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Abstract

Insulin resistance has been linked to the development of type 2 diabetes mellitus and increased cardiovascular risk in several high-risk
populations. The purpose of this study was to determine if insulin resistance measured by insulin clamp can predict deterioration of glucose
metabolism and increased cardiovascular risk in nondiabetic young adult African Americans. Nondiabetic young African American men (n =
60) and women (n = 114) were enrolled. Measurements obtained included blood pressure, anthropometrics, plasma lipids, oral glucose
tolerance test, and insulin sensitivity by insulin clamp. Participants were reexamined 8 years later. The relationship between insulin sensitivity
and glucose metabolism was analyzed using a 2-way analysis of variance with body mass index at the initial examination as a covariate. After
adjusting for the significant difference of body mass index between the insulin-resistant and insulin-sensitive groups, insulin resistance
predicted statistically significant worsening glucose metabolism, developing diabetes, and increasing risk factors for cardiovascular disease.

© 2009 Elsevier Inc. All rights reserved.

1. Introduction

Type 2 diabetes mellitus is the most common form of
diabetes and has been increasing at an alarming rate. African
Americans are affected by type 2 diabetes mellitus at a
disproportionately greater rate than white Americans [1].
Both diabetes and prediabetes are commonly associated with
multiple risk factors designated as the metabolic syndrome.
The presence of metabolic syndrome with or without clinical
diabetes increases markedly the risk for cardiovascular
morbidity and mortality [2,3]. Insulin resistance contributes
to the pathogenesis of type 2 diabetes mellitus [4] and is
linked with increased cardiovascular risks even in the
prediabetic state [5]. Most of the data that establish the
relationship of insulin resistance with diabetes risk are
derived from cross-sectional studies. Little information is
available on African Americans that documents progression
from insulin resistance to diabetes. The euglycemic insulin
clamp procedure is regarded as the criterion standard for
measurement of insulin sensitivity [6]. The purpose of this
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study was to determine if insulin resistance measured by
insulin clamp predicts the deterioration of glucose metabo-
lism and increased cardiovascular risk status in nondiabetic
young adult African Americans.

2. Methods
2.1. Clinical sample

A longitudinal analysis was conducted on data obtained
from a cohort of healthy young adult African Americans. An
initial examination (examination 1) was performed on young
adults at ages 20 to 42 years. Subjects who agreed to
participate in the follow-up study were reexamined
approximately 8 years later at ages 28 to 52 years
(examination 2). Written informed consent was obtained
from each participant at the time of initial enrollment and
again at reenrollment on an institutionally approved protocol
and consent form. Exclusion criteria at examination 1
included known type 1 diabetes mellitus and type 2 diabetes
mellitus, polycystic ovarian syndrome, and chronic kidney
disease (serum creatinine >2.0 mg/dL). The clinical
assessments at examinations 1 and 2 included anthropo-
metric data, blood pressure (BP), plasma lipid levels, oral
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glucose tolerance test (OGTT), and insulin sensitivity
measured by the insulin clamp.

2.2. Procedures

Anthropometric measurements included height, weight,
and skinfold thickness of 4 sites: the triceps, biceps,
subscapular, and suprailiac [7]. Body mass index (BMI)
was calculated as weight (in kilograms) divided by height
squared (in square meters). Anthropometric measurements
were used to estimate the percentage of body fat and fat-free
mass [7,8]. Blood pressure measurements were obtained
from each subject after a 10-minute rest period in a seated
position using auscultation with a mercury column sphyg-
momanometer. The average of 2 successive readings of
systolic and diastolic (Korotkoff phase V) was used as the
BP. The OGTT was conducted after a 12-hour overnight fast.
A fasting blood sample was obtained for plasma lipids,
insulin, and glucose before the ingestion of 75 g of glucose
solution (Glucola; Ames Diagnostics, Elkhart, IN). Blood
samples were obtained at 30, 60, and 120 minutes
postingestion and were assayed for plasma insulin and
glucose concentrations. The value of sum insulin was
computed by summing up the plasma insulin levels at
fasting and at 30, 60, and 120 minutes.

