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Androgenicity and Obesity Are Independently Associated
With Insulin Sensitivity in Postmenopausal Women

Cathy C. Lee, Josephine Z. Kasa-Vubu, and Mark A. Supiano

n increase in androgenicity may contribute to the development of insulin resistance in postmenopausal women. Increased

ndrogenicity in women has been found to be associated with the development of type 2 diabetes. In addition, obesity and

entral obesity are associated with greater androgenicity. Insulin sensitivity, androgenicity, and body composition were

haracterized in 34 nondiabetic postmenopausal women age 72 � 1 years (mean � SEM) to test the hypothesis that

ndrogenicity is a predictor of insulin sensitivity independent of measures of obesity. Androgenicity was measured using

evels of sex hormone-binding globulin (SHBG), total and free testosterone, dehydroepiandrosterone sulfate (DHEA-S),

ndrostenedione, and free androgen index (FAI). Insulin sensitivity (SI) was determined from a frequently sampled intrave-

ous glucose tolerance test. Body composition measures included body mass index (BMI) and dual energy x-ray absorpti-

metry measurements of total and central fat mass. SI was found to be associated with total fat mass (r � �.51, P � .002),

entral fat mass (r � �.62, P � .0001), BMI (r � �.55, P � .0008), SHBG levels (r � .65, P � .0001), and FAI (r � �.41, P � .01).

HBG levels were inversely correlated with central fat mass (r � �.59, P � .0002). Using multiple regression, SHBG and central

at mass were the only significant independent predictors of SI, accounting for 50% of its variance (r � .71, P � .0001); total

at mass, BMI, total and free testosterone, DHEA-S, androstenedione, and FAI did not enter the model. We conclude that there

s a significant association between insulin sensitivity and androgenicity in postmenopausal women that is independent of

besity. Interventions to decrease androgenicity may therefore be useful in improving insulin sensitivity in postmenopausal

omen.
2004 Elsevier Inc. All rights reserved.
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LTHOUGH AGING HAS been associated with insulin
resistance, it appears that the age-associated increase in

diposity and blood pressure and decrease in aerobic capacity
ccounts for the majority of this association.1 After menopause,
lthough total body weight remains relatively constant, women
ose lean body mass and muscle mass, while total body fat and
entral body adiposity increase.2 Increased central body adi-
osity has been associated with skeletal muscle insulin resis-
ance.3 In addition to an increase in adiposity, postmenopausal
omen are characterized by a relative hyperandrogenicity be-

ause there is a greater decrease in estradiol and estrone after
enopause than the decrease in the androgens, testosterone,

nd androstenedione. Androgenicity, the relative increase in
ndrogen levels in the estrogen to androgen ratio, can be
easured using levels of sex hormone-binding globulin

SHBG), total and free testosterone, dehydroepiandrosterone
ulfate (DHEA-S), androstenedione, or the free androgen index
FAI). Increased androgenicity may also contribute to insulin
esistance in postmenopausal women.

The relationship between androgenicity and insulin resis-
ance is complex. Androgenicity has been found to be associ-
ted with increased fasting insulin levels4 and with an increased
isk of development of type 2 diabetes in women5,6), suggesting
relationship between increased androgenicity and insulin re-

istance. Further supporting a relationship between androgenic-
ty and insulin resistance, the use of hormonal replacement
herapy decreases androgenicity7 and has been shown to im-
rove insulin sensitivity in postmenopausal women.8 In addi-
ion, an association between adiposity and androgenicity has
een identified in postmenopausal women.9 With increased
bdominal adiposity, measured by waist-to-hip circumference
atio or the ratio of subscapular-to triceps skinfolds, there is
reater androgenicity.10 Although several studies have at-
empted to link obesity, androgenicity, and insulin sensitivity,
hese studies were limited to premenopausal women.11,12
The objective of this study was to test the hypothesis that

etabolism, Vol 53, No 4 (April), 2004: pp 507-512
ndrogenicity is a predictor of insulin sensitivity independent
f measures of obesity in postmenopausal women. We report
hat androgenicity is a significant predictor of insulin sensitivity
n postmenopausal women even when accounting for measures
f central and total body adiposity.

