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The study purpose was to explore the association between dyslipidemia and insulin resistance in three ethnic groups. The 
Insulin Resistance Atherosclerosis Study (IRAS) is a multicenter epidemiologic study conducted at four clinical centers in 
California, Texas, and Colorado. The study population for this analysis consisted of 931 non-Hispanic white, African American, 
and Hispanic men and women (aged 45 to 64 years) without diabetes. The IRAS clinical examinations included lipoprotein 
measures, a 75-g glucose tolerance test, and the frequently sampled intravenous glucose tolerance (FSIGT) test. The results 
show a consistent relationship between insulin-mediated glucose disposal and dyslipidemia in African American, Hispanic, 
and non-Hispanic white men and women. Further, LDL size was inversely associated with insulin resistance in all three ethnic 
groups. These findings indicate that dyslipidemia is a fundamental part of the insulin resistance syndrome in all of the ethnic 
groups studied. 
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T HE INSULIN RESISTANCE SYNDROME is recognized 

as an underlying cause of non-insulin-dependent diabetes 
mellitus and atherosclerosis. This syndrome is associated with a 

constellation of metabolic abnormalities, the most prominent of 
which is dyslipidemia. Dyslipidemia may increase susceptibil- 
ity to atherosclerosis in insulin-resistant individuals. There is a 
relationship between insulin resistance and an elevated concen- 

tration of very-low-density lipoprotein (VLDL) and a low 
concentration of high-density lipoprotein (HDL) cholesterol. 
This relationship was first proposed by Reaven et 1tl. 1'2 The 

relationship between lipoproteins and insulin action was re- 
ported in a cohort of American Indians 3 and then confirmed in 
three additional studies in white subjects. 4-6 A more recently 

described third component of the dyslipidemia, the presence of 
small, dense low-density lipoprotein (LDL), has been shown to 

have a direct relationship with insulin resistance in studies of 
white men and women. 7,8 

To understand the extent of dyslipidemia in individuals with 

insulin resistance and to properly guide the therapeutic ap- 
proaches, it is important to know whether the dyslipidemia is 
associated with insulin resistance in other ethnic groups. The 

Insulin Resistance Atherosclerosis Study (iRAS) was initiated 
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to assess the relationship between insulin resistance and risk 
factors for atherosclerosis in three groups: African Americans, 
Hispanics, and non-Hispanic whiteS. This report presents results 
for the relationship between direct measures of insulin action 
and lipoproteins in nondiabetic subjects in these three ethnic 
groups. 

SUBJECTS AND METHODS 

The design and methods of the IRAS have been published previ- 
ously. 9 Briefly, this epidemiologic study was conducted at four clinical 
centers. African Americans and non-Hispanic whites were studied in 
Oakland and Los Angeles, California, and Hispanics and non-Hispanic 
whites were studied in San Luis Valley, Colorado, and San Antonio, 
Texas. The latter were recruited from the San Luis Valley Diabetes 
Study 1° and the San Antonio Heart Study. 11 The IRAS population 
contained 1,625 individuals, but in this analysis (see the Statistical 
Analysis), the sample population numbered 931, The following were 
excluded: individuals with diabetes (n = 537), those who had no 
recorded value for insulin sensitivity (S~) (n = 85), and those who were 
taking lipid-lowering drugs (n = 72). The study was approved by the 
institutional review boards of all four clinical centers, and informed 
consent was obtained for all subjects. 

Clinical Examination 

The IRAS clinical examination consisted of two 4-hour visits 
scheduled approximately 1 week apart. ~2 Before each visit, participants 
were asked to refrain from alcohol and heavy exercise for 24 hours, 
from food for 12 hours, and from smoking on the morning of the 
examination. The first visit included a 75-g oral glucose tolerance test; 
blood was collected for fasting and 2-hour glucose samples. To measure 
insulin resistance, participants underwent the frequently sampled intra- 
venous glucose tolerance test (FSIGT) 13 on the second visit. Glucose 
tolerance status was classified according to World Health Organization 
criteria. TM Race and ethnicity were self-reported. Anthropometric mea- 
surements (height, weight, and waist and hip circumferences) were 
obtained using a standard protocol. The body mass index ([BMI] 
kilograms per meter squared) was used to measure adiposity, and the 
waist to hip ratio (WHR) was used to measure body fat distribution. 