Insulin sensitivity was assessed using insulin-stimulated
glucose uptake measured by the euglycemic hyperinsuline-
mic clamp technique as previously described [6,9,10]. In
brief, all subjects were required to have a 12-hour overnight
fast before the insulin clamp procedure. Blood samples were
obtained for baseline plasma glucose and insulin concentra-
tion. Hyperinsulinemia was established with a primed
constant infusion of insulin (Eli Lilly, Indianapolis, IN) at a
concentration of 1000 mU/mL in isotonic sodium chloride
solution according to the method of Rizza et al [9]. The
primed infusion rate was sufficient to achieve steady-state
hyperinsulinemia at 80 to 120 4U/mL above fasting insulin
levels with the goal of suppressing hepatic glucose produc-
tion. Hyperinsulinemia was maintained for 120 minutes,
during which time euglycemia was achieved using a variable
infusion of 20% dextrose in water (Abbott Laboratories,
Abbott Park, IL). The glucose infusion rate was adjusted by
the negative feedback equation of DeFronzo et al [6]
according to plasma glucose sampled every 10 minutes.

The insulin-stimulated glucose uptake (M) was computed
as the mean glucose infusion during the final 60 minutes of
the procedure and expressed as milligrams per kilogram per
minute. Higher values of M were indicative of greater insulin
sensitivity. Because the level of steady-state hyperinsuline-
mia achieved during the clamp procedure varied slightly
among the participants, an index of insulin sensitivity (M/])
was calculated by dividing the glucose infusion rate (M) by
the mean insulin level (/) achieved during the final 60
minutes of steady-state hyperinsulinemia. Because adipose
tissue is more insulin resistant relative to muscle tissue, the
measured insulin-mediated glucose uptake was adjusted for
adiposity. Using the estimated fat-free mass, the insulin-

stimulated glucose uptake was calculated in milligrams per
kilogram of fat-free mass per minute (M’). The adjusted
index of insulin sensitivity was also corrected for hyper-
insulinemia and expressed as M'/I.

A fasting blood sample was sent to the Lipid Disease
Laboratory at the Medical College of Pennsylvania at
examination 1 and to the Lipid Laboratory at Thomas
Jefferson University at examination 2. At both laboratories,
total cholesterol, high-density lipoprotein cholesterol (HDL-
(), and triglycerides were analyzed with standard enzymatic
methods and an automated analyzer (Hitachi 704). The
HDL-C was isolated according to the method of Bachorik et
al [11]. Low-density lipoprotein cholesterol (LDL-C) was
calculated by the Friedewald equation [12]. Plasma glucose
concentration was analyzed with the glucose oxidase
technique (YS Model 27; Glucostat, Yellow Springs, OH).
Plasma insulin concentration was determined with a solid
phase radioimmunoassay (Coat-a-Count; Diagnostic Pro-
ducts, Los Angeles, CA). Coefficients of variation for inter-
and intraassay variability for glucose, insulin, and lipid
assays were less than 5%.

Glucose tolerance status was determined according to the
American Diabetic Association (ADA) criteria [13]. Normal
glucose tolerance (NGT) was defined as fasting glucose less
than 100 mg/dL and 2-hour OGTT glucose less than 140 mg/
dL. Abnormal (or prediabetic) glucose tolerance was
defined as fasting glucose of 100 to 125 mg/dL and/or
2-hour OGTT glucose in the range of 140 to 199 mg/dL.
Because of variability in fasting plasma glucose, 2 separate
plasma glucose values between 100 and 125 mg/dL were
required for designation of impaired fasting glucose. Dia-
betes was defined according to the ADA definition as fasting
glucose of at least 126 mg/dL and/or 2-hour OGTT glucose
of at least 200 mg/dL. Metabolic syndrome was defined
according to the Adult Treatment Panel (ATP) III definition
[14] as having at least 3 of the following criteria: high BP
(=130/85 mm Hg), high triglyceride level (=150 mg/dL),
low HDL-C level (<40 mg/dL for men or <45 mg/dL for
women), impaired glucose tolerance (IGT) or diabetes, and
truncal obesity. For this study, BMI of 30 kg/m* was used as
the obesity criterion.

