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Testosterone and Visceral Fat in Midlife
Women: The Study of Women’s Health Across
the Nation (SWAN) Fat Patterning Study

Imke Janssen', Lynda H. Powell'?, Rasa Kazlauskaite' and Sheila A. Dugan’**

Visceral fat (VF) increases with the menopause and is an independent predictor of the metabolic syndrome, diabetes,
and cardiovascular disease (CVD) in women. Little is known about how hormonal changes during the menopausal
transition are related to the increase in VF. We aimed to determine the relationship between bioavailable testosterone
and VF in middle-aged women at various stages of the menopausal transition and whether this relationship

is independent of age and other CVD risk factors. The Study of Women’s Health Across the Nation (SWAN) is

a longitudinal, community-based study. This report uses baseline data from a population-based longitudinal

ancillary study at the Chicago site to examine the cross-sectional relationship between testosterone and computed
tomography (CT)-assessed VF in women at different stages of the menopausal transition. Included are 359 women
(47.2% black), aged 42-60 years, who were randomly selected from a complete community census in which a 72%
participation rate was achieved. In multivariate models, bioavailable testosterone was associated with VF independent
of age, race, percent total body fat, and other cardiovascular risk factors. Bioavailable testosterone was a stronger
predictor than estradiol and was interchangeable in its strength of association with sex hormone-binding globulin
(SHBG). As bioavailable testosterone was associated with VF even after adjusting for insulin resistance, this suggests
that it plays an important role in regional fat distribution. Our findings may have direct implications in explaining the
effect of menopause-related testosterone predominance on VF accumulation and subsequent cardiovascular risk.

Obesity (2009) doi: 10.1038/0by.2009.251

INTRODUCTION

Cardiovascular risk increases in women after menopause
(1-3). Among the pathways for this higher risk is an increase
in visceral fat (VF). VF is an independent predictor of the
metabolic syndrome, especially in normal weight women (4),
diabetes, and cardiovascular disease (CVD) (5-9). VF has
also been associated with the menopausal transition in cross-
sectional (10,11) and longitudinal studies (12-14). This effect
of menopause appears to be independent of age and total body
fat (14,15). The role of VF in the menopause-related increase
in CVD risk is biologically plausible. VF is metabolically and
functionally different from subcutaneous fat tissue (16), and is
a preferential source of inflammatory factors which contribute
to premature atherosclerosis and risk of acute coronary syn-
drome (17,18).

We have shown previously that bioavailable testosterone is
related to the development of the metabolic syndrome (19) ina
12-year longitudinal study of a multiethnic cohort undergoing
the menopausal transition. When we examined components

of the metabolic syndrome separately, we observed that
bioavailable testosterone, but not estradiol, was strongly related
to waist circumference, a marker of VE. Furthermore, in multi-
variate models, the relationship of sex hormone-binding
globulin (SHBG) to waist circumference was similar to that of
bioavailable testosterone. The role of testosterone in the devel-
opment of visceral adiposity was supported by an investigation
of healthy middle-aged Australian white women which found
that baseline bioavailable testosterone, and change in bio-
available testosterone, predicted accumulation of VF 5 years
later (20). Estradiol or its change were not significantly related
to VF (20). The impact of bioavailable testosterone on VF was
further supported by a clinical trial, where administration of a
weak androgen (nandrolone decanoate) resulted in an increase
of VF in obese white women (21).

