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Abstract

Purpose—Menstrual cycle characteristics are markers of endocrine milieu. However,
associations between age at menarche and adulthood sex steroid hormones levels have been
inconsistent, and data on menstrual characteristics and non-sex steroid hormones are sparse.

Methods—We assessed the relations of menstrual characteristics with premenopausal plasma sex
steroid hormones, sex hormone binding globulin(SHBG), prolactin, and growth factors among
2,745 premenopausal women (age 32-52) from the Nurses’ Health Study 1. Geometric means and
tests for trend were calculated using multivariable general linear models.

Results—Early age at menarche was associated with higher premenopausal early-follicular free
estradiol(percent difference<12 vs >13 years=11%), early-follicular estrone(7%), luteal
estrone(7%), and free testosterone(8%)(All Pieng<0.05). Short menstrual cycle length at age 18—
22 was associated with higher early-follicular total(<26 vs >39 days=18%) and free
estradiol(16%), early-follicular estrone(9%), SHBG(7%), lower luteal free estradiol(-=14%),
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total(—6%) and free testosterone(—15%)(All Pieng<0.05). Short adult menstrual length was
associated with higher early-follicular total estradiol(<26 vs >31 days=14%), SHBG(10%), lower
luteal estrone(—8%), progesterone(—9%), total(—11%) and free testosterone(-25%), and
androstenedione(—14%)(All Pyeng<0.05). Irregularity of menses at 18-22 was associated with
lower early-follicular total(irregular vs very regular=-14%) and free estradiol(-=14%), and early-
follicular estrone(—8%)(All Pieng<0.05). Irregularity of adult menstrual cycle was associated with
lower luteal total estradiol(irregular vs. very regular= —8%), SHBG(-3%), higher total(8%) and
free testosterone(11%)(All Pieng<0.05).

Conclusions—Early-life and adulthood menstrual characteristics are moderately associated with
mid-to-late reproductive year’s hormone concentrations. These relations of menstrual
characteristics with endogenous hormones levels could partially account for associations between
menstrual characteristics and reproductive cancers or other chronic diseases.
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INTRODUCTION

Menstrual cycle characteristics define and reflect a woman’s endogenous endocrine
environment. Scientists have long used menstrual cycle characteristics as crude markers of
endocrine status and have observed associations with chronic diseases such as breast,
ovarian, and endometrial cancers, as well as endometriosis, and cardiovascular disease[1-4].
It has been hypothesized that these relations are mediated through the hormone milieu. For
example, early age at menarche may be associated with higher risk of breast cancer through
longer exposure to higher levels of estrogen[5, 6]. However, studies have investigated age at
menarche and sex steroid hormones levels with inconsistent results[7—9]. Moreover, data are
sparse on menstrual cycle characteristics and hormones other than sex steroid hormones,
such as prolactin and growth factors.

Therefore, we examined the relations between age at menarche, menstrual cycle length and
regularity at age 18-22 and in adulthood with plasma concentrations of estradiol, free
estradiol, estrone, estrone sulfate, progesterone, testosterone, free testosterone,
androstenedione, dehydroepiandrosterone (DHEA), dehydroepiandrosterone sulfate
(DHEAS), sex hormone binding globulin (SHBG), prolactin, growth hormone (GH), insulin-
like growth factor-1 (IGF-I), and IGF binding protein-3 (IGF-BP3). Using data from the
prospective cohort study, the Nurses’ Health Study 11 (NHSII) we were able to assess the
prospective relationship between self-reported menstrual characteristics and hormones in
2,745 premenopausal women, ages 32-52 years old.

METHODS AND MATERIALS

Study population

The NHSII was established in 1989, when 116,430 female registered nurses, aged 25-42
who resided in one of 14 states in the USA, completed a questionnaire. The cohort has been
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followed biennially since inception to update exposure variables and ascertain newly
diagnosed disease.

Between 1996 and 1999, 29,611 cohort members, aged 32-52 years, provided a blood
sample (described in detail previously[10]). Premenopausal women who had not taken
hormones, been pregnant, or breastfed within six months (n=18,521) answered a short
questionnaire and provided timed blood samples on the 3rd-5th day of their menstrual cycle
(early-follicular) and 7-9 days before the anticipated start of their next cycle (mid-luteal).
All other women (n=11,090) provided a single untimed blood sample.

