by age and center

Men Women
NGT DM NGT DM
Cases Od(ds ratio Cases Od(ds ratio Cases Od(ds ratio Cases Odds ratio
n % (95% Cl) n % (95% Cl) n % (95% Cl) n % (95% Cl)
BMI
1st quintile 4 3.01 1.01 11 7.91 0 0.00 0.28 3 1.20 0.67
(0.28-3.71) (0.57-4.54) (0.06-1.39) (0.20-2.23)
5th quintile 5 3.57 6 4.20 6 4.17 7 2.85
Percentage body fat
1st quintile 4 3.03 0.87 8 5.97 2 1.41  0.70 2 0.81 0.60
(0.25-3.09) (0.62-5.64) (0.16-3.15) (0.15-2.48)
5th quintile 6 4.23 5 3.57 5 3.42 7 2.81
Waist
1st quintile 3 2.31 0.80 7 5.34 0 0.00 0.27 4 1.65 0.81
(0.22-2.92) (0.57-6.42) (0.05-1.36) (0.26-2.50)
5th quintile 6 3.85 4 2.58 6 4.03 10 3.69

this population.*>=° The present study shows that
more than 75% of middle-aged and older American
Indian men and women from each Strong Heart Study
center are overweight, with the majority of partici-
pants exhibiting central obesity (mean waist circum-
ference > 100 cm). Percentage body fat, arguably the
most relevant measure of the extent to which an
individual is overweight,’! is extremely high among
these American Indian groups.

To a large extent, degree of obesity is dictated by
socioeconomic and environmental factors, of which
diet is most probably the most telling determinant. As
illustrated by Ravussin et al>> when comparing
American Indians of similar genetic stock living in
different environments in the Americas, American
Indians exhibit a marked disparity in prevalence of
obesity. Similarly, the present study shows that Ari-
zona Indians have significantly higher BMI when
compared with Oklahoma and South/North Dakota
Indians, which may be partially due to their more
sedentary lifestyles.>3 As described in African Amer-
icans, although not in Whites,?® American Indian
woman have higher BMI values than American
Indian men and percentage body fat is higher for a
given BMI in women than in men.

The risk of developing type 2 (non-insulin-depen-
dent) diabetes is closely associated with obesity in
White populations,>*>> as in other ethnic groups
including Mexican Americans,’® African Ameri-
cans,”” Aboriginals,>® and Mauritians.>® A similar
relationship between diabetes and obesity has been
described previously in American Indians.®° The find-
ings of the present study, based on cross-sectional
data, support the view that diabetes and obesity are
intimately linked in this ethnic subgroup. It has been
suggested that fat distribution, rather than obesity, is
more closely allied to the development of diabetes,!”
although this has been contested.>* The present study
shows that measures of BMI, waist and percentage
body fat are greater in diabetic than in nondiabetic
participants, regardless of gender.
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We have also demonstrated, on a cross-sectional
basis, that each measure of obesity tends to decline
with increasing age in men and in diabetic women.
This may be related to the cohort of participants
whose older age may correspond with a more tradi-
tional lifestyle, ie one that is more conducive, in terms
of diet and energy expenditure, to avoidance of
obesity.

In light of these and previous findings, further
relationships between measures of obesity and CHD
risk factors and prevalence of CHD were explored
after adjustment for center and age. Similarly, men
and women with and without diabetes were consid-
ered independently.

Central obesity is intimately associated with insulin
resistance and has been suggested to induce insulin
resistance and hyperinsulinemia, owing to the influ-
ence of free fatty acids, derived from visceral fat, on
the liver.®! The association between visceral adiposity
and those risk factors thought to constitute the meta-
bolic syndrome, ie carbohydrate intolerance, hyper-
triglyceridemia, reduced LDL size and reduced HDL,
is considered to be a function of inherent insulin
resistance.!~22 Validation of this hypothesis has
come largely from studies of White populations.
When other ethnic subgroups have been considered,
the pivotal role of central obesity, as compared with
general obesity, is less persuasive.3:62-64 QObesity,
regardless of its distribution, is acknowledged to be
related to insulin resistance syndrome-associated dys-
lipidemia, hyperinsulinemia, diabetes, hypertension
and fibrinogen excess®-¢ and to be inversely related
to smoking.®’

Among nondiabetic populations, our data support
the associations of obesity with other risk factors,
including HDL, insulin, HbA,., blood pressure and
LDL size. Thus, those variables recognized to be
associated with insulin resistance in nondiabetic
White populations demonstrated similar relationships
among nondiabetic American Indians. However, cen-
tral distribution of obesity (as illustrated by waist



measurement) was not more closely correlated with
these variables than were BMI or percentage body fat
in this population of American Indians. Waist mea-
surement cannot distinguish between visceral and
abdominal subcutaneous fat mass, of which visceral
adiposity is arguably the predominant determinant of
CHD-associated risk factors. To this extent, waist
measurement may not be a sufficiently precise mea-
sure of body fat distribution to reflect the hazard of
visceral adiposity. Alternatively, insulin resistance
may be related to body fat at any site in American
Indians. Ethnicity may, itself, bear upon the relation-
ship between visceral fat distribution and waist mea-
surement. American Indians, however, have yet to be
characterized in this regard. The very high prevalence
of central obesity among American Indians may have
obscured the potential for distribution of obesity
rather than BMI to reflect the distribution of insulin
resistance-related risk variables, and yet the range of
waist circumference was sufficiently great to have
revealed such discrimination if it had existed. The
‘thrifty gene’ hypothesis holds that a protective gene
causes the body to store energy as fat instead of
glycogen so as to better withstand periods of food
deprivation. If this hypothesis is to be believed, then
obesity might be more prevalent among American
Indians of pure blood now that food deprivation no
longer occurs. No such relationship was evident in this
study. Indeed, an inverse correlation between log BMI
and percentage Indian blood was observed in nondia-
betic men. These findings are in contrast to those
reported in the San Antonio Heart Study, in which the
prevalence of obesity was higher among women with
a higher degree of Amerindian admixture.®” Smoking
might be expected to show an inverse correlation with
measures of obesity,®® but no such relationship was
observed in this study.