Glucose and insulin levels were measured at the central IRAS 
laboratory at the University of Southern California. Two modifications 
of the original FSIGT protocol 15,16 were used. The first involved the use 
of insulin instead of tolbutamide injection to ensure adequate plasma 
insulin levels for accurate computation of insulin resistance across a 
broad range of glucose tolerance37 As determined in a previous study, 18 
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this modified protocol is a valid and reliable index of SI compared with 
the euglycemic clamp, although its reliability is slightly lower in 
patients with diabetes. I&19 The second modification involved the use of 
a reduced sampling protocol (12 instead of 30 plasma samples, which 
had results similar to those of the full protocol 2°) because of the large 
number of subjects. A 50% glucose solution (0.3 g/kg) and regular 
human insulin (0.03 U/kg) were administered intravenously at 0 and 20 
minutes, respectively. Blood was collected at -5, 2, 4, 8, 19, 22, 30, 40, 
50, 70, 100, and 180 minutes for plasma glucose and insulin measure- 
ments. 

Laboratory Analysis 

The plasma glucose level was measured using the glucose oxidase 
technique on an automated autoanalyzer (Yellow Springs Instruments, 
Yellow Springs, OH), and the insulin level was determined with the 
dextran-charcoal method of Herbert et al?a The insulin assay used in 
this study has a high degree of cross-reactivity with proinsulin. 12 

Insulin sensitivity, expressed as $I and glucose sensitivity (SG) was 
calculated using minimal model analysis (MINMOD, version 3.0, 
1994), a program that uses a nonlinear least-squares estimation 
technique to yield parameter estimates and the precision of their 
estimation. FSIGTs were performed with a 0.03-U/kg insulin injection. 
The intratest patterns of insulin and glucose levels were assayed in the 
IRAS central laboratory, and these values were used to estimate the 
parameters of the minimal model. The model consists of two differential 
equations and has four parameters that are estimated from the FSIGT. 
The ratio of two of these parameters, P3/P2, is accepted as an accurate 
measure of SI.18 The index, SG, is a measure of the ability of glucose to 
enhance its own disappearance at basal insulin. 22 

Plasma lipoprotein measurements were obtained from single fresh 
plasma samples using Lipid Research Clinic methods. All laboratory 
measurements were analyzed at the Penn Medical Laboratories of 
Medlantic Research Institute (Washington, DC). LDL and HDL were 
isolated by isopycnic ultracentrifugation, and VLDL (top) and bottom 
fractions were used for meas~trement of cholesterol and triglyceride 
concentrations. 23 The HDL cholesterol level was measured in the 
presence of manganese chloride and heparin in which non-HDL 
lipoproteins were precipitated, leaving HDL in the supernatant. The 
supernatant was removed after centrifugation, and the cholesterol level 
was measured on a separate autoanalyzer channel set to measure low 
cholesterol values. LDL was calculated as the difference between the 
HDL cholesterol and the bottom cholesterol. Triglyceride levels were 
measured enzymatically after correction for free glycerol. 23 

LDL size distribution (ie, distribution of the diameter of the major 
LDL peak for each participant) was determined using the method of 
Krauss and BurkeY Plasma samples were stored at -70°C until LDL 
size analyses were completed. Gradient gels obtained from Isolab 
(Akron, OH) were used for routine quantification. The measurement of 
the size of the predominant peak was calibrated using LDL subffactions. 
Analytical centrifugation, performed at the Donner Laboratories (Berke- 
ley, CA), was used to determine the molecular diameter of LDL 
subfractions and to standardize the controls. The LDL size of the 
predominant peak for an individual was defined as that subject's LDL 
size. Three models were used to assess the relationships, adjusting for 
age and then for obesity and body fat distribution. 