Women who participated in the blood collection signed an IRB approved informed consent
regarding risks and benefits of providing the blood sample. Participants in this study were
controls from nested case-control studies of breast cancer (n=1,291), endometriosis (n=602),
ovarian cancer (n=91), rheumatoid arthritis (n=153) and benign breast diseases (n=499) [10],
and also a subset of women who provided timed follicular and luteal samples for a
biomarker stability study (n=109, baseline samples)[11]. We restricted these analyses to
premenopausal women, defined as providing timed samples, reporting that her menstrual
cycles had not ceased, or had a hysterectomy but had at least one ovary remaining and was
<47 (for nonsmokers) or <45 (for smokers). The study was approved by the Committee on
the Use of Human Subjects in Research at the Brigham and Women’s Hospital.

Exposure and covariate data

Information on exposures and covariates was obtained from biennial questionnaires and a
questionnaire completed at blood collection. On the baseline questionnaire in 1989, detailed
information was collected on age at menarche, usual menstrual cycle length and regularity at
age 18-22. Adult menstrual cycle length and regularity were assessed in 1993, which was 3-
6 years prior to blood draw. For menstrual cycle length, women were asked “what is the
current usual length of your menstrual cycle (interval from first day of period to first day of
next period)?” and were provided categorical response options “<21 days, 21-25 days, 26—
31 days, 32-39 days, 40-50 days, 51+ days or too irregular to estimate.” For the analyses,
categories were collapsed for ages 18-22 (<26, 26-31, 32—-39 >39) and adult (<26, 26-32,
>32). Similarly, for menstrual cycle regularity, women were asked “what is the current usual
pattern of your menstrual cycles (when not pregnant or lactating)?” with response options of
“extremely regular (no more than 1-2 days before or after expected), very regular (within 3—
4 days), regular (within 5-7 days), usually irregular, always irregular, and no periods.” At
age 18-22 and adulthood categories were collapsed into “very regular (extremely regular
and very regular), regular, and irregular (usually irregular and always irregular).

Data on covariates were collected before blood draw. Body size at age 10 was recalled in
1989 using a 9-level figure drawing (1). Birthdates, weight at age 18, and height were
reported on the baseline questionnaire. Adult body mass index (BMI), oral contraceptive
use, smoking history, parity and alcohol consumption were obtained in 1995. Physical
activity was collected in the 1997 questionnaire. In addition, weight at blood draw and
details regarding blood collection date, time, and fasting status were reported on the blood
collection questionnaire. First day of the next menstrual cycle following the blood collection
was reported on a pre-paid postcard. Whether a sample was collected during an ovulatory
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cycle was determined by the luteal progesterone value; cycles with level of
progesterone<400 ng/dL were defined as anovulatory. Luteal days were calculated as date of
the first day of the next menstrual period minus luteal blood draw date. If participants did
not return the postcard, their samples were not considered timed (3%).

Laboratory assays—Hormone assay methods for estrogens, androgens, progesterone,
and prolactin have been described previously (2, 3). Briefly, plasma levels were assayed in
up to nine batches. Estrone, estradiol, and estrone sulfate were assayed in follicular and
luteal timed samples. Testosterone, androstenedione, SHBG and prolactin were assayed in
follicular and/or luteal timed samples as well as untimed samples. Progesterone was
measured in luteal timed samples, and DHEA, DHEAS, GH, IGF-1 and IGFBP-3 were
measured in luteal or untimed samples.