The Study of Women’s Health Across the Nation (SWAN)
is a seven-site longitudinal, multicultural investigation of the
menopausal transition. The Chicago site of the SWAN study
features a population-based ancillary study examining change
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in computed tomography (CT)-assessed VF as women traverse
the menopause. This provides an opportunity to study further
the relationship between testosterone and VE. We hypothesized
that both VF and bioavailable testosterone are higher in post-
menopausal women than in pre- or perimenopausal women.
We further hypothesized that the association of bioavailable
testosterone is interchangeable with that of SHBG, an indi-
rect marker of the balance between testosterone and estradiol
(22), and that both of these relationships are stronger than the
relationship between estradiol and VE

METHODS AND PROCEDURES

Participants

Participants were women who enrolled in an ancillary study of the
SWAN at the Chicago site. This study (the “SWAN Fat Patterning
Study”) was designed to investigate the impact of the menopausal
transition on the accumulation of VE. SWAN is a seven-site multi-
ethnic longitudinal study of women transitioning through meno-
pause, featuring ongoing annual interviews. Women were eligible
for SWAN if they were between the ages of 42 and 52, not pregnant
or breastfeeding, had an intact uterus and at least one ovary, had
menstruated within 3 months, and were not using oral contracep-
tives or hormone therapy. By design, the Chicago site recruited
only non-Hispanic white and black women. A unique feature of the
Chicago SWAN site is that it is a population-based design, which
drew on a complete community census to recruit a sample of black
and white women with a 72% participation rate. These women were
recruited in a way that featured comparability on socioeconomic
status within the black and white women, thus minimizing any
confound between ethnicity and socioeconomic status. Details of
SWAN recruitment and the study protocol have been reported else-
where (23).

Women enrolled in the Chicago SWAN Fat Patterning Study between
August 2002 and December 2005 coincident with their annual SWAN
follow-up visit. They were eligible if they did not have a history of diabe-
tes, chronic liver disease, renal disease, anorexia nervosa, alcohol or drug
abuse, were not currently pregnant or planning to become pregnant, and
had not undergone surgical menopause (hysterectomy and/or bilateral
oophorectomy). Because of equipment limitations, women with breast
implants, hip replacements, or weight exceeding 299 pounds could not
participate.

Of the 386 eligible Chicago SWAN participants, 77% enrolled in the
Fat Patterning Study. Because many SWAN participants were post-
menopausal by the time the Fat Patterning Study began, we recruited
additional pre- and perimenopausal women (65% of those eligible from
the census) who were screened as part of the original SWAN recruit-
ment effort but were too young to participate in 1996. These women
were younger than the previously recruited women were, but did not
differ in BMI, age-adjusted total fat or VE education, or depressive
symptoms. The final cohort consisted of 435 women (200 black and
235 white). Due to missing data on VF (due to equipment malfunction)
(n = 3), new surgical menopause (# = 23), new hormone use (n = 45),
or missing covariates (n = 5), 359 women (166 black, 193 white) were
included in the current analyses.

Procedures

At entry into the parent SWAN study and at each annual assessment,
all SWAN participants completed a standard protocol; full details are
provided elsewhere (23). Covariates of interest for the present analy-
ses were measured as part of the annual SWAN assessment coincident
with recruitment to the SWAN Fat Patterning Study for the 297 SWAN
participants. The 138 women recruited uniquely to the Fat Patterning
Study completed the same protocol as the SWAN participants. For all
women, data presented here represent the baseline visit for the SWAN
Fat Patterning Study.

All aspects of the study were approved by the Rush University Medical
Center’s institutional review board, and all women provided written,
informed consent for their participation.

Assessment of VF. VF in the abdominal cavity was assessed by CT at
High Tech Medical Park located within 9 miles of the Chicago SWAN
study site. All abdominal CT scans were conducted by a trained techni-
cian using a General Electric Lightspeed VCT scanner (General Electric
Medical Systems, Milwaukee, WI), with the participant in the supine
position and arms folded across her chest. Following a scout view, a
single 10-mm thick image of the abdomen at the L4-L5 vertebral space
was obtained. Images were stored on optical disks and transferred to the
reading center at the University of Colorado Health Sciences Center for
analysis. Scans were read using a software developed by the reading cen-
ter (RSI, Boulder, CO) and used in large cohort studies (24,25). Scans
were read by a trained radiologist, blind to the participants’ clinical or
demographic characteristics. The radiologist defined total abdominal
fat area using a cursor to delineate the area within the muscle wall sur-
rounding the abdominal cavity (26). VF was defined as all adipose tis-
sue within this area with an attenuation range between —190 and —-30
Hounsfeld units (26).

