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Hyperinsulinemia is a risk factor for cardiovascular disease, and is linked with non-insulin-dependent diabetes mellitus 
(NIDDM), hyperlipidemia, obesity, and hypertension. Sex hormones also play a role in the metabolic alterations associated 
with the risk for cardiovascular disease. A reduction in sex hormone-binding globulin (SHBG) may be predictive of future 
NIDDM particularly in women. The postmenopausal decline in estrogen is also associated with an increase in risk factor 
expression in women. Since African Americans experience a greater prevalence of NIDDM, obesity, and hypertension, 
conditions associated with hyperinsulinemia, the purpose of this study was to determine if alterations in sex hormone levels 
are associated with the plasma insulin concentration in young adult African Americans, and to determine if there are sex 
differences in the effect of insulin on lipids and sex hormones. In a sample of 221 nondiabetic African American men (n = 105) 
and women (n = 116) with a mean age of 31 years, we  examined the relationship of the plasma insulin concentration with the 
body mass index (BMI), blood pressure, plasma lipids, and sex hormones, including free testosterone, estradiol, and SHBG. 
Plasma insulin increased with the BMI and other measures of adiposity (P < .001) in men and women. Significant correlations 
of insulin with plasma lipids were also present in both sexes. There was a significant inverse correlation of insulin with SHBG in 
both men (r = .28, P = .007) and women (r = .27, P = .02). There was a significant direct correlation of insulin with free 
testosterone in women (r = .032, P < .001). Stepwise multiple regression analyses with insulin as the dependent variable 
detected the BMI, triglyceride, and apolipoprotein A1 as significant contributors to the plasma insulin concentration in men. In 
women, the multiple regression model detected percent body fat, low-density lipoprotein (LDL) cholesterol, and free 
testosterone as significant contributors to plasma insulin. These data on young African Americans demonstrate a significant 
relationship between hyperinsulinemia and obesity, atherogenic lipid status, and lower SHBG. in the premenopausal women, 
the lower SHBG is linked with higher free testosterone, favoring a condition of relative androgen excess. 
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H YPERINSULINEMIA is strongly linked with cardiovascu- 

lar diseases, including non-insulin-dependent diabetes 
mellitus (NIDDM), hyperlipidemia, obesity, and hypertension. 1 

Both the prevalence and morbidity related to NIDDM, hyperten- 

sion, and obesity are greater in African Americans compared 
with Caucasians. 2 

The relationship of sex hormones with insulin, particularly in 

women, has been investigated in epidemiologic studies. In 
women, the decline in ovarian steroidogenesis following meno- 

pause is associated with an increase in risk factors and 

expression of NIDDM, essential hypertension (EH), and athero- 
genic lipid status. 3 In studies on Mexican Americans and 

Caucasians, Haffner et al4-6 did not detect an association of total 

testosterone or total estradiol with cardiovascular risk factors. 

However, in both premenopausal and postmenopausal women, 
there was an association of low plasma sex hormone-binding 

globulin (SHBG) with hyperinsulinemia and an atherogenic 
lipid profile. Data from other studies have detected a relation- 

ship of SHGB with plasma insulin and lipids. 7-9 An androgenic 

biochemical profile is also linked with NIDDM in Mexican 
American and Caucasian women. 7,t° 

NIDDM, hypertension, and obesity are frequently associated 
with polycystic ovarian syndrome (PCOS), a condition of 

hyperandrogenism in premenopausal women. Hyperinsulinism 
is now considered the key mediator of the increased plasma 
testosterone and low SHBG in women with PCOS. 11,12 Interven- 

tions that decrease plasma insulin by increasing insulin sensitiv- 
ity, including pharmacologic treatments 13-15 and weight reduc- 
tion diets]  6,17 have demonstrated a reduction in plasma 
testosterone and an increase in SHBG. 

The purpose of this study was to determine if  alterations in 
sex hormone levels are related to hyperinsulinemia in young 
adult African Americans, and also to determine if there are 
differences between men and women in the relationship of the 
plasma insulin concentration with lipids and sex hormones. 

SUBJECTS AND METHODS 

Population 

The study was performed on 221 nondiabetic African American men 
(n = 105) and women (n = 116). Each participant was drawn from a 
cohort that has been under study in investigations of blood pressure and 
cardiovascular risk factors since adolescence. The sample at the time of 
study bad an age range of 27 to 35 years, and is representative of the 
African American population of Philadelphia. Participants enrolled in 
this study included normotensives (blood pressure < 135 mm Hg 
systolic mad <85 mm Hg diastolic) and borderline hypertensives (blood 
pressure > 135 and <150 man Hg systolic or >85 and <96 mm Hg 
diastolic), based on repeated measurements of blood pressure. Known 
diabetics were excluded from enrollment. Women who were taking oral 
contraceptives or other exogenous estrogen preparations were excluded 
from the analysis in this study. Women enrolled in the study reported 
normal menstrual cycles and had no clinical signs of hyperandrogenism. 

