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ABSTRACT
This study examines the cross-sectional association of hysterec-

tomy and oophorectomy status, chronological age, and years since
menopause with plasma levels of total and bioavailable testosterone
and estradiol, androstenedione, estrone, and sex hormone-binding
globulin (SHBG) in community-dwelling postmenopausal women who
were not using estrogen replacement therapy. Six hundred and
eighty-four women, aged 50–89 yr, were surveyed for hysterectomy
and oophorectomy status and had plasma obtained between 1984–
1987. Of these, 438 (67%) had not undergone hysterectomy or oopho-
rectomy (intact), 123 (18%) reported hysterectomy with bilateral oo-
phorectomy, and 123 (18%) reported hysterectomy with conservation
of 1 or both ovaries.

After adjustment for age and body mass index, both total and
bioavailable testosterone levels were reduced by more than 40% (P ,
0.001) in hysterectomized women with bilateral oophorectomy com-
pared to those in intact women, with intermediate levels observed in
hysterectomized women with ovarian conservation. Androstenedione
levels were about 10% lower in hysterectomized women with or with-
out ovarian conservation compared to those in intact women (P 5
0.039). Total estradiol levels tended to be lower (P 5 0.095) in bilat-

erally oophorectomized women. Levels of bioavailable estradiol, es-
trone, and SHBG did not differ by hysterectomy and oophorectomy
status.

Among intact women, total, but not bioavailable, testosterone lev-
els increased with age (P 5 0.015), reaching premenopausal levels for
the 70–79 decade with relatively stable levels thereafter. Among
oophorectomized women, total and bioavailable testosterone levels
did not vary with age and were 40–50% lower than those in intact
women throughout the 50–89 yr age range. Androstenedione levels
decreased 27% and SHBG levels increased 30% (P , 0.001) with age
in intact, but not oophorectomized, women. Levels of other hormones
did not vary with age. Stratification by years since menopause or
surgery yielded similar results.

These results demonstrate that the postmenopausal ovary remains
a critical source of androgen throughout the lifespan of older women.
The clinical consequences of lower testosterone levels years after
oophorectomy are unknown. Reconsideration of prophylactic oopho-
rectomy and clinical trials to evaluate the effects of androgen re-
placement after oophorectomy are needed. (J Clin Endocrinol Metab
85: 645–651, 2000)

HYSTERECTOMY is the second most common major
surgical procedure performed in the United States (1);

more than one third of U.S. women have had a hysterectomy
by age 60 yr, usually performed for benign conditions (2, 3).
The highest hysterectomy rates occur in women who are less
than 55 yr of age; nevertheless, concomitant bilateral oopho-
rectomy is being performed for 37% of women less than 45 yr
of age and for 68% of women aged 45 yr and older (4). Con-
comitant bilateral oophorectomy is nearly always an elective
procedure, recommended to prevent ovarian cancer (5).

Current recommendations for ovarian conservation in
women less than 45 yr of age and oophorectomy for women
aged 50 yr and older (6) reflect the presumed expendability
of the postmenopausal ovary. In a 1994 review, Adashi (7)
challenged this position, noting that the postmenopausal
ovary is a gonadotropin-driven androgen-producing gland.

More recently, Rako (8) reviewed the possible clinical im-
portance of low androgen levels in oophorectomized
women.

Short term studies comparing hormone levels in the ovar-
ian vein and peripheral blood have clearly shown that the
postmenopausal ovary is a source of testosterone (9–13). This
was confirmed by an early study showing a marked reduc-
tion in circulating testosterone levels in postmenopausal
women 6–8 weeks after bilateral oophorectomy (14). How-
ever, a study of 100 women 1–31 yr after oophorectomy
concluded that although testosterone levels were lower in
recently oophorectomized women compared to those in in-
tact women, the difference was minimal 5 yr after surgery
(15). To our knowledge, no population-based studies have
examined endogenous sex hormone levels in older women
with respect to their hysterectomy and oophorectomy expe-
riences many years earlier.