Among diabetic participants, fasting insulin con-
centration fails to provide a reliable index of insulin
resistance with increasing hyperglycemia owing to
Starling’s Law of the Pancreas.®® However, increasing
lack of insulin and consequent deterioration in glyce-
mic control leads to worsening glycosuria, such that
diabetic participants usually lose weight, thereby pre-
serving the relationship between measures of obesity
and fasting insulin concentration. Accordingly, our
data demonstrate a strong positive correlation between
each measure of obesity and fasting insulin concen-
tration in diabetic men and women. An inverse
correlation between waist and HbA . was evident in
diabetic men. The confounding influence of deterior-
ating glycemic control on the pattern of dyslipidemia
and on measures of obesity, along with the divergence
of fasting insulin concentration and the prevailing
degree of insulin resistance, may help explain the
paucity of correlations between measures of obesity
and other variables within the diabetic participants.
Nevertheless, an important inverse relationship was
evident when measures of obesity were correlated
with degree of albuminuria, perhaps again attesting

Obesity and heart disease in American Indians
RS Gray et al

to the part played by deteriorating glycemic control to
induce both weight loss and nephropathy. The spora-
dic inverse correlations between triglyceride concen-
tration and measures of obesity in certain subgroups
also may be explained by poor glycemic control, ie
triglyceride concentrations may be controlled to a
greater extent by the hyperglycemia. Waist circum-
ference failed to demonstrate any closer relationship
with CHD risk factors than did BMI or percentage
body fat, with the exception of fibrinogen concentra-
tion in diabetic women.

Among nondiabetic men and women, for each
measure of obesity, those in the fifth quintile
showed a significantly greater number of CHD risk
factors than did those in the first quintile. This pattern
was consistent whichever measure of obesity was
considered, there being no greater tendency for
waist, as compared to BMI or percentage body fat,
to show the stronger relationship with CHD risk
factors. It should be emphasized that, although the
relationship between measures of obesity and CHD
risk factor score is highly significant, there was only a
modest increase in risk factor score with increasing
obesity. Among diabetic women, measures of obesity
were not related to an allied risk factor score whereas,
for diabetic men, those with a BMI within the fifth
quintile showed a higher risk factor score than did
those in the first quintile. These findings suggest that,
for American Indians, increasing obesity has only a
modest influence on CHD risk factors and waist
circumference may not be any more influential than
BMI in determining the CHD risk status of any given
individual. Diabetes, on the other hand, is clearly
associated with an increased number of CHD risk
factors in American Indian men and women, as
previously described, and obesity is the most impor-
tant modifiable risk factor for the development of
diabetes.5

Our data suggest that the association between
measures of obesity and CHD-related risk factors is
stronger in nondiabetic than in diabetic participants.
Our study fails to demonstrate an obesity-related
predisposition to prevalent, definite CHD in men or
women when diabetic status is considered, although
the number of patients with CHD may be insufficient
to illustrate such a relationship. We have previously
indicated that when nondiabetic and diabetic partici-
pants are considered together, the prevalence of CHD
was greater in obese than in non-obese participants.”®
It is necessary to acknowledge that both the present
and the previous’® studies of associations with CHD
are subject to potential distortion as with any cross-
sectional analysis. It could be argued that we have
only been able to study survivors, and that a propor-
tion of individuals, characterized by extreme central
obesity, already may have died from CHD or become
diabetic, thereby obscuring such a relationship within
the American Indian community as has been
described in other ethnic groups. This shortcoming
can only be addressed by prospective review of
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incident CHD. Nevertheless, on the basis of this cross-
sectional analysis of the data, waist circumference
does not appear to be more closely associated with
concomitant CHD risk factors, nor prevalent CHD
itself, than does BMI. To this extent, the relationship
of obesity and insulin resistance to CHD risk factors
may be unique to the American Indian population and
distinct from that described in White Caucasians of
European descent. Alternatively, such a relationship
may prove to be a feature of any population char-
acterized by extreme adiposity, regardless of ethnic
derivation.

In conclusion, we found that more than 75% of
middle aged and elderly American Indians in our
study were overweight and that participants in the
heaviest quintile had significantly more CHD risk
factors than those in the lowest quintile. However,
except for insulin, the changes in risk factors with
increasing obesity were not large. The distribution of
obesity was no more closely related to CHD risk
factors than was generalized obesity and we were
unable to demonstrate the prevalence of definite
CHD to be related to any measure of obesity. Because
obesity is a potent risk factor for diabetes, diabetes
might be the major mechanism by which obesity
increases CHD risk in this population. The high
rates of obesity in this population emphasize the
need for further obesity-prevention research to
combat the epidemic of diabetes and chronic disease
that has emerged over the past few generations as
American Indians shift from their traditional subsis-
tence lifestyle and low-fat, high-fiber diet to a seden-
tary lifestyle and a Western diet that is high in fat and
low in fiber.
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