Procedures 

Enrollment assessment consisted of anthropometric measurements 
(height, weight, skinfold thickness, and circumference of arm, hips, 
thigh, and waist) and blood pressure determination. Casual systolic 
(first phase) and diastolic (fifth phase) blood pressure measurements 
were obtained by auscultation with a mercury column sphygmomanom- 
eter in the sitting position following a 10-minute rest period. The 
average of two determinations was used as the blood pressure at the 
time of metabolic evaluation. From the anthroponretric measurements, 
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the body mass index (BMI), percent body fat, and fat-free mass were 
calculated. 18 

An oral glucose tolerance test (OGTT) was performed at 8:00 AM 
following a 12-hour fast. A fasting blood sample for serum lipids and 
glucose was obtained, and then a 75-g glucose solution (Glucola; Ames 
Laboratories, Elkhart, IN) was ingested. Blood samples were obtained 
at 30, 60, 90, and 120 minutes following ingestion of the glucose load, 
and were assayed for glucose and insulin concentrations. A serum 
sample was sent to the Lipid Research Laboratory, where total 
cholesterol, high-density lipoprotein (HDL) cholesterol, and total 
triglycerides were analyzed using standard enzymatic methods and an 
automated analyzer (Hitachi 704, Indianapolis, IN). HDL was isolated 
according to the method of Bachorik et al.19 Low-density lipoprotein 
(LDL) cholesterol was calculated using the Friedewald equation. 2° 
Apolipoprotein A1, apolipoprotein B, and lipoprotein (a) were assayed 
turbidimetrically using commercial antibodies (Boehringer-Mannheim, 
Indianapolis, IN). 

All female subjects were studied during the follicular phase of the 
menstrual cycle. Sex hormone levels were determined by radioimmuno- 
assay on serum from samples obtained following an overnight fast. 
These assays included SHBG (DELFIA; Wallace, Turku, Finland), free 
testosterone, and estradiol (Diagnostic Products, Los Angeles, CA). 

The plasma glucose concentration was analyzed with the glucose 
oxidase technique (Glncostat, model 27; Yellow Springs Instruments, 
Yellow Springs, OH). The plasma insulin concentration was determined 
with a solid-phase radioimmunoassay (Coat-A-Count; Diagnostic Prod- 
ucts). The coefficients of variation for interassay and intraassay 
variability for glucose, insulin, and lipid assays were less than 5%. 

Data Analysis 

To examine the relationships of plasma insulin with sex hormones 
and other anthropometric variables, we first stratified the sample 
according to the fasting plasma insulin concentration. Men and women 
were grouped separately by tertiles of fasting insulin. Due to the known 
effect of obesity on the plasma insulin concentration, we also stratified 
men and women separately into three groups based on the BMI. Using 
the BMI criteria of Kumanyika, 21 men and women were classified 
separately as non-obese (low BMI, men < 27.8 and women < 27.3 
Kg/m2), obese (mid BMI, men 27.8 to 31.1 and women 27.3 to 32.2 
Kg/m2), and very obese (high BMI, men > 31.1 and women > 32.2 
Kg/m2). Comparison of group means was performed using a two-way 
ANOVA comparing the two genders and three insulin or BMI groups 
with a test for statistically significant interaction. P values less than .05 
were considered statistically significant. 

We note that the insulin levels were approximately logarithmically 
normally distributed. ANOVA calculations and P values are based on 
logarithmic transformation of the plasma insulin values and the sum of 
plasma insulin values. The insulin data presented in the results are for 

Table 1. Characteristics 

the measured insulin values, not the logarithmic transformation of the 
insulin values. Insulin values measured during the OGTT were deter- 
mined by examining the area under the curve of the four measurements 
using the trapezoidal rule to estimate the area. We found that the results 
using this method did not differ from the sum of the four insulin values. 