Assessment of total body fat. Total body fat mass was assessed with
whole body dual-energy X-ray absorptiometry scans using a General
Electric Lunar Prodigy scanner (GE-Lunar, Madison, WI). Dual-energy
X-ray absorptiometry scans use two X-ray energy sources, which enable
separation of body mass into fat mass, lean tissue mass, and bone min-
eral content. Dual-energy X-ray absorptiometry scans, completed the
same day as the CT scans at High Tech Medical Park, were performed
with a participant in the supine position, arms by her side, wearing only
a hospital gown. Scans were analyzed using GE-Lunar enCORE soft-
ware (GE-Lunar). For data analyses, total body fat was quantified as the
percent of fat in the total body habitus to represent the amount of fat
for a given body size; total percent fat was calculated as total fat mass
divided by total mass (total fat mass, total lean mass, and bone mineral
content). Due to equipment malfunction, five women were unable to
complete a dual-energy X-ray absorptiometry scan as part of the base-
line study visit. Because BMI and total fat are very highly correlated (r =
0.83) in our sample, a regression equation was estimated to predict total
body fat from BMI, and this value was then used in analyses.

Assessment of covariates.

Menopausal status: Bleeding criteria were used to characterize meno-
pausal status as premenopausal (normal cycling), early perimenopausal
(irregular cycles but bleeding within the past 3 months), late perimeno-
pausal (irregular cycles with bleeding in the past 11 months but not
within the last 3 months), and postmenopausal (no menses for at least
12 months). This self-reported definition was validated against follicle-
stimulating hormone levels in that postmenopausal women who had
higher follicle-stimulating hormone levels than peri- and premeno-
pausal women (geometric mean = 86.3, 29.7, and 14.7, respectively; all
pairwise comparisons P < 0.001).

Age was calculated as the difference between exam date and self-
reported date of birth. Race was self-reported as black or white. The
highest educational degree was self-reported at the screening visit: high
school or less, some college, college degree, or graduate school.

All participants underwent exams, which included interviews,
anthropometry, questionnaires, and a blood draw for the assessment of
sociodemographic factors, cardiovascular risk factors, and reproductive
hormones. Due to budgetary constraints, the blood assays, including
high-density lipoprotein, were analyzed every other year only.

The Framingham risk score (FRS) was calculated using data on age,
smoking status, total serum cholesterol and high-density lipoprotein
cholesterol, resting blood pressure, and use of antihypertensive medica-
tion (27). Total cholesterol and high-density lipoprotein cholesterol were
analyzed on EDTA-treated plasma using standard methods, previously
described (28,29). Resting blood pressure was measured with a mercury
sphygmomanometer, using a standard protocol following at least a 5-min
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rest with participants seated. Blood pressure was measured in the right
arm, using an appropriately sized cuff. Two sequential blood pressure
readings were obtained, 2 min apart. Use of antihypertensive medica-
tion was self-reported annually in SWAN and confirmed via medication
review. For the calculation of the FRS, lipids were taken from the previous
year, if necessary.

Depressive symptoms were assessed in SWAN with the 20-item Center
for Epidemiological Studies Depression Scale (CES-D) (30), a validated
scale with good test-retest reliability in ethnically diverse samples (31),
and used extensively in epidemiological studies (32). A score of 216 on
the CES-D is indicative of clinically significant symptomatology (32);
therefore, we modeled the CES-D as a dichotomous predictor, CES-D
score 216 vs. <16 as the referent category.

