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Serum sex hormones may be related to the risk of several diseases in
postmenopausal women. In the current report, the authors examined the epide-
miology of serum sex hormones in 176 healthy, white postmenopausal women
(mean age 58 years) recruited from the metropolitan Pittsburgh, Pennsylvania,
area. The data were collected during 1982-1983; none of the women were on
estrogen replacement therapy. Serum concentrations of estrone, estradiol, tes-
tosterone, and androstenedione were measured by a combination of extraction,
column chromatography, and radioimmunoassay. Neither age nor time since
menopause was a significant predictor of sex hormones. The degree of obesity
was a major determinant of estrone and estradiol. The estrone levels of obese
women were about 40% higher than the levels of nonobese women. There was
a weak relation between obesity and the androgens. Cigarette smokers had
significantly higher levels of androstenedione than nonsmokers, with little differ-
ence in serum estrogens between smokers and nonsmokers. Both estrone and
estradiol levels tended to decline with increasing alcohol consumption. Physical
activity was an independent predictor of serum estrone. More active women had
lower levels of estrone. There was a positive relation of muscle strength with
estrogen levels. The data suggest interesting relations between environmental
and lifestyle factors and serum sex hormones. These environmental and lifestyle
factors are potentially modifiable and, hence, if associations between sex hor-
mones and disease exist, modification of these factors could affect disease risks.
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Serum sex hormones may be related to heart disease (2), and breast and endome-
the risk of several diseases in postmeno- trial cancer (3, 4). Estradiol, although a
pausal women, including osteoporosis (1), more biologically potent estrogen, is not

the predominant estrogen, and concentra-
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which is regulated, not by estrogens, but by
the rate of production of androstenedione
and by other factors that affect aromatiza-
tion (6), such as the degree of obesity (7)
and age (8). It is these other factors that
may determine the degree to which sex
hormones influence the risk of disease.

Determination of the biologic response
to hormones is complex, since this response
reflects not only the circulating levels of
hormones but also the availability of free
hormones for receptors and postreceptor
actions (9). In the current report, the au-
thors have addressed the determinants of
circulating levels of hormones on the prem-
ise that the biologic response is somewhat
dependent on the circulating levels. Al-
though this is not always the case, e.g., with
regard to insulin resistance, the circulating
level of sex hormone may be considered a
good indicator of its concentration at the
target cell. For instance, the authors have
demonstrated a direct relation between es-
trone level and bone density (1).

Most of the previous research on serum
sex hormones in women has been based on
relatively small samples, and, to our knowl-
edge, there has been no previous study
which has examined a combination of all
possible determinants. The actions of one
hormone may influence the effects of other
hormones; thus, it is important to evaluate
the degree to which the sex hormones in-
teract with each other and with other in-
dependent factors. The current research,
based on a fairly large sample, was designed
to evaluate various factors, independently
and combined, that may be determinants
of serum sex hormone levels in postmeno-
pausal women. Variables of interest in-
cluded age, time since menopause, history
of oophorectomy, the degree of obesity,
physical activity, muscle strength, alcohol
consumption, and cigarette smoking.

MATERIALS AND METHODS

Study population

This study was ancillary to a clinical trial
designed to evaluate the effect of walking
on postmenopausal bone loss. Results of

the clinical trial have been published (10).
The women were white and were recruited
from the metropolitan Pittsburgh, Penn-
sylvania, area. The results reported in this
paper are from year 1 (1982-1983) of the
clinical trial. Women were selected for this
sex steroid study solely on the basis of
availability of serum and no hormone ther-
apy for the entire duration of the study.
One hundred seventy-six women were
measured for levels of estrone and estradiol;
of these, 143 were measured for levels of
serum testosterone and androstenedione.

Data collection

Annually, all women underwent a clinic
visit, at which time a fasting blood sample
was drawn, questionnaires were completed,
and various anthropometric and strength
measures were carried out. Data were gath-
ered on health history, prior hysterectomy,
prior oophorectomy, cigarette smoking, and
medication use. Alcohol consumption and
cigarette smoking were estimated by ques-
tionnaire. Physical activity was assessed
using a survey developed by Paffenbarger
et al. (11) and by an activity monitor which
recorded body movements and thus serves
as an objective measure of physical activity
(12). Height and weight were recorded to
form the body mass index (weight (kg)/
height(m)2) to measure obesity. Both the
triceps and suprailiac skinfolds were mea-
sured by trained observers. Grip strength
was measured in the dominant arm as an
index of upper body strength. The number
of women varies in different tables because
of missing data.

Hormone levels

Hormone concentrations were deter-
mined by highly specific methods involving
extraction, column chromatography, and
radioimmunoassay using a specific anti-
body in sheep (1, 13-16). The within- and
between-assay variation, respectively, for
each hormone was as follows: estradiol, 8
per cent and 10 per cent; estrone, 10 per
cent and 15 per cent; testosterone, 9.4 per
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cent and 9.0 per cent; androstenedione, 11.6
per cent and 12.4 per cent.

The sensitivity level was 2.5 pg/ml for
the estrogen assay and 10 ng/dl for the
androgen assay. For persons whose hor-
mone levels were below the sensitivity of
the assay, the sensitivity level was entered
into the computer. Despite these low sen-
sitivity levels, about 50 per cent of estradiol
levels were found to be below the sensitivity
of the assay. Comparison of the women in
whom the authors could measure estradiol
with those in whom the authors could not
revealed a 6.8-kg difference in the mean
body weight of the two groups, suggesting
that women with measurable estradiol were
basically obese. Hence, the estradiol results
must be interpreted with caution.