All variables were examined in two sets (one for each gender) of 
bivariate correlation analyses using the Pearson correlation coefficient. 
Correlations and regression analyses were completed using the mea- 
sured plasma insulin values. All variables that correlated significantly 
with the dependent variable (fasting insulin or sum of insulin levels 
during the OGTT) were entered into a stepwise multiple linear 
regression analysis to produce a regression model of the plasma insulin 
level (fasting or sum of insulin) on the best linear combination of the 
other measures. The regression models are based on the nonlogarithmi- 
cally transformed sum of the plasma insulin concentration at fasting and 
30, 60, and 120 minutes postbaseline. 

The stepwise computer algorithm for the regression equation selects 
at the first step the single highest correlated variable with the dependent 
variable. At the second step, the algorithm selects the variable that 
produces the highest canonical correlation based on two independent 
variables with the dependent variable. Therefore, variables that are 
highly correlated with the first independent variable entered are usually 
not entered into the regression. The computer algorithm continues until 
there are no additional statistically significant (P < .05) increases in the 
prediction of the single dependent variable on the best linear combina- 
tion of independent variables. 

R E S U L T S  

Data were analyzed on 105 men  and 116 w o m e n  who  were  

not  receiving any exogenous  sex hormones .  Table 1 provides 
the mean age, anthropometric measures,  and blood pressure in 

each fasting plasma insulin group for men  and women.  All  
groups were  closely matched  by age, with a mean  age of  31 

years. Men  were  heavier  and taller and had higher  systolic 

b lood pressure compared  with women.  W o m e n  had greater 
triceps skinfold thickness and percent  body  fat compared  with 
men.  Both systolic and diastolic blood pressure increased with 
increasing fasting insulin for both men  and women.  The mean  

values for sex hormones  in each fasting insulin group are 
provided in Table 2. Sex hormone  data demonstra ted the 
expected differences be tween  men  and women.  However ,  free 

testosterone increased with increasing fasting insulin in women,  
whereas  there was a slight decrease in free testosterone with 
increasing fasting insulin in men.  This resulted in a statistically 
significant interaction on free testosterone o f  sex × insulin 

group (P < .001). There was a decrease in mean SHBG from 

of the Study Group 

Men 

Lowest Tertile Middle Tertile Upper Tertile 
Variable (n = 35) (n = 35) (n = 35) 

Women Significance (P) 

Lowest Tertile Middle "Fertile Upper "Fertile insulin Sex x Insulin 
(n = 39) (n - 39) (n - 38) Sex Tertile Tertile 

Age (yr) 31.7 -- 3.6 30.4 _+ 3.7 31.7 ± 5.1 

BMI (kg/m 2) 23.9 -- 3.4 26.4 -+ 4.0 32.6 ± 6.3 

Height  (cm) 178 -+ 6 179 -+ 8 176 _+ 8 

Weight (kg) 75 ± 9 85 ± 16 101 ± 22 

Triceps skinfold 9.3 ± 4.4 13.8 ± 7.0 20.2 ± 4.9 

Body fat (%) 16.9 -+ 5.2 21.4 -+ 5.9 27.2 _+ 4.9 

SBP (ram Hg) 121.2 ± 11.0 128.4 ± 15.5 130,7 ± 13.5 

DBP (ram Hg) 76.6 ± 10.4 79.2 ± 14.2 83.7 ± 11.5 

31,2 _+ 3.5 32.4 -+ 3.4 32.5 -- 5.6 .18 .48 ,20 

26.5 ± 5.5 33.7 -+ 8.9 36.0 ± 10.1 .001 .001 .09 

163 -- 7 164 -+ 7 164 -+ 9 .001 .39 .48 

71 ± 16 91 ± 26 96 ± 25 .73 .001 .18 

20.5 -+ 7.5 25.9 ± 8.7 26.7 ± 8.5 .001 .001 .05 

31.1 _+ 6,8 36.4 -+ 5.6 37.4 -+ 5.2 .001 .001 .02 

112.8 ± 12 124,3 ± 16 126.2 _+ 16.8 .005 .001 .61 

72.9 _+ 10.7 79.8 -+ 11.9 82.5 -+ 15.4 ,4 .001 .57 

NOTE. Terti les are sex-based fast ing insul in terti les. 