MATERIALS AND METHODS

ubjects

Thirty-four healthy postmenopausal women (age range, 61 to 86
ears) who were not on hormonal replacement therapy were studied.
he ethnic background of these women included 33 Caucasian sub-

ects, 1 American Indian subject, and 1 African American subject.
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508 LEE, KASA-VUBU, AND SUPIANO
ubjects were recruited through the Human Research Subject Partici-
ant Core of the University of Michigan Geriatrics Center, the Univer-
ity of Michigan Women’s Health Registry, as well as through news-
aper advertisement. Subjects were screened before study entry with a
edical history, physical examination, laboratory tests, including a

omplete blood count, thyroid-stimulating hormone (TSH), routine
hemistries, and an oral glucose tolerance test. Subjects were excluded
rom participation if they met criteria for diabetes by a 75-g oral
lucose tolerance test13 or had evidence from either history, physical
xam, or laboratory testing of other significant underlying medical or
sychiatric illness. Because SHBG levels can be affected by thyroid
ormones, insulin, or cirrhosis, only subjects found to be euthyroid,
ondiabetic, and to have normal liver function tests were included. All
ubjects were instructed not to engage in strenuous exercise for 24
ours prior to the frequently sampled intravenous glucose tolerance test
FSIVGTT) protocol. Each subject gave written informed consent that
as approved by the University of Michigan Human Use Committee.

easurement of Androgenicity

Plasma testosterone by chemiluminescence and plasma free testos-
erone, androstenedione, and DHEA-S by radioimmunoassay (RIA)
ere measured in the Core Laboratory of the University of Michigan
eneral Clinical Research Center. Plasma SHBG levels were measured
sing a solid-phase, 2-site chemiluminescent enzyme immunometric
ssay for use with the Immulite Automated Analyzer (Immulite SHBG;
iagnostic Product., Los Angeles, CA). Plasma samples were collected
uring the baseline period of the FSIVGTT and stored at �70°C until
ssayed. The sensitivity of the SHBG assay was 0.2 nmol/L. The
ntra-assay and interassay coefficients of variation were 6.5% and
.7%, respectively. SHBG levels are inversely related to the level of
ndrogenicity. The FAI was calculated with the formula: 3.467 � total
estosterone (ng/dL)/SHBG (nmol/L).14

easurement of Insulin Sensitivity

A FSIVGTT was performed as described by Bergman15 with the
ddition of insulin (0.02 U/kg intravenously over 30 seconds at 20
inutes) to enhance precision of the estimates of insulin action.16

ubjects were instructed to consume a 200-g carbohydrate weight-
aintaining diet for 3 days prior to the study. They then reported to the
linical Research Center after an overnight (12-hour) fast and were

tudied in the supine position. An intravenous catheter was placed in
he antecubital vein of 1 arm for the injection of glucose and insulin.
nother catheter was placed in a retrograde manner into a dorsal hand
ein of the contralateral arm, which was then placed into a warming
ox heated to 60°C to obtain arterialized-venous blood samples.
wenty minutes after the intravenous lines were inserted, 3 baseline
amples for glucose and insulin were obtained at 5-minute intervals. At
minutes, 50% glucose (300 mg/kg) was given as an intravenous push

ver 30 seconds. Blood samples were collected at 2, 3, 4, 5, 6, 8, 10,
2, 14, 16, 19, 22, 23, 24, 25, 27, 30, 40, 50, 60, 70, 80, 90, 100, 120,
40, 160, and 180 minutes after the glucose bolus.

easurements of Body Composition

Lean body mass and total body composition were determined by
EXA17 (model DPX-L; Lunar Radiation, Madison, WI). The DEXA
easure of abdominal adiposity (DXA L1/L4) or central fat mass was

etermined with the manual analysis component of the Lunar software
ackage (Lunar software version 4.5c, extended research analysis). A
ectangle was drawn on the digital scan image bounded superiorly by
he horizontal line identifying the T12/L1 intervertebral space, inferi-
rly by the horizontal line denoting the L4/L5 intervertebral space, and

ilaterally by connecting the 2 horizontal lines in a region free of tissue. s
bdominal adiposity, DXA L1/L4, was defined as the fat mass within
his region.

ata and Statistical Analysis

Blood samples for plasma glucose and insulin were collected into
hilled glass tubes containing sodium heparin, stored on ice and sep-
rated immediately following each study. Plasma was stored at �70°C
ntil assay. Plasma glucose was measured by the Autoanalyzer glucose
xidase method and plasma insulin by RIA in the Core Laboratory of
he Michigan Diabetes Research and Training Center. The SI (sensi-
ivity to insulin index) was calculated from a least-squares fitting of the
emporal pattern glucose and insulin throughout the FSIVGTT using
he MINMOD program.15

Values are presented as means � SEM. Body mass index (BMI,
g/m2) was determined by the subject’s weight divided by the subject’s
eight squared. Central fat mass and total fat mass were measured by
EXA. The relationships between SI, androgenicity, and central fat
ass were analyzed using univariate linear regression. Stepwise mul-

iple regression models were constructed using Mallow’s C(p) criterion
or the dependent variable SI and the independent variables that were
tatistically significant by univariate analysis. Statistical analysis was
erformed using SAS (SAS, Cary, NC). A value of P � .05 was
elected to indicate statistical significance.

