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Abstract

Insulin resistance, obesity, and a sex hormone alteration have each been suggested as the underlying link for the constellation of risk
factors for myocardial infarction (MI) commonly referred to as the metabolic syndrome or the insulin resistance syndrome. In an attempt to
identify in women which of these variables is the most likely link, insulin, adiposity variables, sex hormones, and risk factors for MI were
measured and their relationships analyzed statistically in 58 premenopausal and 20 postmenopausal healthy women. On controlling for age,
visceral adipose tissue (VAT) correlated more strongly with risk factors for MI, insulin, and free testosterone (FT) than did total adipose tissue
or subcutaneous adipose tissue. VAT, therefore, was used as the adiposity variable for further data analysis. Waist circumference was a better
surrogate of VAT than was waist-hip ratio, which was a poor surrogate of VAT. VAT correlated positively with insulin, FT, triglyceride, and
glucose, and negatively with high-density lipoprotein and sex hormone–binding globulin. On controlling for age, FT and insulin correlated
with risk factors for MI and with each other, but on controlling for age and VAT, all of their correlations lost statistical significance except for
FT-triglyceride and FT-insulin in the postmenopausal women. In conclusion, VAT accumulation in women, independently of other measures
of adiposity, may largely explain the correlations of insulin, obesity, and sex hormones with risk factors for MI and may be the immediate
underlying factor that links risk factors for MI to form the metabolic syndrome. Insulin resistance, which has been generally accepted to be
the underlying factor, may be a component of the syndrome rather than its underlying link. We hypothesize that in women FT may effect
preferential VAT accumulation and induce insulin resistance directly, as well as via VAT accumulation, so that a sex hormone alteration may
underlie VAT accumulation and thus ultimately underlie the metabolic syndrome (with insulin resistance as a component).
© 2008 Elsevier Inc. All rights reserved.
1. Introduction

The observation that glucose intolerance, hyperinsuline-
mia, hyperlipidemia, and hypertension concur to form a
constellation of abnormalities that is found in various other
clinical states as well as myocardial infarction (MI) [1]
supported the hypothesis that there is a factor underlying and
linking these abnormalities [2]. The identification of such an
underlying factor could have profound implications for the
prevention of atherosclerotic cardiovascular disease (CVD).
The sex hormone milieu [1,2], insulin resistance [3,4], and
obesity [1,5,6] have each been hypothesized as the factor
underlying and linking these and other abnormalities to form
the metabolic or insulin resistance syndrome. In a previous
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study evaluating these hypotheses in healthy men, we
presented evidence suggesting that visceral adiposity is the
immediate underlying link. We hypothesized that an
alteration in the sex hormone milieu may underlie prefer-
ential visceral adipose tissue (VAT) accumulation and also
contribute to the insulin resistance in men [5]. However,
there appears to be an estrogen-androgen paradox in that in
women, sex hormones are reported to relate oppositely from
men to certain risk factors for MI, insulin, and coronary and
aortic atherosclerosis [7]. Our hypothesis for the develop-
ment of the metabolic syndrome in men, therefore, may not
be applicable to women.

In an attempt to determine and explain the relation-
ships of insulin, adiposity variables, and sex hormones to
risk factors for MI in women, the present study was
carried out in 78 apparently healthy women on whom
these variables, sex hormone–binding globulin (SHBG),
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and dehydroepiandrosterone sulfate (DHEAS) were mea-
sured. Because of the marked difference in estrogen status,
the data on premenopausal and postmenopausal women were
analyzed separately.
able 1
omparison of the means of variables controlled for age between 58
remenopausal and 20 postmenopausal women

ariable Mean ± SEM

Premenopausal
(n = 58)

