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That sex hormones, insulin, and obesity all correlate with the constellation of risk factors for myocardial infarction (MI) that

has come to be known as “syndrome X,” the ”insulin-resistance syndrome,” or the “metabolic syndrome” suggests that any

one or more of them could underlie and link the risk factors to form the constellation. That sex hormones, insulin, and obesity

also correlate with each other complicates their identification as an underlying link. To compare the likelihood of each being

a link, we measured and determined the interrelationships of sex hormones, insulin, adiposity variables, and risk factors for

MI in 80 apparently healthy men. Of the adiposity variables, visceral adipose tissue (VAT) correlated more strongly with the

risk factors for MI than did body mass index (BMI), total adipose tissue (TAT), subcutaneous adipose tissue (SCAT),

waist-to-hip ratio (WHR), and waist circumference (W). Controlling for VAT eliminated all of the other adiposity correlations

that had been significant. VAT, therefore, was used as the measure of adiposity for further data analysis. VAT correlated more

strongly with risk factors for MI than did sex hormones and insulin, and most of the correlations of sex hormones and insulin

with risk factors for MI lost statistical significance after controlling for VAT. Testosterone and the ratio of estradiol-to-

testosterone (E/T) correlated with insulin; on controlling for VAT, only the E/T-insulin correlation remained significant (r � .38,

P < .001) and on multiple linear regression analysis, insulin was associated with estradiol (P � .01) and testosterone (P � .04)

independently of VAT and age. In conclusion, (1) VAT in men may largely explain the correlations of sex hormones, insulin,

and obesity with the risk factors for MI measured, (2) VAT may be the principal factor in men, independently of other

measures of adiposity, that links risk factors for MI to form the constellation, and (3) estradiol may play a more important role

in the sex hormone-insulin relationship in men than has generally been considered.

© 2003 Elsevier Inc. All rights reserved.

IT HAS BEEN observed that glucose intolerance, hyperin-
sulinemia, hyperlipidemia, and hypertension form a con-

stellation of factors1-3 that occurs not only with myocardial
infarction (MI), but also with obesity, aging, and other clinical
states.1 That these risk factors for MI occur as a constellation in
various clinical states, as well as with MI, suggested the pres-
ence of a common underlying factor linking them.1 Because of
the findings in non-obese men of correlations of sex hormones
with insulin and risk factors for MI, it was hypothesized that an
alteration in the sex hormone milieu might be this link.1,4 It was
also noted that this constellation could be reversed by weight
reduction in the obese, and it was hypothesized that obesity
could induce the constellation and be induced by sex hor-
mones.1

The constellation of risk factors for MI has subsequently
been named “syndrome X,” the ”insulin resistance syndrome,”
and the “metabolic syndrome,” its composition has been vari-
ously redefined,5 and insulin resistance and/or hyperinsulin-
emia2,3 and obesity,1,6,7 as well as an alteration in the sex
hormone milieu,1 have been suggested as possible links. De-
termining whether sex hormones, insulin, and/or obesity may
link the risk factors to form the constellation is complicated by
statistical associations between these 3 variables. The present

study was performed in an attempt to discern which of the
variables correlated best with the components of the constella-
tion. To do this, sex hormones, insulin, 6 adiposity variables, ie,
body mass index (BMI), total adipose tissue (TAT), subcuta-
neous adipose tissue (SCAT), visceral adipose tissue (VAT),
waist-to-hip ratio (WHR), and waist circumference (W), and
risk factors for MI were measured in a group of 80 apparently
healthy men. The interrelationships among these variables were
then determined.

PATIENTS AND METHODS

Eighty adult males recruited from a multiethnic community through
advertisements were studied. Inclusion required that the subject be
healthy, not regularly participating in vigorous physical activity train-
ing programs, not having gained or lost � 10% of body weight within
the past year, not having a history of drug or alcohol abuse, and not
taking medications known to influence serum lipid levels or body
composition. The health of the subjects was determined by history,
physical examination, and laboratory tests. Because blood pressure had
not been measured according to standard procedure, blood pressure
measurements were not analyzed. This study was approved by the
institutional review board, and the subjects gave written informed
consent.

