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Abstract
OBJECTIVE—Despite overwhelming biological plausibility, evidence for a protective effect of
estrogen on cognitive function in postmenopausal women is inconsistent. This study examines the
association between endogenous estrogen levels and subsequent four-year decline in cognitive
function test performance in community-dwelling older women.

DESIGN—Longitudinal cohort study

PARTICIPANTS—343 postmenopausal women (median age 70 yrs)

MEASUREMENTS—Between 1984 and 1987, serum for measurement of sex hormones was
obtained along with relevant covariates. Cognitive function was assessed in 1988–91 and again in
1992–96 using the Category Fluency test, the Mini-Mental Status Exam (MMSE) and Trail
Making Test B (Trails B).

RESULTS—Women in the highest tertile of estrone and bioavailable estradiol had, respectively,
1.75 (95% CI 1.02, 3.07) and 1.79 (95% CI 1.04, 3.10) higher odds of 4 year decline in Category
Fluency, a test of frontal lobe function, compared to those in the lowest tertile, independent of age
and education. The 20% of women with highest tertile levels of both estrone and bioavailable
estradiol had a two-fold higher odds of verbal fluency loss (OR=2.17; 95% CI 1.21, 3.89)
Adjustment for testosterone levels or for obesity-related factors associated with high endogenous
estrogens (higher BMI, waist girth, and triglycerides, and lower HDL cholesterol) did not alter
results. Neither estrogen was associated with change in MMSE or Trails B scores.

CONCLUSIONS—Higher endogenous estrogen levels were associated with greater decline in
verbal fluency in postmenopausal women. This association was not explained by elevated
androgens or by obesity or obesity-related factors.
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INTRODUCTION
Considerable biological and epidemiologic evidence suggest a beneficial effect of
exogenous estrogens on cognitive function in postmenopausal women,1,2 however nearly
all long term clinical trials failed to show benefit.3–6 Observational studies of endogenous
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estrogen and cognitive function are inconclusive. Some report harmful associations,7,8 some
protective,9,10 and others identified no clinically meaningful association between serum
estrogens and cognitive ability.11

Early cross-sectional studies of older community-dwelling women from the Study of
Osteoporotic Fractures, found higher levels of estrone were associated with poorer
performance on one of three measures of cognitive function,7 whereas total and bioavailable
estradiol were not related to current cognitive ability.9 The Rancho Bernardo Study also
failed to identify any beneficial cross-sectional association of estrone or total and
bioavailable estradiol with cognitive function test performance in postmenopausal
women11. In contrast, a longitudinal analysis from the Study of Osteoporotic Fractures
showed women with high concentrations of free and bioavailable estradiol were less likely
to develop cognitive impairment after 6 years than women with low concentrations,9
consistent with the thesis that high endogenous estrogen levels may help preserve normal
cognitive function in older women.

The objectives of the present study were to investigate the prospective association of
endogenous estradiol and estrone levels with cognitive decline over four years in
community-dwelling postmenopausal women and to test the independence of any observed
association from obesity and obesity-related factors which could impact vascular brain
health.

METHODS
Study population

Participants were postmenopausal women enrolled in the Rancho Bernardo Study, a
population-based study of healthy aging in a predominantly Caucasian Southern California
community. Between 1984 and 1987, 82% of surviving community-dwelling participants
attended a research clinic visit when serum was obtained for the measurement of sex
hormones. Cognitive function testing was first performed in 1988 to 1991 and was repeated
using identical protocols during a clinic visit in 1992 to 1996. The average time between the
baseline hormone measurements and the first cognitive function assessment was 4.3 years
and between the first and second cognitive assessments was 4.0 years. The study protocol
was approved by the Institutional Review Board of the University of California, San Diego;
all participants gave written informed consent prior to participation.

Eligibility criteria for the present analysis included 1) age 50 or older, postmenopausal and
no estrogen or insulin use at the time blood was obtained for sex hormone assay (1984–87),
2) sufficient archived frozen sera for estrogen measurements, 3) no history of stroke at the
time of the cognitive function tests and 4) assessment of cognitive function at two follow-up
visits. Of the 862 non-estrogen using women who had estrogens measured in 1984–87, 13
were excluded for age less than 50, 8 for pre-menopausal status, 2 because of insulin use, 15
because of stroke history and 11 because they had estrogen levels above the normal
physiologic range.

