Vol. 4, 381-386. June 1995

Cancer Epidemiology, Biomarkers & Prevention

Relationships of Age and Reproductive Characteristics with Plasma
Estrogens and Androgens in Premenopausal Women

Joanne F. Dorgan,’ Marsha E. Reichman,? Joseph T. Judd,
Charles Brown, Christopher Longcope, Arthur Schatzkin,
William S. Campbell, Charlene Franz, Lisa Kahle, and
Philip R. Taylor

Division of Cancer Prevention and Control. National Cancer Institute,

Bethesda, Maryland 20852 [J. F. D, M. E. R.C.B. A. S, W.S8.C,,

P. R. T.]; Beltsville Human Nutrition Research Cznter, Agricultural Research
Service, United States Department of Agriculture. Beltsville, Maryland 20705

{J. T. 1.]; Departments of Obstetrics and Gynecology and Medicine, University
of Massachusetts Medical School, Worcester. Massachusetts 01655

[C. L., C. F.}; and Information Management Services. Inc., Silver Spring,
Maryland 20904 [L. K.]

Abstract

We used data from a cross-sectional study of 107
premenopausal women to evaluate the relation of age,
menarcheal age, parity, and age at first live birth with
plasma estrogen and androgen levels in premenopausal
women. Fasting blood specimens were collected on each
of days 5-7, 12-15, and 21-23 of menstrual cycles of the
participants and pooled to create follicular, midcycle, and
luteal phase samples, respectively, for each woman. Age
was associated significantly and positively with plasma
estradiol levels during the follicular phase [percentage
difference/year = 2.6; 95% confidence interval (CI) =
1.0-4.2] and midcycle (percentage difference/year = 2.7;
95% CI = 0.9-4.7) but not the luteal phase (percentage
difference/year = —0.4; 95% CI = —1.9-1.3) of the
menstrual cycle. The relation of age to plasma estradiol
varied by parity, with significant interactions during
midcycle and luteal phase. Among nulliparous women,
plasma estradiol levels increased with age midcycle and
during the luteal phase, but among parous women
estradiol levels decreased with age during these phases of
the menstrual cycle. Plasma estrone increased with age in
all women during the follicular phase of the menstrual
cycle (percentage difference/year = 1.5; 95% CI = 0.2-
2.8). During the luteal phase there was a significant
interaction with parity; estrone levels in nulliparous
women varied only slightly with age. but levels in parous
women decreased significantly as age increased. The
androgens, androstenedione and dehydroepiandrosterone
sulfate decreased, and sex hormone-binding globulin
increased as age increased. The resuits of this cross-
sectional study suggest that pregnancy may modify age-
related changes in plasma estrogen levels.
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Introduction

Reproductive history is reported to affect breast cancer risk in
the majority of epidemiological studies. Early age at men-
arche increases risk (1-9), whereas pregnancy before age 35
years decreases lifelong risk (6—8, 10-19). Both young age
at first pregnancy (4-8, 10-22) and multiparity (4-14,
16-23) are reported to be protective. The mechanisms by
which reproductive characteristics influence breast cancer
risk are not known. Young age at menarche has been hy-
pothesized to increase risk by increasing the lifelong dura-
tion of exposure to ovarian estrogens (1). Pregnancy, on the
other hand, has been hypothesized to decrease risk by caus-
ing terminal differentiation of breast epithelium, thereby
decreasing susceptibility to carcinogens (24).

Women with an early age at menarche may have dif-
ferent hormonal profiles as adults compared to women
whose menarche occurs at an older age. In a prospective
study, Apter et al. (25) reported that in women 20-31 years
of age, follicular phase serum estradiol concentrations were
higher and SHBG? concentrations were lower among those
who had an early menarche. MacMahon er al. (26) also
reported inverse associations between age at menarche and
follicular phase urine estradiol and estrone levels in adults;
Moore et al. (27) reported higher luteal phase serum estra-
diol in Japanese but not British women with early menarche.
Bermnstein et al. (28) and Ingram et al. (29), however, found
little evidence for an association between age at menarche
and serum estrogen levels during adulthood.

Pregnancy also may result in long-term endocrine
changes. Here again, however, results are conflicting. In a study
by Bernstein et al. (30), parous women had significantly lower
urine and plasma estradiol levels compared to nulliparous
women on day 11 of their menstrual cycles. Parity and age at
first pregnancy, however, were not associated with luteal phase
serum estradiol levels in a study by Ingram er al. (29). Musey
et al. (31) also did not detect changes in follicular phase serum
estradiol, estrone, estrone sulfate, or testosterone levels from
before to 7-19 months after a pregnancy. Serum estriol was
significantly higher and DHEAS was significantly lower fol-
lowing the pregnancy.

