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Context: Few studies have examined whether endogenous testosterone is associated with the
development of coronary heart disease (CHD) in women.

Objective: This study tested the association of total testosterone (total T) and bioavailable T (BioT)
levels with risk of incident coronary events among older community-dwelling women.

Design, Setting, and Participants: This was a prospective, population-based study of 639 post-
menopausal women, aged 50–91 (mean, 73.8) yr who had serum testosterone measurements at
baseline (1984–87) and who were followed for incident CHD events through 2004.

Main Outcome Measures: A total of 134 incident CHD events occurred during follow-up [45 non-
fatal myocardial infarctions, 79 fatal myocardial infarctions, and 10 coronary revascularizations].

Results: The median follow-up was 12.3 yr. Age-adjusted CHD risk estimates were similar for the
four highest total T quintiles relative to the lowest, suggesting a low threshold. In age-adjusted
analyses, the lowest total T quintile (�80 pg/ml) was associated with a 1.62-fold increased risk of
incident CHD [95% confidence interval (CI), 1.10–2.39] compared to higher levels. BioT showed a
U-shaped association with incident CHD. Age-adjusted risk for the lowest and highest BioT quintiles
relative to the third were 1.79 (95% CI, 1.03–3.16) and 1.96 (95% CI, 1.13–3.41), respectively.
Additional adjustment for lifestyle, adiposity, estradiol, and ovarian status, or for CHD risk factor
covariates, had minimal influence on results.

Conclusions: An optimal range of testosterone may exist for cardiovascular health in women, with
increased risk of CHD events at low levels of testosterone overall and at high levels of the bio-
available fraction of testosterone. (J Clin Endocrinol Metab 95: 740–747, 2010)

Although many studies have investigated the role of
estrogen in cardiovascular disease in women, less

attention has been paid to testosterone. The testosterone
to estrogen balance in women increases dramatically at
menopause, a time when central adiposity and the inci-
dence of cardiovascular disease also increase, suggesting
that higher levels of testosterone may be atherogenic in
women (1). The combination of hyperandrogenemia, an
adverse coronary heart disease (CHD) risk profile, and
endothelial dysfunction in young women with polycystic
ovarian syndrome (PCOS) (2) supports the view that an-

drogen excess may harm the female heart. However, the
expected increase in CHD events and mortality in women
with PCOS has not been consistently observed (3–5), and
recent studies report low levels of testosterone in women
with atherosclerotic disease (6–10), raising the possibility
that testosterone may have beneficial effects on the heart
or suggesting a U-shaped association with suboptimal lev-
els at both extremes. The limited availability of sensitive
and accurate assays for female testosterone levels has im-
peded resolution of whether testosterone increases or de-
creases the risk of CHD in older women. In addition, the
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association may depend on the fraction of testosterone
examined.

Testosterone and estradiol circulate bound to albumin, to
SHBG, and in the free (unbound) state. The free and non-
SHBG-bound fractions are widely believed to be the most
bioactive forms, although direct evidence supporting this
thesis is sparse (11). An important difference in total and
bioavailable (non-SHBG bound) testosterone (BioT) is that
the relative proportion of the bioavailable fraction can be met-
abolicallyregulated.Centralobesityandhyperinsulinemiahave
strong inhibitory influences on hepatic SHBG production (12),
leading to higher circulating levels of BioT and providing a link
between adiposity and androgen action in women.

We report here the prospective association of testos-
terone with 20-yr incident CHD events in community-
dwelling postmenopausal women. Both total and bio-
available testosterone levels were considered, as well as the
confounding influences of estradiol, SHBG, obesity and
obesity-related comorbidities.