Postmenopausal
(n = 20)

ge (y) 32.9 ± 1.2 61.4 ± 2.4 ‡

ody weight (kg) 63.5 ± 1.6 69.3 ± 3.3 ⁎

MI (kg/m2) 24.1 ± 0.6 27.9 ± 1.0 ‡

HR 0.77 ± 0.01 0.85 ± 0.01 ‡

C (cm) 75.3 ± 1.2 86.6 ± 2.8 ‡

AT (kg) 22.3 ± 1.3 32.0 ± 2.4 ‡

CAT (kg) 21.3 ± 1.3 29.1 ± 2.2 ‡

AT (kg) 0.96 ± 0.09 2.81 ± 0.30 ‡

holesterol (mg/dL) 175 ± 4 229 ± 11 ‡

riglyceride (mg/dL) 77.3 ± 6.4 116 ± 16 †

DL-C (mg/dL) 52.3 ± 1.6 59.8 ± 3.5 ⁎

holesterol/HDL-C 3.50 ± 0.12 4.00 ± 0.23 ⁎

lucose (mg/dL) 81.7 ± 1.1 89.9 ± 2.8 †

sulin (μU/mL) 8.8 ± 0.6 9.6 ± 0.9
stradiol (pg/mL) 25.3 ± 2.7
strone (pg/mL) 28.0 ± 2.2
estosterone (ng/mL) 0.32 ± 0.02 0.23 ± 0.03 ‡

ree testosterone (pg/mL) 1.00 ± 0.08 0.70 ± 0.15 ⁎

alculated FT (pg/mL) 2.83 ± 0.20 2.58 ± 0.58
HEAS (μg/dL) 176 ± 13 73 ± 6 ‡

HBG (nmol/L) 146 ± 10 126 ± 14

⁎ P ≤ .05.
† P ≤ .01.
‡ P ≤ .001.
2. Patients and methods

Seventy-eight adult women recruited from a multiethnic
community through advertisements were studied. Inclusion
required that the subject be healthy, not regularly participat-
ing in vigorous physical activity training programs (defined
as N180 minutes of recreational physical activity per week,
ie, N30 minutes per day × 6 days per week), not having
gained or lost greater than 10% of body weight within the
past year, not having a history of drug or alcohol abuse or
cardiovascular disease, and not taking hormones or other
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 included.
Postmenopausal was defined as absence of menstruation for
at least 1 year. The age range in the premenopausal women
was 18 to 50 and in the postmenopausal women 46 to
81 years. This study was approved by the institutional review
board and the subjects gave written informed consent.

Body mass index (BMI) was calculated as weight in
kilograms divided by height squared in meters (kg/m2).
Waist circumference (WC) was measured at the narrowest
point between the lowest rib and the iliac crest and hip
circumference at the greatest protuberance of the buttocks.

Total adipose tissue (TAT), subcutaneous adipose tissue
(SCAT), and VAT were measured using whole-body multi-
slice magnetic resonance imaging as described in detail
elsewhere [8]. Subjects were in the supine position with arms
extended overhead. Using the intervertebral space between
the fourth and fifth lumbar vertebrae as the origin, we
obtained 10-mm-thick transverse images from hand to foot
every 40 mm. Image analysis software (Tomovision,
Montreal, Quebec, Canada) was used to segment the cross-
sectional images. The adipose tissue compartment was
further segmented into subcutaneous and visceral compo-
nents. Adipose tissue area (centimeters squared) was
calculated after segmentation by summing appropriate tissue
pixels, then multiplying by individual pixel surface area. The
volume of each tissue was calculated from slice areas and
distances between slices by using a mathematical algorithm.