Statistical Analysis 

Because of the possible confounding effect of the action of hypergly- 
cemia and other metabolic complications of hyperglycemia on iipo- 
protein concentrations, individuals with diabetes were eliminated 
from the analysis of the relationship of insulin sensitivity and lipo- 
protein concentration and composition. Initial analyses were stratified 
by gender. For each outcome (lipoprotein) variable, tests for S I X  
ethnicity X clinic interaction were performed. No three-way interaction 

effects were significant (all P >  .1). Therefore, two-way tests for 
interaction (clinic × SI) were evaluated in models adjusted for age and 
BMI. No clinic × SI interaction tests were significant (all P > .1). 
Coefficients relating lipoproteins to SI were calculated for each ethnic/ 
clinic combination using cell means linear models? 5 Because there 
were no significant clinic × S[ interaction effects, we collapsed the 
analyses into two clinic groups. Coefficients relating lipoproteins to SI 
were compared between non-Hispanic whites and African Americans 
(Oakland + Los Angeles) and between non-Hispanic whites and Hispan- 
ics (San Luis Valley and San Antonio) by taking appropriate combina- 
tions of cell means coefficients. Successive regression models were fit, 
adjusting for age, age + BMI, and age + BMI + WHR. The predicted 
direction of these associations arid their statistical significance are listed 
in Table 2, and the relative magnitude of these associations is shown in 
Table 3. The PROC GLM component of the SAS statistical software 26 
was used for all regression models. 

To describe the differences in lipoprotein values that result from 
different values for Sx, predicted values for lipoprotein measures were 
calculated by substituting the 25th and 75th percentiles of SI into the 
fitted regression equations. Because regression models were adjusted 
for age and anthropometric measures, the mean values for age, BMI, 
and WHR were substituted into the appropriate models. Predicted 
differences in mean lipoprotein values were then calculated by subtract- 
ing the predicted lipoprotein value at the 25th percentile of SI from the 
predicted value at the 75th percentile of $I. Similar analyses and 
predicted values were calculated for the logarithm of fasting insulin in 
place of SI to compare the relative strength of S~ and fasting insulin in 
predicting lipoprotein measures. Natural logarithmic transformations of 
VLDL triglyceride, triglyceride, and HDL cholesterol were necessary to 
satisfy statistical assumptions. Statistical significance was defined as P 
less than .05. 

RESULTS 

Data for demographic  variables, l ipoprotein concentrations,  
and measures of  insulin action are shown by gender  and ethnic 

group in Table 1. By design, all groups are of  similar age. 
Within genders,  ethnic groups are similar with respect  to obesity 
and fasting glucose. Because of  the IRAS sampling scheme,  

individuals with impaired glucose tolerance were oversampled 
relative to those with normal  glucose tolerance. The sample 

group is therefore relatively insulin-resistant,  as indicated by 
high fasting insulin concentrat ions and by a high WHR,  

especial ly among women.  Data for insulin action as measured 

by SI confirm that the group is insulin-resistant,  and more  so in 
African Amer ican  and Hispanic men  and w o m e n  than in 
non-Hispanic  whites.1 

We first assessed the relationships be tween plasma lipopro- 
teins and insulin resistance separately in each gender  and ethnic 

group by comput ing slopes for the relationship be tween each 
l ipoprotein and insul in-mediated glucose disposal as measured 

by SI, adjusted for age alone, age + BMI, and age + BMI + 
W H R  (Table 2). In all gender/ethnic groups, there was a 
negative relationship be tween total triglycerides and SI. Con-  
versely, in all groups, there was a posit ive relationship be tween 
HDL cholesterol  and SI. Al though they did not all reach 
statistical significance, the magnitude of  these relationships did 
not  differ significantly in any of  the gender/ethnic groups. There 
appeared to be more  variability in the [3 coefficients relating 
LDL size and SI. These  were  consistent ly posit ive except  in 
non-Hispanic  whites in Oakland and Los Angeles.  Relation- 
ships be tween  the three l ipoprotein variables and S~ and acute 
insulin response were assessed,  but no significant relationships 
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Table 1. Demographic and Physiologic Variables by Gender and Region/Ethnicity: The IRAS 