Subjects and Methods

Study population
The Rancho Bernardo Study is a population-based study of

healthy aging in Caucasian residents of a southern California
community. Between 1984 and 1987, 82% (n � 2480) of sur-
viving community-dwelling older participants attended a re-
search clinic visit. During this visit, information regarding med-
ical history, date of final menstrual cycle, medication use, physical
activity (exercise three or more times per week, yes/no), and alcohol
consumption (one or more drinks per day vs. less or none) was
obtained using standard questionnaires. Current medication use
was validated by examination of pills and prescriptions brought to
the clinic for that purpose. The study protocol was approved by the
Institutional Review Board of the University of California, San Di-
ego; all participants gave written informed consent.

Eligibility criteria for the women in the present analysis in-
cluded: 1) age 50 or older when evaluated at the 1984–87 visit;
2) availability of stored sera; 3) postmenopausal status; 4) no
estrogen or insulin use at the time of the clinic visit; and 5) no
history of myocardial infarction (MI) or revascularization pro-
cedure. Of the 1094 women who attended the 1984–87 clinic
visit, 332 were excluded for current estrogen use; 697 of the
remaining women had sufficient stored sera for measurement of
sex hormones. Of these, 13 were excluded for age less than 50 yr,
eight for premenopausal status, two because of insulin use, 11
because they had sex hormone levels outside the normal physi-
ological range (13), and 39 for prior MI or revascularization. The
remaining 639 postmenopausal, non-estrogen-using women are
the subject of this report. Compared with those without sex
hormone measurements, participants included in this analysis
were slightly older but did not differ in terms of weight, BMI,
lifestyle characteristics, or prevalent heart disease.

Measurements
Height, weight, and waist and hip girth were measured in the

clinic with participants wearing light clothing and no shoes in

1984–87. Body mass index (BMI) (kilograms/meter2) and waist
to hip ratio were used as estimates of overall and central adi-
posity, respectively. Systolic blood pressure was measured twice
in seated resting subjects using the Hypertension Detection and
Follow–Up Program protocol (14); the mean of two readings was
used in analyses.

Blood samples were obtained by venipuncture between
0730 h and 1100 h after a requested 12-h fast; serum and plasma
were separated and frozen at �70 C. Sex hormone levels were
measured on first-thawed serum samples between 1992 and
1994 in the University of California, San Diego, reproductive en-
docrinology research laboratory. Total testosterone and estradiol
levels were measured by RIA after solvent extraction and celite
column chromatography. SHBG levels were determined by the
method of Rosner (15); bioavailable (non-SHBG-bound) testoster-
one and estradiol were measured by an adaptation of the Tremblay
and Dube ammonium-sulfate precipitation technique (16).

Sensitivity and the intra- and interassay coefficients of vari-
ation were, respectively: 20 pg/ml, 4%, and 5% for T; 20 pg/ml �
percentage free, 7%, and 11% for BioT; 3 pg/ml, 6%, and 7%
for estradiol; 3 pg/ml � percentage free, 6.1%, and 7.9% for
bioavailable estradiol; and 5 nmol/liter, 7.5%, and 11.4% for
SHBG. T levels for all participants were above the assay sensi-
tivity. Twenty-six percent (n � 176) of women had estradiol
levels below the sensitivity of the assay and were assigned values
equivalent to the assay sensitivity.

Fasting plasma total cholesterol, high-density lipoprotein-
(HDL) cholesterol, and low-density lipoprotein (LDL) choles-
terol and triglyceride levels were measured in a Center for Dis-
ease Control Certified Lipid Research Clinic Laboratory. Total
cholesterol and triglyceride levels were measured by enzymatic
techniques using an ABA-200 biochromatic analyzer (Abbott
Laboratories, Irving, TX). HDL was measured after precipita-
tion of the other lipoproteins with heparin and manganese chlo-
ride. LDL was estimated using the Friedewald formula (17).
Plasma glucose levels were measured by the glucose oxidase
method. Homeostasis model assessment for insulin resistance was
used toestimate insulin resistanceaccording to the formula: [insulin
(milliunits per liter) � glucose (millimoles per liter)]/22.5.