Estrogens (3 batches), progesterone (1 batch), testosterone (5 batches), and androstenedione
(2 batches) were assayed at Quest Diagnostics (San Juan Capistrano, CA). Estrogens and
testosterone were assayed by RIA following extraction and celite column chromatography.
After extraction of estrone, enzyme hydrolysis, and column chromatography, estrone sulfate
was assayed by RIA. Androstenedione was also assayed by RIA. Progesterone was assayed
by RIA preceded by organic extraction. Four batches of estrogens and testosterone were
assayed at Mayo Medical Laboratories using liquid chromatography-tandem mass
spectrometry. The correlation between the RIA and mass spectrometry assays was >0.90 and
the intraclass correlation coefficient between RIA and mass spectrometry was >0.81 for all
hormones. Two batches of DHEA and androstenedione, and four batches of DHEAS,
SHBG, and progesterone were assayed at the Royal Marsden Hospital. Androstenedione was
assayed by RIA and DHEAS, sex-hormone binding globulin (SHBG), and progesterone
were assayed by chemiluminescent immunoassay. The remaining batch of DHEAS was
assayed at Mayo Medical Laboratories by chemiluminescent enzyme immunoassay. One
batch of progesterone (RIA) and three batches of SHBG (chemiluminescent enzyme
immunometric assay) were assayed at Massachusetts General Hospital (Boston MA) and
one batch of SHBG and progesterone were assayed at the Children’s Hospital Boston.
Prolactin was measured using a microparticle enzyme immunoassay at the Massachusetts
General Hospital, by the AXSYM Immunoassay system. IGF-1 and IGFBP-3 levels were
assayed in eight batches for luteal and untimed samples. GH was assayed in two batches for
luteal and untimed samples. IGF-1, IGFBP-3, and GH were assayed by ELISA after acid
extraction at the Department of Medicine and Oncology at McGill University, using reagents
from Diagnostic Systems Laboratory (Webster, TX, USA).

We included 10% blinded replicates in each batch to assess laboratory precision. The overall
inter-assay coefficients of variations were between 1 and 36% for all analytes, with mean
(SD) 11% (7%) and 10-90™ percentile range 4—19%.

Free estradiol and free testosterone were calculated using the methods of Sodergard (4).
When calculating follicular free values, concentrations of SHBG or testosterone from luteal
or untimed samples were used if follicular concentrations were missing. Follicular free
estradiol calculated with luteal SHBG and testosterone are highly correlated with
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calculations done using the timed follicular SHBG and testosterone (correlation coefficient
from a subset of our data with both values (n=603) is 0.97).

Statistical Analysis

For each analyte, participants with missing values related to assay difficulties or low volume
were excluded. We also excluded a small number of values (n< 6 per hormone) that were
statistical outliers, as identified with the generalized extreme Studentized deviate many-
outlier detection method[13]. To adjust for laboratory drift, we adjusted hormone levels for
batch according to methods by Rosner et al[14], as we have utilized in prior publications(2).
Specifically we recalibrated measures across batches to an average batch by regressing
hormone levels on batch, adjusting for age and BMI, as well as luteal day of collection and
ovulatory status in the cycle of collection for luteal samples, and follicular day of collection
for follicular samples that may have differed between batches. Predicted levels are then
outputted and subtracted from the average study effect to give batch-adjusted values.The
associations with follicular and luteal estrogens were examined separately. Average values of
follicular and luteal phases (whenever both available) were used for testosterone, free
testosterone, androstenedione, prolactin, and SHBG, because levels did not vary
substantially between the phases[15, 16]. Values from luteal or untimed samples of DHEA,
DHEAS, IGF-I, IGFBP-3, and GH were used. We calculated spearman correlations among
all hormones under study (Supplementary Table 1s).

We log-transformed hormone concentrations to improve normality and used general linear
models to calculate adjusted geometric means for each hormone by category of exposure.
Exposures consisted of age at menarche (<12, 12, 13, >13 years), menstrual cycle length
(<26, 26-31, 32-39, >39 days) and regularity (very regular, regular and irregular) at age 18—
22, menstrual cycle length (<26, 26-31, >31 days) and regularity (very regular, regular and
irregular) in adulthood. We calculated the percent difference in the geometric means for the
top versus bottom category as (eP—1)x100. Tests for trend (Pyeng) Were conducted using the
Wald statistic[17]. For all exposures we conducted secondary analyses excluding
anovulatory cycles (progesterone level<400 ng/dL were defined as anovulatory), irregular
cycles (not for adulthood menstrual regularity) and cycles with extreme luteal days (<3 or
>21 days). Additionally, analyses excluding women with menstrual length >40 days were
conducted for menstrual length analyses. We additionally reported results using Bonferroni
correction for multiple comparison.