Hormones: Phlebotomy was performed in the morning following an
overnight fast. Subjects were scheduled for venipuncture on days 2-5
of a spontaneous menstrual cycle (in cycling women) within 60 days
of the anniversary of the baseline examination date. All assays were
performed on the ACS-180 automated analyzer (Bayer Diagnostics,
Tarrytown, NY) using a double-antibody chemiluminescent immu-
noassay with a solid phase anti-immunoglobulin-G conjugated to para-
magnetic particles, anti-ligand antibody, and competitive ligand labeled
with dimethylacridinium ester. The estradiol (E2) assay modifies the
rabbit anti-E2-6 ACS-180 immunoassay to increase sensitivity, with a
lower limit of detection of 1.0 pg/ml. Serum testosterone (T) concentra-
tions were determined by competitive binding of a dimethylacridin-
ium ester-labeled T derivative to a rabbit polyclonal anti-T antibody
premixed with monoclonal anti-rabbit immunoglobulin-G antibody
immobilized on the solid phase paramagnetic particles. Inter- and
intra-assay coeflicients of variation were 10.5% and 8.5%, respectively,
with a limit of detection of 2.19 ng/dl. The two-site chemiluminescent
assay for serum SHBG concentrations involved competitive binding
of dimethylacridinium ester-labeled SHBG to a commercially avail-
able rabbit anti-SHBG antibody and a solid phase of goat anti-rabbit
immunoglobulin-G conjugated to paramagnetic particles. Inter- and
intra-assay coefficients of variation for SHBG were 9.9% and 6.1%,
respectively, with a limit of detection of 1.95nmol/l. Serum E2 con-
centrations were measured with a modified, off-line ACS-180 (E2-6)
immunoassay. Inter- and intra-assay coefficients of variation averaged
10.6% and 6.4%, respectively, over the assay range, and the lower limit
of detection was 1 pg/ml. Duplicate E2 assays were conducted with
results reported as the arithmetic mean for each subject, with a coeffi-
cient of variation of 3-12%. All other assays were single determinations.
Bioavailable testosterone was calculated as T (ng/dl) x 100/(28.84 x
SHBG (nmol/l)).

Physical activity: Physical activity was measured at the SWAN base-
line visit and follow-ups 3, 5, 6, and 9 via self-report with an adapted
version of the Kaiser Physical Activity Survey, which was initially
adapted from the Baecke physical activity questionnaire (33), assessing
frequency of sports, nonsports leisure time, and household/child-care
activities. An activity score was created by summing across domains,
with a higher score indicating greater activity. For the current analyses,
data from the Kaiser Physical Activity Survey was administered at the
concurrent SWAN visit except for ~20% of the sample for whom Kaiser
Physical Activity Survey values were obtained from their most recently
available prior visit.

Insulin resistance (homeostasis model assessment for insulin resist-
ance) was calculated from glucose and insulin using the homeostasis
model (34).

We present additional variables for descriptive purposes. Smoking
was assessed in SWAN by questions on ever smoking, amount smoked
and quit date. BMI was calculated as weight in kilograms divided by
height in meters squared. Standardized protocols were used to measure
weight, height and waist circumference. Height was measured without
shoes using a stadiometer. Weight was measured without shoes and in
light indoor clothing using scales that were calibrated on a monthly basis
to a standard. Waist circumference was measured with the respondent in
nonrestrictive undergarments.
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Data analyses. All analyses were conducted using PC-SAS, version
9.1 (SAS Institute, Cary, NC). We used descriptive statistics to char-
acterize participants on fat measurements, reproductive hormones,
and all other covariates included in our analytic models. For reproduc-
tive hormones, SHBG, and insulin resistance, we report median and
interquartile range, because the distributions are skewed. To assess the
bivariate relation of hormones to VE, we present Spearman’s rank cor-
relations without and with adjustment for percent body fat. We used
linear models to examine independent correlates of VE. First, we devel-
oped a base model by including all covariates significantly correlated
with either VF or bioavailable testosterone, using a liberal P value of
0.2. We did not include insulin resistance in this model, because it is
not in the causal pathway from testosterone to VE. Initially, we included
smoking in the models, but it did not survive in the base or in any
subsequent model and was thus excluded in the final presentation.
Inspection of residual plots revealed that a transformation of VF was
necessary, and we chose to use the logarithm (to base 10). Therefore, we
present geometric means in the subgroup comparisons. Our final base
model included percent body fat, age, race, FRS, dichotomous depres-
sion, and physical activity. To test our hypothesis that postmenopausal
women have more VE we added an indicator for postmenopausal status
to this base model. To test hypotheses regarding the association of tes-
tosterone and estradiol with VE we added both hormones to the base
model. To evaluate the possible role of insulin resistance in mediating
the association between bioavailable testosterone and VE we included
homeostasis model assessment for insulin resistance as a covariate. To
test the hypothesis that postmenopausal women have more bioavailable