In this paper we report the influence of hysterectomy and
oophorectomy status, chronological age, and years since
menopause on plasma levels of total and bioavailable tes-
tosterone and estradiol, androstenedione, estrone, and sex
hormone-binding globulin (SHBG) in 684 community-dwell-
ing postmenopausal women who were not using estrogen
replacement therapy.
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Materials and Methods

Between 1972–1974, 82% of all Caucasian women residing in a middle
to upper middle class community in Southern California (Rancho Ber-
nardo) participated in a study of heart disease risk factors. Between
1984–1987, 82% of the surviving, community-dwelling women, aged
50–89 yr, returned to the clinic for another evaluation. At this visit, a
standardized interview was used to obtain reproductive and meno-
pausal histories. Postmenopausal women were asked the date of their
last menses, type of menopause (natural or surgical), and, in the case of
hysterectomy, date and number of ovaries removed at surgery. Because
of the older age and the number of years since surgery, medical records
to confirm ovarian status were not available for most of the hysterec-
tomized women. Examination of surgical records in a subsample of 228
women from the Rancho Bernardo cohort who reported hysterectomy
yielded an overall concordance of 81% for self-reported oophorectomy.
There was 96% concordance for women reporting bilateral oophorec-
tomy, whereas medical records of women reporting ovarian conserva-
tion showed bilateral oophorectomy in 33%. The reason for hysterec-
tomy or oophorectomy was not ascertained.

Age at menopause was defined as age at last menses for women
without hysterectomy and for hysterectomized women whose surgery
occurred after natural menopause. For hysterectomized women whose
surgery occurred before the cessation of spontaneous menses, age at
menopause was defined as 1) age at surgery for bilaterally oophorec-
tomized women, 2) age when estrogen replacement was initiated for
women with ovarian conservation, and 3) age 49 yr (the average age of
natural menopause in the Rancho Bernardo cohort) for hysterectomized
women with ovarian conservation who never used estrogen (31%). Years
postmenopause was defined as current age minus age at menopause.
Past and current use of estrogen, alone or in combination with a pro-
gestin, was ascertained; current estrogen users were excluded from this
study. Information regarding current physical activity (exercise three or
more times per week), cigarette smoking (yes/no), and alcohol con-
sumption (number of drinks of beer, wine, or liquor converted to mil-
liliters of alcohol per week) was also obtained. Height and weight were
measured in the clinic with participants wearing light clothing and no
shoes; body mass index (BMI; kilograms per m2) was used as an estimate
of obesity. Blood samples for hormone assay were obtained by veni-
puncture between 0730–1100 h after a requested 12-h fast; plasma was
separated and frozen at 270 C.

Assays were performed on first thawed samples 6–9 yr later, between
1992–1994. Steroid hormone levels were measured by RIA after solvent
extraction and Celite column chromatography in the endocrinology
research laboratory of S. S. C. Yen (Department of Reproductive Med-
icine, University of California-San Diego, La Jolla, CA). SHBG levels
were determined by the method of Rosner (16), and bioavailable estra-
diol and testosterone (the non-SHBG-bound fractions) were measured
by a method modified from Tremblay and Dube (17). Total estradiol/
SHBG and total testosterone/SHBG ratios were used to cross-validate
the results obtained for directly measured bioavailable estradiol and
testosterone. The sensitivity and the intra- and interassay coefficients of
variation, respectively, were 11 pmol/L, 6.0%, and 7.7% for estrone; 11
pmol/L, 5.9%, and 7.1% for estradiol; 11 pmol/L 3 percentage free,
6.1%, and 7.9% for bioavailable estradiol; 0.07 nmol/L, 4.0%, and 4.9%
for testosterone; 0.07 nmol/L 3 percentage free, 6.5%, and 10.7% for

bioavailable testosterone; 0.06 nmol/L, 4.3%, and 4.3% for androstenedi-
one; and 5 nmol/L, 7.5%, and 11.4% for SHBG.