Abbreviat ions:  SBP, systol ic b lood pressure; DBP, diastolic b lood pressure. 
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Table 2. Sex Hormone Levels in the Study Group 

Variable 

Significance (P) 

Men Women Sex x Insulin 

Lowest"Fertile MiddleTertile Upper Tertile Lowest Tertile MiddleTertile Upper Tertile Sex Insulin Tertile Tertile 

Free testosterone 22.5 +_ 6.6 21.3 -+ 5.9 

Estradiol 44.5 ± 16.4 46,8 -+ 22.2 

SHBG 31.6_+ 23.1 27.9 _+ 14.1 

T/E ratio 0.56 -+ 0.21 0,54 -+ 0.25 

Sample size for  SHBG (n) 31 32 

18.0 ± 4.6 1.0 ± 0.6 1.3 ± 0.8 1,8 ± 1,6 .001 .03 .001 

42.8 ± 19.2 94.7 _+ 73.2 85,4 ~ 58.6 73,9 _+ 51,1 .001 .3 .47 

20.6 _+ 14.8 47.1 _+ 25.4 35.0 _+ 19.0 34.4_+ 19.0 .001 .006 .49 

0.48 ÷ 0.20 0.02 _+ 0.02 0.02 _+ 0.02 0.03 +_ 0.03 .001 .46 .20 

32 31 25 18 

NOTE. Terti les are sex-based fast ing insul in terti les. 

Abbrev ia t ion:  T/E, free testosterone/estradiol .  

the low to high insulin group for both men and women, and this 
change was statistically significant (P = .006). 

The OGTT results for plasma glucose and insulin concentra- 
tions are presented in Table 3 for men and women according to 
BMI groups. The mean plasma insulin increased significantly 
from the low to high BMI group at each time point in the OGTT 
for both men and women, but there were no statistically 
significant sex differences. The mean plasma glucose was 
greater in the high BMI group. Although there were no sex 
differences in fasting plasma glucose, during the subsequent 
postglucose challenge, plasma glucose was higher in men 
versus women and these differences reached statistical signifi- 
cance. 

Correlation analyses were applied on all men and all women 
with the plasma insulin levels during the OGTT. The results of 
these analyses using the sum of insulin levels during the OGTT 
as the dependent variable are provided in Table 4. There was a 
direct statistically significant correlation for the sum of insulin 
with the BMI and other parameters of adiposity for both men 
and women. The index of central obesity (the ratio of subscapu- 
lar to triceps skinfold thickness) correlated significantly with 
plasma insulin in women (r = .30, P < .001) but not in men 
(r = .07, P = .46). The correlation coefficients of insulin with 
blood pressure measurements did not reach statistical signifi- 
cance for men or women. 

There were statistically significant correlations for the sum of 
insulin during the OGTT with each of the lipid parameters in 
men. In women, plasma insulin correlated most significantly 

with LDL cholesterol (P < .001) and apolipoprotein B 
(P = .004). There were also statistically significant correlations 
for insulin with total cholesterol (P = .02) and triglycerides 
(P < .03). HDL cholesterol and apolipoprotein A1 in women in 
this sample did not correlate significantly with insulin. 

The bivariate correlation of the sum of insulin during the 
OGTT with free testosterone was statistically significant in 
women (r = .32, P < .001) but not in men. These results in 
women are depicted in Fig 1. There were no statistically 
significant correlations for insulin with estradiol or the ratio of 
free testosterone to estradiol in men or women. There was a 
statistically significant correlation for insulin with SHBG in 
men (r = - .28 ,  P = .007) and women (r = - .27 ,  P = .02). 

We then conducted stepwise multiple regression analyses of 
all variables on the sum of insulin as the dependent variable. 
The regression models are presented in Table 5 for men and 
women separately. In this study, there were some highly 
correlated independent variables such as the weight, height, and 
BMI. The regression algorithm is not disrupted or negated by 
this multicolinearity, but once one of a set of highly correlated 
parameters is entered into the model, usually the strongest 
correlate with the dependent variable, there is no additional 
predictive value for the others. In our analyses, we found that 
the BMI is highly correlated with other anthropometric mea- 
sures such as weight and percent body fat. Once the BMI or 
percent body fat was entered into the regression model, neither 
weight nor other measures of adiposity added any additional 
predictive value. 

Table 3. OGTT Results 

Men Women Significance (P) 

Variable Low BMl (n = 60) Mid BMl (n = 22) HighBMl(n=23)  Low BMl (n = 41) MidBMl (n=24)  High BMl (n = 51) Sex BMI BMIxSex  

Plasma insul in (!JU/mL) 

Fasting 7,6 _+ 5.7 12.5 ± 8.5 20.1 _+ 9.9 9.7 + 8.8 15.2 _+ 12.3 16.1 -+ 8.7 .77 .001 .16 

30 min 59.5 _+ 41.1 106.1 ± 67.3 157.0 _+ 77.2 80.3 ± 50.2 106.8 _+ 66.6 149.4 -+ 98.2 .26 .001 .14 