Table 1 Characteristics of the cohort

All

N 359
White, N (%) 193 (53.8)
Age, years, mean (s.d.) 50.6 (3.9)
Menopausal status, N (%)

Premenopausal 48(13.4)

Early perimenopausal 139 (38.7)

Late perimenopausal 38(10.6)

Postmenopausal 134 (37.3)
Depressed (CES-D), N (%) 45(13.2)
Education <high school, N (%) 41 (11.4)
Current smoker, N (%) 72(20.1)
Unmarried, N (%) 122 (34.0)
Obese, N (%) 146 (40.7)
BMI, kg/m?, mean (s.d.) 29.3(6.4)
Visceral fat, cm?, mean (s.d.) 96.1(52.8)
Percent body fat, mean (s.d.) 43.4 (8.6)
Insulin resistance (HOMA-IR), median (IQR) 1.27 (0.92-1.83)
Framingham risk score, mean (s.d.) 10.6 (4.9)
Physical activity (KPAS), mean (s.d.) .7(1.6)
Estradiol, pg/ml, median (IQR) 28.5(17.0-62.5)
Testosterone, ng/dl, median (IQR) 39.8 (29.0-51.3)
SHBG, pg/ml, median (IQR) 5.11(3.66-7.593)

Bioavailable testosterone, median (IQR) 2.87 (1.90-4.71)

CES-D, Center for Epidemiological Studies Depression Scale; HOMA-IR, homeo-
stasis model assessment for insulin resistance; IQR, interquartile range; KPAS,
Kaiser Physical Activity Survey.
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Table 2 Risk factor correlations with visceral fat and bioavailable testosterone: unadjusted and adjusted for % body fat

Bioavailable testosterone

Variable Unadjusted Adjusted for % body fat Unadjusted Adjusted for % body fat
% Bodly fat 0.644*** 0.250"**

White 0.045 -0.115* 0.001 -0.057
Depression (CES-D) 0.092 0.117* -0.100* -0.115*
Smoking 0.081 0.121* 0.007 0.002
Unmarried -0.017 -0.032 -0.089 -0.103*
Education <high school 0.074 0.076 0.020 0.025
Income -0.030 -0.045 0.034 0.043
Age 0.273*** 0.183*** 0.139** 0.091
Framingham risk score 0.435"* 0.350"* 0.205* 0.163"*
Insulin resistance (HOMA-IR) 0.514** 0.258*** 0.405*** 0.192**
Physical activity (KPAS) —0.244** -0.117* -0.033 0.026
Estradiol -0.117* -0.111* -0.033 -0.014
Testosterone 0.088 0.062 0.623 0.633*
SHBG -0.460"** -0.378*** -0.745"* -0.721*
Bioavailable testosterone 0.420* 0.345"

CES-D, Center for Epidemiological Studies Depression Scale; HOMA-IR, homeostasis model assessment for insulin resistance; KPAS, Kaiser Physical Activity Survey.

*P <0.05, P <0.01, **P < 0.001.