Outcomes assessment
Medical history and prevalent and incident CHD events were

obtained using standardized questionnaires at baseline, at clinic
visits approximately every 4 yr thereafter, and from periodic
mailings. Follow-up continued through 2004, a 20-yr period.
Prevalent CHD was defined as doctor-diagnosed MI or coronary
artery revascularization. Incident CHD was defined as the first
occurrence of a coronary artery revascularization, nonfatal MI,
or fatal MI. CHD event information (including date of the event)
was available at a minimum of one follow-up time point for all
participants and at two or more time points for 74% of the
population. Validation of self-reported heart attack (by chest
pain, enzyme elevation, and electrocardiogram) was achieved for
72% of a subset for whom hospital records could be obtained. In
one third of the cohort, all death certificates with any mention of
cardiovascular disease, hypertension, or diabetes were validated
by interviews with next of kin, physicians, and hospital
records. A mortality classification panel determined that these
data supported the nosologist’s diagnosis in 85% of deaths
classified as CHD.

Diabetes was defined by physician diagnosis, fasting plasma
glucose of at least 7.0 mmol/liter (126 mg/dl), 2-h post-challenge
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glucose of at least 11.1 mmol/liter (200 mg/dl), or use of diabetes
medications (18). The metabolic syndrome was defined ac-
cording to the 2002 Adult Treatment Panel III criteria (19).
Hypertension was defined as blood pressure of at least 130/85
mm Hg or use of antihypertensive medication. Comorbidities
recorded included thyroid, liver, kidney, and heart disease;
diabetes; cancer (non-skin); emphysema; arthritis; hip frac-
ture; and hypertension.

Statistical analysis
Sex hormone, HDL cholesterol, and triglyceride levels were

not normally distributed and were log10-transformed for anal-
yses; reported values are geometric means or medians and inter-
quartile ranges. The association between baseline total or bio-
available testosterone levels and incident CHD was investigated
using Cox proportional hazards regressions; goodness of fit was
confirmed by the May and Hosmer method (20). All models
presented met the proportional hazards assumption. Based on an
a priori hypothesis of either low (hormone deficiency) or high
(hormone excess) threshold associations, time-to-event analyses
were first performed using quintiles of total T and BioT levels for
the entire population, which allows examination of threshold
and nonlinear associations.

Multivariate models were performed to control for con-
founding or effect modification by other CHD risk factors. Three
separate models were evaluated: the first adjusted for age, the
second added adjustment for adiposity (BMI, waist to hip ratio),
and the third added lifestyle characteristics (physical activity,
alcohol consumption, and current smoking). Age-adjusted gen-
eralized linear models were performed to investigate covariates
of low and high levels of testosterone. Additional Cox propor-
tional hazards regression analyses tested the sensitivity of ob-
served associations to significant covariates. There was no
significant multicollinearity (variance inflation factor �2) be-
tween the independent variables.

All P values presented are two-tailed; P � 0.05 was consid-
ered statistically significant. Data were analyzed using SPSS v15
(SPSS Inc., Chicago, IL).

Results

Baseline characteristics and CHD event rates
Baseline characteristics are shown in Table 1. The mean

age of these women was 73.8 yr (range, 51–90 yr); the
mean BMI was 24.3 kg/m2 (range, 15.4–39.8). Only 13%
reported current smoking, 46% consumed at least one
alcohol drink daily, and 77% reported moderate physical
exercise three or more times per week. During a median
follow-up of 12.3 yr, 134 women had a first CHD event;
45 were nonfatal MIs, 10 were coronary revasculariza-
tions, and 79 were CHD deaths.

Total T and incident CHD events
For total T, age-adjusted CHD risk estimates were sim-

ilar for the four highest quintiles relative to the lowest,
suggesting a low threshold (Table 2). We therefore derived
risk estimates for the lowest quintile of total T (low total

T) vs. all higher levels. In age-adjusted analyses (model 1),
low total T was associated with a 62% (P � 0.017) in-
creased risk of incident CHD. Adjusting for adiposity
measures (model 2) and lifestyle characteristics (model 3;
Fig. 1A) had a negligible effect on the results.