Oakland/Los Angeles 

Variable African American 

San Luis Valley/San Antonio 

Non-Hispanic White Hispanic Non-Hispanic White 

Male (n) 96 94 142 78 

Age (yr) 54 ± 9 55 ± 8 54 ± 9 55 ± 8 

BMI (kg/m 2) 29 + 5 27 ± 4 28 ± 5 27 _+ 4 

WHR 0.90 ± 0.05 0.91 -+ 0.06 0.95 ± 0.05 0.93 ± 0.06 

Fasting glucose (mg/dL) 104 -+ 13 103 + 9 99 +- 10 98 ± 10 

Fasting insulin (pU/mL)* 17 _+ 11 13 ± 6 19 ± 23 13 +_ 8 

S~ (MINMOD) 1.9 ± 1.8 2.4 _+ 1.9 1.9 ± 2.1 2.2 ± 1.6 

VLDL cholesterol (mg/dL)* 21 -+ 16 24 ± 17 31 ± 24 30 _+ 25 

VLDL cholesterol/triglyceride ratio* 0.28 -- 0.09 0.25 _+ 0.09 0.23 +_ 0.06 0.24 +_ 0.06 

VLDL triglycerides (mg/dL) 77 _+ 47 102 ± 65 147 ± 121 126 ± 102 

Triglycerides (mg/dL)* 109 ± 58 126 -+ 63 173 ± 114 148 ± 96 

LDL cholesterol (mg/dL) 147 -- 39 142 ± 31 137 -+ 34 141 ± 38 

LDL size (A) 261 _+ 9 258 ± 11 257 ± 10 260 ± 10 

HDL cholesterol (mg/dL)* 45 ± 16 43 ± 14 38 ± 12 40 ± 13 

Female (n) 140 95 186 100 

Age (yr) 53 -+ 8 55 ± 8 54 ± 8 57 ± 9 

BMl(kg/m 2) 30 ± 7 28 ± 7 29 ± 6 28 +_ 5 

WHR 0.80 -+ 0.07 0.80 ± 0.07 0.82 ± 0.06 0.80 -+ 0.06 

Fasting glucose (mg/dL) 100 ± 12 98 ± 13 95 ± 10 94 ± 11 

Fasting insulin (IJU/mL)* 18 -+ 19 13 ± 10 17 +- 12 16 ± 18 

S~ (MINMOD) 2.0 ± 1,8 3.2 -+ 3.0 2.0 ± 1.8 2.1 _+ 1.5 

VLDL cholesterol (mg/dL)* 14 ± 12 19 _+ 17 24 ± 17 22 ± 14 

VLDL cholesterol/triglyceride ratio* 0.28 -+ 0.16 0.24 ± 0.09 0.25 ± 0.09 0.27 ± 0.11 

VLDLtriglycerides (mg/dL) 58 -+ 47 84 ± 75 103 ± 74 87 ± 55 

Triglycerides (mg/dL)* 88 ± 48 112 ± 65 136 -+ 66 128 _+ 68 

LDL cholesterol (mg/dL) 146 ± 32 139 ± 34 136 ± 37 139 ± 32 

LDL size (/~) 265 ± 9 262 _+ 11 261 +_ 9 262 ± 9 

HDL cholesterol (mg/dL)* 55 _+ 15 56 ± 18 47 ± 13 49 ± 12 

NOTE. Data are presented as the mean _+ SD, 

*Data subsequently analyzed as loge-transformed values. 

were observed (data not shown). Relationships between fasting 
insulin and lipoproteins were similar to those observed for SI 
(data not shown). The relationships of VLDL triglycerides and 
VLDL cholesterol to S~ were similar to those for total triglycer- 
ides and are therefore not shown. There was no association 
between LDL concentration and S~, There were no significant 
SI × gender interactions for any of the lipoprotein variables in 
any of the models (P > .2). 