BMI was calculated as weight/height (kg/m2). For WHR, waist
circumference was measured at the narrowest point between the lowest
rib and the iliac crest, and hip circumference at the greatest protruber-
ance of the buttocks. TAT, SCAT, and VAT were measured using
whole-body multislice magnetic resonance imaging.8 Venous blood
samples were drawn between 8 and 10 AM afer a 12-hour overnight fast
and the serum separated and stored at �20°C. Hormones were mea-
sured by radioimmunossay (RIA). Materials for the RIA of estradiol,
estrone, and sex hormone–binding globulin (SHBG) were obtained
from Diagnostic Systems Laboratories, Webster, TX, and for the RIA
of total testosterone, free testosterone (FT) (nonprotein-bound testos-
terone), and insulin from Diagnostic Products, Los Angeles, CA. Be-
cause the reliability of the direct FT assay has been questioned,9 FT was
also determined by calculation using the total testosterone and SHBG
values.10 Serum cholesterol, triglyceride, and glucose were determined
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enzymatically, as was cholesterol in the supernatant following phos-
photungstic acid precipitation of serum in the measurement of high-
density lipoprotein-cholesterol (HDL-C).

All statistical analyses were performed using SPSS version 10.0.
Means � SEM, Pearson and partial correlations, and multiple linear
regressions were calculated. A 2-tailed P value of � .05 was consid-
ered significant.

RESULTS

The means, SEMs, and ranges of the variables measured in
the 80 men are shown in Table 1.

Table 2 shows the Pearson correlation coefficients of mea-
sures of adiposity with risk factors for MI, insulin, and sex
hormones. Because W and WHR correlated so similarly with
these variables and with each other (r � .86, P � .001), the
data on W are not shown. Although VAT correlated with BMI
(r � .65), TAT (r � .71), SCAT (r � .69), WHR (r � .78), and
W (r � .81), all P � .001, VAT correlated more strongly with
each risk factor for MI, insulin, and the estradiol-to-testoster-
one ratio (E/T) than did the other adiposity variables. On
multiple linear regression analysis with insulin as the depen-
dent variable and age, VAT, and WHR as the independent
variables, VAT was associated with insulin (P � .002) while
WHR (P � .54), and age (P � .13) were not. VAT, WHR, and
W correlated similarly, and more strongly than BMI, TAT, and
SCAT with total testosterone and FT. On controlling for VAT,
all of the correlations that had been significant of BMI, TAT,
SCAT, WHR, and W with sex hormones, insulin, and risk
factors disappeared except for testosterone-WHR. Estradiol and
estrone did not correlate with any of the measures of adiposity.
Thus, sex hormones, insulin, and the risk factors for MI all
appeared to be more closely related to VAT than to fat located
elsewhere.

Because VAT correlated more strongly than BMI, TAT,
SCAT, WHR, or W with the risk factors for MI, insulin, and
E/T, VAT was selected as the measure of adiposity for subse-
quent data analysis. To determine the influence of VAT on the
correlations of sex hormones and insulin with risk factors for
MI, these correlations were calculated before and after control-
ling for VAT (Table 3). There were numerous Pearson corre-
lations between sex hormones, insulin, and risk factors for MI,
but after controlling for VAT, insulin correlated only with
glucose; estradiol and testosterone only with HDL-C; FT and
calculated FT only with age; and E/T only with insulin. On the
other hand, the correlations of VAT with the risk factors all
remained significant after controlling for either testosterone,
E/T, or insulin; eg, the VAT-triglyceride correlation stayed at
the P � .001 level in each case.