60 min 73.8 _+ 49.0 98.5 -+ 55.3 180.3 _+ 74.0 74.4 -+ 56.6 91.3 _+ 44.5 153.0 +- 91.0 .25 .001 .58 

120m in  40.3-+49.6  53.9-+43.3  118 .9+78 .2  56.5-+50.7 7 9 . 3 + 7 9 . 4  119 ,2 - -93 ,3  .01 .001 .21 

App rox ima te  area under  

the insul in curve 

Sum of insul in levels 181 -+ 115 271 _+ 133 476 + 187 221 +_ 138 292 + 156 438 -+ 245 .56 .001 .19 

Plasma glucose 

Fasting 92.1 -+ 7.6 96.2 ± 9.8 100.2 -+ 10,3 90.9 -+ 14.6 93,6 _+ 11.0 94.6 -+ 28,9 .26 .06 .73 

30 min 155.9 _+ 24.3 155.9 + 28,4 172,7 _+ 22.1 139.5 -+ 30.7 139.9 -+ 22.7 150.2 -+ 39.7 .001 .03 .93 

60 min 161.1 ± 32.6 153,4 ± 29.8 182.1 -+ 33.3 139.5 _+ 44.1 143.6 ± 36.9 163.5 -+ 48.4 .004 .01 .29 

120 min 104.1 -+ 28.9 108,8 -+ 27.8 135.7 _+ 34.3 120.4 -+ 37.7 119.6 _+ 34.2 134,6 ± 55.3 .04 .008 .49 

NOTE. ANOVA calculat ions and Pva lues  are based on logar i thmic  t ransformat ion of  the plasma insul in values and the sum of plasma insul in 

values. 
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Table 4. Correlates of Plasma Insulin (sum of insulin) for Men 
and Women 

M e n  (n = 105) W o m e n  (n = 116) 

Co r re la te  Pearson  r P Pearson  r P 

Free testosterone - .16  .11 ,32 .001 

Estradiol - .05  .61 --.03 ,74 

SHBG* - .28  .007 - .27 .02 

T/E ratio - .08  .42 .14 .15 

Height - .18  .06 - .04  .66 

Weight .51 .001 .35 .001 
Triceps skinfold .44 .001 .32 .001 

BMI .59 .001 .37 .001 

% body fat .52 .001 ,43 .001 

Total body fat .54 .001 .41 .001 

Fat-free mass ,41 .001 .26 .004 

Centrality index .07 .46 .30 .001 

SBP .16 .10 .18 .06 

DBP .13 ,19 .11 .24 

MBP .15 .13 .14 .13 

Total cholesterol .25 .01 .22 .02 

HDL -~32 .001 - ,22 .20 

LDL .31 .001 .30 .001 

Triglycerides .53 .001 .20 .03 

Apo A1 - .29 .003 - .06  .52 

Apo B .48 .001 .29 .004 

Abbreviations: T/E, ; SBP, systolic blood pressure; DBP, diastolic 

blood pressure; MBP, mean blood pressure; Apo, apolipoprotein. 

*Sample sizes for SHBG were n = 95 and n = 74 for men and 

women, respectively. 

When the final multiple R value for the men is squared, 47% 
of the variation in the sum of insulin is explainable by the three 
independent variables. The BMI accounts for 35%, triglyceride 
accounts for 8%, and apolipoprotein A1 accounts for the 
remaining 4% of the variance in the dependent variable. For the 
women, the multiple R 2 equals 28% of the variance. Percent 
body fat accounts for 19%, LDL cholesterol accounts for 5%, 
and free testosterone accounts for the remaining 4% of the 
variance in the dependent variable. Sex hormones did not 
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Table 5. Stepwise Linear Regression Models 

F 
Overall Change 

SE of 
StepNariable Slope Slope 13 R 2 F Ratio P P 

Men (n = 105) 

BMI 12.57 2.47 0.41 .59 56.3 <.001 <.001 

Plasma triglycer- 

ides 1.08 0.27 0.33 .66 40.2 <.001 <.001 

Apol ipoproteinA1 -1.10 0~41 -0.20 .69 30.9 <.001 .008 

Women (n = 116) 

% body fat 11.06 2.86 0.33 0,43 26.0 <,001 <.001 

Plasma LDL 1.48 0.56 0.22 0.48 17.1 <.001 .010 

Free testosterone 40.89 16.49 0,21 0.53 14.0 <.001 .015 

contribute to the model in men. However, in women, free 
testosterone does contribute significantly to the variance in 
insulin levels. 