Among the postmenopausal women who were not using estrogen,
696 had steroid hormone and SHBG levels measured. Eight of these
women were excluded from the present analysis because their estrogen
levels suggested unreported estrogen use, and 3 were excluded on the
basis of total testosterone levels more than 2.8 nmol/L. The remaining
684 women are the focus of this report. Of these women, 176 (26%) had
estradiol levels and 4 had estrone levels below the sensitivity of the
assay; estrogen levels below the sensitivity of the assay were assigned
the value of the assay sensitivity. Androgen levels in all subjects were
above the assay sensitivity. Hormone and SHBG levels did not vary by
season of sampling or duration of storage.

Statistical analysis

Data were analyzed using the SPSS program (SPSS, Inc., Chicago, IL).
Hysterectomy and oophorectomy status was stratified into three cate-
gories: no hysterectomy or oophorectomy (intact), hysterectomy with
conservation of one or both ovaries, and hysterectomy with bilateral
oophorectomy. Sex hormone and SHBG levels were stratified by decade
of age (50–59, 60–69, 70–79, and 80–89 yr) for intact women and those
with bilateral oophorectomy, by years since menopause (,20, 20–30,
and .30 yr) for intact women, and by years since surgery for bilaterally
oophorectomized women (,20, 20–30, and .30 yr). For statistical anal-
yses, levels of total and bioavailable estradiol and testosterone, andro-
stenedione, and the ratios of estradiol and testosterone to SHBG and of
estrone to androstenedione were log-transformed to correct for skewed
distributions; antilogs are shown. Other hormones were normally dis-
tributed. Significant differences in the number of individuals in each
group with hormone levels below the sensitivity of the assay were tested
by x2 analysis. The relation of hormone and SHBG levels with age, BMI,
alcohol consumption, smoking, and exercise was assessed using Pearson
correlations. Age- and BMI-adjusted hormone and SHBG levels were
compared by hysterectomy and oophorectomy status using analysis of
covariance; comparisons by decade of age and by years since menopause
or surgery were adjusted for BMI. Post-hoc comparisons were performed
using Newman-Keuls tests.

Results
Demographic characteristics

The mean age of the 684 women was 73 6 8 yr (median,
75 yr); 89% were 65 yr of age or older. They were an average
of 26 6 11 yr postmenopause and had a mean BMI of 24.3 6
3.7 kg/m2. Overall, 18% (n 5 123) reported hysterectomy
with conservation of 1 or both ovaries, and 18% (n 5 123)
reported hysterectomy with bilateral oophorectomy. There
were no significant differences by hysterectomy and oopho-
rectomy status for age, BMI, alcohol consumption, current
smoking, or exercise (Table 1). Intact women were older at
menopause (P , 0.001) and had been menopausal for fewer

TABLE 1. Comparison of mean (6 SD) age and other covariates by hysterectomy and oophorectomy status for 684 postmenopausal
women from the Rancho Bernardo Study, 1984–1987

Intact
(n 5 438)

Hysterectomy

Ovarian conservation
(n 5 123)

Bilateral oophorectomy
(n 5 123)

Age (yr) 74 6 8 73 6 9 73 6 7
BMI (kg/m2) 24.1 6 3.7 24.1 6 3.5 24.5 6 3.8
Age at menopause (yr) 49 6 5 45 6 9a 46 6 9b

Yr menopausal 25 6 10 28 6 10b 28 6 10b

Alcohol consumption (mL/week) 93 6 109 90 6 118 89 6 105
Current smoker (% yes) 31.5 28.2 30.9
Regular exercise (% yes) 17.1 12.9 13.8

a P , 0.001 vs. intact.
b P , 0.05 vs. intact.
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years (P , 0.05) than hysterectomized women with and
without ovarian conservation (Table 1).

Among all women, levels of androstenedione were in-
versely related and total testosterone and SHBG were pos-
itively related to age (all P , 0.001). All steroid hormones,
except total testosterone and androstenedione, were posi-
tively related to BMI (P , 0.001 for all); SHBG concentrations
were inversely correlated with BMI (P , 0.001).