Cognitive function assessment
Three standardized tests, chosen to assess different aspects of cognitive function, were
administered by a trained interviewer at both the 1988–91 and the 1992–96 clinic visits. The
Mini-Mental State Examination12,13 assesses orientation, registration, attention,
calculation, language, and recall and is used as a test of global cognitive function; scores
range from 0 to 30. Trail Making Test B (Trails B, from the Halstead-Reitan
Neuropsychological Test Battery) tests visuomotor scanning and executive function.14
Participants scan a page continuously to identify numbers and letters in a specified sequence
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while shifting from number to letter sets. A maximum of 300 seconds is allowed;
performance is rated by the time required to finish the test; the greater the score, the poorer
the test performance. The Animals Naming Category Fluency test15 assesses cognitive
flexibility and executive function. Participants name as many animals as possible in 60
seconds (the score is the number of non-repetitive animals produced). Pre-specified scores
of ≤24 for the MMSE, ≥132 for Trails B, and ≤12 for Category Fluency are used to indicate
categorically defined poor performance.

Sex hormone measurement
In 1984–87, 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. Steroid
hormone levels were measured on first-thawed serum samples between 1992 and 1994 in the
UCSD reproductive endocrinology research laboratory. Estrone, estradiol and testosterone
were measured by RIA after organic solvent extraction and celite column chromatography.
Bioavailable (non-SHBG-bound) estradiol and testosterone were measured by an adaptation
of the ammonium-sulfate precipitation method.16 The sensitivity and intra- and interassay
coefficients of variation, respectively, were 10 pmol/L, 6% and 7% for estradiol; 10 pmol/L
pmol/L × percentage free, 6% and 8% for bioavailable estradiol; 11 pmol/L, 6% and 8% for
estrone; 0.07 nmol/L, 4% and 5% for testosterone; 0.07 nmol/L × percentage free, 7%, and
11% for bioavailable testosterone. Ten percent (n=35) of women had estradiol levels, and
3% (n=11) had estrone levels, below the assay sensitivity; values equivalent to 3.67 pmol/L
(1 pg/ml) below theassay sensitivity were assigned to these individuals. Hormone levels did
not varyby years of frozen sample storage or by season of sampling.

Covariates
During the hormone measurement visit (1984–87), standardized questionnaires were used to
obtain medical history, date of last menstrual period, type of menopause, medication use,
physical activity (exercise 3+ times per week, yes/no), and alcohol consumption (1+ drinks/
day versus less or none). Current estrogen therapy was validated by examination of pills and
prescriptions brought to the clinic for that purpose. Education was defined as years of
schooling completed. Depressed mood was assessed using the Beck Depression Inventory
(BDI)17. Height, weight, and waist and hip girth were measured in the clinic with
participants wearing light clothing and no shoes. Body mass index (BMI) (kg/m2) and waist
to hip ratio were used as estimates of overall and central adiposity, respectively.

Fasting plasma total, high-density lipoprotein (HDL), and low-density lipoprotein (LDL)
cholesterol and triglyceride levels were measured in a Center for Disease Control and
Prevention 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 precipitation of the other
lipoproteins with heparin and manganese chloride. LDL was estimated using the Friedewald
formula18. Plasma glucose levels were measured by the glucose oxidase method. Blood
pressures were measured twice in seated resting subjects using the Hypertension Detection
and Follow–Up Program protocol19; the mean of two readings was used in analyses. The
metabolic syndrome was defined according to 2002 National Cholesterol Education
Program Adult Treatment Panel III (NCEP ATP III) criteria20.

Statistical analysis
Sex hormone levels were not normally distributed and were log-transformed for analyses;
reported values are medians and 95% ranges. General linear models were performed to
compare those with complete data to those without complete data. To assess the association
between baseline hormone level and change in cognition, the difference in each test score
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(1992–1996 value minus 1988–1991 value) was divided by the number of years between
assessments and used as the outcome measure. For Trails B, the difference was multiplied
by −1 so that negative changes would indicate worsening scores for all tests. Annualized
change in each cognitive test score was modeled as a function of hormone level in
regression analyses adjusting for age, education and the mean of the baseline and follow-up
test score (to correct for regression to the mean21). Linear and quadratic associations were
tested. Categorical decline in annualized change scores was defined as the tertile of greatest
decline versus less or no decline. Logistic regressions were used to test the association of
estrogen tertiles with categorical decline in test performance adjusting for age, education and
the mean of the baseline and follow-up test score; tertile cutpoints (in pmol/L) were: estrone
(T1:≤48; T2:48–74; T3:>74); estradiol (T1:≤11; T2:11–22; T3:≥22); and bioavailable
estradiol (T1:≤6.6; T2:6.6–14.7; T3:≥14.7).