Although after controlling for VAT, neither estradiol nor

Table 1. Means, Standard Errors of the Means, and Ranges of

Variables in 80 Men

Variable Mean SEM Range

Age, (yr) 37.7 1.6 18-80
Body weight (kg) 81.0 1.4 51.6-108.2
Body mass index (kg/m2) 25.9 0.4 17.8-38.6
Waist-to-hip ratio 0.87 0.01 0.78-1.04
Waist circumference (cm) 88.0 1.3 69.0-119.0
Total adipose tissue (kg) 20.2 1.0 6.0-43.4
Subcutaneous adipose

tissue (kg) 17.7 0.8 5.8-36.1
Visceral adipose tissue (kg) 2.33 0.21 0.17-9.13
Cholesterol (mg/dL) 187 4 110-304
Triglyceride (mg/dL) 102 9 20-457
HDL-cholesterol mg/dL 48.4 1.4 26.0-89.0
Glucose (mg/dL) 85.3 1.2 61-120
Insulin (�U/mL) 8.9 0.5 2.8-21.0
Estradiol (pg/mL) 32.2 0.8 16.7-50.0
Estrone (pg/mL) 35.0 1.0 20.5-68.0
Testosterone (ng/mL) 5.08 0.16 2.22-8.80
Free testosterone (pg/mL) 18.5 0.6 7.8-30.9
Calculated free testosterone

(pg/mL) 72.2 2.1 33.5-136.0
Estradiol/testosterone � 103 6.70 0.22 3.80-12.63
Sex-hormone binding

globulin (nmol/L) 76.2 3.7 21.0-210.0

Abbreviations: SEM, standard error of the mean; HDL-cholesterol,
high-density lipoprotein cholesterol.

Table 2. Correlation Coefficients of Measures of Adiposity With Risk Factors for Myocardial Infarction, Insulin, and Sex

Hormones in 80 Healthy Men

Variable

Pearson Correlation Correlation Controlled for VAT

BMI TAT SCAT WHR VAT BMI TAT SCAT WHR

Age .27* .38‡ .32† .52‡ .55‡ �.14 �.11 �.11 .18
Cholesterol .21 .27* .24* .25* .32† .01 .03 .03 .01
Triglyceride .42‡ .47‡ .42‡ .36‡ .58‡ .07 .03 .03 �.16
HDL-cholesterol �.32† �.28† �.24* �.28† �.37‡ �.11 .02 .03 .02
Glucose .10 .28† .23* .31† .42‡ �.25* �.09 �.09 �.03
Insulin .35‡ .44‡ .40‡ .40‡ .49‡ .05 .11 .11 .04
Estradiol �.11 �.07 �.08 �.18 �.06 �.10 �.05 �.05 �.22
Estrone .05 .08 �.10 �.15 �.05 .10 .19 .18 �.18
Testosterone �.38‡ �.39‡ �.35‡ �.50‡ �.49‡ �.10 �.03 �.03 �.23*
Free testosterone �.29† �.27* �.24* �.37‡ �.36‡ �.09 .02 .01 �.16
Calculated free testosterone �.20 �.23* �.20 �.32† �.32† .01 .04 .03 �.12
Estradiol/testosterone .32† .36‡ .31† .35‡ .47‡ .02 �.03 �.03 �.02
SHBG �.24* �.20 �.19 �.23* �.20 �.15 �.07 �.07 �.12

Abbreviations: BMI, body mass index; TAT, total adipose tissue; SCAT, subcutaneous adipose tissue; WHR, waist-to-hip ratio; VAT, visceral
adipose tissue; HDL-cholesterol, high-density lipoprotein cholesterol; SHBG, sex-hormone binding globulin.

*P � .05; †P � .01; ‡P � .001.

785SEX HORMONES, INSULIN, ADIPOSITY, AND RISK FACTORS



testosterone correlated with insulin, E/T correlated highly sig-
nificantly with insulin. To investigate this relationship further,
multiple linear regression analysis was performed with insulin
as the dependent variable (Table 4). With estradiol, testoster-
one, VAT, and age as the independent variables, estradiol,
testosterone, and VAT were independently associated with
insulin (Model 1). Of interest, the P value for estradiol was less
than that for testosterone. E/T substituted for estradiol and
testosterone was more strongly associated with insulin than was
VAT (Model 2). The correlation of E/T with insulin is depicted
in Fig 1.