RESULTS

ubject Characteristics

The subject characteristics are described in Table 1.

nivariate Relationships

As expected, insulin sensitivity was lower in those with
reater obesity (BMI and total fat, Table 2, as well as central
diposity, Fig 1). Significant correlations were found between
HBG levels and measures of adiposity (Table 2) including
entral fat mass (r � �.59, P � .0002, Fig 2). There were also
ignificant associations found between fasting insulin levels
nd SHBG levels (r � �.53, P � .0014, Table 2), as well as
etween insulin sensitivity and SHBG levels (r � .65, P �

0001, Fig 3).
Although there were no significant associations found be-

ween total and free testosterone with adiposity or insulin

Table 1. Subject Characteristics

Mean � SEM Range

Age (yr) 72 � 1 61-86
Weight (kg) 68 � 2.2 45-99
Body mass index (kg/m2) 26.1 � 0.75 17.8-37.1
Fasting glucose (mg/dL) 101 � 1.5 82-116
Fasting insulin (�U/mL) 12 � 0.9 5-24
Total body fat (%) 39 � 1.6 16-53
Central fat mass (g) 2545 � 217 411-5820
SI (�10�4/min/�U/mL) 3.3 � 0.3 0.8-7.9
SHBG (nmol/L) 53.2 � 5 19.7-126.5
Total testosterone (ng/mL) 0.17 � 0.01 0.06-0.35
Free testosterone (pg/mL) 0.57 � 0.06 0.20-1.70
Androstenedione (ng/mL) 0.89 � 0.05 0.4-1.40
DHEA-S (�g/dL) 58.2 � 6.6 10-158

NOTE. n � 34.
ensitivity, there was a significant association found between
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509ANDROGENICITY AND OBESITY IN OLDER WOMEN
he FAI and insulin sensitivity (r � �.41, P � .01, Table 2).
here were no significant associations found between the ad-

enal androgens (DHEA-S, androstenedione) and insulin sen-
itivity or measures of obesity (Table 2).

ultivariate Regression Models

To test whether androgenicity would be an independent
redictor of insulin sensitivity even though it was highly cor-
elated with central adiposity, multiple regression analysis was
sed. The dependent variable in the model was insulin sensi-
ivity. The independent variables tested in the model were the
ariables that had significant univariate relationships: SHBG,
AI, BMI, central fat mass, and total fat mass. The model
election method used was a stepwise method using Mallow’s
(p) criterion, which chooses independent variables that best
escribe the variance, but also accounts for the number of
ndependent variables in the model. The best model for pre-
icting insulin sensitivity included SHBG and central fat mass,
ogether accounting for 50% of the variance in SI (P � .0001).
HBG was the independent variable that entered the model first

Table 2. Correlation Matrix Between SI and Baseline Val

Fasting
Insulin BMI

Total
Fat Mass

Central
Fat Mass SHBG

SI �0.70* �0.55* �0.51* �0.62* 0.65
Fasting insulin 0.42* 0.37* 0.44* �0.53
BMI 0.95* 0.89* �0.52
Total fat mass 0.91* �0.51
Central fat mass �0.59
SHBG
Free testosterone
Total testosterone
Free androgen index
DHEA-S
Androstenedione

Abbreviation: BMI, body mass index.
*P � .05 by univariate analyses.

Fig 1. Univariate association between central fat mass and SI.

nsulin sensitivity is lower in those with greater fat mass, r � �.62,
P� .0001.
xplaining 42% of the variance in SI (P � .009) with central fat
ass explaining an additional 8% of the variance in SI (P �

03) when added to the model. FAI, BMI, and total fat mass did
ot enter into this model. Because the calculation of FAI
nvolves SHBG, SHBG was removed from the model to deter-
ine if other androgenicity measures would remain signifi-

antly associated with insulin sensitivity. The best model for
redicting SI excluding SHBG as an independent variable in-
luded central fat mass, FAI, and total testosterone, together
ccounting for 48% of the variance in SI (P � .0002). Central
at mass was the independent variable that entered this model
rst, explaining 37% of the variance in SI (P � .007) with FAI
xplaining an additional 5% of the variance in SI (P � .01) and
otal testosterone explaining an additional 6% of the variance in

I (P � .02). Detailed results from these 2 multiple regression
odels are summarized in Table 3. Using the stepwise method,

he relationship between androgenicity and insulin sensitivity
emained significant in subgroups of normal and overweight
ubjects. In those subjects with BMI � 26, the best model for
redicting SI was the FAI alone accounting for 25% of the

Fig 2. Univariate association between SHBG and central fat mass.