Venous blood samples were drawn between 8 and 10 AM

after a 12-hour overnight fast and the serum was separated
and stored at −20°C. Hormones were measured by radio-
immunoassay (RIA). Materials for the RIA of estradiol
(third-generation method), estrone, and SHBG were
obtained from Diagnostic Systems Laboratories, Webster,
TX, and for the RIA of total testosterone (TT), free (non–
protein-bound) testosterone (FT), DHEAS, and insulin from
Diagnostic Products, Los Angeles, CA. The interassay
coefficient of variation was 5.7% at 33.6 pg/mL for estradiol,
6.9% at 36.7 pg/mL for estrone, 9.5% at 0.74 ng/mL for TT,
19.3% at 1.35 pg/mL for FT, 4.8% at 104 nmol/L for SHBG,
and 5.6% at 162.5 μg/dL for DHEAS. FT was also
determined by calculation (cFT) [9] using the TT and
SHBG values [10]. The correlation coefficient between FT
and cFT in the 78 women was 0.84 (P b .001). Because blood
samples were drawn at random times in the menstrual cycle,
estrogen values in the premenopausal women were not
analyzed. Serum cholesterol, triglyceride, and glucose were
determined enzymatically, as was cholesterol in the super-
natant after phosphotungstic acid precipitation of serum in
the measurement of high-density lipoprotein cholesterol
(HDL-C).

All statistical analyses were performed using SPSS
version 10.0 (SPSS, Chicago, IL). Means ± SEMs, analysis
of variance with age as covariate, and Pearson and partial
correlations were calculated. A 2-tailed P value of b.05 was
considered significant.
3. Results

3.1. Comparison of variables between premenopausal and
postmenopausal women

Table 1 shows a comparison controlled for age of the
means ± SEMs of the variables determined in the 58
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Table 2
Correlation coefficients of adiposity variables with risk factors for MI and
hormones controlled for age in 58 healthy premenopausal women

Variable TAT SCAT WC VAT Age

Age 0.42 § 0.40 ‡ 0.55 § 0.60 § –
Cholesterol 0.09 0.09 0.08 0.13 0.47 §

Triglyceride 0.38 ‡ 0.37 ‡ 0.46 § 0.50 § −0.19
HDL-C −0.52 § −0.50 § −0.55 § −0.63 § 0.22
Glucose 0.22 0.21 0.22 0.32 ⁎ 0.12
Insulin 0.43 § 0.42 § 0.55 § 0.43 § 0.07
Testosterone (T) 0.22 0.22 0.11 0.11 −0.41 §

Free T 0.30 ⁎ 0.29 ⁎ 0.32 ⁎ 0.40 ‡ −0.31 ⁎
Calculated free T 0.35 † 0.34 † 0.33 † 0.41 § −0.44 §

SHBG −0.13 −0.11 −0.19 −0.38 ‡ 0.02
DHEAS −0.13 −0.13 −0.13 −0.04 −0.19

⁎ P ≤ .05.
† P ≤ .01.
‡ P ≤ .005.
§ P ≤ .001.

ig. 1. Scatterplot showing relationship of VAT level to age in
remenopausal (•) and postmenopausal (▴) women.
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premenopausal and 20 postmenopausal women. The adip-
osity variables were higher in the postmenopausal women
and the adipose distribution was markedly different from that
of the premenopausal women. Although SCAT, which made
up more than 90% of TAT, was 37% higher in the
postmenopausal women, VAT was approximately 3 times
higher, so that VAT made up 4.3% of TAT in the
premenopausal women and 8.8% in the postmenopausal
women. SCAT correlated with VAT in both the premeno-
pausal (r = 0.71, P b .001) and postmenopausal (r = 0.67,
P = .001) women. The mean values of the MI risk factors
cholesterol, triglyceride, HDL-C, and glucose were higher
in the postmenopausal women. The TT and FT levels were
lower in the postmenopausal women. DHEAS was
markedly lower in the postmenopausal women.

3.2. Correlation coefficients of adiposity variables and age
with other variables in the premenopausal women

Because WC correlated more strongly than waist-hip ratio
(WHR) with VAT in both the premenopausal (r = 0.79 vs .48)
Table 3
Correlation coefficients of adiposity variables with risk factors for MI and
hormones controlled for age in 20 healthy postmenopausal women