Table 5 shows the results from the present study and the 4
previous studies reported from this laboratory4,11-13 that tested
the sex hormone and insulin correlation in men. Because VAT
was not measured in the 4 previous studies, the correlations are
all controlled for BMI and age. Testosterone correlated more
strongly with insulin than did directly measured FT and calcu-
lated FT in the 4 studies in which FT was measured. Although
estradiol did not correlate with insulin in any of the studies, E/T
correlated with insulin more strongly than did testosterone or
T/E (data not shown) in all of the studies and more strongly

than did E/FT or FT/E (data not shown) in the 4 studies in
which FT was measured.

DISCUSSION

Sex hormones, insulin, and obesity have all been reported to
correlate with risk factors for MI in men.11,14,15 Although a
correlation does not by itself mean a cause and effect relation-
ship or, if so, indicate which is the cause, each of these 3
variables has been suggested as the link that underlies the risk
factors for MI to form the constellation.1-4,6,7 In the present
study, testosterone, FT, estradiol, estrone, insulin, 6 adiposity
variables, and risk factors for MI were measured and their
interrelationships compared in an attempt to discern whether
sex hormones, insulin, or adiposity may be the most likely link.

To determine which adiposity variable correlated best with
the risk factors for MI, we compared BMI, TAT, SCAT, VAT,
WHR, and W. VAT correlated significantly and more strongly
than did the 5 other adiposity variables with age, cholesterol,
triglyceride, HDL-C, glucose, and insulin. On controlling for
VAT, all of the significant correlations of the other adiposity
variables with these factors disappeared; these findings suggest

Table 3. Pearson and VAT-Controlled Correlation Coefficients of Insulin and Sex Hormones With Risk Factors for Myocardial Infarction

Age Cholesterol Triglyceride HDL-Cholesterol Glucose Insulin

Insulin .15 .13 .36‡ �.33† .38‡ —
Controlled for VAT �.16 �.02 .11 �.18 .22* —

Estradiol (E) �.09 .01 �.17 .23* .11 .16
Controlled for VAT �.08 .03 �.16 .22* .15 .21

Estrone .02 .10 �.10 .21 .12 .08
Controlled for VAT .06 .13 �.09 .20 .16 .12

Testosterone (T) �.26* �.22* �.42‡ .38‡ �.16 �.31†
Controlled for VAT .01 �.08 �.20 .26* .05 �.11

E/T .16 .26* .35† �.24* .22* .52‡
Controlled for VAT �.14 .13 .10 �.08 .03 .38‡

Free testosterone (FT) �.37‡ �.04 �.21 .26* �.08 �.09
Controlled for VAT �.22* .08 �.01 .14 .08 .11

Calculated FT �.46‡ �.00 �.04 .06 �.08 �.05
Controlled for VAT �.36‡ .11 .19 �.06 .06 .13

Abbreviation: VAT, visceral adipose tissue; HDL-cholesterol, high-density lipoprotein cholesterol.
*P � .05; †P � .01; ‡P � .001.

Table 4. Multiple-Regression Analysis of Relationship of Insulin to

Other Variables

Independent Variables

Regression
Coefficients

P of t ValueB SE

Model 1 R2 � .3242
Estradiol .1657 .0643 .012
Testosterone �.7421 .3618 .044
VAT 1.0563 .2937 �.001
Age �.0448 .0352 .208

Model 2 R2 � .3530
E/T .7795 .2309 .001
VAT .8789 .2867 .003
Age �.0374 .0344 .281

Abbreviations: VAT, visceral adipose tissue; E/T, estradiol-to-testos-
terone ratio.

Fig 1. Scatterplot showing correlation of E/T and fasting insulin

levels (80 men).
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that the correlations of BMI, TAT, SCAT, WHR, and W with
risk factors for MI and insulin were explained by their VAT
association. The correlation of obesity with risk factors for MI
and insulin in men, therefore, may be largely a function of its
VAT component. These findings are consistent with studies
reporting that visceral fat differs metabolically from fat located
elsewhere.16 Previous studies have also reported that associa-
tions of adiposity with risk factors and insulin appear to be
stronger with visceral than with subcutaneous fat.14,17,18 The
present study found that VAT was a stronger correlate of
testosterone, FT, and E/T than was BMI, TAT, or SCAT and
that controlling for VAT eliminated these correlations. Thus,
because VAT appeared to be more closely related to the risk
factors, sex hormones, and insulin than were other adiposity
variables, VAT was selected as the measure of adiposity for
further data analysis.