BioT and incident CHD events
For BioT, age-adjusted quintile analyses suggested a

U-shaped association with CHD risk (P for quadratic

TABLE 2. HRs for incident CHD events according to
levels of total T

No. of
cases HR (95% CI) P value

Total T quintile (pg/ml)a

Q1 (12–80) 34 1.00 (ref)
Q2 (81–121) 23 0.60 (0.35–1.02) 0.060
Q3 (122–166) 26 0.68 (0.41–1.13) 0.135
Q4 (167–227) 25 0.58 (0.35–0.97) 0.038
Q5 (228–754) 26 0.63 (0.37–1.05) 0.075

Quintile 1 vs. higher
Model 1a 1.62 (1.10–2.39) 0.017
Model 2b 1.66 (1.12–2.46) 0.013
Model 3c 1.72 (1.15–2.57) 0.008

Ref, Reference category.
a Model 1, adjusted for age.
b Model 2, adjusted for age, BMI, and waist-hip ratio.
c Model 3, model 2 � alcohol use, current smoking, and exercise.

TABLE 1. Baseline characteristics for 639
postmenopausal women: the Rancho Bernardo Study

Variable
Demographic, anthropomorphic,

mean (SD)
Age (yr) 73.8 (8.2)
BMI (kg/m2) 24.3 (3.8)
Waist to hip ratio 0.804 (0.063)

Lifestyle parameters (%)
Alcohol (1� drinks/day) 36.5
Current smoker 13.5
Physical activity (3� times/week) 76.5

Prevalent conditions (%)
Diabetes 15.6
Metabolic syndrome 16.9
Hypertension 78.9

Incident CHD events (n)
Fatal MI 79
Non-fatal MI 45
Revascularization 10

Sex hormonesa

Total T (pg/ml) 142 (32, 490)
BioT (pg/ml) 35 (8, 143)
Estradiol (pg/ml) 5.0 (2.0, 17)
Bioavailable estradiol (pg/ml) 3.0 (1.0, 9.0)
SHBG (nmol/liter) 60.0 (12.6, 133.5)

SI conversion factors: multiply testosterone by 0.00347 for nmol/liter;
multiply estradiol by 3.671 for pmol/liter.
a Log-transformed for analysis; values represent median (95% range).
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trend �0.001). Accordingly, the association of BioT with
CHD risk was tested using the middle (third) quintile as
the reference (Table 3). Both the lowest (low BioT) and the
highest (high BioT) quintiles were associated with signif-
icantly increased age-adjusted risk of incident CHD, with
a 79% (P � 0.046) increased risk for women with low
BioT and a 96% (P � 0.022) increased risk for women
with high BioT (model 1). This U-shaped association per-
sisted after additional adjustment for adiposity (model 2)
and lifestyle characteristics (model 3; Fig. 1B).

Independence of total T and BioT associations
with CHD

As shown in Fig. 2, the distribution of total T and BioT
by quintiles was discordant; one third of women with low
(�20th percentile) total T did not have low BioT, and 36%
of those with high (�80th percentile) BioT did not have
high total T (�2, P � 0.001 for both). To examine the
independence of BioT associations, total T levels were
added as a continuous variable to the age, adiposity, and
lifestyle-adjusted model of BioT quintiles. After adjusting
for total T, the strength of the association for high BioT
was increased from 1.84 to 2.59 [95% confidence interval
(CI), 1.43–4.71]; however, low BioT was no longer sig-
nificantly related to incident CHD events [hazard ratio
(HR) � 1.09; 95% CI, 0.54–2.21]. In the converse anal-
ysis, adjustment for continuous BioT levels increased the
strength of the low total T association from 1.72 to 2.03
(95% CI, 1.22–3.38), and BioT was not independently
related to CHD events.