2.3. Statistical analysis

There are no established categorizing criteria to designate
insulin resistance. To designate the most insulin-resistant
subjects, the index of insulin sensitivity (M’/I) derived at
examination 1 was rank ordered. Participants with M'/I
values in the lowest tertile at examination 1 were designated
insulin resistant (IR). These same participants were
designated IR at examination 2. Those in the mid and
upper tertiles at examination 1 were designated insulin
sensitive (IS) and also designated IS at examination 2. The
differences between the IR and IS groups in age, BMI, BP,
lipid profile, and plasma insulin and glucose levels during
the OGTT at examination | and again at examination 2 were
compared using a 2-way analysis of variance (IR vs IS and
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male vs female and interaction term) with BMI at the initial
examination as a covariate. We also compared longitudinal
change within the IR and IS groups for each glucose variable
by paired ¢ test. The prevalence of abnormal glucose
tolerance, diabetes mellitus, and metabolic syndrome was
compared between the IR and IS groups and men vs women
using a logistic regression. All continuous measurements are
presented as mean + standard deviation. P values not
exceeding .05 were considered statistically significant, and
no Bonferroni correction for simultaneous multiple compar-
isons was applied. All analyses were performed using SAS
(Version 8.2, Cary, NC).

3. Results

The study cohort consisted of 114 women and 60 men who
were evaluated at the initial examination (examination 1) and
reexamined approximately 8 years later (examination 2).
Table 1 provides the demographic information on all
participants at both examinations 1 and 2. The mean BMI
values of all participants, men, and women were in the
overweight or obese range at examination 1 and increased
further at examination 2. The female participants were more
obese than the male participants, with a higher mean BMI at
both examinations 1 and 2. The mean systolic and diastolic
BPs of all participants, men, and women were comparable at
both examinations 1 and 2. The mean systolic BP was higher
in male compared with female participants at both examina-
tions 1 and 2. The lipid profiles of all participants, men, and
women at examination 1 were comparable with those at
examination 2. The mean fasting glucose levels were in the
reference range for all subjects, men, and women at
examination 1; but the mean fasting glucose was greater
than the prediabetic threshold of 100 mg/dL at examination 2.
The mean 2-hour OGTT glucose increased substantially from
examination 1 to 2.

The relationship between insulin sensitivity measured by
insulin clamp at examinations 1 and 2 for each participant
showed a significant consistency in insulin sensitivity over 8

Table 1
Demographics of study subjects at examinations 1 and 2

years, with a correlation coefficient of R = 0.51 (P <.001).
The subjects were stratified by M’/ tertile based on the
results of the insulin clamp procedure at examination 1. The
lowest M'/I tertile was designated the IR group and the upper
2 tertiles as the IS group.

The mean values of age, BMI, BP, and lipid profile for the
IR and IS groups at examinations 1 and 2 are listed in
Table 2. Whereas the mean BMI values of all groups were in
the overweight or obese range at examination 1, the mean
BMI of the IR group was higher than that of the IS group for
men and women at both examinations 1 and 2. The mean
systolic and diastolic BPs were also higher in the IR groups
than in the IS groups for men and women at both
examinations 1 and 2, although the differences became less
pronounced at examination 2. The lipid profiles of IS groups
appeared more favorable (higher HDL-C and lower
triglyceride) than those of IR groups for men and women
at both examinations 1 and 2. The LDL-C was significantly
higher in the IR men compared with other groups at
examination 1, but this difference was no longer significant
at examination 2.

Table 3 provides the mean values of plasma insulin and
glucose measures for the IR and IS groups during the
OGTT at examinations 1 and 2. The measured values for
plasma insulin were significantly higher in the IR groups
than in the IS groups at both examinations 1 and 2 except
for fasting insulin level (insulin 0) at examination 2. When
the measured insulin values were normalized by log
transformation, there were similarly significant differences
between IR and IS groups with somewhat lower (more
significant) P values. Glucose measures were also sig-
nificantly higher in the IR group compared with the IS
group at both examinations 1 and 2. Both IR and IS groups
had higher glucose measures at examination 2. In long-
itudinal analysis for change of glucose within each group,
there was a statistically significant increase in plasma
glucose in both IR and IS groups; however, the increase in
each glucose parameter was significantly greater in the IR
group. In cross-sectional analysis to compare the change in
glucose between IR and IS (men and women) between

All subjects (N = 174)

Male (n = 60) Female (n = 114)