Statistical analyses

Statistical analyses included computa-
tion of zero and first-order correlations. For
comparisons involving two groups, t tests
were done; for three or more groups, anal-
yses of variance and covariance with tests
for linear trends were used. Stepwise mul-
tiple regression analyses were done to ex-
amine the independent predictors of serum
hormones. The software package used was
the Statistical Package for the Social
Sciences (SPSS) (17).

RESULTS

The descriptive characteristics of the
women participating in this study are
shown in table 1. At baseline, the mean age
of the women was 58 years, with an average
of nine years since the onset of menopause.
The mean of 1,463 kcal/week was well be-
low the activity level of 2,000 kcal/week
observed by Paffenbarger et al. (11) as op-
timal protection against coronary heart dis-
ease. The activity level (expressed by the
activity monitor in counts per hour) was
one third of the activity level observed in
college students (18), but it was similar to
the activity level observed in another group
of postmenopausal women (18). The mean
of 10.8 ml of ethanol per day corresponded
to approximately five glasses of wine per

week. The anthropometric data were simi-
lar to that reported by the Lipid Research
Clinics for women of similar age (19).
Twenty-six women (15 per cent) reported
current cigarette smoking, with a mean of
14 cigarettes per day.

The mean, standard deviation, and range
of sex hormones are shown in table 2. The
mean levels are similar to those found in
the literature for postmenopausal women
(20-22). There were no differences in serum
sex hormones by randomized group, and
therefore the two groups were combined.

Age

The relation between serum sex hor-
mones and age is shown in table 3. Estrone
tended to decrease with increasing age, but
the data were not entirely consistent. For
estradiol, testosterone, and androstenedi-
one, there was little relation with age. Ex-
amination of estrone by years since meno-
pause revealed a slight but not significant
tendency to decline with increasing time
since menopause (data not shown).

Bilateral oophorectomy

Twenty-two women (12.5 per cent) re-
ported a history of bilateral oophorectomy.
Comparison of women who reported a bi-
lateral oophorectomy with those who did
not (table 4) showed little difference in
serum estrone, estradiol, or testosterone
levels. For androstenedione, the mean lev-
els were higher in women with an oopho-
rectomy. This is contrary to what the au-
thors would have expected given the pos-
sibility that ovarian stroma cells continue
to secrete androgens after menopause, and
thus women who have undergone an oopho-
rectomy tend to have lower androgen values
(23).

Alcohol

Both estrone and estradiol tended to de-
cline with increasing alcohol consumption
(table 5). This could not be totally ex-
plained by obesity and cigarette smoking.
There was no significant relation between
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TABLE 1

Descriptive characteristics of women participating in the Pittsburgh, Pennsylvania, Sex Steroid Hormone
Study, 1982-1983

Variable Mean
Standard
deviation

Baseline
Age (years)
Years since menopause
Age at menopause (years)

Year 1
Weight (kg)
Height (cm)
Body mass index (weight (kg)/height (m)2)
Triceps skinfold (mm)
Suprailiac skinfold (mm)
Grip strength (kg)
Kcal/week
Activity monitor (counts/hour)
Alcohol consumption (ml of ethanol/day)

57.80
8.80

49.20

65.41
161.54
25.10
27.40
27.10
26.80

1,463.60
36.80
10.80

4.20
6.00
4.60

10.32
5.84
3.70
6.30
9.00
4.40

1,014.70
23.50
16.80

TABLE 2

Mean, standard deviation, and range of serum sex hormones in postmenopausal women participating in the
Pittsburgh, Pennsylvania, Sex Steroid Hormone Study, 1982-1983*

Sex steroid hormone

Estrone (pg/ml)
Estradiol (pg/ml)
Androstenedione (ng/dl)
Testosterone (ng/dl)

Mean

29.9
4.1

68.6
42.4

Standard
deviation

11.9
2.5

43.9
26.9

Range

2.5-74.0
2.5-16.5

10.0-189.6
10.0-179.8

Number (%)
below

sensitivity
of assay

4 (2)
92 (52)
27 (19)
13 (9)

' For estrogens, n = 176; for androgens, n = 143.

testosterone and androstenedione levels
and alcohol intake.

Obesity

Both estrone and estradiol were posi-
tively correlated with the degree of obesity.
The correlation coefficients were similar
for each obesity index. With estrone, the
following correlation coefficients were ob-
served: triceps skinfold, r = 0.33, p < 0.001;
suprailiac skinfold, r = 0.24, p < 0.001; body
weight, r = 0.35, p < 0.001; body mass index
(BMI), r = 0.38, p < 0.001. The correlation
coefficients with estradiol were triceps
skinfold, r = 0.31, p < 0.001; suprailiac
skinfold, r = 0.31, p < 0.001; body weight,
r = 0.36, p < 0.001; body mass index, r =
0.41, p < 0.001. None of the correlations
between obesity indices and the androgens
were significant.