HBG is significantly correlated with central fat mass, r � �.59,

r Insulin and Measures of Adiposity and Androgenicity

Free
stosterone

Total
Testosterone

Free
Androgen Index DHEA-S Androstenedione

�0.29 0.05 �0.41* �0.13 �0.13
0.21 �0.12 0.23 0.05 0.05
0.32 0.005 0.34* 0.18 0.08
0.29 �0.03 0.32 0.09 0.02
0.29 �0.02 0.34* 0.14 0.06

�0.14 0.14 �0.55* 0.008 0.02
0.73* 0.66* 0.63* 0.67*

0.61* 0.53* 0.60*
0.30 0.30

0.75*
ues fo

Te

*
*
*
*
*

� .002.
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510 LEE, KASA-VUBU, AND SUPIANO
ariance in SI (P � .05). In those subjects with BMI � 26, the
est model for predicting SI was SHBG alone accounting for
5% of the variance in SI (P � .01). Measures of obesity were
ot significantly associated with androgenicity in either the
ormal or overweight subgroups.

DISCUSSION

The results of this study in a group of healthy nondiabetic
ostmenopausal women not receiving hormonal replacement
herapy are consistent with previous studies that demonstrate:
1) increased insulin resistance with increased total and central
diposity, (2) increased fasting insulin levels with increased
ndrogenicity, and (3) increased androgenicity with increased
otal and central adiposity. In addition, the major new finding is
hat the significant independent association between insulin
esistance and androgenicity persists even when accounting for
easures of obesity.
As expected, in those subjects with greater BMI, total, and

entral fat mass, insulin sensitivity was lower. After meno-
ause, women undergo changes that are associated with an
ncreased risk for insulin resistance. One of these changes is the
ncrease in central body adiposity that have been shown to be
ccelerated after menopause. In a longitudinal study by Poehl-
an et al,2 women who experienced menopause had a greater

ncrease in fat mass and waist-to-hip ratio compared with
omen who remained premenopausal. Increases in central
ody adiposity have been found to be associated with adverse
etabolic consequences, including insulin resistance, hypertri-

Fig 3. Univariate association between SHBG and SI. Insulin sen-

itivity is lower in those with greater androgenicity as measured by

HBG levels, r � .65, P � .0001.

Table 3. Multiple Regression Analyses for Dependen

Independent Variable

Model 1 SHBG
n � 34, R2 � .50 Central fat mass

Model 2 Central fat mass
n � 34, R2 � .48 FAI

Total testosterone
Abbreviation: FAI, free androgen index.
lyceridemia, increased mortality from coronary artery disease,
nd increased atherothrombotic events.3

Postmenopausal women also undergo changes in their hor-
onal profile, developing a relative hyperandrogenicity. After
enopause, there is a greater decrease in estrogens, estradiol,

nd estrone, relative to the decrease in androgens, testosterone,
nd androstenedione. The mean SHBG level in our study
opulation was 53 � 4 nmol/L, comparable to the lower ranges
f SHBG values (mean SHBG value of 55 � 31 nmol/L) in the
rospective study by Linstedt et al.5 In the Linstedt study,
HBG levels were tested in a representative cross section of
omen and after 12 years of follow-up, these women were

valuated for the development of diabetes. The women with
ower SHBG values (indicating greater androgenicity) were
ound to have an increased incidence of diabetes mellitus.
imilar findings have been found using different measurements
f androgenicity. Oh et al18 showed that high testosterone
evels predicted development of type 2 diabetes in older
omen. In our study, greater androgenicity (as evidenced by

ower SHBG levels and higher FAI) was associated with in-
reased fasting insulin levels and lower insulin sensitivity.
here also was an association found between SHBG levels and
easures of obesity so that in those with lower SHBG levels,
MI, total, and central fat mass were greater. This association
as been previously reported in premenopausal women,19 as
ell as postmenopausal women.10,20