Most of the Pearson correlations of sex hormones and insulin
with risk factors for MI in the present study lost statistical
significance on controlling for VAT. Thus, the present study
suggests a stronger relationship in men of VAT than of either
sex hormones or insulin with the risk factors. In support of this
finding are previous cross-sectional6 and prospective7 studies
that found BMI6,7 and WHR6 to be more strongly related to risk
factors than was insulin; neither VAT nor sex hormones were
measured in these studies. However, a previous cross-sectional
study in men that measured VAT showed that although Pearson
correlations of testosterone with triglyceride and HDL-C/cho-
lesterol were eliminated on controlling for VAT, on multiple
regression analysis, insulin, but not VAT, was independently
associated with triglyceride, HDL-C, and HDL-C/cholesterol.19

That VAT may induce risk factors for MI is suggested by the
decrease in risk factors with weight reduction.20 If VAT in-
duces the risk factors and controlling for VAT eliminates the
correlations of sex hormones and insulin with the risk factors,
then sex hormones and insulin may relate to the constellation
mainly through their association with VAT. Although in the
present study, VAT did not correlate with estrogens, a strong
positive correlation of estrogens and negative correlation of
testosterone with body weight in men has been reported.21-23

That obesity may induce these hormonal changes is suggested
by their reversal toward normal in obese men with weight
reduction.24 Similarly, insulin decreases with weight reduc-

tion20 and, as in the present study, has been shown to correlate
strongly with VAT.17 However, VAT was not measured in the
weight reduction studies,20,24 in which a change in diet could
also have been a confounding factor. An increase in portal free
fatty acids has been reported to increase insulin resistance25 and
may explain the strong positive correlation between VAT and
fasting insulin level. Thus, VAT in men may link sex hormones
and insulin with risk factors for MI by inducing an alteration in
the sex hormone milieu and insulin resistance, as well as an
increase in risk factors for MI.

It is also possible that sex hormones and/or insulin could
relate to the risk factors by inducing VAT accumulation, which
in turn induces the constellation. That a sex hormone alteration
may lead to an increase in VAT is suggested by the observation
in men that a low baseline testosterone level was prospective
for VAT accumulation specifically, not for an increase in BMI
or subcutaneous fat, over 7.5 years; the VAT accumulation in
these subjects was independent of baseline VAT, BMI, subcu-
taneous fat, age, diabetes status, and fasting C-peptide; estra-
diol was not measured.26 The decrease in testosterone and
increase in VAT with age in men is consistent with this finding.
Also consistent is that a low free27 and total28 testosterone
level, controlled for baseline BMI27,28 and waist circumfer-
ence,28 has been reported to be a prospective factor in men for
type 2 diabetes, a disorder predicted by an increase in WHR in
men29; VAT was not measured in these latter 3 studies. More-
over, testosterone undecanoate administration to men has been
reported to decrease visceral, but not subcutaneous fat.30 VAT
appears to have a higher turnover rate of lipid than does adipose
tissue elsewhere,16 and testosterone has been reported to inhibit
lipoprotein lipase activity.31 That insulin could induce VAT is
suggested by the report that a high fasting insulin was prospec-
tive for VAT accumulation.32 Increased fasting insulin33 and
insulin resistance34 have also been reported to be prospective
for type 2 diabetes, which is predicted by an increase in WHR
in men.29 However, insulin resistance,35 fasting insulin,36,37 and
insulin secretion38 have been reported to be negatively associ-
ated with weight gain. Moreover, that low testosterone is pro-
spective for VAT accumulation has been shown to be indepen-
dent of baseline fasting C-peptide level,26 whereas whether
high insulin is prospective for VAT accumulation after con-
trolling for baseline sex hormone levels has apparently not been

Table 5. Correlation Coefficients, Controlled for Age and BMI, of Present and Previous Studies in Men From This Laboratory