Variable TAT SCAT WC VAT Age

Age −0.05 −0.05 0.08 −0.06 –
Cholesterol 0.04 0.04 0.06 0.08 0.21
Triglyceride 0.43 0.40 0.34 0.56 † 0.32
HDL-C −0.25 −0.21 −0.26 −0.47 ⁎ −0.08
Glucose −0.03 −0.09 0.07 0.32 0.32
Insulin 0.37 0.32 0.51 ⁎ 0.58 † 0.13
Estradiol −0.07 −0.08 −0.08 −0.00 −0.25
Estrone −0.05 −0.04 −0.12 −0.09 −0.01
Testosterone 0.43 0.41 0.59 † 0.42 0.02
FT 0.42 0.39 0.55 ⁎ 0.51 ⁎ −0.01
cFT 0.47 ⁎ 0.44 0.60 † 0.53 ⁎ −0.07
SHBG −0.13 −0.08 −0.35 −0.39 −0.11
DHEAS −0.26 −0.28 −0.04 −0.06 −0.34

⁎ P ≤ .05.
† P ≤ .01.
F
p

and postmenopausal (r = 0.69 vs .46) women, it appeared to
be a better surrogate of VAT than didWHR and the values for
WHR are not shown in Tables 2 and 3.

Table 2 shows the correlation coefficients of adiposity
variables and age with risk factors for MI, insulin, sex
hormones, SHBG, and DHEAS in the premenopausal
women. The adiposity variables correlated positively and
strongly with age, with the VAT-age correlation being the
strongest. VAT correlated with age after controlling for TAT
(r = 0.47, P b .001), SCAT (r = 0.49, P b .001), or WC (r =
0.32, P = .015). The splay of the VAT values as well
appeared to increase with age (Fig. 1). The VAT/SCAT ratio
also correlated positively with age in the premenopausal
women alone (r = 0.47, P b .001) or combined with the
postmenopausal women (r = 0.65, P b .001) (Fig. 2).
Cholesterol correlated positively and TT, FT, and cFT
negatively with age in the premenopausal women; on
controlling for VAT, these correlations of cholesterol (r = 0.33,
P = .011), TT (r = −0.39, P b .009), FT (r = −0.48, P b .001),
and cFT (r = −0.44, P b .001) with age persisted. Because of
ig. 2. Scatterplot showing relationship of VAT/SCAT to age in
remenopausal (•) and postmenopausal (▴) women.
F
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Table 4
Significant partial correlations of sex hormones, insulin, and risk factors for
MI in 20 healthy postmenopausal women

Controlled for age Controlled for age
and VAT

r P r P

FT-triglyceride 0.67 0.002 0.53 0.023
cFT-triglyceride 0.58 0.009 0.40 0.097
FT-HDL-C −0.45 0.056 −0.27 0.275
cFT-HDL-C −0.46 0.054 −0.29 0.251
TT-insulin 0.51 0.026 0.36 0.145
FT-insulin 0.69 0.001 0.56 0.015
cFT-insulin 0.62 0.005 0.45 0.063
Insulin-triglyceride 0.45 0.053 0.18 0.470
Insulin-glucose 0.52 0.023 0.43 0.074
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these correlations with age, the correlations of the adiposity
variables with risk factors for MI and hormones in Table 2
were controlled for age. VAT appeared to correlate more
strongly than TAT and SCAT with triglyceride, HDL-C, and
glucose, and similarly to TAT and SCAT with insulin. The
Pearson correlation of VAT and cholesterol (r = 0.37,
P = .004) became insignificant on controlling for age; none
of the adiposity variables correlated with cholesterol on
controlling for age. All of the correlations of TAT and SCAT
with the risk factors and insulin became insignificant on
controlling for age and VATor VAT alone. On controlling for
age, FT and cFT, but not TT, correlated with VAT and less
strongly with TAT and SCAT. Controlling for age and VAT
eliminated the correlations of FT and cFT with TAT and
SCAT. SHBG correlated negatively with VAT on controlling
for age or for age and insulin (r = −0.37, P = .005) but did not
correlate significantly with TATor SCAT. On removing the 2
SHBG statistical outliers, this SHBG-VAT correlation
became stronger and a correlation between SHBG and
insulin controlled for age (r = −0.33, P = .014) emerged but
was eliminated on controlling for age and VAT. DHEAS did
not correlate with any of the adiposity variables before or
after controlling for age, but did correlate with TT (r = 0.50,
P = b.001), FT (r = 0.55, P b .001), and cFT (r = 0.43, P =
.001) on controlling for age and VAT. WHR was a poor
surrogate of VAT, correlating only with age and insulin of the
variables in Table 2.