Secondary models tested confounding or effect modification by selected CVD risk factors,
prior estrogen use and type of menopause. There was no significant multicollinearity
(variance inflation factor >2) between the independent variables. Analysis of variance was
used to test differences among estrogen groups defined on the basis of tertiles of estrone and
bioavailable estradiol; the significance of differences among individual estrogen groups was
assessed by post-hoc testing using the Fisher’s Least Significant Difference (LSD) test.
Following the recommendation of Rothman,22 no adjustment was made for multiple
comparisons; rather, exact P-values for two-sided tests are shown; p ≤0.05 was considered
statistically significant. Data were analyzed using SPSS v15.0 (SPSS Inc, Chicago, IL).

RESULTS
At the 1984–87 clinic visit, the average age of the 343 non-estrogen using women with
hormone measurements and serial cognitive function testing was 69.0 years (SD, 8.8).
Means and the prevalence of relevant characteristics are summarized in Table 1. More than a
quarter of these women were college graduates, most reported exercising regularly, and only
12% were current smokers. The mean score for each cognitive function test at the first
assessment (1988–91) was above traditional cut points for poor cognitive performance,
reflecting the relatively high functioning community-dwelling cohort (Table 2). Using
categorical definitions of poor performance, baseline (1988–91) test scores were in the poor
performance range for 14% (n=48) of women for Category Fluency, 4% (n=13) for the
MMSE, and 39% (n=132) for Trails B. Over the following 4 years, MMSE scores did not
decline on average, whereas mean change scores were negative for Trails B and Category
Fluency indicating worsened performance. At the 1992–96 follow-up, 22% (n=75) of
women were poor performers for Category Fluency, 6% (n=19) for MMSE, and 48%
(n=163) for Trails B.

The association of endogenous estrogens and change in cognitive function test scores was
first examined using continuous values for both variables. In linear regression analyses
adjusting for age, education and the mean of baseline and 4 year follow-up scores (to
account for regression to the mean), higher baseline estrone levels predicted worsened
Category Fluency scores after 4 years (p=.04); higher bioavailable estradiol (BioE2) showed
a similar trend (p=.09) (Table 2). Total estradiol levels were not significantly related to
change in Category Fluency as a continuous variable. No measured estrogen was related to
change in MMSE or Trails B scores. Addition of a quadratic estrogen term to each model
revealed no evidence of nonlinear estrogen associations with change in CFT performance
over time; exclusion of the mean of the baseline and 4 year scores from regression models
did not materially change results (data not shown).
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Next, threshold associations were tested using categorical variables. As shown in Figure 1,
women in the lowest tertile of change (greatest reduction in score) showed a decline in test
performance on average for each cognitive function test, whereas average change scores
were close to zero for women in the second tertiles and positive for women in the third
tertiles. Therefore, categorical decline in annualized score was defined as the tertile of
greatest decline compared with less or no decline. In logistic regressions adjusted for age
and education, there was no significant association of tertile of any measured estrogen with
4 year categorical decline in MMSE or Trails B scores (data not shown). However, women
in the highest tertiles of estrone and BioE2 had 1.75 (95% CI 1.02, 3.07; p=.041) and 1.79
(95% CI 1.04, 3.10; p=.037) higher odds of decline in Category Fluency scores,
respectively, compared to those in the lowest tertiles (Table 3). Baseline CFT scores did not
differ by estrogen tertile and additional adjustment for the mean of baseline and 4 year
scores did not alter risk estimates (data not shown), thus regression to the mean is unlikely to
account for these results.

Although estrone and BioE2 levels were significantly correlated with each other (r=0.39, p<.
001), only 59% of women in the highest tertile of estrone were also in the highest tertile of
BioE2 and vice versa (p for chi-square <.001). The independence of estrone and BioE2
associations with decline in Category Fluency was investigated by categorizing participants
into 4 groups based on “lower” (lowest two tertiles) and “high” (highest tertile) levels of
each estrogen. Fifty-two percent (n=179) of the 343 women had lower levels of estrone and
BioE2, 15% (n=50) had high estrone alone, 14% (n=47) high BioE2 alone, and 20% (n=67)
had high levels of both estrone and BioE2. Women with high levels of both estrone and
BioE2 had significantly higher odds of declining Category Fluency (OR=2.17; 95% CI 1.21,
3.89, p = .009) compared to those with lower levels of both estrogens (Table 4).