Because no gender or ethnic differences were observed in the 
relationships between lipids and S~, analyses were repeated for 
the combined group. Three models were examined. The first 
included adjustments for age, gender, and ethnicity. Sequential 
additional adjustments for BMI and WHR were included in the 
second and third models. Table 3 presents the data for predicted 
changes in triglycerides, HDL, and LDL size, comparing 
individuals at the 25th and 75th percentiles of SI. Compared 
with subjects at the 25th percentile, those at the 75th percentile 
had 18 mg/dL lower triglycerides, 3.5 mg/dL higher HDL, and 
1 ,~ larger LDL. These differences were only slightly modulated 
by adjusting for BMI and WHR. We also assessed these 
relationships by comparing individuals at the 25th and 75th 
percentiles of fasting insulin and found results of similar 
strength. The opposing direction of the lipoprotein associations 
for SI and fasting insulin is expected given the inverse 
association between SI and fasting insulin. These associations 
did not differ by ethnicity or by gender. 

DISCUSSION 

This is the first study to present results on the relationships 
between measures of insulin action and lipoproteins in the three 
major ethnic groups in the United States. The results show a 
consistent relationship between insulin-mediated glucose dis- 
posal and dyslipidemia in men and women in all three groups. 
Those with insulin resistance have higher total and VLDL 
triglycerides, lower HDL cholesterol, and smaller LDL size. 
The relationships of VLDL triglycerides and VLDL cholesterol 
to SI were similar to those for total triglycerides. Population- 
based studies that examined relationships among fasting insulin 
concentrations, triglycerides, and HDL cholesterol suggest that 
dyslipidemia is consistently observed in all ethnic groups. 27-37 

This report presents clear evidence of these relations using a 
direct measure of insulin action, and extends the findings to 
include the presence of small, dense LDL. Small LDL particles 
thus appear to be a fundamental component of the dyslipidemia 
of insulin resistance in both sexes and in all ethnic groups 
studied. 

A body of in vitro and metabolic data provides information 
on mechanisms for the dyslipidemia that accompanies insulin 
resistance. Initial consideration of the association between 
triglycerides and insulin action included the suggestion that the 
relationship may be explained by direct stimulation of VLDL 
production by insulin. 38,39 Chronic ambient hyperinsulinemia 
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Table 2. Slope Estimates for Loge Values Versus S~ for Males 
and Females: The IRAS 

13 Coefficient 

Oakland/Los Angeles San Luie Velley/San Antonio 

Non- Non- 
African Hispanic Hispanic 

American W h i t e  Hispanic White 
Parameter (n = 96) (n = 94) (n = 142) (n = 78) 

Triglycerides 

Male, adjusted for 

Age -0.052 -0.040 -0.0851- -0.146t 

Age + BMI -0.034 -0.029 -0,065* -0.1291- 

Age + BMI + WHR -0.025 0,012 -0.047 -0.1081- 

Female, adjusted for 

Age -0.1001- -0.0661- -0,0941- -0.1201- 

Age + BMI 0.0921" -0,056* -0.0861- -0.1101- 

Age + BMI + WHR -0.066t -0,041 -0.0671" -0.0781- 

HDL cholesterol 

Male, adjusted for 

Age 0.025 0.0521- 0.035* 0.028 

Age + BMI 0.013 0.0451- 0,021 0.016 

Age + 8MI + WHR 0.008 0.036* 0.012 0.006 

Female, adjusted for 

Age 0.0471- 0,037t 0.060t 0.0581- 

Age + BMI 0.037t 0.0351- 0.047t 0.0441- 

Age + BMI + WHR 0.024 0.028* 0.0381- 0.029 

LDL size 

Male, adjusted for 

Age 0.665 -0.038 0.281 1.103 

Age + BMI 0.589 -0.086 0.202 1.031 

Age + BMI + WHR 0,570 -0.120 0.163 0.989 

Female, adjusted for 

Age 0,202 0.941" 1.072t 1.100 

Age + BMI 0.170 1.083" 1.060t 1.058 

Age + BMI + WHR -0.032 0,970* 0.900* 0.825 

NOTE. Pvalues are for the test of whether the slope equals 0. For 

assessment of the magnitude of these effects, refer to Table 3. 