Comparisons by hysterectomy and oophorectomy status

Table 2 shows age- and BMI-adjusted comparisons of hor-
mone and SHBG levels by hysterectomy and oophorectomy
status. Androstenedione levels in hysterectomized women
were approximately 10% lower than those in intact women
(P 5 0.039) regardless of ovarian status. Compared to those
in intact women, total and bioavailable testosterone levels
were reduced 29% (P , 0.001) in hysterectomized women
with ovarian conservation and 40% (P , 0.001) in women
with bilateral oophorectomy (Fig. 1). Total and bioavailable
testosterone levels were 30% lower (P , 0.001) in women
with bilateral oophorectomy compared to women with ovar-
ian conservation (Fig. 1). Estradiol levels tended to be lower
(P 5 0.095) in women with bilateral oophorectomy than in
intact or hysterectomized women with ovarian conservation.
A greater (P 5 0.008) percentage of women with bilateral
oophorectomy (37%) had estradiol levels below the sensi-
tivity of the assay compared to intact women (25%) and
hysterectomized women with ovarian conservation (23%).
Levels of estrone, bioavailable estradiol, SHBG, and the es-
tradiol/SHBG ratio did not differ by ovarian status. The
proportion of estradiol (;52%) and testosterone (;26%) not
bound to SHBG did not vary by ovarian status (data not
shown).

Comparisons by chronological and menopausal age

Among intact women, only androstenedione, total testos-
terone, and SHBG levels varied with age and years since
menopause. Androstenedione levels declined 27% (P ,
0.001) from the youngest (50–59 yr) to the oldest (80–89 yr)
decade (Fig. 2, left panel) and were 20% lower (P , 0.001) in
women more than 30 yr postmenopause (Fig. 2, right panel).

Total testosterone levels increased 35% (P 5 0.015) with
chronological age, with most of the increase occurring after
50–59 yr (P , 0.01) and relatively stable levels thereafter (Fig.
3, left panel). When examined by years since menopause,
testosterone levels were elevated in women 20–30 yr post-
menopause compared to those in women less than 20 yr
postmenopause (P , 0.001) and remained high in women
more than 30 yr postmenopause (Fig. 3, right panel). As
shown in Fig. 3, testosterone levels in the intact women
beyond age 70 yr or more than 20 yr post menopause were
comparable to published premenopausal levels from the
same laboratory (18). Plasma SHBG was positively related to
age (P , 0.001); levels were 30% higher at 80–89 yr than at
50–59 yr (P , 0.01; Fig. 4, left panel) and increased progres-

FIG. 1. Age- and BMI-adjusted mean (6SE) total and bioavailable
(non-SHBG-bound) testosterone levels by hysterectomy and oopho-
rectomy status in postmenopausal, 50- to 89-yr-old women: intact (n 5
438), hysterectomy with ovarian conservation (n 5 123), and hyster-
ectomy with bilateral oophorectomy (n 5 123). a, P , 0.001 vs. intact.
b, P , 0.001; c, P , .01 vs. hysterectomy with ovarian conservation.

TABLE 2. Age- and BMI-adjusted comparisons of mean (6 SD) steroid hormone and SHBG levels by hysterectomy and oophorectomy
status for 684 postmenopausal women from the Rancho Bernardo Study, 1984–1987

Intact
(n 5 438)

Hysterectomy

Ovarian conservation
(n 5 123)

Bilateral oophorectomy
(n 5 123)

Androstenedione (nmol/L) 1.08 6 0.39 0.95 6 0.44 0.99 6 0.45
Testosterone (nmol/L) 0.56 6 0.26 0.40 6 0.20a 0.29 6 0.14a,b

Bioavailable testosterone (nmol/L) 0.14 6 0.07 0.10 6 0.05a 0.08 6 0.04a,c

Testosterone/SHBG (3 1023) 10.4 6 6.1 7.4 6 4.0a 6.1 6 3.6a

Estradiol (pmol/L) 18 6 9 18 6 7 16 6 8
Bioavailable estradiol (pmol/L) 9 6 2 9 6 3 9 6 2
Estradiol/SHBG (3 103) 0.34 6 0.20 0.34 6 0.19 0.34 6 0.21
Estrone (pmol/L) 70 6 34 69 6 39 67 6 35
SHBG (nmol/L) 62 6 30 61 6 29 57 6 30