The association between SHBG levels (as a measure of
ndrogenicity) and insulin sensitivity and the association be-
ween adiposity and insulin sensitivity were identified with
nivariate analyses. Both were found to have significant linear
elationships with insulin sensitivity, such that insulin sensitiv-
ty was lower in those with greater fat mass and lower in those
ith greater androgenicity. These individual relationships be-

ween adiposity, insulin sensitivity, and androgenicity have
een reported previously in premenopausal women. There have
lso been studies in premenopausal women demonstrating a
elationship between all three. The findings reported in these
tudies have not been consistent with one study suggesting that
besity leads to change in SHBG levels leading to insulin
esistance,12 while the other study suggests that hyperandroge-
icity may be an additional determinant of hyperinsulinemia in
bese women.11

To test the hypothesis that androgenicity would remain sig-
ificantly associated with insulin sensitivity in this group of
ostmenopausal women, even though insulin sensitivity was
ighly correlated with adiposity, multiple regression modeling

able SI With (Model 1) and Without SHBG (Model 2)

� (SE) T Statistic P Value

0.032 (0.012) 2.797 .009
0.0005 (0.0002) �2.256 .03
0.0006 (0.0002) �2.900 .007
�0.965 (0.348) �2.770 .01
12.155 (4.883) 2.489 .02
t Vari

�

�
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511ANDROGENICITY AND OBESITY IN OLDER WOMEN
as performed. In addition to the significant associations be-
ween adiposity and androgenicity, both were independently
ssociated with insulin sensitivity. These associations were
onsistent using different measures of androgenicity, either
ith SHBG or when SHBG was excluded from the analysis,
ith total testosterone and FAI. Additional analyses included

orcing either adiposity or androgenicity into a model that
ncluded the variables SHBG, BMI, central fat mass, and total
at mass; both adiposity and androgenicity remained significant
ndependent predictors of insulin sensitivity. In subjects sub-
rouped as normal or overweight, androgenicity remained a
ignificant predictor of insulin sensitivity. No interaction was
ound between androgenicity and adiposity. These findings
ontrast with a recent study in younger, moderately obese,
ondiabetic men in whom SHBG levels were not found to be
ndependently related to glucose disposal rate after accounting
or measures of adiposity.21 This suggests that the relationships
etween insulin sensitivity, adiposity, and androgenicity may
iffer by sex, age, and degree of obesity and warrant further
tudies.

There is evidence that estrogen replacement therapy in
omen may modify postmenopausal changes and decrease the

isk of developing insulin resistance. Many animal studies,22-24

pidemiologic data,25,26 and some prospective human stud-
es8,27-33 have reported on the effect of estrogen on insulin
ensitivity. Overall, estrogen appears to increase insulin sensi-
ivity. One potential mechanism by which estrogen may im-
rove insulin sensitivity is by preventing the increase in central
diposity after menopause. A subgroup analysis of the subjects
n the Postmenopausal Estrogen/Progestin Interventions trial
emonstrated that women randomized to any active hormone
eplacement therapy gained less weight and did not have as
reat of an increase in waist or hip girth compared with women
n placebo, even when age, overall activity, ethnicity, smoking
tatus, and alcohol consumption were controlled for.34 Haarbo
t al35 also demonstrated that healthy postmenopausal women
reated with hormone replacement therapy for up to 2 years
aintained their percent abdominal fat constant as measured by
EXA compared with a significant increase in abdominal fat in
ealthy postmenopausal women treated with placebo, suggest-
ng that hormone replacement therapy prevents the increase in
entral adiposity that occurs after menopause. Another poten-
ial mechanism by which estrogen may improve insulin sensi-

ivity is by decreasing androgenicity, as measured by increasing a
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HBG levels. Oral conjugated equine estrogens have been
hown to induce the liver’s synthesis of SHBG at doses as low
s 0.3 mg/d.7 Thus, estrogen appears to decrease the develop-
ent of central adiposity after menopause, decrease androge-

icity, and may improve insulin sensitivity. Changes in estro-
en or androgenicity may therefore play a role in the
evelopment of insulin resistance in this group.
We acknowledge several potential limitations inherent in our

tudy. First, these results are cross-sectional associations, and
he causal relationships between androgenicity and insulin sen-
itivity remain undefined. There is evidence that insulin levels
ay directly regulate SHBG levels. In vitro, insulin decreased
HBG production by human hepatoma cells.36 In vivo, in
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ot include other important determinants (aerobic capacity,
lood pressure, etc) of insulin sensitivity. Therefore, we are
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In conclusion, in postmenopausal women, there is a signif-
cant association between androgenicity and insulin sensitivity
hat is independent of obesity and central adiposity. Based on
hese results, in addition to weight loss, interventions to de-
rease androgenicity may also be useful to improve insulin
ensitivity in this group. Future prospective studies would be
elpful to determine causality and also to examine whether
hese relationships are also found in older men.
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