Hormones, particularly the estrogens, are believed to play
a key role in the etiology of breast cancer (32), and age at
menarche and parity could affect breast cancer risk through
endocrine effects. We therefore used data from a cross-sec-
tional study to evaluate the relation of these reproductive char-
acteristics to plasma hormones in premenopausal adult women.

* The abbreviations used are: SHBG, sex hormone-binding globulin; DHEAS,
dehydroepiandrosterone sulfate: RIA, radioimmunoassay.
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Materials and Methods

Participants for the cross-sectional study were recruited by
posters and newspaper advertisements from communities
around Beltsville, Maryland, during 1988-1990. Only pre-
menopausal women 20—40 years of age who met the following
criteria were eligible: (a) weight for height 85-130% of desir-
able based on 1983 Metropolitan Life Insurance tables (33); (b)
usual menstrual cycle length of not more than 35 days; (¢) not
pregnant or lactating during the past 12 months and not taking
oral contraceptives during the past 6 months; (d) no history of
cancer, diseases of the reproductive or endocrine systems,
chronic liver or gastrointestinal disease, hypertension, diabetes,
nephrolithiasis, gout, or hyperlipidemia; (e) not taking any
medications other than an occasional analgesic; (f) not follow-
ing a vegetarian diet; ( g) not routinely participating in strenu-
ous activites; and (/) not smoking. Because the primary objec-
tive of the study was to evaluate the association of alcohol
ingestion with plasma hormones, women with a wide range of
drinking patterns were recruited.

All data and blood specimens were collected during a
single menstrual cycle. Blood was collected in the morning
after an overnight fast. Equal volumes of plasma from each
of days 5-7, 12-15, and 21-23 of the menstrual cycle were
pooled to create follicular, midcycle, and luteal phase spec-
imens, respectively, for each woman. All plasma specimens
were stored at —70°C until hormone analyses were per-
formed. Estrone, estradiol, and androstenedione in plasma
were measured by RIA following solvent extraction and
celite chromatography (34). Estrone sulfate also was mea-
sured by RIA after solvolysis, extraction of hydrolyzed es-
trone, and celite chromatography (34). DHEAS and proges-
terone were measured by RIA kits (ICN Biomedicals, Costa
Mesa, CA), and SHBG was measured by an immunoradio-
metric assay kit (Farmos Group Lid., Oulunsalo, Finland).
Percentage unbound and albumin-bound estradiol were mea-
sured with the use of centrifugal ultrafiltration (35), and
SHBG-bound estradiol was calculated. Coefficients of vari-
ation for replicate quality control samples averaged 9.5% for
estrone, 11.1% for estradiol, 4.6% for estrone sulfate, 16.7%
for androstenedione, 10.8% for DHEAS, 9.4% for proges-
terone, 10.6% for SHBG, and 10.6% for percentage unbound
and 8.6% for albumin-bound estradiol.

We used linear regression to evaluate the relations of age
and reproductive history to plasma hormone levels (36). To
improve normality all plasma hormone concentrations were
converted to the log,, scale before analysis. Percentage differ-
ences were calculated from parameter estimates as (10° — 1) X
100. All models were adjusted for hormone analysis batch by
including a set of categorical (dummy) variables. In a previous
analysis of these data we found significant associations between
height and follicular phase estradiol and weight and plasma
SHBG levels (37). Because height confounded associations of
age and reproductive history with follicular phase estradiol, and
weight confounded associations with SHBG, we included
height in models when follicular phase piasma estradiol was the
dependent variable, and weight in models when SHBG was the
dependent variable. We also reported significant associations
between alcohol ingestion and plasma androstenedione levels
(38). Because inclusion of alcohol in models for androstenedi-
one did not alter findings for age and reproductive history,
results reported are from the more parsimonious models that do
not include alcohol. We analyzed the relation of plasma hor-
mongs to age, age at menarche, and age at first pregnancy as
continuous variables and after categorizing. Categorization did

not reveal any significant nonlinear associations; therefore,
only results of analyses of continuous variables are presented.
For analysis of parity, women were categorized as nulliparous
if they had never given birth to a living child or parous if they
had given birth to one or more children. Interactions of repro-
ductive history variables with age were tested by including
cross-product terms in models. All analyses were performed
with the use of SAS statistical software (39).