Multivariable models were adjusted for age at blood draw, fasting status, time of the day, and
month of blood draw, luteal days, and ovulatory status of the cycle to increase precision in
the effect estimates. We also adjusted a priori for body size at age 10, BMI at age 18, BMI at
18 squared, adult BMI, adult BMI squared, duration of past oral contraceptive use, physical
activity (metabolic equivalents (METS) from recreational and leisure-time activities),
smoking status and alcohol intake. Sensitivity analyses were conducted where selected BMI
variables were not adjusted in the models, e.g., BMI at age 18 and in adulthood were not
adjusted in age at menarche analyses). All analyses were conducted using SAS software,
version 9.2; all p-values were two-sided.
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RESULTS

2,745 women comprised the study population. The mean age at blood draw was 43 years
and mean BMI at blood collection was 26 kg/m? (Table 1). The majority of women were 12
or 13 years old at menarche. The most common menstrual length was 26-31 days, both at
age 18-22 and in adulthood. 77% of women at age 18-22 and 94% of women in adulthood
reported regular cycles. The mean time between the return of the 1993 questionnaire and
blood collection was 51 months. All hormones were in the expected ranges for
premenopausal women [18].

Early age at menarche was associated with higher early-follicular free estradiol (percent
difference >13 years vs <12 years=—11%, Pyeng=0.02), early-follicular estrone (-7%,
Pirend=0.04), luteal estrone (=7%, Pireng=0.05) and free testosterone (8%, Pireng=0.04).
Early age at menarche also was suggestively associated with higher early-follicular total
estradiol (=9%, Pireng=0.05), luteal total estradiol (—8%, Pieng=0.06) and luteal free
estradiol (=9%, Pireng=0.05). Similar trends also were observed for early-follicular (-13%,
Pirend=0.16) and luteal estrone sulfate (-16%, Ptenq=0.11), despite sample size (Table 2).
After exclusion of anovulatory, irregular cycles and cycles with extreme luteal days, results
for estrogens were slightly attenuated while results for free testosterone was unchanged
(Table 2 and Table 5). When BMI at age 18 and adult BMI were not adjusted, the association
with free testosterone was stronger (—=14%, Pyeng<0.001) and earlier age at menarche was
also associated with lower SHBG levels (13%, Pyeng <0.001) (data not shown).

Short menstrual cycle length at age 18-22 was associated with higher levels of early-
follicular total (>39 vs. <26 days=-18%, Pireng=0.001) and follicular free estradiol (-=16%,
Pirend=0.004), and early-follicular estrone (—9%, Pyeng=0.03) (Table 3). In contrast, short
menstrual cycle length at 18-22 was associated with lower luteal free estradiol levels (14%,
Pirend=0.02). Moreover, short menstrual length at 18—-22 was associated with lower
progesterone levels (14%, Pieng=0.05), total (6%, Pieng=0.04) and free testosterone (15%,
Pireng=0.001) but higher SHBG levels (7%, Pteng=0.02) (Table 3). After the exclusion of
anovulatory, irregular cycles and cycles with extreme luteal days, all associations remained
unchanged. However, when excluding women with menstrual cycle length at 18-22 >40
days, results for estrogens were slightly attenuated (data not shown). Results remained
largely unchanged when adulthood BMI or all the BMI variables (including body size at age
10, BMI at 18-22 and adulthood BMI) were not adjusted (data not shown).

The results observed for adult menstrual cycle length were very similar to that of ages 18-22
(Table 3). For example, short adult menstrual cycle length was associated with higher early-
follicular total estradiol (>31 days vs. <26 days=—14%, Pten,d=0.04) and lower luteal estrone
(8%, Pyend=0.04). After the exclusion of anovulatory, irregular cycles and cycles with
extreme luteal days, results for luteal estrone, total testosterone and androstenedione were
attenuated (Table 3). Results remained largely unchanged when not adjusting for any BMI
variables or when excluding women with adult menstrual cycle length >40 days (data not
shown).
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Menstrual cycle irregularity at age 18—-22 was associated with lower levels of early-follicular
total estradiol (irregular vs very regular=—14%; Pyeng<0.001), early-follicular free estradiol
(—14%, Pyeng<0.001) and early-follicular estrone (=8%, Pirend=0.004) but higher
testosterone (4%, Pieng=0.05) (Table 4). After the exclusion of anovulatory cycles, irregular
cycles, and cycles with extreme luteal days all associations remained unchanged (Table 4).
Results were similar when adulthood BMI or all the BMI variables were not adjusted (data
not shown).