In this population, BioT was negatively correlated with
SHBG levels (Spearman R � �0.34; P � 0.001). Because
SHBG has been shown to have independent associations
with CHD risk (8, 21–23), we tested whether SHBG ac-
counted for BioT-CHD associations. Additional adjust-
ment for SHBG in the age, adiposity, and lifestyle-adjusted
model had minimal effect for low BioT (HR � 1.96; 95%
CI, 1.10–3.48) and decreased the HR for the highest quin-
tile of BioT from 1.96 to 1.66 (95% CI, 0.94–2.93) (P �
0.08). In this model, SHBG was not significantly related
to incident CHD (HR � 0.88; 95% CI, 0.74 –1.04 for a
1 SD increase in log SHBG; P � 0.14) independent of
BioT. Sequential adjustment for total and bioavailable
estradiol levels did not alter low total T or high BioT
associations (data not shown). Finally, although age
and BMI-adjusted SHBG levels were higher in the 14%
of women reporting use of thyroid medications at base-
line compared with nonusers (means, 61 vs. 52 nmol/
liter; P � 0.02), adjustment for thyroid medication use
did not influence BioT associations (data not shown).

FIG. 1. Survival curves for incident CHD according to quintiles of total
T (A) and BioT (B), adjusted for age, BMI, waist-to-hip ratio, current
smoking, alcohol intake, and physical activity. The relative risk for the
lowest quintile of total T vs. the higher quintiles was 1.72 (95% CI,
1.15–2.57; P � 0.008). The relative risks for the lowest and highest
quintiles of BioT vs. quintile 3 were 1.93 (95% CI, 1.09–3.43; P �
0.025) and 1.84 (95% CI, 1.06–3.19; P � 0.032), respectively. Note
that y-axes do not begin at zero.

TABLE 3. HRs of BioT for incident CHD events

Hormone quintile No. of cases Model 1 HR (95% CI)a Model 2 HR (95% CI)b Model 3 HR (95% CI)c

BioT (pg/ml)
Q1 (2-19) 29 1.79 (1.01–3.16) 1.92 (1.08–3.41) 1.93 (1.09–3.43)
Q2 (20-29) 25 1.31 (0.73–2.35) 1.29 (0.72–2.33) 1.29 (0.71–2.32)
Q3 (30-41) 20 1.00 (ref) 1.00 (ref) 1.00 (ref)
Q4 (42-62) 25 1.39 (0.77–2.50) 1.37 (0.76–2.47) 1.34 (0.74–2.42)
Q5 (63-278) 34 1.96 (1.13–3.16) 1.88 (1.08–3.26) 1.84 (1.06–3.19)

Ref, Reference category.
a Model 1, adjusted for age.
b Model 2, adjusted for age, BMI, and waist-hip ratio.
c Model 3, model 2 � alcohol use, current smoking, and exercise.
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Insum,theseresultssuggest that lowtotalTandhighBioT
are independently and specifically related to CHD risk; that
is, the low BioT association seems to be a reflection of the
covariance of BioT with total T levels, whereas the high BioT

association is specific to the non-SHBG-bound testosterone
fraction.

Covariates of low total T and high BioT
Next, we examined covariates of low total T and high

BioT among demographic and lifestyle characteristics,
health status markers, CVD risk factors, and comorbidities
(Table 4). Women with low total T were younger and had
lower BMI, lower total and HDL cholesterol, lower diastolic
blood pressure, and higher triglycerides than women with
higher T. They also were more likely to have had a hyster-
ectomy or bilateral oophorectomy and less likely to be cur-
rent cigarette smokers. In contrast, women with high BioT
had higher BMI, diastolic and systolic blood pressure,
total cholesterol, triglycerides, and fasting plasma glu-
cose compared with women with lower BioT. They also
had more comorbid conditions including a higher prev-
alence of hypertension, diabetes, and the metabolic syn-
drome and were less likely to have undergone hyster-
ectomy or oophorectomy.