Results

The 107 participants in this cross-sectional study had a mean
age of 29.6 = 5.1 (SD) years. Their recalled age at menarche
averaged 12.7 * 1.4 years. Seventy-three women were nullip-
arous and 34 were parous. Fifteen of the women had 1 child, 13
had 2, 4 had 3, and 2 women had 6 children. The mean age of
the women at the birth of their first children was 23.0 + 4.8
years. Hormone levels have been reported previously (37, 38).

Associations of age and reproductive history with
plasma estrogens and androgens are summarized in Tables 1
and 2. Age was positively and significantly related to plasma
estradiol levels of all women during the follicular phase and
midcycle but not during the luteal phase of the menstrual
cycle. As shown in Fig. 1, adjusted for age, parous women
tended to have higher follicular and lower luteal phase
estradiol levels compared to nulliparous women, but differ-
ences were not significant.

Fig. 2 presents scatter plots of age by hormone level sepa-
rately for nulliparous and parous women for each menstrual cycle
phase. Plasma estradiol levels increased with age during the fol-
licular phase in both nulliparous and parous women. Among
nulliparous women, plasma estradiol levels also increased with age
midcycle and during the luteal phase, but among parous women
estradiol levels decreased with age during these phases of the
menstrual cycle. Interactions between parity and age were signif-
icant in relation to both midcycle and luteal phase plasma estradiol.
Resuits were similar when analyses were performed for the dif-
ferent estradiol fractions.

Plasma estrone levels also increased significantly with age
during the follicular phase for all women. After adjusting for
age, plasma estrone levels of parous and nulliparous women
were similar at the different phases of the menstrual cycle.
During the luteal phase, however, there was a significant (P =
0.004) interaction between age and parity in relation to estrone.
Estrone levels of nulliparous women varied only slightly with
age (percentage difference/year = 0.01; 95% CI = —1.6-1.6),
whereas estrone levels of parous women decreased signifi-
cantly (P = 0.04) as age increased (percentage difference/
vear= —4.5; 95% CI = —8.4 to —0.5). Interactions between
age and parity were not significant in relation to plasma estrone
during other menstrual cycle phases.

Estrone sulfate increased slightly or did not change with
age during the follicular phase and midcycle but decreased
significantly with increasing age during the luteal phase of the
menstrual cycle. Estrone sulfate levels did not differ by parity,
and no tests for interactions between age and parity in relation
to estrone sulfate were significant at P = 0.05. Significant
inverse associations between age at first live birth and estrone
sulfate levels were observed midcycle and during the luteal
phase of the menstrual cycle.

The androgens, androstenedione and DHEAS, averaged
across the menstrual cycle phases, decreased significantly as
age increased. Levels did not differ, however, by parity. Age-
adjusted geometric means for nulliparous and parous women
were 9.1 = 1.03 (SE) and 8.5 * 1.05 nmol/liter, respectively,



Cancer Epidemiology, Biomarkers & Prevention 383

Table | Percentage difference/year (957 erw',[’ld(‘]’l(t micnuh in plasma estrogen levels by menstrual cycle :)hd\\: _:L‘LI[L‘L_; to age and reproductive history”
Follicular Midcycle Luteal
“c Difference 95% Cl 7 Difference 95% (1 % Difference 95% CI

Estradiol (pmol/liter)

Age (yr) 6™ 1.0-4.2 2.7 0.94.7 -04 -1.9-13

Age at menarche (yr) -23° -7.8-3.6 0.3 -6.2-7.3 5.6 -0.3-11.9

Age at first live birth (vr) 0.3° —3.0-3.7 =22 -6.2-2.0 -27 —6.3-1.0
Estrone (pmol/liter)

Age (yr) 154 0.2-2.8 1.2 -0.3-2.6 -1.1 -24-03

Age at menarche (yr) 3 —-3.1-6.4 -2.8 -7.7-24 0.1 -4.9-5.3

Age at first live birth (vr) -14 -4.9-23 =33 -7.0-0.5 -19 -5.6-1.8
Estrone sulfate (pmol/liter)

Age (yr) 1.9 -0.1-3.8 0.4 -2.1~2.9 —2.44 —4.6to0 —0.1

Age at menarche (yr) -37 -12.0-1.0 =56 —13.7-3.2 -4.2 -12.0-4.3

Age at first live birth (vr) ~23 =6.9-1.6 -5.74 ~103to —1.0 -6.3¢ —10.1t0 ~2.5

¢ Estimates from linear regression models inciuding age and hormone analysis batch.