3.3. Correlation coefficients of adiposity variables and age
with other variables in the postmenopausal women

Table 3 shows the corresponding data of Table 2 for the
20 postmenopausal women. None of the variables correlated
significantly with age. However, VAT and VAT/SCAT
appeared to follow the correlation line with age of the
premenopausal women but with greater interindividual
variation (Figs. 1 and 2). The VAT-controlled correlation of
DHEAS with age approached significance (r = −0.44, P =
.06). As in the premenopausal women, VAT was a stronger
correlate of triglyceride and HDL-C than were the other
adiposity variables on controlling for age. Cholesterol
showed no correlation with any of the adiposity variables.
VAT, but not TAT or SCAT, correlated significantly with
insulin. VATcorrelated significantly with FT and cFT but not
with TT. However, in contrast to the premenopausal women,
the correlation of TT with VAT, TAT, and SCAT approached
significance (P ≤ .08). The correlation coefficients of TT,
FT, and cFT with VAT were the same before and after
controlling for age. SHBG correlated with insulin on
controlling for age (r = −0.53, P = .020) but not on controlling
for age and VAT. DHEAS did not correlate with the adiposity
variables before or after controlling for age.

Although VAT correlated more strongly than WC with
age, triglyceride, and HDL-C in the premenopausal women,
WC correlated with these factors more strongly than TATand
SCAT and thus served as a better surrogate of VAT. WC
correlated more strongly than VAT with insulin in the
premenopausal women and with TT, FT, and cFT in the
postmenopausal women. All of the significant correlations of
WHR with the variables were stronger for WC. WHR was a
poor surrogate for VAT.

3.4. Correlation coefficients of testosterone and insulin with
risk factors

Because VAT correlated more strongly with risk factors
for MI, insulin, and FT than did TAT or SCAT, and
controlling for VAT in addition to age eliminated the
correlations of TAT and SCAT with these variables, VAT
was used as the adiposity variable for further data analysis.
Pearson correlations between insulin, sex hormones, and
risk factors for MI in the premenopausal women were
significant only for insulin with HDL-C (r = −0.38, P =
.003), insulin with triglyceride (r = 0.42, P = .001), FT
with HDL-C (r = −0.26, P = .049), and cFT with HDL-C
(r = −0.29, P = .027). Only the insulin-triglyceride (r = 0.42,
P = .001) and insulin-HDL-C (r = −0.41, P = .002)
correlations remained significant after controlling for age
and none were significant after controlling for age and VAT.
Significant partial correlations among these variables in the
postmenopausal women are shown in Table 4. On controlling
for age, insulin correlated positively with glucose and
approaching significance with triglyceride, FT and cFT
correlated positively with triglyceride and negatively
approaching significance with HDL-C, whereas TT, FT,
and cFT correlated positively with insulin. On controlling for
age and VAT, only the FT-triglyceride and FT-insulin
correlations remained significant. SHBG correlated strongly
with FT/TT on controlling for age and VAT in both the
premenopausal (r = −0.61, P b .001) and postmenopausal
(r = −0.66, P = .002) women.
4. Discussion

In a previous study in men, we found that VAT, which
made up only 11.5% of TAT, correlated more strongly than
SCAT and TAT with risk factors for MI and that controlling
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for VAT eliminated the correlations of SCAT and TAT with
risk factors for MI [5]. In the present study, these relation-
ships in both premenopausal and postmenopausal women
were similar to those in men. The findings suggest that VAT,
although it made up only 4.3% and 8.8% of TAT in the
premenopausal and postmenopausal women, respectively,
may largely explain the correlations of obesity with risk
factors found in women; VAT, therefore, was the adiposity
variable used for further data analysis. Because all of the
adiposity variables, and also VAT/SCAT, increased with age,
correlations with adiposity variables were controlled for age.