Analysis based on log-transformed data for total and bioavailable estradiol and testosterone, androstenedione, testosterone/SHBG, and
estradiol/SHBG. Values are antilogs of group means.

a P , 0.001 vs. intact.
b P , 0.001 vs. hysterectomy with ovarian conservation.
c P , 0.01 vs. hysterectomy with ovarian conservation.
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sively (P , 0.001) when stratified by duration of menopause
(Fig. 4, right panel). Among oophorectomized women, hor-
mone and SHBG levels did not vary with age or years since
surgery (Figs. 2–5). Both total (Fig. 3) and bioavailable (Fig.
5) testosterone levels were 40–50% lower in oophorecto-
mized than intact women throughout the 50- to 89-yr age
range.

Estrone to androstenedione ratio: aromatase activity

The ratio of estrone to androstenedione (E1/A) was ex-
amined as an index of aromatase activity. The E1/A ratio did
not differ on the basis of ovarian status (data not shown) and
was correlated to BMI for both intact (r 5 0.21) and oopho-
rectomized (r 5 0.37) women (P , 0.001 for each). In age-
stratified analyses, the BMI-adjusted E1/A ratio was similar
in intact and oophorectomized women and increased pro-
gressively with age in both groups (P , 0.001; data not
shown).

Lifestyle covariates

Age- and BMI-adjusted partial correlations revealed that
only androstenedione levels were positively related to alco-

hol consumption and current smoking (r 5 0.15; P , 0.001
for each); SHBG levels were inversely associated with alcohol
consumption (r 5 20.12; P 5 0.006). Neither hormone nor
SHBG levels were associated with reported physical activity.
Adjusting for alcohol consumption, current smoking, or ex-
ercise did not significantly alter any hormone associations
with hysterectomy and oophorectomy status, chronological
age, or years since menopause or surgery (data not shown).

Discussion

Between 1988–1990, more than half a million women per
yr in the United States had a hysterectomy, and 50% of these
women had both ovaries removed at that time (4). Given the
increasing life expectancy of women and the frequency of
bilateral oophorectomy, determining the role of the ovary in
older women’s health is important (8, 19). In this, the first
community-based study to examine the relation of remote
hysterectomy with and without oophorectomy to endoge-
nous sex hormone levels in older women, bilateral oopho-
rectomy had little or no effect on circulating estrogen levels
in older women, but was associated with a substantial and
sustained reduction in total and bioavailable testosterone

FIG. 2. BMI-adjusted mean (6SE) an-
drostenedione levels in 438 intact
women (closed squares) and 123 bilat-
erally oophorectomized women (open
squares) stratified by decade of age (left
panel), and by years since menopause
for intact women and years since sur-
gery for oophorectomized women (right
panel). By decade, n 5 29, 80, 231, and
98 for intact and 7, 28, 65, and 23 for
oophorectomized. By years since meno-
pause, n 5 125, 136, and 119. For years
since oophorectomy, n 5 49, 27, and 41.

FIG. 3. BMI-adjusted mean (6SE) tes-
tosterone levels in 438 intact women
(closed squares) and 123 bilaterally oo-
phorectomized women (open squares)
stratified by decade of age (left panel)
and by years since menopause for intact
women and years since surgery for oo-
phorectomized women (right panel).
Dotted lines indicate the mean (6SE)
testosterone level for premenopausal
women (from Ref. 36). See Fig. 2 for
numbers of subjects after stratification.
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levels. In contrast, although testosterone levels were low
around the time of menopause, an apparent increase in ovar-
ian testosterone production and a return to premenopausal
levels occurred in intact women.