® Adjusted for height.
‘P =0.01.
4p < 0.05.

Iable 2 Percentage difference/year (95% confidence interval) in plasma androstenedione, DHEAS, and SHBG levels averaged across the menstrual cycle related to
age and reproductive history®

Androstenedione (nmol/liter)

DHEAS (umol/liter) SHBG (nmol/liter)®

95% CI

% Difference

95% CI % Difference 95% CI

Age (yr)
Age at menarche (yr)
Age at first live birth (yr)

@ Estimates from linear regression models including age and hormone analysis batch.

® Adjusted for weight.
‘P = 0.001.
9p < 001.

for androstenedione, and 7.7 * 1.05 and 7.6 * 1.08 umol/iter,
respectively, for DHEAS. Tests for interactions between age
and parity were not significant for either androgen.

Adjusted for body weight, SHBG levels, averaged across
the menstrual cycle, increased with age. Geometric mean
SHBG levels of nulliparous women were 38.1 + 1.05 (SE)
nmol/liter compared to 39.6 * 1.07 nmol/liter in parous
women. Tests for differences in means of nulliparous and
parous women and interactions with age were not significant at
P = 0.05.

As shown in Table 3, older women were significantly (P
= 0.003) more likely to have a luteal phase progesterone rise;
the odds increased by 27% (95% Cl = 9-49%) for each
additional year of age. Although after adjusting for age parity
was not associated significantly with the probability of a pro-
gesterone rise, only 1 of 34 (2.9%) parous women failed to have
a progesterone rise compared to 16 of 73 (21.9%) nulliparous
women. The association of age with the probability of a
progesterone rise was unchanged when we included only
nulliparous women in the analysis.

When we restricted analyses to the 90 women who had a
progesterone rise, the relation of age with follicular phase
plasma estradiol was diminished (percentage difference/year =
1.9; 95% CI = 0.1-3.6) but remained significant (P = 0.04).
SHBG-bound estradiol was the only fraction that was signifi-
cantly positively associated with age. Age also no longer was
associated significantly with follicular phase plasma estrone
(percentage difference/year = 0.9; 937% CI = —0.6-2.5). Mid-
cycle, the relation of age with plasma estradiol in all women

who had a progesterone rise was decreased (percentage differ-
ence/year = 0.6; 95% CI = —1.4-2.6) and not significant for
any of the fractions. Although midcycle estradiol tended to
increase with age in nulliparous women but tended to decrease
with age in parous women, the interaction was weaker and no
longer significant. During the luteal phase, age remained asso-
ciated inversely with estrone sulfate (percentage difference/
year = —2.7; 95% CI = —5.3-0.0). Additionally, the interac-
tion between parity and age remained marginally significant
(P = 0.07) for total estradiol and significant (P = 0.01) for
estrone. The interaction was significant for free and albumin-
bound but not SHBG-bound estradiol.

Discussion

Results of this cross-sectional study suggest that there are
age-related changes in plasma estrogen and androgen levels in
adult premenopausal women, and for the estrogens, these
changes vary by parity. Age at menarche, however, was not
associated with any of the hormones measured.

The occurrence of ovulatory cyles in women with regular
menses increases with age during the teens and 20s, plateaus
during the 30s, and falls off again in the 40s (40, 41). The
women in our cross-sectional study were 20—40 years of age,
and the positive association that we observed between age and
luteal phase progesterone rise is consistent with age-related
changes in ovulation. Musey er al. (42) also reported higher
levels of estradiol but not estrone during the follicular phase of
the menstrual cvcle in older (29-40 years) compared to
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Fig. 1. Geometric mean plasma estrogen levels in nulliparous and parous women by menstrual cycle phase. Geometric means adjusted for hormone analysis batch, age,

and for follicular phase estradiol, height. Columns. mean; bars, 95% CI.
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Table 3 Odds ratio (95% confidence interval) for progesterone rise during the
luteal phase of the menstrual cycle related to age and reproductive history®

R 95% CI

Age (yr)
Age at menarche (yr)
Parous (vs. nulliparous)

@ Estimates from a logistic regression model including all variables listed in table
and hormone analysis batch.