Reference
No. of

Patients
Mean Age

(yr) Diagnosis

Partial Correlation Coefficients

E-Insulin T-Insulin FT-Insulin* E/T-Insulin E-T

4 23 39 MI .05† �.65†§ — .76†� .38
.08 �.58§ — .69� .38

11 55 44 Obesity .03 �.31§ �.24‡ .41� .30‡
12 30 53 Normal .24 �.23 �.16 .68� .62�

13 34 61 CAD �.23 �.40‡ �.38‡ .41‡ .29
Present 80 38 Normal .21 �.20 .04 .46� .42�

NOTE. Values of references 4 and 12 were recalculated from the original data in order to control for age and BMI.
Abbreviations: BMI, body mass index; E, estradiol; T, testosterone; FT, free testosterone; MI, myocardial infarction; CAD, coronary artery

disease.
*The calculated FT-insulin correlation was significant only in references 11 (r � �.25, P � .05) and 13 (r � �.38, P � .05).
†Insulin values used were insulin area under the glucose tolerance curve; all other insulin values in this table were fasting insulin.
‡P � .05; §P � .01; �P � .001.
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reported. Thus, it appears, at present, that a stronger argument
can be made for a sex hormone alteration than for an insulin
defect as underlying VAT accumulation. Other hormones, such
as growth hormone39,40 and cortisol,39,41 have also been impli-
cated in VAT accumulation.

It has been suggested that sex hormones may relate oppo-
sitely to risk factors for MI in men and women.42-44 Because
risk factors for MI appear to relate similarly to VAT in men and
women,45 the gender dichotomy may occur through the induc-
tion of VAT, ie, VAT might be induced by a decrease in
testosterone and/or an increase in E/T in men and a decrease in
estrogen and/or an increase in the ratio of testosterone-to-
estrogen in women.

Whether it is a sex hormone alteration or an insulin defect
that may underlie VAT accumulation, however, is further com-
plicated by the relationship of the sex hormones with insulin.
An inverse correlation of testosterone with insulin4 or C-pep-
tide46 in men has been corroborated by other laborato-
ries.26,47-51 While E/T has seldom been evaluated by others,
the present study and the 4 previous studies from this lab-
oratory4,11-13 that tested the sex hormone-insulin relationship
found a positive correlation between E/T and insulin in men
(Table 5). In the first of these studies, on non-obese men, it was
reported that the insulin area, glucose area, and the ratio of
insulin area-to-glucose area in the glucose tolerance test corre-
lated negatively with the serum testosterone level, but more
strongly and positively with E/T.4 The insulin area/glucose area
may be an estimate of insulin resistance in nondiabetic sub-
jects.52 Recalculation using fasting insulin gives similar results.
In the 4 subsequent studies, the fasting insulin level, which has
been reported to be a marker of insulin resistance,53 was used.
Although estradiol did not correlate with insulin in any of the
5 studies and estradiol correlated positively with testosterone in
3 of the studies, E/T correlated more strongly with insulin than
did testosterone in all of the studies. Moreover, in 2 of the
studies, while neither estradiol nor testosterone correlated with
insulin, E/T correlated strongly with insulin (P � .001); in 1 of
these studies, furthermore, the maximum BMI was 26.2,12

suggesting that this correlation occurs also in men who are not
overweight. All of the correlations in these studies (Table 5)
were controlled for BMI and age. Because of the negative
correlation of testosterone and positive correlation of estradiol
with obesity reported in men20-22 and the positive correlation of
obesity with insulin,17 controlling statistically for BMI or VAT
prevents BMI or VAT from confounding a testosterone-insulin
or E/T-insulin correlation. In the present study, on controlling
for VAT, the testosterone-insulin correlation lost statistical
significance; however, the E/T-insulin correlation did not (P �
.001). The sex hormone-insulin relationship found in the
present study is consistent with the finding of a high estradiol54,55

and E/T54 and low testosterone56-58 level in men with type 2
diabetes, which is associated with insulin resistance and hyperin-
sulinemia.59 Estradiol has apparently not been shown to correlate
with insulin in men; however, that E/T correlated with insulin
more strongly than did testosterone in each of the 5 studies from
this laboratory and that E/T, but not testosterone, correlated with
insulin after controlling for VAT in the present study, suggests that
estradiol may play an important role in the sex hormone-insulin
relationship. Further evidence for the contribution of estradiol to

the sex hormone-insulin relationship was the significant and inde-
pendent association in the present study of estradiol and insulin on
multiple linear regression analysis.