The authors then examined the data by
classifying the women as either normal
weight (BMI < 27.0), overweight (BMI
27.1-30.0), or obese (BMI > 30.1). Bray's
cutoff for obesity categories was used (24).
As shown in table 6, there was a linear
increase in both estrone and estradiol for
increasing degree of obesity. The estrone
level of the obese women was 11.4 pg/ml
greater than the estrone level of normal
weight women; this represents a 41 per cent
increase in estrone. The estradiol level in
obese women was almost twice that of nor-
mal weight women. There was little differ-
ence in the testosterone level between nor-
mal weight and overweight women, but the
testosterone level of obese women was sig-
nificantly (p = 0.06) higher than that of
the remaining women, suggesting some ef-
fect of obesity on testosterone levels. There



TABLE 3

Serum sex hormones in postmenopausal women participating in the Pittsburgh, Pennsylvania, Sex Steroid
Hormone Study, 1982-1983, by age, unadjusted and adjusted for obesity

Age group
(years)

45-54
55-59
60-64
65+

Total

F (linearity)
P

45-54
55-59
60-64
65+

Total

F (linearity)
P

n

39
75
50
12

176

31
58
42
12

143

Uni

Mean

33.9
28.5
28.7
31.3

Urn

Mean

45.6
38.7
42.1
53.3

Estrone (pg/ml)

adjusted

SD*

14.1
10.3
12.2
11.0

1.82
0.18

Adjusted

Mean

34.9
28.1
28.6
31.6

3.81
0.01

Testosterone (ng/dl)

idjusted

SD

26.1
22.0
27.5
44.1

0.27
0.61

Adjusted

Mean

46.6
38.3
41.8
53.5

1.40
0.25

Estradiol

Unadjusted

Mean

4.2
3.9
4.3
4.3

SD

2.5
2.3
3.0
2.1

0.14
0.71

(pg/ml)

Adjusted

Mean

4.4
3.8
4.0
4.3

0.49
0.68

Androstenedjone (ng/dl)

Unadjusted

Mean

74.1
62.9
74.8
60.8

SD

40.5
43.7
46.2
45.2

0.04
0.84

Adjusted

Mean

75.5
62.3
74.4
61.1

1.01
0.39

* SD, standard deviation.

TABLE 4

Serum sex hormones in postmenopausal women participating in the Pittsburgh, Pennsylvania, Sex Steroid
Hormone Study, 1982-1983, by history of bilateral oophorectomy

Oophorectomy No oophorectomy

Estrone (pg/ml)
Estradiol (pg/ml)
Testosterone (ng/dl)
Androstenedione (ng/dl)

n

22
22
17
17

Mean

28.1
3.8

36.6
89.4

SD*

10.3
2.6

20.5
38.4

n

137
137
113
113

Mean

29.1
4.0

43.2
63.7

SD

11.1

2.4
28.8
43.4

-0.40
0.28

-0.90
2.30

0.69
0.78
0.37
0.02

* SD, standard deviation.

TABLE 5

Serum sex hormones in postmenopausal women participating in the Pittsburgh, Pennsylvania, Sex Steroid
Hormone Study, 1982-1983, by quartile of alcohol consumption

Quartile of alcohol
Estrone
(pg/ml)

Estradiol
(pg/ml)

Testosterone
(ng/dl)

Androstenedione
(ng/dl)

I (low)
II
III
IV

F (linearity)
P

n

43
43
43
47

Mean

31.0
30.7
30.0
28.1

1.39
0.24

SD*

13.2
14.9
10.5
8.3

n

43
43
43
47

Mean

4.3
4.7
3.8
3.6

3.59
0.06

SD

3.0
3.0
1.6
2.3

n

36
34
36
37

Mean

43.2
45.0
43.4
38.3

0.64
0.42

SD

28.2
24.6
32.9
21.3

n

36
34
36
37

Mean

76.6
64.3
70.6
62.9

1.67
0.28

SD

43.0
45.0
39.3
48.2

* SD, standard deviation.
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TABLE 6

Serum sex hormones in postmenopausal women participating in the Pittsburgh, Pennsylvania, Sex Steroid
Hormone Study, 1982-1983, by obesity and cigarette smoking

Normal
Overweight
Obese

F (linearity)

P

Yes
No

F

P

n

126
27
23

26
150

Estrone
(pg/ml)

Mean

27.5
33.6
38.9

23.45
<0.001

28.5
30.1

0.38
0.53

SD*

10.9
11.1
13.3

10.7
12.0

n

126
27
23

26
150

Estradjol
(pg/ml)

Mean SD

Testosterone
(ng/dl)

n

Obesity (body mass

3.4
5.2
6.3

37.06
<0.001

1.9
3.1
3.3

103
21
19

Mean

index)

40.6
40.3
54.9

3.57
0.06

Cigarette smoking

3.5
4.2

1.55
0.21

1.3
2.7

22
121

43.2
42.4

0.01
0.90

SD

23.8
11.8
45.6

27.1
27.2

Androstenedione
(ng/dl)

n

103
21
19

22
121

Mean

66.1
84.3
65.4

0.30
0.58

82.1
65.9

2.57
0.11

SD

42.8
41.0
50.9

52.3
42.1

* SD, standard deviation.

was no relation between androstenedione
and the degree of obesity.

Smoking

There was little difference in serum es-
trogens between smokers and nonsmokers
(table 6). Controlling for differences in the
degree of obesity had little effect on the
estrogen results. For the androgens, there
was no relation between testosterone and
cigarette smoking, but the data suggested
that smokers had higher androstenedione
levels than nonsmokers. After adjustment
for the degree of obesity, this relation ap-
proached statistical significance (F = 3.12,
p = 0.08), where the obesity-adjusted an-
drostenedione level in smokers was 83.7 ng/
dl compared with 65.6 ng/dl in nonsmokers.