# ORs are per year except for parity.

‘P = 0.001.

younger (18-23 years) women and suggested that decreased
hepatic metabolism may account for the elevated estradiol
levels, but increased ovarian secretion could not be ruled out.
The increases in follicular phase plasma estradiol and estrone
levels that we observed with age in all participants were di-
minished when we restricted analysis to women who experi-
enced a luteal phase progesterone rise. which suggests that the
estradiol and estrone level increase might, at least partly, be due
to increased ovarian secretion.

We did not detect any significant marginal associations
between parity and plasma hormones. There were, however,
significant interactions between parity and age in relation to
plasma estradiol midcycle and during the luteal phase and to
plasma estrone during the luteal phase of the menstrual cycle.
Among nulliparous women, hormone levels changed only
slightly or increased with increasing age, but among parous
women levels decreased with age. The incidence of ovulatory
cycles is higher in parous compared to nulliparous women (43).
In our data, however. age-related differences in estrogen levels

by parity could not be explained totally by differences in the
frequency of ovulatory cycles as determined by a luteal phase
progesterone rise. When we included in the analysis only
women who experienced a progesterone rise, the directionality
of relationships still differed by parity. Although interactions
were no longer significant for estradiol midcycle, interactions
were marginally significant for estradiol and significant for
estrone during the luteal phase of the menstrual cycle.

Age was significantly (P = 0.02) and positively corre-
lated (Spearman p= 0.40) with years since last live birth. We
therefore were concerned that higher midcycle and luteal
phase estradiol levels in younger parous women might re-
flect the shorter interval since last pregnancy. Adjustment
for years since last birth, however, did not affect or strength-
ened the inverse associations that we observed between
plasma estradiol and age in parous women during these
phases of the menstrual cycle.

Because our data were cross-sectional, we could not di-
rectly assess whether differences in age associations by parity
were a cause or effect of pregnancy. Seventeen of the nullip-
arous women had at least one pregnancy that terminated in a
spontaneous or induced abortion. Age-related differences in
estrogens among these women were in the direction we
observed for nulliparous women, suggesting that a term preg-
nancy may induce long-term changes in the secretion or
metabolism of estrogens.

In a prospective study, Musey et al. (31) did not detect
changes in serum estradiol or estrone measured before and
7-19 months after a pregnancy during the early follicular
phase of the menstrual cycle. We also did not detect an
association between parity and plasma estrogens or an in-
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teraction between parity and age in relation to plasma estro-
gens during the follicular phase. Musey et al. (31) did not
report midcycle or luteal phase results, and we are not aware
of any other studies that prospectivelv evaluated the effect of
pregnancy on plasma estrogens.

In a cross-sectional study, Bernstein et al. (30) reported
significantly higher mean levels of estradiol and marginally
significantly higher levels of estrone in nulliparous compared to
parous women on day 11 of their menstrual cycles. This late
fotlicular blood collection was timed more closely to our mid-
cycle collection on days 12~15 than our follicular collection on
days 5-7. Plasma estradiol levels were not related to parity in
either our follicular or midcycle specimens, but midcycle es-
tradiol increased with age among nulliparous women, whereas
it decreased with age among parous women. The average age of
the women in the study by Bernstein er al. (30) was 33.3 years,
which is older than the women in our study and may have
contributed to the discrepancy in findings. Similar to us, Ingram
et al. (29) did not find an association between parity and luteal
phase estradiol.

We did not observe any differences in plasma hormone
levels by age at menarche. In the only prospective study,
Apter et al. (25) reported an inverse association. In this
study, age at menarche (=11, 12, or =13 years) recalled
during adulthood was misclassified 25% of the time when
compared to recorded age at menarche. Misclassification of
reported age at menarche could be biasing results to the null
in our and other (28, 29) studies.

Both androgens that we measured, androstenedione and
DHEAS, decreased significantly as age increased. DHEAS is
produced solely by the adrenals, and as a result of changes in
secretion, blood levels peak during the 20s and decline there-
after (44). Although both the ovaries and adrenals secrete
androstenedione, because of diurnal variation in adrenal output,
their relative contributions differ throughout the day. We col-
lected blood in the moming when the majority of circulating
androstenedione is adrenal in origin (44), and the lower levels
that we observed in older women may have been due to
decreased adrenal secretion.

In conclusion, results of this study suggest that pregnancy
may induce long-term changes in secretion or metabolism of
estrogens. Since estrogens are believed to be important in the
etiology of breast cancer (32), if confirmed, this finding would
suggest a mechanism by which pregnancy could modify breast
cancer risk. A prospective study of women during their repro-
ductive years is needed to rigorously evaluate this possibility.
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