But whether a high E/T or a closely related hormonal alter-
ation might underlie the hyperinsulinemia, as hypothesized
previously,4 or vice versa, is speculative. That E/T and insulin
correlated strongly independently of VAT in the present study
suggests that VAT does not fully explain the E/T-insulin rela-
tionship. While we are unaware of studies in men implicating
the insulin defect as underlying a decrease in testosterone or an
increase in estradiol or E/T, there is evidence to support the
hypothesis that a sex hormone alteration may underlie the
insulin defect. An increased incidence of abnormal glucose
tolerance with increased insulin response has been reported in
men with hypogonadal disorders.60-63 Administration of testos-
terone propionate64 and 19-nortestosterone decanoate,65 which
is not aromatized primarily to estradiol, to normal men and
testosterone undecanoate to abdominally obese men30 have
been reported to increase insulin sensitivity. Administration of
ethinyl estradiol to normal men, moreover, has been reported to
induce insulin resistance.66 However, another study found no
effect on insulin sensitivity of testosterone enanthate adminis-
tration to normal non-obese men on a GnRH agonist to sup-
press endogenous testosterone secretion.67

While testosterone administration in men appears to decrease
insulin levels, insulin infused in normal men so as to produce
a wide range of plasma insulin concentrations has been re-
ported to have no effect on the total testosterone68,69 or free
testosterone levels.69 Administration of metformin, which has
been reported to decrease hepatic glucose output and plasma
insulin levels in patients with type 2 diabetes,70 together with a
hypocaloric diet to obese men with and without type 2 diabetes,
was found to decrease rather than increase the testosterone
level despite a decrease in BMI.71

Against the possibility that an increase in E/T may underlie
the insulin defect in men are reports of a man with estrogen
resistance owing to a mutation in the estrogen receptor alpha
gene72 and 2 men with low-estradiol levels and elevated tes-
tosterone levels owing to a mutation in the aromatase gene,73,74

all of whom had evidence of insulin resistance and one of
glucose intolerance.72 These patients had, in effect, a very low
E/T level with insulin resistance. Administration of oral con-
jugated estrogen73 or transdermal estradiol74 in the aromatase-
deficient patients, furthermore, was associated with a decrease
in insulin levels in 373,74 and 674 months despite a marked
increase in the estradiol and decrease in the testosterone lev-
els.74 A third man with aromatase deficiency was reported to
have a normal glucose tolerance and insulin response, a normal
testosterone level, and a low-estradiol level with little, if any,
change in the glucose and insulin levels after 6 months admin-
istration of either testosterone enanthate or transdermal estra-
diol despite marked changes in these hormone levels.75 The
apparent discrepancy among these findings and between these
findings and the reports that testosterone30,64,65 or estradiol66

administration to normal men decreased or increased insulin
resistance, respectively, is unexplained.

In conclusion, the present study suggests a stronger relation-
ship in men of VAT than of either sex hormones or insulin with
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risk factors for MI. However, that the testosterone level in men
has been reported to correlate prospectively, independently,
and negatively with VAT accumulation specifically, and tes-
tosterone administration to men has been reported to selectively
decrease VAT, suggest that an alteration in the sex hormone
milieu could underlie VAT accumulation. Furthermore, the
strong correlation between E/T and insulin after controlling
for VAT together with the observation in men that testos-
terone administration decreased and estrogen administration
increased insulin resistance suggests that a sex hormone

alteration may underlie the insulin defect, as well as VAT
accumulation. Thus, it appears that a compelling argument
could be made in men for a sex hormone alteration as
underlying VAT accumulation and also the insulin defect
both indirectly through the induction of VAT and directly;
an alteration in the sex hormone milieu, therefore, could be
the main underlying factor in the formation of the constel-
lation by inducing insulin resistance and the VAT accumu-
lation, which in turn links the risk factors for MI to each
other and to insulin to form the constellation.
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