On controlling for age and VAT, all of the significant
correlations of insulin and FT with the risk factors were
eliminated except for FT-triglyceride in the postmenopau-
sal women. Thus, VAT accumulation may largely explain
the correlations not only of obesity but also of insulin and
testosterone with risk factors for MI in women, as
previously found in men [5]. The relationships of VAT with
insulin, risk factors, and FT in this and other studies suggest
that VAT accumulation could effect the expression of insulin
resistance and risk factors for MI, as well as raise the FT level
in women.

With regard to the relationship of VAT with glucose and
insulin, in premenopausal women, the change in glucose area
in the glucose tolerance test [11-13] and in insulin sensitivity
[12,14] with weight change has been found to be more
strongly related to change in VAT than in fat mass or SCAT.
Removal of SCAT from obese diabetic or nondiabetic
women by liposuction was reported to have no effect on
insulin resistance or on the levels of glucose, insulin, or risk
factors [15]. That VAT may play a causal role in the
expression of risk factors for MI in women is suggested by
the decrease in risk factors with weight reduction [13,16], the
preferential decrease in VAT with weight reduction
[13,14,17,18], and the stronger association of VAT than
SCAT with the risk factors. That weight reduction in obese
premenopausal women caused a decrease in FT [19]
suggests that VAT accumulation may cause a rise in FT.
Thus, VAT accumulation could have a causal role in women,
as well as in men [5], in the development of both insulin
resistance and the risk factors for MI, and could also affect
the testosterone level.

If VAT accumulation does cause the expression of insulin
resistance and the risk factors and influence the testosterone
level in women, these effects focus interest on factors other
than weight gain that might influence VAT accumulation.
Insulin resistance or sex hormone level, each of which is
closely linked to obesity, are possible factors that could effect
VAT accumulation as well as be affected by it.

With regard to insulin and VAT accumulation, insulin
resistance or an increase in insulin level has been reported
to predict a decrease rather than an increase in weight gain
and a greater likelihood of weight loss in prospective
studies in women as well as in men [20-23]. A prospective
study of a healthy nonobese population of both women
and men with 6-fold differences in insulin response to
glucose showed that the baseline insulin response did not
predict weight gain [24]. Thus, it appears that insulin
resistance or hyperinsulinemia, if anything, may mitigate
VAT accumulation [20-23].

Although insulin resistance may not underlie, but may
even mitigate, the VAT accumulation that appears to lead to
the expression of risk factors, insulin resistance has been
proposed to be [3,4] and is generally accepted to be the factor
leading to the development of the metabolic or insulin
resistance syndrome. In the present study, insulin-risk factor
correlations were no longer significant when controlled for
age and VAT. Thus, insulin resistance, which appears to be
induced by VAT accumulation, may not be independently
related to the risk factors and may be a component of the
metabolic syndrome rather than the factor leading to it.

With regard to sex hormones, that testosterone may be a
factor influencing VAT accumulation is suggested by the
association of an increase in WC [25] and WHR [25,26] with
hyperandrogenic states in women. In support is the
observation that administration of testosterone to premeno-
pausal women [27] and an androgen [28] to postmenopausal
women preferentially increased VAT, whereas antiandrogen
administration to premenopausal women with polycystic
ovary syndrome preferentially decreased VAT [29].
Although neither estradiol nor estrone correlated with VAT
in this study, the fact that the postmenopausal women had a
VAT/SCAT ratio twice that of the premenopausal women
without having a higher testosterone level raises the
possibility that the sharp menopausal decline in estrogen
level, rather than just an increase in weight, may have been a
factor in this adipose redistribution. A significantly higher
mean VAT/SCAT in postmenopausal women compared with
premenopausal women of higher mean weight has been
reported [30]. The increase in VAT with age in the
premenopausal women could have been due to an attenua-
tion of estrogen secretion with age [31,32]. The development
of an androgen excess relative to estrogen with menopause
has been proposed [32] and may explain the increase in VAT/
SCAT with age in women.