FIG. 2. Scatterplot demonstrating the discordance of total T and BioT
levels. The dashed lines indicate cut points for the lowest (�20%) and
highest (�80%) quintiles. Shaded area A encompasses data for the
33% of the women with low total T who do not have low BioT.
Shaded area B encompasses data for the 36% of women with high
BioT who do not have high total T.

TABLE 4. Characteristics of women with low total T or high BioT

Variable
Total T >80

pg/ml
Low total

T <80 pg/ml P value
BioT <63

pg/ml
High BioT >63

pg/ml P value
n 510 129 514 125
Demographic, anthropomorphic

Age (yr) 74.2 72.0 0.01 73.7 73.8 0.84
BMI (kg/m2) 24.4 23.7 0.10 24.1 25.1 0.01
Waist to hip ratio 0.804 0.803 0.98 0.802 0.808 0.33

Metabolic parameters
Systolic blood pressure (mm Hg) 144.1 140.6 0.11 142.3 147.7 0.01
Diastolic blood pressure (mm Hg) 75.9 74.1 0.06 74.7 78.7 �0.001
Total cholesterol (mg/dl) 231.1 224.7 0.10 227.8 238.6 0.01
LDL cholesterol (mg/dl) 141.9 138.0 0.28 140.0 145.4 0.15
HDL cholesterol (mg/dl)a 65.7 59.9 0.001 64.2 65.4 0.58
Triglycerides (mg/dl)a 98.3 109.8 0.03 99.2 107.2 0.08
Fasting plasma glucose (mg/dl) 100.3 99.0 0.58 99.3 103.4 0.08
HOMA-IR (n � 382) 2.58 2.62 0.87 2.61 2.51 0.63

Health status parameters
Heart rate (BPM) 64.9 65.4 0.72 65.0 64.8 0.79
No. of comorbiditiesb 1.93 1.86 0.58 1.83 2.22 0.01
No. of doctor visits in past year 5.11 6.37 0.28 5.23 5.14 0.73
Hospitalized in past year (%) 13.0 11.2 0.61 12.3 14.0 0.60

Lifestyle parameters (%)
Alcohol (1� drinks/day) 37.3 33.3 0.41 37.0 34.4 0.59
Current smoker 14.9 7.8 0.03 13.0 15.2 0.53
Physical activity (3� times/week) 75.7 79.8 0.32 76.8 75.2 0.70

Prevalent conditions (%)
Hypertension 79.4 76.7 0.51 76.7 88.0 0.01
Diabetes 16.7 11.6 0.16 13.8 23.2 0.01
Metabolic syndrome 16.7 17.8 0.75 14.6 26.4 0.01

Ovarian status (%) �0.001 �0.001
Intact 65.1 34.9 54.9 76.0
Hysterectomy 22.2 31.0 25.3 18.4
Oophorectomy 12.7 34.1 19.8 5.6

HOMA-IR, Homeostasis model assessment for insulin resistance; BPM, beats per minute.
a Log10 transformed for analyses; values are geometric means.
b Includes liver, kidney, and heart disease; diabetes; cancer (non-skin); emphysema; arthritis; hip fracture; and hypertension.
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Potential confounding or effect modification by factors
that distinguished women with low total T was examined in
multivariatemodels adjusted forage, adiposity, and lifestyle.
For total T, additional adjustment for total and HDL cho-
lesterol, diastolic blood pressure, and triglycerides did not
modify the low T association (HR � 1.68; 95% CI, 1.11–
2.53). Risk estimates for low T were also similar after ad-
justing for ovarian status (HR � 1.61; 95% CI, 1.06–2.44)
and after excluding the 109 women with bilateral oopho-
rectomy (HR � 1.71; 95% CI, 1.06–2.75).