Table 3 Multivariate correlates of visceral fat

Model 1: Base +
postmenopause

Base model

Model 2: Base +
hormones

Model 3: Base +
hormones + HOMA

Parameter Estimate (s.e.)?

Estimate (s.e.)?

Estimate (s.e.)? Estimate (s.e.)?

% Body Fat 0.608 (0.038)**

Age 0.067 (0.037

0.607 (0.038)**
0.024 (0.042

0.570 (0.036)*
0.048 (0.036

0.523 (0.036)**
0.047 (0.036

( ) ) ( ) ( )

( ) ) ( ) ( )
White race 0.301 (0.072)*** 0.306 (0.072)** 0.279 (0.067)** 0.322 (0.068)**
Framingham risk score 0.233(0.039)*** 0.231 (0.039)"** 0.214 (0.036)*** 0.202 (0.036)"**
Depression (dichotomous) 0.194 (0.106) 0.200 (0.106) 0.260 (0.098)* 0.180 (0.098)*
Physical activity -0.073(0.037)* -0.075 (0.037)* -0.074 (0.034)* ~0.055 (0.034)
Postmenopause indicator 0.174 (0.084)*
Insulin resistance (HOMA-IR)° 0.207 (0.035)***
Bioavailable testosterone® 0.202 (0.033)*** 0.166 (0.034)*
Estradiol’ -0.007 (0.034) 0.024 (0.034)
R? 0.574 0.579 0.614 0.649

HOMA-IR, homeostasis model assessment for insulin resistance.

2Estimates are standardized B-coefficients and standard errors. "Transformed by logarithm to base 10.

*P <0.05, *P<0.01, P <0.001.

testosterone, we used a linear model adjusting for all covariates in the
base model. Age, FRS, homeostasis model assessment for insulin resis-
tance, physical activity, and hormone measures were modeled continu-
ously in the current analyses whereas race (with black ethnicity as the
referent) and depression (CES-D, referent <16) were modeled as binary
variables.

RESULTS

This large cohort of middle-aged women (age 50.6 +3.9) under-
going the menopausal transition (13.4% pre-, 49.3% peri-, and
37.3% postmenopausal) consisted of 193 white and 166 black
women. Table 1 shows the characteristics of the cohort. The

average BMI was in the overweight range (29.3 kg/m?). Of the
total sample, 40.7% were obese.

Table 2 shows that in unadjusted analyses, VF was signifi-
cantly positively related to percent body fat, age, FRS, and
bioavailable testosterone, and significantly negatively related
to physical activity, total estradiol, and SHBG. Most of these
relationships were attenuated when adjusted for total body fat.
Bioavailable testosterone was significantly related to age, FRS,
depression, and SHBG.

Table 3 presents the results of the multivariate models. The
base model includes the significant or marginally significant
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Figure 1 Association between menopausal status and (a) visceral fat
(b) bioavailable testosterone. Unadjusted and adjusted for covariates in
base model from Table 3. *P < 0.05, **P <0.01, ***P<0.001.
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Figure 2 Visceral fat and bioavailable testosterone. Adjusted for % body
fat, age, ethnicity, Framingham risk score, depression, and physical
activity.

covariates of percent body fat, age, race, FRS, depression, and
physical activity.

Figure 1a presents VF by menopausal status before and after
adjustment for all covariates in the base model. Postmenopausal
women had significantly more VF than women who were still
menstruating before (98.3 cm? vs. 73.8 cm?, P < 0.001) and after
adjustment (87.6cm? vs. 79.0cm?, P = 0.04). Figure 1b shows
that postmenopausal women have higher values of bioavail-
able testosterone compared to women who have not reached
their final menstrual period before and after adjustment (3.64
vs. 2.61, P < 0.001, and 3.53 vs. 2.66, P = 0.001).