Fifty percent of the hysterectomized women in this cohort
reported concomitant bilateral oophorectomy, in accord with
the national rate (4). Androstenedione levels for these
women were 15% lower and testosterone levels were 40%
lower than those in intact women, in agreement with early
small studies by Judd et al. (14) and Vermeulen (20). That
these differences directly reflect ovarian androgen produc-
tion is substantiated by higher androgen levels in the ovarian
than the peripheral veins of menopausal women (9–12). To
our knowledge, this is the first study to report that directly
measured bioavailable (non-SHBG-bound) testosterone lev-
els are also reduced 40% in oophorectomized postmeno-
pausal women. This is apparently a direct effect of the lower
testosterone levels, because neither SHBG levels nor the pro-
portion of testosterone not bound to SHBG varied by ovarian
status. Others have noted that the major factor in determin-

ing bioavailable testosterone levels in women is the total
testosterone level (21). Thus, the ovary plays a critical role in
determining both the circulating level and the bioactivity of
testosterone in postmenopausal women.

Testosterone levels were also reduced, although to a lesser
extent, in hysterectomized women with ovarian conserva-
tion. There are two potential explanations for this finding.
Damage to the ovarian artery at the time of hysterectomy
may lead to functional impairment or failure of one or both
ovaries (22, 23). Alternatively, mistaken inclusion of bilater-
ally oophorectomized women in the hysterectomy with ovar-
ian conservation group is plausible; hospital records, avail-
able for a subset of this cohort, showed that 33% of women
who reported hysterectomy did not know that both their
ovaries had been removed. In contrast, reported bilateral
oophorectomy was confirmed in 96% of cases.

These data also demonstrate that the impact of oophorec-
tomy on testosterone levels is sustained; total and bioavail-
able testosterone levels in oophorectomized women were
40–50% lower than those in intact women throughout older

FIG. 4. BMI-adjusted mean (6SE)
SHBG levels in 438 intact women
(closed squares) and 123 bilaterally oo-
phorectomized women (open squares)
stratified by decade of age (left panel)
and by years since menopause for intact
women and years since surgery for oo-
phorectomized women (right panel).
See Fig. 2 for the numbers of subjects
after stratification.

FIG. 5. BMI-adjusted mean (6SE) bio-
available testosterone levels in 438 in-
tact women (closed squares) and 123 bi-
laterally oophorectomized women (open
squares) stratified by decade of age (left
panel) and by years since menopause
for intact women and years since sur-
gery for oophorectomized women (right
panel). See Fig. 2 for the numbers of
subjects after stratification.
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age independent of age at surgery. The only other study
reporting sex hormone levels in postmenopausal women
many years after oophorectomy did not observe a consistent
reduction in testosterone levels 1–31 yr postsurgery (15). The
small numbers of women at each time interval and the rel-
atively unsophisticated assay techniques available in this
early study may account for these discordant results.

The MCRs and interconversion rates of androgens in
women are not altered with aging (24); therefore, changes
in circulating levels in older women must reflect alterations
in either adrenal or ovarian secretion. In this study, total
testosterone levels increased and androstenedione levels de-
clined with age and years since menopause in intact, but not
oophorectomized, women. Among intact women, testoster-
one levels in the youngest chronological and menopausal age
groups were 30% lower than published values for premeno-
pausal women from the same laboratory (18), whereas levels
in women more than 70 yr of age or 20 yr postmenopause
were comparable to premenopausal levels. These results are
compatible with a decline in ovarian testosterone production
around the time of menopause, followed by increased ovar-
ian synthesis and restoration of premenopausal levels. Lon-
gitudinal studies support this interpretation; two studies (25,
26) spanning the menopausal transition reported a peri-
menopausal drop in testosterone levels of about 20%, with
increasing levels in the following 2 yr (26). Another (27)
observed increasing testosterone levels in 32 women sam-
pled every 3–6 months during the 10 yr immediately after
menopause. Our findings are also in general agreement with
a cross-sectional study of 60 postmenopausal women by
Chakravarti et al. (28) in which testosterone levels were 25%
higher in women 20–30 yr post menopause at a time when
androstenedione levels were falling. Bancroft and Cawood
(29), however, found a negative relation between age and
androstenedione in women 40–60 yr of age, and other
smaller cross-sectional studies (20, 30–33) across a narrower
age range (33) observed no significant changes with advanc-
ing age for either androstenedione or testosterone.