DISCUSSION 

Hyperinsulinemia is considered a significant risk factor for 
cardiovascular disease. In this study on young adult African 
Americans, plasma insulin correlates most strongly with the 
BMI, as well as other measures of adiposity, in both men and 
women. Relative hyperinsulinemia is an index of insulin 
resistance, 1 and obesity is a well-established component of the 
insulin resistance syndrome in Caucasians and other ethnic 
groups. 2244 In the young men, strong correlations were present 
between the sum of insulin concentrations during the OGTT and 
each of the plasma lipid parameters. In the young women, 
strong correlations were present between insulin and LDL 
cholesterol and apolipoprotein B, and the correlations for 
insulin with total cholesterol and triglycerides also reached a 
level of statistical significance. Overall, the correlations for 
hyperinsulinemia with plasma lipids in this sample of young 
African Americans are also consistent with the dyslipidemia of 
hyperinsulinemia and insulin resistance. 23 

We detected an inverse relationship of SHBG with plasma 
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Fig 1. Correlation of the sum 
of insulin during the OGTT with 
plasma free testosterone in the 
women (statistically significant, 
r = .31, P < .001). For the men 
(not shown), the correlation was 
not significant (r = .16, P = .12). 
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insulin in men. However, in the premenopansal women, there 

was a very strong direct correlation for free testosterone with 
insulin, as well as an inverse correlation for SHBG with insulin. 
Our multiple regression model also detected a significant 
contribution of free testosterone to hyperinsulinemia. We have 

previously reported a significant correlation for SHBG with 
insulin sensitivity in premenopausal African American womenY 
Thus, SHBG decreases with progressive insulin resistance in 
this population. The correlation of insulin with free testosterone 
and SHBG reported here indicates that hyperinsulinemia in 

women is related to higher androgen activity. It is of note that 
free testosterone was highest and SHBG lowest in the high 
BMI, or most obese, group of women. 

Previous studies have reported a similar relationship of 
fasting insulin with androgen activity in women. 9,26 Haffner et 
al 1° reported that lower SHBG is predictive of NIDDM in 
women but not in men. The data from our cross-sectional 
examination of African Americans demonstrate that plasma 
insulin is inversely correlated with SHBG in both men and 
women. Further, the OGTT data indicate that with increased 
BMI, there is an increase in plasma glucose and insulin, 
indicative of progressive impairment in glucose tolerance in 
both men and women. 

In a recent study, Larsson and Ahren z7 found that postmeno- 

pausal women with impaired glucose tolerance have higher 
androgen activity than women with normal glucose tolerance, 
and the androgen activity correlates with the degree of glucose 
intolerance. The correlations for hyperinsulinemia with lower 
SHBG and higher free testosterone in the most obese premeno- 
pansal African American women suggest a heightened risk for 
development of NIDDM. 

SHBG synthesis is modulated by sex hormones. The binding 
of sex hormones with plasma proteins, including SHBG, 
determines tissue uptake and subsequent activity of sex hor- 
mones in vivo. SHBG levels are higher in women compared 
with men 28 and higher in children compared with adults, and 
decrease at puberty in both sexes. 29,3° Women with clinical 

androgen excess, including those with PCOS and idiopathic 

hirsutism (IH), have low SHBG compared with unaffected 

women. 31,32 Our sample excluded women with known PCOS or 

IH. None of the women reported here had clinical signs of 

PCOS, and all had regular menses. Data from our sample 

suggest that very obese premenopausal African American 

women, who do not meet the criteria for hyperandrogenism 

syndromes, have a relative androgen excess that is associated 
with other metabolic risk factors for NIDDM. 

Insulin resistance accompanied by hyperinsulinemia is a 
common feature of PCOS.33,34 In women with PCOS, hyperin- 

sulinemia may contribute to hyperandrogenism by increasing 
ovarian androgen production and decreasing SHBG. 35-37 Dunaif 

et a115 demonstrated that an improvement in insulin sensitivity 

with a decrease in hyperinsulinism during treatment with the 

insulin-sensitizing agent troglitazone also results in a decrease 

of androgen excess in PCOS. They reported that the decrease in 

plasma insulin resulted in an increase in SHBG with a 
concurrent decrease in free testosterone, changes that are 

consistent with the concept that insulin is a direct negative 
regulator of hepatic SHBG production. ~4,3s From the data on our 

sample of premenopausal obese women without PCOS, it is 

possible that the hyperinsulinemia may have a direct effect on 
ovarian androgen production. However, the strong relationship 

of hyperinsulinemia with lower SHBG in men and women 

would suggest that the impairment of hepatic SHBG production 
by hyperinsulinemia accounts for the relative androgen excess 
observed in the obese women. 