Examination 1 Examination 2 Examination 1 Examination 2 Examination 1 Examination 2

Age (y) 32.1+£4.0 39.8+3.8 31.3+4.0 394 £4.0 324440 40.0 + 3.7
BMI (kg/m?) 303 +£8.2 32.6 £8.1 282468 302+72 313488 33.9+8.3
SBP (mm Hg) 123 + 16 128 + 19 127 + 15 132 « 14 121 + 16 125 +21
DBP (mm Hg) 79 £ 13 75 £ 13 80 + 13 77+ 12 79 £ 13 73£13
Cholesterol (mg/dL) 178 + 39 182 £ 37 186 + 52 183 + 40 174 £ 30 182 £ 36
HDL-C (mg/dL) 49 + 18 49 + 15 48 +22 47+ 15 50 £ 16 50 £ 15
LDL-C (mg/dL) 111 +32 117 + 34 113 + 38 118 + 38 109 + 28 117 + 32
Triglyceride (mg/dL) 86 + 46 88 + 48 101 £ 55 91 + 52 79 +39 87 + 47
Glucose 0 (mg/dL) 94+ 12 108 + 42 97 £15 114 + 52 93£10 104 £ 36
Glucose 120 (mg/dL) 120 + 33 136 + 59 114 + 36 137 + 67 123 + 31 135 + 54

SBP indicates systolic blood pressure; DBP, diastolic blood pressure.
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Table 2
Body mass index, BP, and lipid profiles of IR and IS groups at examinations 1 and 2
Male (n = 60) Female (n = 114) P value

IR (n = 20) IS (n = 40) IR (n = 38) IS (n = 76) Main IR vs IS Main male vs female Interaction
Examination 1
Age (y) 309+42 31.5+39 333+43 32.0+3.8 .63 .03 .14
BMI (kg/m?) 34.1+7.1 253+43 358+8.0 29.1 +8.1 <.001 .03 40
SBP (mm Hg) 133+ 11 124 + 16 126 + 15 119 + 16 .003 .02 .70
DBP (mm Hg) 84 + 12 78 £ 13 82+ 15 77+ 12 .007 40 .96
Cholesterol (mg/dL) 196 + 32 181 + 59 175 + 33 174 + 28 .20 .04 .30
HDL-C (mg/dL) 39+8 52£26 45+13 53+ 16 <.001 24 49
LDL-C (mg/dL) 133 £ 29 104 + 39 114 + 30 107 + 26 <.001 15 .04
Triglyceride (mg/dL) 122 + 58 90 + 51 95+ 53 71 +28 <.001 .002 .58
Examination 2
Age (y) 39.2+£42 39.6 £3.8 40.7 £4.2 39.6 34 54 23 23
BMI (kg/m?) 353+79 27.6+52 37.5+8.2 32.1+7.8 <.001 .009 35
SBP (mm Hg) 137+ 16 130+ 13 128 + 18 124 £22 .065 .02 73
DBP (mm Hg) 80+ 11 76 £ 13 76 £ 13 72+ 12 .06 .05 77
Cholesterol (mg/dL) 191 £ 39 179 + 40 178 + 42 184 £33 .67 .50 18
HDL-C (mg/dL) 43 +8 49 + 18 47+ 16 51+ 14 .08 31 .61
LDL-C (mg/dL) 127 + 37 114 + 39 113 +36 119 + 30 .51 A4 .10
Triglyceride (mg/dL) 109 + 70 82 +36 93 + 44 84 + 48 .04 43 .26

examinations 1 and 2, the changes in all the glucose
measures including fasting glucose, 2-hour glucose on
OGTT, and sum glucose on OGTT were significantly
greater in the IR than the IS groups. This analysis was
adjusted for BMI at examination 1. There were no
significant differences between the groups in change
(longitudinal or cross sectional) in any lipid parameters or
BP from examination 1 to 2.