Physical activity

A negative relation was present between
physical activity and estrone and estradiol.
This was true whether an objective or sub-
jective measure of activity was used. Be-
cause more active women tend to be less
obese, the authors controlled for obesity.
The magnitude of the correlation de-
creased, but the coefficients remained sta-
tistically significant. The partial correla-

tion (controlling for obesity) between es-
trone and the activity monitor (counts/
hour) was r = -0.22, p < 0.001; the partial
correlation between estrone and the Paf-
fenbarger index (kcal/week) was r = —0.22,
p < 0.01. The relation with estradiol was
weaker but remained significant: The par-
tial correlation between estradiol and the
activity monitor was r = —0.13, p < 0.05;
the partial correlation between estradiol
and the Paffenbarger index was r = —0.12,
p < 0.05. There was no relation between
physical activity and the androgens.

Table 7 shows the mean hormones by
quartile of activity. Both subjective and
objective measures of activity are pre-
sented. Women who were the most active
had the lowest estrogen levels. The relation
was stronger for the activity monitor data.
Although only the unadjusted data are pre-
sented, the relations remained significant
after controlling for obesity.

Muscle strength

There was a weak positive relation be-
tween grip strength and estrone (r = 0.14,
p < 0.05) and between grip strength and
estradiol (r = 0.14, p < 0.05), with little
relation with the androgens. The authors
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then divided the grip strength into tertiles
to examine the mean sex hormone by these
tertiles. As shown in table 8, there was little
difference in estrone or estradiol when the
low and middle tertiles were compared.
However, women who had the highest grip
strength had significantly higher estrone
and estradiol levels.

Combination of variables

The relations demonstrated above might
be confounded by each other. In order to
examine the combined effect of those vari-
ables that were related to the sex hormone

levels, stepwise multiple linear regression
analyses were done. Intercorrelating the
predictor variables provides the opportu-
nity to find independent relations for com-
plex multivariate relations. These analyses
are summarized in table 9.

For estradiol and estrone, the degree of
obesity was the primary factor, explaining
14 per cent of the variance in estrone and
5 per cent of the variance in estradiol.
These relations were independent of other
hormone levels. For estrone, activity as
measured by the objective activity monitors
was also a significant determinant. If the

TABLE 7

Serum sex hormones in postmenopausal women participating in the Pittsburgh, Pennsylvania, Sex Steroid
Hormone Study, 1982-1983, by physical activity as measured by the Paffenbarger index (kcal/week) and the

large-scale integrated activity monitor (counts/hour)

Quartile

I (low)
II
III
IV

F (linearity)
P

I (low)
II
III
IV

F (linearity)
P

n

39
43
39
40

40
39
40
39

Estrone
(pg/ml)

Mean

30.4
31.5
30.4
26.2

2 82
0.09

33.9
28.1
30.7
25.5

7.91
0.006

SD*

13 4
10.9
10.5
11.6

12.9
9.0

13.1
10.0

n

39
43
39
40

40
39
40
39

Estradiol
(pg/ml)

Mean SD

Paffenbarger index

4 1
4.2
4.1
36

0 82
0 36

23
2 3
2.1
3.3

Activity monitor

5.0
38
4.0
3 4

6.71
0 01

3.8
18
2 1
1.9

n

34
35
28
34

33
33
34
33

Testosterone
(ng/dl)

Mean

41.9
389
516
39.2

0.02
0.88

43.4
43 6
41 3
40.3

0.29
0.59

SD

28.5
15.7
36.2
29.7

292
30 0
29.3
19.2

n

34
35
28
34

33
33
34
33

Androstenedione
(ng/dl)

Mean

77.4
71.3
67.6
60.8

2 45
0.12

63 1
76 4
66.1
63 0

0.11
0.75

SD

46.5
45.2
42.9
42.8

49.2
52 9
30.3
38 0

' SD, standard deviation.

TABLE 8

Serum sex hormones in postmenopausal women participating in the Pittsburgh, Pennsylvania, Sex Steroid
Hormone Study, 1982-1983, by tertiles of grip strength

Grip strength
Estrone
(pg/ml)

Estradiol
(pg/ml)

Testosterone
(ng/dl)

Androstenedione
(ng/dl)

I (low)
II
III

F (linearity)
P

n

62
43
69

Mean

28.2
28.9
33.1

4.11
0.04

SD*

11.0
12.0
12.3

n

62
43
69

Mean

3.8
3.5
4.7

5.48
0.02

SD

2.1
2.0
3.1

n

52
36
54

Mean

41.3
36.3
47.7

2.21
0.14

SD

24.7
22.3
31.1

n

52
36
54

Mean

66.7
71.6
68.8

0.06
0.81

SD

45.7
49.0
39.2

' SD, standard deviation.
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TABLE 9

Stepwise multiple regression analyses with sex hormones as the dependent variable, Sex Steroid Hormone
Study, Pittsburgh, Pennsylvania, 1982-1983

Variable

Estrone
Body mass index
Androstenedione
Physical activity
Cigarettes/day
Alcohol (oz)/day
Age

Body mass index
Androgtenedione
Physical activity
Cigarettes/day
Age
Alcohol (oz)/day