Insight into potential mechanisms for the unfavorable estrogen effect was sought by
comparing population characteristics among the estrogen groups (Table 5). Women with
high levels of both estrone and BioE2 had significantly higher BMI, waist girth, and
triglycerides and lower HDL cholesterol than women with lower estrogen levels or with
elevated levels of only one estrogen; almost a third of these women met ATPIII criteria for
the metabolic syndrome compared to 10–13% of women in the other estrogen groups (p <.
001). Adjusting for the factors that distinguished women with high levels of both estrogens,
including the metabolic syndrome (yes/no), did not alter the strength of the high estrogen
association with declining Category Fluency (Table 4). Excluding the 57 women who met
criteria for the metabolic syndrome increased the odds for declining Category Fluency in
women with high levels of both estrogens to 2.57 (95% CI 1.30, 5.09; p = .007) (Table 4).

In secondary analyses, there was no evidence of effect modification by age, prior estrogen
use, or central adiposity (waist to hip ratio) or for confounding by depressed mood (BDI) or
surgical menopause (data not shown). Separate analyses adjusting for lifestyle (smoking,
exercise, alcohol intake) did not influence results (data not shown). Total and bioavailable
testosterone levels were not related to category fluency tests scores as continuous or
categorical variables and adjustment for either total or bioavailable testosterone did not
materially change estrogen associations (data not shown).

Although observations with missing data were excluded from the analysis, we compared
those with complete information (n=343) to those without complete information (n=519) to
assess the potential impact on study findings. Compared to those without cognitive function
assessments at both follow-up visits, participants included in this study were younger
(means 69.0 vs 73.5 yrs, p<.001), had lower Beck Depression Inventory scores (means 6.0
vs 7.2, p<.001) and were more likely to report exercising 3 or more times per week (82% vs
74%, p=.012). They did not differ in terms of weight, BMI, waist girth, waist to hip ratio,
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education, or alcohol and tobacco use. Age and education-adjusted cognitive function scores
at the first assessment were higher in the women who returned than those who did not
(means, Category Fluency: 17.2 vs 16.4, p=.035; MMSE: 27.4 vs 26.8, p=.002; Trails B:
134.5 vs 159.2, p<.001), whereas age-adjusted total and BioE2 levels were lower (means,
estradiol: 18.4 vs 21.3 pmol/L, p=.002; BioE2: 9.5 vs 11.0 pmol/L, p=.009).

DISCUSSION
In this cohort of community-dwelling postmenopausal women, higher levels of endogenous
estrone and bioavailable estradiol predicted a greater four year decline in performance on a
category fluency test of cognitive flexibility and executive function. Women with high
levels of both estrogens were twice as likely to experience verbal fluency loss as women
with lower levels. Estrogen levels were not related to changing performance on another test
involving executive function and visuomotor scanning (Trails B) or on a measure of global
cognitive status (MMSE). Because the MMSE is designed to screen for possible dementia,
and scores showed little decline in these relatively high functioning women, the absent
association of endogenous estrogens with MMSE is not surprising. However, Trails B
performance worsened to a significant degree in about a third of women and this decrease in
function was not associated with estrone or estradiol. These inconsistent results may mean
that the negative effect of high estrogens is specific to one component of cognitive function,
or that the association with verbal fluency is spurious.

The performance of category fluency or category naming tests depends on sustained
attention, verbal intelligence, and the efficiency of semantic processing23 and is a measure
of executive function subserved predominantly by the frontal lobes.24 Although the
hippocampus has long been presumed to be the primary site of action of estrogens on
cognition,25 functional neuroimaging studies support estrogen effects on frontal lobe
functioning.26,27 Keenan and colleagues25 propose that estrogen may temper age-related
cognitive decline by helping to maintain frontal lobe-mediated processes involved in
executive function. Our results suggest the opposite, higher levels of endogenous estrogen
were associated with poorer retention of executive function as assessed by the Category
Fluency test. Trails B is also a test of executive function that involves visuomotor scanning
and activation of the prefrontal cortex,28,29 however the neural substrates for the multiple
functions measured with Trails B involve systems distributed throughout the brain,30 which
may account for the absent association of endogenous estrogens with declining Trails B
performance in the present study.