The mean values of insulin sensitivity derived from the
insulin clamp procedure were also provided in Table 3. The
difference between IR and IS groups was significant as
expected because we defined insulin resistance as the lowest
tertile of insulin sensitivity adjusted for body fat (A’/I). The
difference between IR and IS groups remained significant at
examination 2. The mean values of M/I and M'/[ were
somewhat higher in the IR groups at examination 2, most

Table 3
Insulin and glucose measurements of IR and IS groups at examinations 1 and 2
Male (n = 60) Female (n = 114) P value®

IR (n=20) IS (n=40) IR (n=38) IS (n=76) Main IR vs IS~ Main male vs female  Interaction
Examination 1
Insulin 0 (mU/mL) 21.9+21.2 9.0+74 16.7+7.6 11.0+9.3 <.001 .62 25
Sum insulin (mU/mL) 447 + 213 201 =132 482 + 236 255+ 159 <.001 .14 .59
Glucose 0 (mg/dL) 104 £21.9 93+9 96 + 11 91+ 10 <.003 .009 .04
Glucose 120 (mg/dL) 137 £37.3 102 + 29 135 +£32 117 £29 <.001 74 .05
Sum glucose (mg/dL) 592 £ 112 513+ 71 550 + 87 488 + 81 <.001 .004 29
M 2.79 + 1.00 11.01 £4.75  2.54+0.73 9.41 +5.57 <001 21 .36
M 3.78 £1.25 13.50+£5.05 394+ 1.15 13.66 +7.42  <.001 .86 1.00
Examination 2
Insulin 0 (mU/mL) 14.7 + 8.2 9.0 +6.0 159 +13.0 12.1+14.5 21 A7 .76
Sum insulin (mU/mL) 278 £ 111 190 + 154 314 £ 180 231 £ 150 .005 .16 93
Glucose 0 (mg/dL) 136 + 84 103 + 20 111 £43 101 + 31 .006 .06 .10
Change in glucose 0 (mg/dL) 32+ 65 11+16 15+43 10 +32 .05 28 .30
Glucose 120 (mg/dL) 173 £91 121 £ 47 156 + 82 125 +30 <.001 .52 .30
Change in glucose 120 (mg/dL) 37+ 74 19 +43 26 + 80 7433 .05 29 92
Sum glucose (mg/dL) 699 + 255 560 + 126 631 +259 527 + 90 <.001 .10 .56
Change in sum glucose (mg/dL) 123 £219 47+ 95 96 + 248 38 £91 .01 .65 .65
M 4.85+2.99 11.74 £723 448 +3.13 848 +£5.06 <.001 .06 13
M'/I° (mg/[kg min] x 100) 6.94 + 3.65 1489+ 846 743 +4.98 13.47+731 <001 71 A5

@ All P values represent adjustment for BMI at examination 1.

° M/I = milligrams per kilogram per minute divided by steady-state insulin concentration x100.
¢ M'/I = milligrams per kilogram of fat-free mass per minute divided by steady-state insulin concentration x100.
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likely because the insulin clamp procedure was not done on
subjects who developed clinical diabetes and were receiving
treatment by examination 2.

There was a significantly higher percentage of subjects
with metabolic syndrome, abnormal glucose tolerance, and
diabetes mellitus in the IR groups than in the IS groups at
both examinations 1 and 2, as shown in Table 4. With regard
to metabolic syndrome, 50.0% of IR men and 47.4% of IR
women at examination 1 and 55.0% of IR men and 58.3% IR
women at examination 2 met the ATP III definition for
metabolic syndrome, compared with only 12.5% of IS men
and 18.4% of IS women at examination 1 and 21.6% of IS
men and 26.3% of IS women at examination 2. Of note, 3
subjects in the male IS group and 2 subjects in the female IR
group were missing lipid data; and it was not possible to
determine their metabolic syndrome status. The prevalence
of abnormal glucose tolerance was substantially higher in the
IR groups compared with IS groups at examination 1, and the
difference remained significant at examination 2. Although
known diabetes was an examination 1 exclusion criteria,
previously undetected diabetes was identified in some
participants at examination 1 based on the results of the
OGTT data. In the IR group, 10% of the men and 5.3% of the
women met the ADA criteria for diabetes, with none
detected in the IS group at examination 1. At examination
2, 25% of IR men and 13.5% of IR women met the ADA
criteria for diabetes compared with 7.5% of IS men and 2.6%
of IS women.