Body mass index
Age
Cigarettes/day
Alcohol (oz)/day
Physical activity

Cigarettes/day
Body mass index
Alcohol (oz)/day
Age
Physical activity

Standardized
beta

0.65
0.26

-0.11
-0.03
-0.02

0.02
0.01

0.29
0.29

-0.18
-0.13
-0.07

0 07

0.16
0.04

- 0 04
-0.01

0 01

0.25
0.17

- 0 10
0.04

-0.00

Unstandardized
beta

Estradioi

0.13
1.84

-0.00
0.04
0.09

-0.88
0.07

Estrone

9.22
0.08

-0.89
- 2 45
-1.91
12.50

Testosterone

12.53
2.93

-1.72
-5.21

0.07

A ndrvstenedione

17 65
20.79

-71.89
4.47
0.03

0.36
0.05
0.01
0.00
0.00
0.00
0.00

0.14
0 07
0.03
0.01
0.00
0.00

0.03
0.00
0.00
0.00
0.00

0 03
0.03
0.01
000
000

(

7.02
3.32

-1.61
0.46
0.28
0.27

-1.59

3.47
3.60

- 2 25
-1.54
-0.87

0.78

1.75
0 49

-041
-0.12

0.07

2.67
1.86

-1 05
0.48

-0.02

p value

<0.01
<0.01

0.11
065
0.78
0.79
0 11

<0.01
<0.01

0.02
0 13
0.39
0.44

0.08
0.62
068
0.91
0.88

<0 01
0.07
030
063
0.98

Paffenbarger index was used, activity was
not significant. For testosterone, there was
a borderline significant association with the
degree of obesity. Cigarette smoking was
significantly related to androstenedione
levels even after controlling for obesity and
alcohol consumption. Obesity was of bor-
derline significance as a predictor of andro-
stenedione.

DISCUSSION

Research on the epidemiology of serum
sex hormones in postmenopausal women
has been limited. Our research was de-
signed to investigate the determinants of
serum sex hormones in order to improve
our understanding of how sex hormones
may interact with disease processes and
contribute to the etiology of diseases.

The authors confirmed previous findings
of a lack of a relation between age, years

since menopause, and serum estrogens. Al-
though there are a few exceptions (25), the
majority of previous studies have not re-
ported a significant decline in estrogens
with age or time since menopause in post-
menopausal women (26-34). The major
drop in estrogens appears to occur in the
perimenopausal and immediate postmeno-
pausal period (22, 27, 35), with little sub-
sequent change with increasing age. For
serum androgens, the authors did not find
any relation with age or time since meno-
pause. Mixed results have been reported on
the relations between androgens and age
and time since menopause, with some stud-
ies reporting a decline in testosterone late
after menopause and no further decline in
androstenedione after the early (<1 year)
menopausal drop (27, 36), some reporting
significant declines (37, 38), and other stud-
ies reporting no relation (26, 28, 29, 34).
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The difference in the results of these
studies may relate to whether or not the
subjects had undergone an oophorectomy.
It is generally accepted that after meno-
pause, ovarian stroma cells continue to se-
crete androgens. Testosterone and andro-
stenedione levels tend to be higher in post-
menopausal women with intact ovaries
than in oophorectomized women (23), with
no difference in estrogens. Failure to see a
difference in androgens in the current pa-
per by oophorectomy status may relate to
the relatively small numbers of oophorec-
tomized women and the wide range of time
since the oophorectomy. The significant
higher concentrations of androstenedione
observed in oophorectomized women are
probably spurious. Most of the reports that
found no relation between the androgens
and age studied women who had undergone
natural menopause (27-29, 34), while Crilly
et al. (38) studied oophorectomized women
and found a significant decline in andro-
stenedione. With all of these conflicting
results, it is doubtful that a major deter-
minant of serum sex hormones in postmeno-
pausal women is age, whether chronologic
or menopausal.

There was a strong relation between the
degree of obesity and serum estrogens in
this group of postmenopausal women. This
is consistent with the facts that the aro-
matization of estrone occurs primarily in
fat tissue (7) and that obese women have
higher conversion rates of androstenedione
to estrone (6) and is consistent with pre-
vious reports (25, 26,28-30, 32, 34). Obesity
was the primary determinant of estrone
and estradiol even after controlling for an-
drostenedione. These data suggest a possi-
ble mechanism whereby obesity appears to
be protective of osteoporosis and fractures
(39) but may be a risk factor for breast and
endometrial cancer (7).

Failure to see a strong relation between
obesity and androstenedione is consistent
with other reports (26, 28, 29, 31, 32, 40).
In this study, there was some suggestion
that obese women have higher testosterone

levels than either normal or overweight
women. O'Dea et al. (41) have suggested
that although there is no clear relation with
total testosterone, the levels of free testos-
terone may actually be elevated in obese
women because of low androgen binding.
In future studies, it may be of importance
to measure not only the total testosterone
but also the free testosterone.

Most of the previous research on the
relation of alcohol consumption to serum
sex hormones has been done on alcoholic
women. In postmenopausal alcoholic
women, generally lower levels of estrone
sulfate, but higher levels of estrone and
estradiol, were reported (42, 43). In pre-
menopausal alcoholic women, a relative es-
trogen deficiency was noted (44). Hugues
et al. (45) have suggested that chronic al-
coholism may have more of an effect on sex
steroid metabolism during the reproductive
period. To our knowledge, there has been
no previous examination of the association
of moderate alcohol consumption to sex
steroid hormone levels. Although alcohol
consumption was not a significant predic-
tor of serum estrogens, our data suggested
a decline in serum estrogens with increas-
ing alcohol consumption. These results
need to be confirmed in future studies.