For BioT, additional adjustment for diastolic blood
pressure, total cholesterol, triglycerides, and fasting
plasma glucose had minimal influence on the high BioT
association (HR � 1.89; 95% CI, 1.08–3.31). Risk esti-
mates were also similar after excluding women with dia-
betes (n � 100; 25 were incident cases) (HR � 2.02; 95%
CI, 1.07–3.81), but were attenuated by excluding those
with the metabolic syndrome (n � 108; 34 were incident
cases) (HR � 1.79; 95% CI, 0.97–3.32), or by adjusting
for the total number of comorbid conditions (HR � 1.66;
95% CI, 0.94–2.95). Adjusting for ovarian status (HR �
2.04; 95% CI, 1.16–3.59) or excluding women with bi-
lateral oophorectomy (HR � 1.93; 95% CI, 1.03–3.62)
did not influence the high BioT association.

Finally, we tested the effect of comorbidity and occult
disease by excluding women whose CHD event occurred in
the first 5 yr of follow-up (n � 44). Results persisted for high
BioT (HR � 2.04; 95% CI, 1.04–4.02), but were no longer
significant for low total T (HR � 1.44; 95% CI, 0.85–2.43).

Discussion

To our knowledge, this is the first population-based study
to show that low levels of testosterone overall and high
levels of the bioavailable fraction of testosterone are in-
dependently related to higher risk of incident CHD events
over a 20-yr follow-up in community-dwelling postmeno-
pausal women. Women in the lowest 20% of total T for
this population (�80 pg/ml) had 62% elevated risk of a
first-ever CHD event, whereas women in the highest 20%
of BioT (�63 pg/ml) had 96% elevated risk, compared
with their counterparts without extreme testosterone lev-
els. These results were not explained by age, adiposity,
lifestyle, or ovarian status.

In this and other studies, higher levels of endogenous
BioT in postmenopausal women are associated with adi-
posity and adiposity-related conditions including higher
BMI, larger waist girth, insulin resistance (24, 25), adverse
lipid profiles (26, 27), type 2 diabetes (25, 28), and the
metabolic syndrome (29, 30). [It should be noted that al-
though several of these prior studies report calculated free
testosterone (based on mass action equations), and not

BioT, levels of calculated free testosterone T and calcu-
lated BioT are mathematically equivalent when a constant
albumin concentration is assumed and are essentially
equivalent even when albumin is measured.] In almost all
cases, total T was not related to these same CHD risk
factors. For example, six of seven cross-sectional studies
reviewed by Ding et al. (28) reported significant associa-
tions of BioT, free testosterone, or the free androgen index
(T/SHBG) with diabetes in postmenopausal women; only
one found a significant association for total T. Thus,
higher circulating concentrations of the bioavailable (non-
SHBG-bound) fraction of testosterone seem to be related
to metabolic dysfunction and obesity-related conditions
associated with CHD risk in older women, regardless of
overall testosterone levels. Higher BioT predicted in-
creased risk of CHD events in Rancho Bernardo women
independent of SHBG levels and other CHD risk factors
characteristic of women with elevated BioT. Although ad-
justing for the constellation of CHD risk factors represented
by the metabolic syndrome, or for the number of comorbid
conditions, eliminated the statistical significance of the high
BioT association, risk estimates remained elevated. It is not
clear whether high BioT is a marker or a mediator of CHD
risk; our results suggest that both could be true, although
residual confounding cannot be ruled out.