4. Discussion

This longitudinal study of healthy young African
American adults demonstrated that insulin resistance, as
determined by insulin clamp, is strongly associated with
metabolic syndrome and heightened risk for deterioration in
glucose tolerance. The IR groups, defined as the lowest
tertile of insulin sensitivity measured by insulin clamp, had
greater increase in fasting and 2-hour OGTT glucose levels
and higher percentage of subjects with abnormal glucose
tolerance and diabetes mellitus than the IS groups over the 8

Table 4

years of follow-up. With regard to cardiovascular risk
factors, the IR groups tended to have higher BPs and less
favorable lipid profiles than the IS groups over the 8 years of
follow-up.

Insulin resistance has been previously shown to increase
the risk for development of type 2 diabetes mellitus in other
ethnic groups. In a prospective study of 200 healthy
nondiabetic young Pima Indian adults over an average
follow-up of 5.3 years, Lillioja et al [15] reported that insulin
resistance, measured by insulin clamp, predicted a high risk
of developing type 2 diabetes mellitus, with a relative hazard
ratio of 30.8. In a later study of 254 Pima Indians with NGT
and 145 Pima Indians with IGT, insulin resistance, measured
by insulin clamp, predicted an increased risk of progressing
from NGT to IGT and also from IGT to type 2 diabetes
mellitus during an average follow-up of 4 to 5 years. These
investigators defined insulin resistance as clamp value less
than the median [16]. Other studies have used various
surrogate indicators of insulin resistance to predict the risk
of developing diabetes. Insulin resistance was assessed by
fasting plasma insulin concentration in a study of 714
initially nondiabetic Mexican Americans by Haffner et al
[17]. The cohort was stratified by insulin quartiles, and data
showed that increasing plasma insulin concentration pre-
dicted a progressively increasing risk of developing type 2
diabetes mellitus over 7 years, with relative risk of 1, 1.5, 2,
and 3.7 when moving from the lowest insulin quartile to the
highest insulin quartile. Using insulin resistance estimated
by homeostasis model (HOMA-IR), the same group of
investigators showed that HOMA-IR predicted type 2
diabetes mellitus in the 3.5 years of follow-up in the
Mexico City Diabetes Study, a population-based study of
diabetes and cardiovascular risk factors involving 1449
subjects [18]. In the Strong Heart Study of 12 283
nondiabetic Native Americans, Resnick et al [19] reported
that HOMA-IR predicted increased risk of diabetes over the
mean follow-up of 7.6 years. In a study on 155
normoglycemic offspring, with both parents having type 2
diabetes mellitus, Martin et al [20] reported that low insulin
sensitivity contributed to a heightened risk of developing
diabetes over 6 to 25 years.

Percentage of subjects with metabolic syndrome, abnormal glucose tolerance, and diabetes mellitus in IR and IS groups at examinations 1 and 2

Male (total n = 60)

Female (total n = 114) P value

IR (total n = 20) IS (total n = 40) IR (total n = 38) IS (total n = 76) IR vs IS Male vs female
% (n) % (n) % (n) % (n)

Examination 1

Metabolic syndrome 50.0 (10) 12.5 (5) 47.4 (18) 18.4 (14) <.001 .65

Abnormal glucose tolerance 35.0(7) 17.5 (7) 50.0 (19) 27.6 (21) .006 1

Diabetes mellitus 10.0 (2) 0(0) 532 0 (0) 96 51

Examination 2

Metabolic syndrome 55.0 (11) 21.6 (8) 583 (21) 26.3 (20) <.001 .57

Abnormal glucose tolerance 80.0 (16) 32.5(13) 57.9 (22) 39.5 (30) <.001 72

Diabetes mellitus 25.0 (5) 7.5 (3) 13.5 (5) 2.6 (2) .007 12
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Although African Americans have high rates of type 2
diabetes mellitus, limited longitudinal data are available on
this ethnic group. Osei et al [21-23] conducted extensive
studies on metabolic risk factors in African Americans
including offspring of diabetic parents. In a prospective
study of 81 prediabetic African Americans who were the
first-degree relatives of individuals with type 2 diabetes
mellitus, these investigators demonstrated that HOMA-IR
predicted an increased risk of developing diabetes over a
median follow-up of 6 years [24]. Using insulin clamp
procedure to quantify insulin sensitivity, our study on 174
nondiabetic African Americans over 8 years is consistent
with the previous report by Osei and colleagues.