In Table 3, model 2 shows that bioavailable testosterone was
significantly positively related to VF, independent of covariates.
As expected, body fat, depression, and FRS remained signifi-
cantly associated with VF, although age and estradiol did not.
Higher physical activity was inversely related to VE. Blacks had
significantly less VF than whites after adjustment (75.3 cm? vs.
88.4cm?, P < 0.0001). We explored an interaction term for race
with bioavailable testosterone, but it was not significant. Thus,
we can conclude that the association of testosterone with VF
is similar in black and white women. Figure 2 illustrates the
association between bioavailable testosterone and VF adjusted
for the covariates in the base model.

In Table 3, model 3 shows that adding homeostasis model
assessment for insulin resistance did not change the effect of
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the hormones on VE The influence of estradiol on VF was
minimal, whereas the parameter estimate for bioavailable tes-
tosterone was lower but still highly significant.

When we replaced bioavailable testosterone with SHBG in
the above models (data not shown), the results were essentially
the same as those with bioavailable testosterone. This suggests
that bioavailable testosterone and SHBG are similar in their
predictive capability.

DISCUSSION

In this large biracial sample of middle-aged women, we found
that postmenopausal women have significantly more VF than
women who are still menstruating. These effects were inde-
pendent of sociodemographic and standard cardiovascular
risk factors.

The association between bioavailable testosterone and VF
was similar in black and white women. These results were
similar to previous findings in white women (20,35). However,
they are inconsistent with a small sample of postmenopausal
black women (35) where no association between VF and bio-
available testosterone or SHBG was found.

Traditionally, estrogen was thought to protect premeno-
pausal women from CVD, and that the increased cardiovascu-
lar risk in women after menopause was related to the loss of the
protective effect of estrogen (36). Indeed, we found a negative
association between total estradiol and VFE. Our data suggest
that testosterone is a strong predictor of VF and, as such, asso-
ciated with higher cardiovascular risk in women transitioning
through menopause, similar to premenopausal women whose
estrogen production may be intact (37).

There is biologic plausibility for a menopause-related link
between testosterone and VE Estrogen stimulates the produc-
tion of SHBG (38), a protein that regulates reproductive hor-
mone bioavailability by binding testosterone and estradiol. As
such, it determines the amount of androgen available for action
on cells. As estradiol production decreases with the meno-
pause, SHBG levels decline, and thus the proportion of bio-
available testosterone increases. Because androgen receptors
have been identified in adipocytes, particularly preadipocytes
in VF (39), it is plausible that this bioavailable testosterone reg-
ulates VF accumulation. However, alternatively it may be that
the accumulation of VF from another cause will be associated
with lower SHBG levels due to insulin resistance and higher
bioavailable testosterone (40). When both estradiol and insulin
resistance were included in the model, the association between
bioavailable testosterone and VF was attenuated but persisted.
Therefore, we conclude that the effect of bioavailable testoster-
one on VF is only partially mediated by insulin resistance.

Strengths of the study include the precise assessment of fat
and the large, representative, biethnic cohort of middle-aged
women where the socioeconomic status of the black and white
participants is similar. A weakness of the study is the cross-
sectional design. Thus, we cannot conclude that higher tes-
tosterone causes more VE. However, evidence does exist that
at least one direction of causality is from testosterone to VF
(20,21). Additional longitudinal research is needed to establish



ARTICLES

EPIDEMIOLOGY

temporal relationships. With repeat assessments of VF over
4 years in the SWAN Fat Patterning Study, we hope to address
this issue in our future work.

In summary, VF is significantly associated with the meno-
pause, independent of aging. This menopause effect is likely
due to higher bioavailable testosterone (or lower SHBG) and
is independent of age, total body adiposity, and cardiovascular
risk factors. Because abdominal adiposity is one of the major
predictors of CVD (5-9), menopause-related testosterone pre-
dominance in the reproductive hormonal milieu may be an
important target for CVD prevention during the menopausal
transition. In light of influential clinical trials (41,42), estrogen
therapy does not appear to be a route to the reduction of this
potential target.
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