Estrone and bioavailable estradiol levels were not related
to ovarian status, and only a weak (P 5 0.095) association was
seen with total estradiol levels, consistent with the idea that
postmenopausal circulating estrone and estradiol levels are
derived primarily from peripheral aromatization of andro-
stenedione and testosterone (for review, see Ref. 34). This
study confirms previous findings (20, 29–32) showing that
estrogen levels are unaffected by chronological or meno-
pausal aging. Aromatase activity and its positive relation
with age and adiposity (24, 35, 36) were unaltered in the
oophorectomized women; thus, remote oophorectomy does
not seem to influence peripheral estrogen production in
older women.

Overall, SHBG levels were not influenced by ovarian sta-
tus; however, an age-associated increase in levels was seen
in intact, but not oophorectomized, women. The reason for
this unexpected finding is unknown. Two previous studies
reported a positive relationship between age and SHBG lev-
els in women (37, 38), similar to that identified for men
(38–40). Age-related changes in testosterone, insulin, and
adiposity do not account for the increase in SHBG with age,
as all have an inhibitory influence on SHBG (41). Insulin-like

growth factor I and SHBG levels are inversely related in both
men and women (39, 40), and IGF-I inhibits hepatic produc-
tion of SHBG in vitro (42–44). Thus, a decline in the inhibiting
effect of IGF-I with age could contribute to increased SHBG
levels in both men and intact women, although this does not
explain the absent increase in oophorectomized women.

This study has a number of limitations. Hormone levels
were based on a single morning sample. Although single
measurements of most plasma hormones have been shown
to characterize average levels in postmenopausal women
reliably over a 2- to 3-yr period, estrogen levels are not as
reproducible (45–47). Thus, estrogen levels and associations
(or lack of them) should be viewed with caution. Changes in
hormone levels during long term storage were unlikely to
explain observed associations; hormone levels were mea-
sured in never previously thawed plasma, and levels did not
vary by season of sampling or duration of storage. In addi-
tion, others have shown that levels of steroid hormones are
relatively stable in frozen plasma stored for 3–10 yr (48, 49).
Finally, although age-specific levels were based on relatively
few women for the youngest decade, the similarity of hor-
mone patterns after stratification by decade and years since
menopause supports the validity of the age-related
associations.

The reduction in testosterone levels in intact women dur-
ing early postmenopause and the sustained reduction of both
total and bioavailable testosterone in bilaterally oophorec-
tomized women of all ages may have important clinical sig-
nificance, especially for skeletal health. Androgens inhibit
bone resorption as well as increasing bone formation (50, 51),
and low levels of endogenous testosterone have been re-
ported to correlate with fractures in elderly women (52, 53).
During the perimenopause, women with higher testosterone
concentrations have slower rates of bone loss than those with
lower concentrations independent of their estrogen status
(54). Clinical trials have shown that androgens act synergis-
tically with estrogens in surgically and naturally menopausal
women to relieve vasomotor symptoms, increase bone min-
eral density, and enhance libido, well-being, and energy level
(55–60). Although further studies are needed, the testoster-
one data from this study may help in determining whether,
when, and for how long androgen replacement should be
recommended for menopausal women.

In summary, the results of this study demonstrate that the
postmenopausal ovary is a critical source of androgen
throughout the lifespan of older women. Although testos-
terone levels are low around the time of menopause, an
apparent increase in ovarian testosterone production and a
return to premenopausal levels occur in intact women. In
contrast, bilateral oophorectomy results in a pronounced and
sustained reduction in both total and bioavailable testoster-
one levels. The consequences of the lower testosterone levels
many years after oophorectomy for the health and well-being
of aging women are unknown. Reconsideration of prophy-
lactic oophorectomy and clinical trials to evaluate the effects
of androgen replacement after oophorectomy are needed.
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