Of interest, the authors found a signifi-
cant relation between cigarette smoking
and andxostenedione levels, suggesting that
differences in adrenal hormones could con-
tribute to the biologic effects of cigarette
smoking. Cigarette smokers had signifi-
cantly higher levels of androstenedione
than nonsmokers. This relation was signif-
icant in the multivariate analysis and was
therefore independent of obesity, alcohol
consumption, and other possible con-
founders. This confirms previous observa-
tions in women (46, 47) and in men (48)
and is consistent with animal research
which showed nicotine as a potent stimulus
for release of adrenocorticotropic hormone
(49).

The relation of cigarette smoking to sex
steroid hormone levels was confined to an-
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drostenedione, despite the fact that andro-
stenedione is a precursor of other hor-
mones, such as estrone. Similar to other
reports (47, 50) on postmenopausal women,
this study found no difference in serum
estrogens in smokers versus nonsmokers.
Possible mechanisms for this lack of effect
on estrogens have recently been suggested
and include the following: 1) smoking may
inhibit peripheral conversion in postmeno-
pausal women; 2) decreased production of
estrogens may occur because of fewer num-
ber of fat cells in smokers; and 3) there
may be increased estrogen-protein binding
in smokers (47). An antiestrogenic effect of
cigarette smoking, as well as a possible
mechanism, has been suggested in premeno-
pausal women (51). It is not clear if this
exists in postmenopausal women. Cigarette
smokers appear to undergo an earlier meno-
pause (52) and may be at an increased risk
of osteoporosis (53) but a decreased risk of
breast cancer (54). Future research should
continue to explore the effects of cigarette
smoking on estrogen metabolism in post-
menopausal women.

Physical activity was inversely related to
serum estrone levels. This association was
true if activity was measured by the objec-
tive activity monitor and not by the subjec-
tive activity questionnaire. We have previ-
ously shown that each activity index may
measure different components of activity
(55).

It has been suggested that increased
physical activity may be protective against
the development of osteoporosis (56). Since
increased activity was associated with de-
creased estrogen levels, these data suggest
that the underlying mechanism whereby
activity may protect one from osteoporosis
is not through an effect on estrogen metab-
olism. For cancer of the breast and repro-
ductive system, the relative risk was signif-
icantly higher in nonathletes compared
with athletes (57). The current observation
suggests a possible mechanism for this as-
sociation. Previous research on amenor-
rheic athletes has shown decreased estro-

gen levels (58-61). To our knowledge, there
has been only one paper on the relation
between activity and sex steroid hormone
levels in postmenopausal women (62). In
this study, the hormone levels of postmeno-
pausal women who ran an average of 23
miles per week were compared with the
hormone levels of sedentary women. The
estrone levels were significantly lower in
the endurance-trained women. Our data
suggest that the effect of activity on estrone
levels is not confined to intense activity;
that is, with only moderate activity, a low-
ering effect was also present. The positive
relation between increasing muscle
strength and serum estrone levels is consis-
tent with the fact that aromatization occurs
not only in fat tissue but also in muscle
tissue (7).

In summary, our research suggests po-
tentially modifiable environmental factors
as determinants of sex hormones. Small
changes in these environmental factors
could influence serum hormone levels and
in turn affect a person's risk of disease. In
addition, when the relations of hormones
to disease are evaluated, such as in pro-
spective nested case-control studies, it is
important to take into consideration spe-
cific lifestyle changes (e.g., smoking, exer-
cise, weight loss/gain) that may have oc-
curred during the follow-up period before
the onset of disease, Finally, we could ex-
plain considerably more of the variance in
estrogens than in androgens. The total
amount of variance was small but was sim-
ilar to the amount that we can explain for
other risk factors, such as for lipoproteins.
Yet, much of the variance remains unex-
plained, and future research should con-
tinue to identify both environmental and
genetic factors that are critical to the de-
termination of sex steroid hormone levels
in postmenopausal women.

REFERENCES

1. Cauley JA, Gutai JP, Sandier RB, et al. The
relationship of endogenous estrogen to bone den-
sity and bone area in normal postmenopausal
women. Am J Epidemiol 1986;124:752-61.



1130 CAULEY ET AL.

2. Colditz GA, Willett WC, Stampfer MJ, et al.
Menopause and the risk of coronary heart disease
in women. N Engl J Med 1987;316:1105-10.

3. Ernster VL, Wrensch M, Petrakis NL, et al. Be-
nign and malignant breast disease: initial study
results of serum and breast fluid analyses of en-
dogenous estrogens. JNCI 1987;79:949-60.

4. Enriori CL, Reforzo-Membrives J. Peripheral aro-
matization as a risk factor for breast and endo-
metrial cancer in postmenopausal women: a re-
view. Gynecol Oncol 1984;17:1-21.

5. Siiteri PK, Murai JT, Hammond GL, et al. The
serum transport of steroid hormones. Recent Prog
Horm Res 1982;38:457-510.

6. MacDonald PC, Edman CD, Hemsell DL, et al.
Effect of obesity on conversion of plasma andro-
stenedione to estrone in postmenopausal women
with and without endometrial cancer. Am J Obstet
Gynecol 1978; 130:448-55.