Adulthood menstrual cycle irregularity was associated with lower luteal total estradiol
(irregular vs very regular=—8%; Pynd=0.01). Those with irregular cycles as adults had
higher total (8%, Pte,d=0.01) and free testosterone (11%, Pireng<0.001) but lower SHBG
(—=3%, Pieng=0.02) (Table 4). After the exclusion of anovulatory cycles and cycles with
extreme luteal days, adult menstrual cycle irregularity additionally was associated with
lower early-follicular total (=14%, Peng=0.002) and free estradiol (—13%, Pten,d=0.01) and
luteal estrone (-4%, Pirend=0.04), whereas the result for total testosterone was attenuated
(Table 4). Results remained essentially unchanged when not adjusting for any BMI variables
(data not shown).

We evaluated the statistical significance after adjustment for multiple comparisons. For each
menstrual cycle characteristic, we conducted 19 Wald tests corresponding to Pyeng for each
hormone. Therefore, using the conservative Bonferroni correction with 19 tests, the adjusted
a level was 0.05/19=0.003. With significance level a=0.003, associations that remained
statistically significant were: menstrual cycle length at age 18-22 with early-follicular total
estradiol and free testosterone levels, adult menstrual cycle length with total and free
testosterone levels, cycle regularity at age 18-22 with early-follicular total and free estradiol
levels, and cycle regularity in adulthood with free testosterone levels.

DISCUSSION

In this study of 2,745 premenopausal women, we observed that early age at menarche was
associated with higher estrogens and free testosterone in adulthood; short menstrual cycle
length at age 18-22 and in adulthood was associated with higher early-follicular estrogens
and SHBG, but lower luteal estrogens, progesterone and androgens; menstrual cycle
irregularity at age 18-22 and in adulthood was associated with lower estrogens but higher
androgens.

Many previous studies investigated age at menarche with estrogen levels. Two studies found
that early age at menarche was associated with higher estradiol or estrone in adolescence[5,
19], however, studies among women over 20 years old had inconsistent results[5-9, 20-22].
With two timed samples per cycle and the largest sample size to date, we observed that early
age at menarche was consistently positively associated with each of the estrogens measured,
though the associations were modest or borderline significant. Studies that found higher
estrogen levels with earlier age at menarche tended to have multiple samples timed across a
menstrual cycle[6, 19, 22], whereas studies with null findings tended to have two or fewer
samples[8, 9]. Estrogen levels are highly variable across the cycle, thus more samples
collected during a cycle may enhance the chance to detect the difference of estrogen levels
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across age at menarche categories. It is also possible that as time since menarche increases,
the strength of the relation with estrogen levels is diminished.

It is possible that higher estrogen levels are part of the physiologic trigger of menarche
resulting in earlier onset, with perimenarchal estrogen levels positively correlated with
adulthood estrogen levels [6]. Apter et al. found that girls with early menarche had a larger
increase in serum estradiol at about 10 years old, and after that age the concentrations
remained higher than in girls having later menarche [23]. Common genetic background may
be another factor underlying the association; some studies found that the variant allele A2 of
CYP17 is associated with higher estrogen levels[24, 25] and earlier age at menarche[26, 27].
Perimenarchal BMI is one of the important factors provoking menarche[28], however,
whether adjusting for body size at age 10 did not have an impact on the results.

In the present study we also noted that early age at menarche was associated with higher free
testosterone levels, which is likely driven by lower SHBG level. Findings on the relation of
age at menarche with SHBG have been mixed [6, 8, 9, 21, 29, 30], but the studies varied
greatly in sample size, temporality, and analytic models. Similar to our finding, Moore et al.
demonstrated that late menarche was associated with increased SHBG, and BMI adjustment
reduced the magnitude of the association [30]. Earlier age at menarche predicts higher
adulthood BMI [31], and BMI has been shown to be negatively associated with SHBG [32-
34]. Therefore, the association between age at menarche and SHBG levels is likely to be
mediated through BMI.