That the FT-insulin correlation in the postmenopausal
women in this study remained significant on controlling for
age and VAT suggests that FT may contribute directly to the
insulin resistance in women, as well as indirectly by inducing
accumulation of VAT. Administration of testosterone to
healthy premenopausal [33] and postmenopausal [34]
women has been reported to induce insulin resistance.
Arguments have been presented previously that an elevation
of the testosterone level may underlie insulin resistance in
women [35]. Thus, in women as well as in men [5], sex
hormones may underlie the VAT accumulation that directly
underlies the expression of risk factors for MI and insulin
resistance, and may also lead directly to insulin resistance and
possibly to certain risk factors for MI independently of VAT.
Sex hormones, then, may ultimately underlie the metabolic
syndrome (with hyperinsulinemia as a component of the
syndrome) in women as previously hypothesized in men [1,5].
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Although testosterone related positively to insulin and
risk factors for MI in women in the present study,
testosterone related negatively to these factors in our
previous study in men [5]. In support of this apparent
paradox, which has been noted previously [36,37], is the
high free-androgen index [38] and bioavailable testosterone
level [39] in premenopausal women and free-androgen index
in postmenopausal women [35,40] reported to be associated
with the metabolic syndrome, and the low TT level reported
to be associated with [41,42] and prospective for [43] the
metabolic syndrome in men. The positive relationship of
testosterone to VAT found in this study in premenopausal
and postmenopausal women and the negative relationship
reported previously in men [44,45] suggest a similar paradox
in the relationship of testosterone to VAT. Thus, if
testosterone does underlie preferential VAT accumulation
and VAT accumulation underlies the expression of insulin
resistance and risk factors for MI in both women and men,
the testosterone-VAT gender paradox is consistent with and
may explain the similar gender paradox in the relationship of
testosterone to insulin, risk factors for MI, and CVD [7].

VAT, but not TAT or SCAT, correlated significantly
(inversely) with SHBG in the premenopausal women on
controlling for age, suggesting that VAT may largely explain
the correlation of obesity with SHBG in women. Data, not
previously reported, from our study in men [5] similarly
show that VAT correlated with SHBG (r = −0.39, P b .001)
more strongly than did TAT (r = −0.31, P = .006) or
SCAT (r = −0.27, P = .015) on controlling for age.

The VAT-SHBG correlation also remained significant on
controlling for age and insulin in the premenopausal women
in the present study, whereas the insulin-SHBG correlation
on controlling for age and VAT did not. Similarly, in the
study in men [5], the VAT-SHBG correlation remained
significant on controlling for age and insulin (r = −0.28,
P = .013), but insulin, which correlated significantly with
SHBG on controlling for age and BMI (r = −0.24, P = .033),
as found previously [46], did not correlate significantly with
SHBG on controlling for age and VAT. These observations
suggest that VAT may correlate with SHBG independently of
insulin and raise the possibility that VAT may be a more
important determinant of SHBG level than is insulin.

In conclusion, the present study suggests that VAT (which
appeared to increase with age at a faster rate than SCAT) may
largely explain the constellation of abnormalities that occurs
with adipose accumulation in both premenopausal and
postmenopausal women. Insulin resistance, rather than
being the factor leading to the metabolic syndrome in
women, may instead be a component of it. An increased
level of testosterone may effect the preferential accumulation
of VAT in women. Thus, in women, as hypothesized
previously in men, testosterone may underlie the VAT
accumulation that appears to directly underlie the metabolic
syndrome (with hyperinsulinemia as a component); testos-
terone may also contribute directly to insulin resistance and
certain risk factors.
Interest has focused on determining the components of
the metabolic syndrome. If the ultimate underlying factor
were established, the components would be whatever
abnormalities are associated with that factor [47]. More
important, the establishment of an underlying factor could
present a more effective approach to the prevention of CVD.
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