* P <  .05. 

t P <  .01. 

secondary to insulin resistance might directly contribute to 
hypertriglyceridemia. However, studies in isolated hepatocytes 
consistently demonstrate an inhibitory effect of insulin on 
VLDL production. 4° Intensive insulin therapy in people with 
diabetes almost always results in a decrease of triglycerides. 41 
Lewis et a142 demonstrate that infusion of insulin in vivo 
directly results in a lower rate of VLDL triglyceride and 
apolipoprotein (apo) B production. 

Several lines of evidence suggest that the insulin-resistant 
state itself induces elevated VLDL. Insulin resistance is strongly 
associated with central obesity. 43,44 Centrally obese individuals 
often have increased fatty acid flux through the splanchnic 
area, 45 and an elevation in free fatty acids increases VLDL 
triglyceride levels and apo B production in humans. 38 Addi- 
tional support for this scenario is derived from IRAS data on 
postload free fatty acid concentrations, which are strongly 
correlated with insulin action and triglyceride concentrations in 
the manner one would expect if free fatty acid concentrations 
mediate, at least in part, the association between insulin 
resistance and triglyceride concentrations. 46 Finally, in individu- 
als with insulin resistance, the activity of lipoprotein lipase, an 

insulin-dependent enzyme, may be decreased, 47 thus impeding 
VLDL clearance. 

Inadequate understanding of the key mechanisms regulating 
HDL metabolism impedes elucidation of the associations be- 
tween insulin resistance and HDL. VLDL and HDL are 
inversely related in most individuals, and it is well established 
that factors which interfere with VLDL metabolism or elevate 
VLDL result in decreased HDL. However, several reports 
demonstrate that the relationships between HDL and insulin are 
independent of VLDL concentrations. 3,5 Thus, there may be a 
direct connection between insulin resistance and HDL metabo- 
lism. This is unlikely to be mediated through insulin concentra- 
tions, because exogenous insulin therapy usually leads to 
abnormally high HDL. 48 Possible mechanisms for the lower 
HDL in insulin resistance center around hepatic triglyceride 
lipase activity, which is intimately related to HDL clearance and 
is elevated in individuals with insulin resistance. 49 Lower 
cholesterol ester transfer protein (CETP) and/or lecithin choles- 
terol acyltransferase (LCAT) activity in insulin-resistant individu- 
als could also result in lower HDL concentrations. In a study of 
the effects of acute endogenous hyperinsulinemia on plasma 
CETP and phospholipid transfer protein (PLTP) in eight male 
subjects, Van 3701 et al 5° found that hyperglycemia-induced 
hyperinsulinemia does not affect CETP activity levels. On the 
other hand, Dullaart et a151 noted an increase in CETP and PLTP 
activity in obese men compared with non-obese men, with no 
significant change in LCAT activity. The latter showed a 
positive correlation between CETP and the fasting C-peptide 
concentration, another surrogate for insulin resistance. 

Although the relationship between LDL size and Sr was more 
variable, LDL size increased with S~ in all ethnic groups. There 
are several possibilities to explain this finding. The small LDL 
might result from some of the alterations in VLDL metabolism 
already discussed, because almost all studies have demonstrated 
a consistent inverse association between VLDL concentration 
and LDL size. The metabolic mechanisms controlling the size 
of LDL are not well understood. One possibility is that if  there is 
impaired lipase activity in insulin-resistant subjects, the persis- 
tence of VLDL remnants may result in smaller LDL particles. 