Rancho Bernardo women with low levels of total T also
had increased risk of CHD events, irrespective of BioT
concentrations. These women tended to be younger and
thinner and to have lower blood pressure and total cho-
lesterol than women with normal testosterone, all favor-
able CHD risk factors. However, they had higher triglyc-
erides and lower HDL cholesterol (characteristic of
atherogenic dyslipidemia), and eliminating events that oc-
curred in the first 5 yr of follow-up attenuated the low total
T–CHD association. Thus, low testosterone could be a
marker of occult systemic illness or an indication of sub-
clinical heart disease. Several clinic and population-based
studies have examined the cross-sectional association of
endogenous testosterone with unrecognized CHD in older
women. Five investigations (7–9, 31, 32), including a case-
control study of 364 postmenopausal women from ARIC
(Atherosclerosis Risk in Communities Study) (8) and a
study of almost 2000 postmenopausal women from
MESA (Multi-Ethnic Study of Atherosclerosis) (31),
found more carotid atherosclerosis (by intima-media
thickness) in women with lower testosterone levels. In
contrast, higher testosterone was associated with more
extensive coronary artery calcium in the same MESA
women (31), and with greater aortic atherosclerosis (by
calcified deposits) in 528 postmenopausal women from
the Rotterdam Study (33). In general, these results support
the concept that testosterone deficiency may be charac-
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teristic of subclinical CHD in women, as has been ob-
served repeatedly in men (reviewed in Ref. 34). Whether
the underlying biology differs for arterial calcification in
women requires further study.

To our knowledge, only one other population-based
study has reported the prospective association of endog-
enous sex hormones with incident cardiovascular disease
in postmenopausal women. A nested case-control study
among women in the Women’s Health Study showed a
trend for increased risk of cardiovascular events in the
non-estrogen-using women (n � 115 1:1 matched pairs)
across quartiles of the free androgen index (T/SHBG); the
association was not independent of BMI and other cardio-
vascular risk factors (35). Neither low nor high total T was
independently related to future cardiovascular events in the
Women’s Health Study; however, levels were measured by a
direct RIA considered to be suboptimal at the low ranges of
testosterone found in postmenopausal women (36).

Androgens may influence CHD through direct effects
on vascular processes. Androgen receptor expression in
the vasculature seems to be predominantly determined by
endogenous androgen levels, rather than genetic factors
(37), and higher endogenous levels of testosterone are fa-
vorably associated with endothelial function in postmeno-
pausal women (38). Other vascular mechanisms are also
possible. Experimental studies show that androgens sup-
press proinflammatory cytokine activity, inhibit apopto-
sis, andenhancevascular smoothmuscle cell proliferation,
important factors in inhibiting atheroma formation and
maintaining plaque integrity (reviewed by Malkin et al. in
Ref. 39). Malkin and colleagues have proposed that an-
drogen deficiency in men may impact coronary artery dis-
ease through these mechanisms; the same may be true for
women with low total T.

The present study has limitations. Results were based
on a largely Caucasian middle- to upper-middle-class
community and may not apply to other ethnic and socio-
economic groups. Like most other epidemiological stud-
ies, hormone levels were based on a single assay. However,
single measurements of androgens in postmenopausal
women have been shown to reliably characterize average
levels over a 2- to 3-yr period (40), and misclassification of
women with low or high testosterone would be expected
to underestimate, not cause, associations. In addition,
blood for hormone measurements was obtained in the
morning from fasting women (minimizing any diurnal
variation), the laboratory methods used were the gold
standard at the time the assays were performed, and tes-
tosterone levels were within the assay sensitivity for all
participants. Assessment of CHD events was based on self-
report, thus endpoint misclassification is also possible.
However, 72% of nonfatal events and 85% of fatal events

were confirmed by medical record review in subsets with
available information, and any misclassification of CHD
events would be likely to diminish associations, not cause
them. Although it is possible that testosterone exerts its
influence by conversion to estradiol, the addition of total
or bioavailable estradiol to these analyses did not mate-
rially change results.

In summary, this study suggests that an optimal range
of testosterone may exist for cardiovascular health in
women, with increased risk of CHD events at low levels of
testosterone overall and at high levels of the bioavailable
fraction of testosterone. In part, the elevated risk associ-
ated with low total T may be related to preexisting sub-
clinical heart disease, whereas high BioT may be a marker
of underlying metabolic disease. However, direct effects of
testosterone on CHD risk factors and vascular health can-
not be ruled out and may even be likely. Given the current
gap in knowledge, a cautious approach to the use of tes-
tosterone-modulating therapies in older women seems
prudent.
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