Insulin resistance and hyperinsulinemia are linked to
hypertension and cardiovascular disease. In a study of 147
healthy nonobese volunteers whose insulin sensitivity was
measured by insulin suppression test, Yip et al [25] showed
that, over approximately 5 years of follow-up, 18.5% of
subjects in the most insulin-resistant tertile developed
hypertension and cardiovascular disease including coronary
artery disease, stroke, or peripheral vascular disease,
whereas only 8.2% of subjects in the mid tertile and
none in the lowest tertile developed clinical evidence of
cardiovascular disease. In a subsequent expanded study of
208 healthy nonobese volunteers, the same investigators
demonstrated that 36% of subjects in the most insulin-
resistant tertile developed cardiovascular events, diabetes,
and cancer, whereas none in the most insulin-sensitive
tertile developed these disorders, during an average follow-
up of 6 years [26]. Using data from a cohort of African
Americans followed for over 28 years since birth, Hulman
et al [27] reported that faster growth during early childhood
and obesity increases the risk of insulin resistance and
cardiovascular disease in adulthood. In the San Antonio
Heart Study, a population-based prospective study of 2569
Mexican and white Americans conducted over a median
follow-up of 7.5 years, there was a significant association
between HOMA-IR and cardiovascular disease outcomes
[28]. In a population-based Danish study of 2493 men and
women over a median follow-up of 9.4 years, HOMA-IR
was an independent predictor of incident cardiovascular
disease [29]. Interestingly, data from the Insulin Resistance
Atherosclerosis Study showed that higher insulin sensitiv-
ity estimated by the minimal model of Bergman is
associated with less atherosclerosis in Hispanics and whites
but not in blacks [30]. A Japanese study of 145
normotensive subjects over 3 years of follow-up reported
that insulin resistance is associated with subsequent
development of hypertension [31].

Chen et al [32] analyzed data from the Bogalusa Heart
Study to estimate the longitudinal benefit of a very low
risk profile. These investigators showed that low risk
levels of metabolic syndrome parameters were associated
with lower measures of cardiovascular risk in adulthood.
Based on data from the Framingham Offspring study on
2898 people without diabetes or cardiovascular disease at

baseline, HOMA-IR failed to independently predict
incident cardiovascular disease [33]. Our data showed
that the IR groups had higher BPs than the IS groups at
both examinations 1 and 2. However, the BP differences
between the IR and IS groups were dampened at
examination 2, as many study subjects started antihyper-
tensive medications. Although the IR groups had less
favorable lipid profiles than the IS groups at examination
1, the differences became statistically insignificant at
examination 2 with little known use of lipid-lowering
agents. We have previously shown, from data on young
adult African Americans, that there is a significant
association of both triglyceride and HDL-C with insulin
resistance. Despite the association between insulin resis-
tance and triglyceride, only 10% of the study population
had elevated triglyceride according to the ATP III criteria
for metabolic syndrome [34].

Although this study was limited to 174 subjects, it is the
largest longitudinal study of nondiabetic African Americans
conducted to examine the relationship of insulin resistance
with subsequent deterioration in glucose tolerance over a
period of 8 years. Our data showed a significant difference
in BMI between the IR and IS groups, which could
certainly confound the predictive value of insulin resistance
in developing abnormal glucose tolerance and diabetes.
However, after adjusting for the BMI at examination 1, the
predictive value of insulin resistance for deterioration of
glucose tolerance remains significant. In our analysis for
changes in associated risk factors, we were unable to detect
significant changes in BP or plasma lipid levels. It is likely
that BP changes were to some extent confounded by the
addition of antihypertensive medications in participants
who began treatment of hypertension between examinations
1 and 2. Although very few participants were receiving
statin therapy at examination 2, the laboratory that
performed the lipid assays changed between examinations
1 and 2. It is possible that subtle changes in laboratory
results could have impaired our capacity to detect
significant longitudinal change in the lipid variables in
this sample size.

In conclusion, our study examined longitudinally the
relationship of insulin resistance determined by insulin
clamp and the risk of developing abnormal glucose tolerance
and diabetes in 174 nondiabetic young African American
adults over a period of 8 years. The data demonstrated that
insulin resistance predicts deterioration in glucose tolerance
and increased risk of developing diabetes mellitus.
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