Data from this study on young adult African American men 

and women demonstrate a significant relationship of hyperinsu- 

linemia to an atherogenic lipid profile and lower SHBG, as well 
as obesity. These findings are consistent with reports on 
Caucasians and Mexican Americans. 4-6 In these premenopausal 

women, lower SHBG is accompanied by higher free testoster- 

one, favoring a condition of relative hyperandrogenism. To- 
gether, this constellation of metabolic parameters suggests that 

very obese premenopansal African American women are at high 

risk for NIDDM and associated cardiovascular disease. 

REFERENCES 

1. Reaven GM: Role of insulin resistance in human disease. Diabetes 
37:1595-1607, 1988 

2. Center for Health Statistics: Health, United States, 1988. Depart- 
ment of Health and Human Services, Public Health Service Publication 
No. 89-1232. Washington, DC, US Government Printing Office, March 
1989 

3. Kannel WB, Hjortland MC, McNamara PM, et al: Menopause and 
risk of cardiovascular disease. The Framingham Study. Ann Intern Med 
85:447-452, 1976 

4. Haffner SM, Valdez RA: Endogenous sex hormones: Impact on 
lipids, lipoproteins, and insulin. Am J Med 98:40S-47S, 1995 (suppl) 

5. Haffner SM, Katz MS, Stern ME et al: Association of decreased 
sex hormone binding globulin and cardiovascular risk factors. Arterio- 
sclerosis 9:136-143, 1989 

6. Haffner SM, Dunn JF, Katz MS: Relationship of sex hormone- 
binding globulin to lipids, lipoproteins, glucose and insulin concentra- 
tions in postmenopausal women. Metabolism 41:278-284, 1992 

7. Lindstedt G, Lundberg PA, Lapidus L, et al: Low sex-hormone 
binding globulin concentration as independent risk factor for develop- 

ment of NIDDM. 12-yr follow-up of population study of women in 
Gothenburg, Sweden. Diabetes 40:123-128, 1991 

8. Berger GMB, Naidoo J, Gounden N, et al: Marked hyperinsulin- 
aemia in postmenopausal, healthy Indian (Asian) women. Diabet Med 
12:788-795, 1995 

9. Preziosi R Barrett-Cormor E, Papoz L, et al: Interrelation between 
plasma sex hormone-binding globulin and plasma insulin in healthy 
adult women: The Telecom Study. J Clin Endocrinol Metab 76:283-287, 
1993 

10. Haffner SM, Valdez RA, Morales PA, et al: Decreased sex 
hormone-binding globulin predicts noninsulin-dependent diabetes mel- 
litus in women but not in men. J Clin Endocrinol Metab 77:56-60, 1993 

11. Burghen GA, Givens JR, Kitabchi AE: Correlation ofhyperandro- 
genism with hyperinsulinism in polycystic ovarian disease. J Clin 
Endocrinol Metab 50:113-116, 1980 

12. Dunaif A: Insulin resistance and ovarian dysfunction. Endocri- 
nologist 2:248-260, 1992 

13. Velazquez EM, Mendoza S, Hamer T, et al: Metformin therapy in 
polycystic ovary syndrome reduces hyperinsulinemia, insulin resis- 



112 FALKNER ET AL 

tance, hyperandrogenemia, and systolic blood pressure, while facilitat- 
ing formal menses and pregnancy. Metabolism 43:647-654, 1994 

14. Nestler JE, Powers LP, Matt DW, et al: A direct effect of 
hyperinsulinemia on serum sex hormone-binding globulin levels in 
obese women with the polycystic ovary syndrome. J Clin Endocrinol 
Metab 72:83-89, 1991 

15. Dunaif A, Scott D, Finegood D, et al: The insulin-sensitizing 
agent troglitazone improves metabolic and reproductive abnormalities 
in the polycystic ovary syndrome. J Clin Endocrinol Metab 81:3299- 
3306, 1996 

16. Kiddy DS, Hamilton-Fairley D, Seppala M, et al: Diet-induced 
changes in sex hormone binding globulin and free testosterone in 
women with normal or polycystic ovaries: Correlation with serum 
insulin and insulin-like growth factor-I. Clin Endocrinol (Oxf) 31:757- 
763, 1989 

17. Kiddy DS, Hamilton-Fairley D, Bush A, et ai: Improvement in 
endocrine and ovarian function during dietary treatment of obese 
women with polycystic ovary syndrome. Clin Endocrinol (Oxf) 36:105- 
111, 1992 