7. Kirshner MA, Schneider G, Ertel RH, et al. Obe-
sity, androgens and cancer risk. Cancer Res 1982;
42(suppl):3281s-5s.

8. Hemsell DL, Grodin JM, Brenner PF, et al.
Plasma precursors of estrogen. II. Correlation of
the extent of conversion of plasma androstenedi-
one to estrone with age. J Clin Endocrinol Metab
1974;38:476-9.

9. Korenman SG. Introduction. In: Korenman SG,
ed. Endocrine aspects of aging. New York: Elsev-
ier Biomedical, 1982:1-7.

10. Sandier RB, Cauley JA, Horn DL, et al. The
effects of walking on the cross sectional dimen-
sions of the radius in postmenopausal women.
Calcif Tissue Int 1987;41:65-9.

11. Paffenbarger RS Jr, Wing AL, Hyde RT. Physical
activity as an index of heart attack risk in college
alumni. Am J Epidemiol 1978;108:161-75.

12. LaPorte RE, Kuller LH, Kupfer DJ, et al. An
objective measure of physical activity for epide-
miologic research. Am J Epidemiol 1979;109:158-
68.

13. Radfar N, Ansusingha K, Kenny F. Circulating
bound and free estradiol and estrone during nor-
mal growth and development. J Pediatr 1976;
89:719-23.

14. Korenman S, Stevens R, Carpenter LA, et al.
Estradiol radioimmunoassay without chromatog-
raphy. J Clin Endocrinol Metab 1974;39:718-20.

15. de Lacerda L, Kowarski A, Johanson AH, et al.
Integrated concentration and circadian variation
of plasma testosterone in normal men. J Clin
Endocrinol Metab 1973;37:366-71.

16. Carr RT, Mikhail G, Flickinger GL. Column chro-
matography of steroids on sephadex LH-20. J Clin
Endocrinol Metab 1971;33:358-63.

17. Nie NH, Hull CH, Jenkins JG, et al. Statistical
package for the social sciences. Chicago, IL:
McGraw Hill, 1975.

18. LaPorte RE, Cauley JA, Kinsey CM, et al. The
epidemiology of physical activity in children, col-
lege students, middle aged men, menopausal fe-
males and monkeys. J Chronic Dis 1982;36:787-
95.

19. US Department of Health and Human Services.
The Lipid Research Clinics population studies
data book. The prevalence study. Vol I. July 1980.

(NIH publication no. 80-1527).
20. Judd HL, Korenman SG. Effects of aging on re-

productive functions in women. In: Korenman
SG, ed. Endocrine aspects of aging New York-
Elsevier Biomedical, 1982;163-97.

21. Judd HL. Hormonal dynamics associated with the
menopause. Clin Obstet Gynecol 1976;19:775-88.

22. Longcope C, Franz C, Morello C, et al. Steroid
and gonadotropin levels in women during the peri-
menopausal years. Maturitas 1986;8:189-96.

23. Vermeulen A. The hormonal activity of the post-
menopausal ovary. J Clin Endocrinol Metab
1976;42:247-53.

24. Bray GA. To treat or not to treat. In: Bray GA,
ed. Recent advances in obesity research. London:
London Publishing Co, 1978:248-65.

25. Badawy SZA, Elliott LJ, Elbadawi A, et al. Plasma
levels of oestrone and oestradiol-17/9 in postmeno-
pausal women. Br J Obstet Gynecol 1979;86:56-
63.

26. Vermeulen A, Verdonck L. Sex hormone concen-
trations in post-menopausal women: relation to
obesity, fat mass, age and years post-menopause.
Clin Endocrinol 1978;9:59-66.

27. Chakravarti S, Collins WP, Forecast JD, et al.
Hormonal profiles after the menopause. Br Med
J 1976;2:784-6.

28. Vermeulen A, Verdonck L. Factors affecting sex
hormone levels in postmenopausal women. J
Steroid Biochem 1979;ll:899-904.

29. Meldrum DR, Davidson BJ, Tataryn IV, et al.
Changes in circulating steroids with aging in post-
menopausal women. Obstet Gynecol 1981;57:624-
8.

30. Judd HL, Lucas WE, Yen SSC. Serum 17/9-estra-
diol and estrone levels in postmenopausal women
with and without endometrial cancer. J Clin En-
docrinol Metab 1976;43:272-3.

31. Khnga K, von Hoist Th, Runnebaum B. Serum
concentrations of FSH, oestradiol, oestrone and
androstenedione in normal and obese women.
Maturitas 1982;4:9-17.

32. Poortman J, Thijssen JHH, De Waard F. Plasma
oestrone, oestradiol and androstenedione levels in
post-menopausal women: relation to body weight
and height. Maturitas 1981;3:65-71.

33. Hutton JD, Jacobs HS, Murray MAF, et al. Re-
lation between plasma oestrone and oestradiol and
climacteric symptoms. Lancet 1978;1:678-81.

34. Frumar AM, Meldrum DR, Geola F, et al. Rela-
tionship of fasting urinary calcium to circulating
estrogen and body weight in postmenopausal
women. J Clin Endocrinol Metab 1980;50:70-5.

35. Rannevik G, Carlstrom K, Jeppsson S, et al. A
prospective long-term study in women from pre-
menopause to post-menopause: changing profiles
of gonadotrophins, oestrogens and androgens.
Maturitas 1986;8:297-307.

36. Crilly RG, Marshall DH, Nordin BEC. Adrenal
androgens in post-menopausal osteoporosis. In:
Genazzani AR, Thijssen JHH, Siiteri PK, eds.
Adrenal androgens. New York: Raven Press,
1980:241-8.