Table 3, Predicted Changes in Lipoprotein Values Based on a Change 
in Si or Fasting Insulin From the 25th to 75th Percentile, Adjusted for 

Age, Age Plus BMI, and Age Plus BMI Plus WHR: The IRAS 

Pfor 
Age + Ethnicity x Si 

Age + BMI + or Ethnicity x 
Parameter Age BMI WHR Insulin 

Triglycerides (mg/dL) 

Si -17.8 -16.0 -11.8 .227 

Insulin 21.9 19.8 15.6 .648 
HDL cholesterol (mg/dL) 

Si 3.5 3,0 2.2 .605 

Insulin -4.6 -3,6 -2.8 .701 
LDL size (,34 

Sr 1.1 1.1 0.9 .710 

Insulin -1.4 -1.3 -1.1 .580 

NOTE. for St, 25th percentile = 0.90 and 75th percentile = 2.91; 

fasting insulin, 25th percentile = 9.0 and 75th percentile = 19,0; 

analyses performed on Ioge-transformed values. For statistical com- 
parison, see Table 2. 
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There is evidence from animal studies that smaller VLDLs are 
converted to small LDLs, 52 and humans who are treated with 
simvastatin have more dense LDL in association with decreased 
synthesis of larger VLDL. 53 Alternatively, high levels of 
triglyceride-bearing lipoproteins may serve as acceptors for 
cholesterol esters and other constituents from LDL in exchange 
for triglyceride; this process is mediated by lipid transfer 
proteins. 54 If this occurs, and the triglycerides in LDL particles 
are removed by the action of lipoprotein lipase or hepatic 
triglyceride lipase, lipid-poor, protein-rich, dense LDL particles 
would result. 

Of interest is the observation in the data set that the 
relationships between SI and lipoproteins were independent of 
WHR. Thus, this measure of central obesity did not account for 
the link between insulin resistance or hyperinsulinemia and 
dyslipidemia. It has been suggested that the link between insulin 
resistance and dyslipidemia is entirely due to differences in 
abdominal obesity. 55 The present data suggest this is not the 
case. 

Finally, it must be emphasized that the study participants do 
not represent a population-based sample in any of the three 
ethnic groups. Participants were recruited to represent a range 
of glucose intolerance even among the nondiabetic groups. 
Thus, the cohort was enriched in individuals with insulin 
resistance, as shown by the mean fasting insulin levels and 
values for body fat distribution; the results of the direct 
measures of insulin resistance have been reported previously 12 
and show a high degree of insulin resistance in all three racial 
groups. 

As noted by Haffner et al, 12 a possible limitation of the IRAS 
is the use of an insulin assay that cross-reacts with proinsulin. 

Porte 56 suggests that elevated proinsulin may be a marker of 
impaired [3-cell function and, with other researchers, 57-59 con- 
firms that proinsulin is disproportionately elevated in type II 
diabetes. Proinsulin also may be elevated with impaired glucose 
tolerance.57, 60 

In attempting to examine the relationships individually in 
each gender/ethnic group, relatively few subjects were avail- 
able. This, along with the narrow range of insulin action, would 
explain why some of the gender/ethnic-specific trends did not 
reach statistical significance. When data from all gender/ethnic 
groups were combined, it became clear that the changes in 
triglycerides, HDL, and LDL size in comparing upper and lower 
quartiles of SI were highly significant and not much diminished 
by adjustment for BMI or body fat distribution. This underlines 
the fundamental relationship between insulin resistance and 
lipoprotein metabolism independent of the other metabolic 
changes associated with insulin resistance. The changes in 
triglycerides, HDL, and LDL size for upper and lower quartiles 
of fasting insulin were similar to those observed for S~, 
confirming that in population studies of nondiabetics, fasting 
insulin is a reliable indicator of insulin resistance when 
examining lipoprotein changes. 

In summary, the results of the study strongly confirm that 
dyslipidemia is a prominent feature in individuals with insulin 
resistance in all ethnic groups studied. This dyslipideinia 
includes high VLDL, low HDL, and abnormal LDL composi- 
tion. Strategies to aggressively control this dyslipidemia will be 
important in insulin-resistant individuals. The treatment options 
include exercise and weight loss; some pharmacologic agents 
such as thiazolidenediones or angiotensin-converting enzyme 
inhibitors may also prove beneficial. 
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