18. Wormsley J, Durnin JV: A comparison of the sldnfold method 
with extent of overweight and various height-weight relationships in 
assessment of obesity. Br J Nutr 38:271-284, 1997 

19. Bachorik PS, Walker RE, Virgil DG: High-density-lipoprotein 
cholesterol in heparin-MnC12 supernates determined with the Dow 
enzymatic method after precipitation of Mn 2+ with HCO3-. Clin Chem 
30:839-842, 1984 

20. Friedewald WT, Levy RI, Frederickson DS: Estimation of the 
concentration of low-density lipoprotein cholesterol in plasma, without 
use of the preparative ultracentrifuge. Clin Chem 18:499-502, 1972 

21. Kumanyika SK: Special issues regarding obesity in minority 
populations. II. Ann Intern Med 119:650-654, 1993 

22. Manolio TA, Savage PJ, Burke GL, et al: Association of fasting 
insulin with blood pressure and lipids in young adults. The CARDIA 
Study. Arteriosclerosis 10:430-436, 1990 

23. DeFronzo RA, Ferrannini E: Insulin resistance: A multifaceted 
syndrome responsible for NIDDM, hypertension, dyslipidemia, and 
atherosclerotic cardiovascular disease. Diabetes Care 14:173 - 194, 1991 

24. Falkner B, Knshner H, Tulenko T, et al: Insulin sensitivity, lipids, 
and blood pressure in young African Americans. Arterioscler Thromb 
Vasc Biol 15:1798-1804, 1995 

25. Sherif K, Kushner H, Falkner B: Sex hormone-binding globulin 
and insulin resistance in African American women. Metabolism 47:70- 
74, 1998 

26. Haffner SM, Katz MS, Stern MR et al: The relationship of sex 
hormones to hyperinsulinemia and hyperglycemia. Metabolism 37:683- 
688, 1988 

27. Larsson H, Ahren B: Androgen activity as a risk factor for 
impaired glucose tolerance in postmenopausal women. Diabetes Care 
19:1399-1403, 1996 

28. Toscano V, Balducci R, Bianchi R, et al: Steroidal and non- 
steroidal factors in plasma sex hormone binding globulin regulation. J 
Steroid Biochem 43:431-437, 1992 

29. Maruyama Y, Aoki N, Suzuki Y, et ai: Variation with age in the 
levels of sex steroid-binding plasma protein as determined by radioim- 
munoassay. Acta Endocrinol (Copenh) 106:428-432, 1984 

30. Holly JM, Smith CR Dunger DB, et al: Relationship between the 
pubertal fail in sex hormone binding globulin and insulin-like growth 
factor binding protein-1. A synchronized approach to pubertal develop- 
ment? Clin Endocrinol (Oxf) 31:277-284, 1989 

31. Lobo RA: Disturbances in androgen secretion and metabolism in 
polycystic ovary syndrome. Clin Obstet Gynecol 12:633-647, 1985 

32. Botwood N, Hamilton-Fairley D, Kiddy D, et al: Sex hormone- 
binding globulin and female reproductive function. J Steroid Biochem 
Mol Bio153:529-531, 1995 

33. Chang RJ, Nakamura RM, Judd HL, et al: Insulin resistance in 
nonobese patients with polycystic ovarian disease. J Clin Endocrinol 
Metab 57:356-359, 1983 

34. Dunaif A, Segal KR, Futterweit W, et ai: Profound peripheral 
insulin resistance, independent of obesity, in polycystic ovary syn- 
drome. Diabetes 38:1165-1174, 1989 

35. Barbieri RL, Makris A, Randall RW, et al: Insulin stimulates 
androgen accumulation in incubations of ovarian stroma obtained from 
women with hyperandrogenism. J Clin Endocrinol Metab 62:904-910, 
1986 

36. Nahum R, Thong KJ, Hillier SG: Metabolic regulation of 
androgen production by human thecal cells in vitro. Hum Reprod 
10:75-81, 1995 

37. Nestler JE, Barlascini CO, Matt DW, et al: Suppression of serum 
insulin by diazoxide reduces serum testosterone levels in obese women 
with polycystic ovary syndrome. J Clin Endocrinol Metab 68:1027- 
1032, 1989 

38. Plymate SR, Matej LA, Jones RE: Inhibition of sex hormone- 
binding globulin production in the human hepatoma (Hep G2) cell line 
by insulin and prolactin. J Clin Endocrinol Metab 67:460-464, 1988 