A surprising number of the few large, population-based cross-sectional studies of
endogenous estrogens and cognition in postmenopausal women suggest harm, but, as in the
present study, not on all tests. An earlier analysis of the Rancho Bernardo cohort 11 failed to
identify any association of total estradiol, bioavailable estradiol or estrone with current
performance on twelve cognitive function tests, with a single exception: women with
estradiol levels high enough to be measured had poorer performance on a delayed recall test
than those with very low levels. (This test was not repeated at the second visit so change
could not be evaluated.) The Rotterdam Scan Study also showed an inverse association of
total estradiol levels with current memory performance based on a delayed recall test, the
only cognitive function test reported.8 In another cross-sectional analysis, women with
higher estrone levels had worse scores on the Digit Symbol test, but no difference in
modified MMSE or Trails B scores.7 To our knowledge, only one large study has reported a
protective cross-sectional association of serum estrogens and cognitive performance. In that
study of 402 women recruited from a Dutch cohort,10 those in the highest quintile of either
estradiol or estrone were 50% less likely to have mild cognitive impairment (MMSE<27)
than women in the lowest quintile; the MMSE was the only test administered.
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We are aware of only one other large cohort of older women in which the association of
endogenous estrogens with change in cognitive function test scores over time was reported.
Among more than 400 women in the Study of Osteoporotic Fractures, those with high
concentrations of free and bioavailable estradiol were less likely to develop cognitive
impairment (defined as a decrease of 3+ points on the modified MMSE) after 6 years than
women with low concentrations.9 However high estrone was associated with greater decline
in Trails B scores and estrogens were not related to change in Digit Symbol scores.7

There is no obvious reason for these divergent findings of null, harmful, and protective
associations involving varying measures of estrogen and varying cognitive domains.
Differences in postmenopausal estrogen use might play a role: one of these population-based
reports selected women who had never used postmenopausal estrogen;10 three excluded
women using estrogen at the time of the blood draw, but not prior users;8,11 and two
included current estrogen users.7,9 However, the present study, and others,7–9,31 adjusted
for estrogen use with no effect on results. Differences in populations, estrogen assays or
cognitive assessment tools are also possible explanations, but none seem universal or
satisfactory.

Our results are generally compatible with data from clinical trials showing a null or adverse
effect of estrogen therapy on cognitive function and future dementia in postmenopausal
women. In the four largest and longest trials (ULTRA, HERS, WHIMS, and WHISCA)
women assigned to low dose estradiol or to estrogen alone or with medroxyprogesterone
acetate (MPA) showed no difference in tests for most cognitive domains after 2 to 5.4 years
of treatment compared to those assigned to placebo.3–5,32 Although visual memory
improved, verbal memory declined in the estrogen plus progestin group in WHISCA,32 and
estrogen/progestin treated women in the WHIMS trial were more likely to develop
categorically defined mild cognitive impairment or dementia.5 Category fluency was not
effected in WHISCA or ULTRA, was worse in women assigned to hormones in HERS and
was not tested in WHIMS.

Estrone is abundant throughout the brain in higher concentrations than estradiol33, and has
both ER-mediated and ER-independent actions.1 The non-SHBG bound (bioavailable)
fraction of estradiol is believed to be more biologically active than protein-bound estradiol,
and to cross the blood brain barrier more readily.34 Thus, dual or complementary actions of
estrone and bioavailable estradiol in the frontal lobe and other brain areas may account for
the strong association with verbal fluency loss observed in the present study for women with
high levels of both estrogens.

In the past decade, interest has focused on the possibility of a causal link between increasing
vascular disease and decreasing cognitive function in women after menopause. Adipose
tissue is the main source of estrogens in postmenopausal women. The association of higher
endogenous estrogens with memory loss observed in this and other studies could be
secondary to the tendency for women with higher estrogens to be more obese and to have
higher levels of obesity-related cardiovascular risk factors. We tested this possibility by
adjusting for cardiovascular risk factors that distinguished the women with higher estrogen
levels with negligible effects on results. Further, exclusion of women with the metabolic
syndrome, who were three times more likely to be in the high estrogen group, actually
strengthened the observed estrogen association. Nonetheless, it is still possible that the
association reflects residual confounding, due to obesity-related vascular factors we did not
consider, rather than direct harmful effects of estrogen on brain areas controlling cognition.