37. Roger M, Nahoul K, Scholler R, et al. Evolution
with ageing of four plasma androgens in postmeno-
pausal women. Maturitas 1980;2:171-7.



SERUM SEX HORMONES IN POSTMENOPAUSAL WOMEN 1131

38. Crilly RG, Marshall DH, Nordin BEC. Effect of
age on plasma androstenedione concentration in
oophorectomized women. Clin Endocrinol 1979;
10:199-201.

39. Kiel DP, Felson DT, Anderson JJ, et al. Hip
fracture and the use of estrogens in postmenopaus-
al women: The Framingham Study. N Engl J Med
1987;317:1169-74.

40. Brody S, Carlstrom K, Lagrelius A, et al. Adrenal
steroids in postmenopausal women: relation to
obesity and to bone mineral content. Maturitas
1987;9:25-32.

41. OTJea JPK, Wieland RG, Hallberg MC, et al.
Effect of dietary weight loss on sex steroid bind-
ing, sex steroids, and gonadotropins in obese post-
menopausa] women. J Lab Clin Med 1979;93:
1004-8.

42. Jasonni VM, Bulletti C, Bolelli GF, et al. Estrone
sulfate, estrone and estradiol concentrations in
normal and cirrhotic postmenopausal women.
Steroids 1983;41:569-73.

43. James VHT, Green JRB, Walker JG, et al. The
endocrine status of postmenopausal cirrhotic
women. In: Langer M, Chiandussi L, Chopra IJ,
et al, eds. The endocrines and the liver. Serono
Symposium no. 51. New York: Academic Press,
1982:417-18.

44. Valimaki M, Pelkonen R, Salaspuro M, et al. Sex
hormones in amenorrheic women with alcoholic
liver disease. J Clin Endocrinol Metab 1984;
59:133-8.

45. Hugues JN, Coste T, Perret G, et al. Hypothalamo-
pituitary ovarian function in thirty-one women
with chronic alcoholism. Clin Endocrinol
1980;12:543-51.

46. Friedman AJ, Ravnikar VA, Barbieri RL. Serum
steroid hormone profiles in postmenopausal
smokers and nonsmokers. Fertil Steril 1987;47:
398-401.

47. Khaw KT, Tazuke S, Barrett-Connor E. Cigarette
smoking and levels of adrenal androgens in post-
menopausal women. N Engl J Med 1988;318:
1705-9.

48. Dai WS, Gutai JP, Kuller LH, et al. Cigarette
smoking and serum sex hormones in men. Am J
Epidemiol 1988;128:796-805.

49. Suzuhi T, Ikeda H, Nurits S, et al. Adrenal cortical
secretion in response to nicotine in conscious and
anesthetized dogs. Q J Exp Physiol 1973;58:139-
42.

50. Jensen J, Christiansen C, Rodbro P. Cigarette
smoking, serum estrogens, and bone loss during
hormone-replacement therapy early after meno-
pause. N Engl J Med 1985;313:973-5.

61. Michnovicz JJ, Hershcopf RJ, Naganuma H, et
al. Increased 2-hydroxylation of estradiol as a
possible mechanism for the anti-estrogenic effect
of cigarette smoking. N Engl J Med 1986;
315:1305-9.

52. Willett W, Stampfer MJ, Bain C, et al. Cigarette
smoking, relative weight, and menopause. Am J
Epidemiol 1983;117:651-8.

53. Daniell HW. Osteoporosis of the slender smoker.
Arch Intern Med 1976; 136:298-304.

54. Pike MC, Henderson BE, Casagrande JT. The
epidemiology of breast cancer as it relates to men-
arche, pregnancy and menopause. In: Pike MC,
Siiteri PK, Welsch CW, eds. Hormones and breast
cancer. Banbury report no. 8. Cold Spring Harbor,
NY: Cold Spring Harbor Laboratory, 1981:3-18.

55. Cauley JA, LaPorte RE, Sandier RB, et al. Com-
parison of methods to measure physical activity
in postmenopausal women. Am J Clin Nutr
1987;45:14-22.

56. Editorial. Osteoporosis and activity. Lancet 1983;
1:1365-6.

57. Frisch RE, Wyshak CT, Albright NL, et al. Lower
prevalence of breast cancer and cancers of the
reproductive system among former college ath-
letes compared to non-athletes. Br J Cancer
1985;52:885-91.

58. Baker ER, Mathux RS, Kirk RF, et al. Female
runners and secondary amenorrhea: correlation
with age, parity, mileage, and plasma hormonal
and sex-hormone-binding globulin concentra-
tions. Fertil Steril 1981:36:183-7.

59. Loucks AB, Horvath SM. Exercise-induced stress
responses of amenorrheic and eumenorrheic run-
ners. J Clin Endocrinol Metab 1984;59:1109-20.

60. Bonen A, Belcastro AN, Ling WY, et al. Profiles
of selected hormones during menstrual cycles of
teenage athletes. J Appl Physiol: Respirat Environ
Exercise Physiol 1981;50:545-51.

61. Boyden TW, Pamenter RW, Stanforth P, et al.
Sex steroids and endurance running in women.
Fertil Steril 1983:39:629-32.

62. Nelson ME, Meredith CN, Dawson-Hughes B, et
al. Hormone and bone mineral status in endur-
ance trained and sedentary postmenopausal
women. J Clin Endocrinol Metab 1988;66:927-33.