The association of estrogens with declining verbal fluency could also be due to androgen
affects, since estrogens in postmenopausal women are derived from the peripheral
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conversion of androgen precursors, and serum testosterone has been linked to cognitive
ability in women. Premenopausal women with polycystic ovarian syndrome and elevated
free testosterone had poorer performance on tests of verbal fluency,35 which was improved
by pharmacologically lowering free testosterone levels.36 In addition, a large population-
based study of 1276 middle-aged and elderly women reported higher levels of free
testosterone in women with lower verbal fluency.37 In the present study, total and
bioavailable testosterone levels were not related to decline in verbal fluency and
adjustmentfor either had minimal effect on estrogen associations.

This study has several strengths and limitations. One strength is the sensitivity of the
estradiol assay compared to the low sensitivity of the estrogen assays used in most other
early studies, in which 25% or more of postmenopausal women had undetectable levels. We
used the gold standard methods available at the time of these estrogen assays and were able
to detect estradiol levels in 90% of participants and estrone in 97%. Our results are based on
single estimates of estrogen levels obtained approximately 4 years prior to the first cognitive
assessment. Multiple and/or concurrent measures might characterize endogenous estrogen
levels better. Although others have shown that a single measurement of estrone reliably
characterizes postmenopausal women over a 2 to 3-year period, estradiol levels are less
reproducible.38,39

The main limitation of this study is survival and participation bias, a characteristic of cohort
studies of the elderly. This study is limited to participants who had the same cognitive
function tests administered at two visits, 4 years apart. Women who did not return were
older and less healthy (32% had died) than women who did, and had lower baseline
cognitive function scores, which might have obscured a stronger harmful effect but would
have been unlikely to conceal a protective association, or cause the adverse association. Age
and education-adjusted levels of total and bioavailable estradiol were higher in those who
did not return compared to those who did, thus selective attrition of women with low
estrogens is unlikely to explain the observed associations.

In summary, higher levels of endogenous estrogens were associated with declining verbal
fluency over four years in relatively high performing, community-dwelling postmenopausal
women. This association was not explained by obesity (the primary determinant of
endogenous estrogens after the menopause) or obesity-related cardiovascular risk factors,
and was not related to depressed mood or lifestyle. These results do not support the
hypothesis that estrogen preserves brain function in older women, and add to the evidence of
possible harm.
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Figure 1.
Box plots of tertile of annual change in Category Fluency (VFT), MMSE and Trails B test
scores. For Trails B, the annual change was multiplied by −1 so that negative changes would
indicate worsening scores for all tests.
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Table 1

Baseline (1984–87) Characteristics, Selected CVD Risk Factors, and Hormone Levels for 343
Postmenopausal, Non-estrogen Using Women.

Characteristic Mean (SD)

 Age (yrs) 69.0 (8.8)

 BMI (kg/m2) 24.2 (3.5)

 Waist girth (cm) 78.4 (9.1)

 Waist to hip ratio 0.79 (0.06)

 Beck Depression Score 6.0 (4.1)

Percent

 College Graduate 26.4

 3+ Alcohol drinks/wk 47.1

 Ever smoker 50.6

 Current smoker 12.1

 Exercise, 3+ times/wk 81.8

 Prior estrogen use 59.8

 Surgical menopause 16.6

CVD risk factors Median (95% interval)

 Systolic blood pressure (mm Hg) 136 (103, 179)

 Diastolic blood pressure (mm Hg) 75 (59, 94)

 Total cholesterol (mg/dl) 6.05 (4.24, 8.12)

 LDL cholesterol (mg/dl) 3.70 (2.02, 5.77)

 HDL cholesterol (mg/dl) 1.71 (1.03, 2.74)

 Triglycerides (mg/dl) 1.06 (0.41, 3.18)

 Fasting plasma glucose (mg/dl) 5.38 (4.22, 8.88)

Steroid hormones Median (95% interval)

 Estrone (pmol/L) 62.9 (7.4, 151.7)

 Estradiol (pmol/L) 18.3 (7.3, 58.7)

 Bioavailable estradiol (pmol/L) 11.0 (2.6, 35.6)

 Testosterone (nmol/L) 0.14 (0.03, 0.41)

 Bioavailable testosterone (nmol/L) 0.04 (.008, 0.14)
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