We observed that short and regular menstrual cycles, correlated in our study population,
were associated with higher plasma early-follicular estrogens. Regular menstrual cycles also
were associated with higher luteal estrogens, whereas short cycles were associated with
lower luteal estrogens, although most trends were not statistically significant. These findings
are consistent with previous studies[35, 36]. For example, Mumford et al. found women with
short cycles (<26 days) had higher serum follicular estradiol but lower serum luteal
estradiol[35]. It is possible that the biologic mechanism underlying the common variation of
short cycles and regular cycles is the status of follicular growth and development. Most of
the variation in menstrual cycle length is observed in follicular phase [37]. Short and regular
cycle may be associated with advanced follicle recruitment and steady follicle growth with
good quality and rhythm[38, 39]. This may lead to higher estrogen concentrations during
follicular phase as estrogen is produced by the granulosa cells of the pre-ovulatory follicle.
The Harlow et al. study supports this hypothesis as they found that the most common
estrogen pattern in long follicular phases is consistent with delayed emergence of a
dominant follicle and another was a pattern consistent with demise and replacement of a
dominant follicle[39]

We noted that long menstrual cycle length and irregular cycles at two time points were
associated with higher androgens and lower SHBG levels. These findings are consistent with
previous studies of plasma or salivary hormones in cycling women[40, 41]. This hormonal
pattern is also seen in polycystic ovary syndrome (PCOS). PCOS is characterized by
anovulation or oligoovulation (cycles of =36 days or <8 cycles a year), plus
hyperandrogenism and hyperinsulinemia[42]. Moreover, there is an approximately 50%
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reduction in circulating SHBG, a response to the increased testosterone, in anovulatory
women with PCOS, and in women with hyperinsulinemia, due to a direct insulin effect on
the liver[42]. As noted by Anders et al., this hormonal pattern seen in a clinical population
can be extended to healthy adult women[41]. It is possible that higher androgen and lower
SHBG levels among women with long and irregular menstrual cycles is driven by
underlying or preclinical PCOS. That the total testosterone and androstenedione associations
were attenuated after the exclusion of anovulatory cycles supports this hypothesis.
Unfortunately, we were unable to validly classify women as having PCOS based on self-
report, however future studies should investigate this subgroup.”

Short menstrual cycle length in early and later adulthood were associated with lower
progesterone in later adulthood, especially after the exclusion of anovulatory, irregular
cycles and cycles with extreme luteal days, despite relatively low within-person intraclass
correlation coefficient (ICC) of progesterone over 3 years (0.29)[43]. Consistent with our
study, Mumford et al. also found that women with short cycles had marginally lower
progesterone levels[35]. Windham et al. noted that short follicular phase length was
associated with elevation of progesterone whereas short luteal phase length was associated
with lower progesterone[22], indicating the association between cycle length and
progesterone might have been driven by luteal phase length. It is possible luteal phase length
reflects the development and growth of the corpus luteum that has a primary function of
producing progesterone.

Few associations were observed for estrone sulfate, progesterone, androstenedione, DHEA,
DHEAS, prolactin, GH, IGF-1 and IGFBP-3. Previous studies of age at menarche and
progesterone had mixed results, as Westhoff et al. observed a greater progesterone level
among those with a later age at menarche[20], while Verkasalo et al. found no
association[9]. Consistent with our study, Dorgan et al. found no associations between age at
menarche and estrone sulfate, androstenedione, and DHEAS[29]. Findings on relations of
age at menarche with IGF-1 and IGFBP-3 were not consistent[44][45]. However, a recent
pooled analysis of 17 prospective studies found that IGF-1 and IGFBP-3, adjusted for age,
were inversely associated with age at menarche with small magnitude[46].

Our study represents the largest on menstrual cycle characteristics and endogenous steroid
hormone, SHBG, prolactin, and growth factor levels among premenopausal women.
Notably, the blood draw samples are timed within the menstrual cycle, allowing relatively
accurate assessment of estrogen concentrations during the early-follicular and mid-luteal
phases. We were able to adjust for many potential confounders and minimal confounding
was observed. The results for menstrual cycle length and irregularity at age 18-22 and 3-6
years prior to blood draw were similar. While age at menarche, menstrual cycle length and
regularity at age 18-22 were recalled at baseline, it is unlikely that the recall was associated
with hormone levels. Thus any potential misclassification due to recall would be non-
differential with respect to hormone levels and lead to attenuation of overall associations.
Although we are limited to samples collected during one menstrual cycle, a prior
reproducibility study provides evidence of reasonable stability across a three-year period
[43].
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Our study provides evidence of modest associations between age at menarche and estrogens
and testosterone levels, and evidence of associations between menstrual cycle length and
irregularity in early and later adulthood and estrogen, testosterone, progesterone and SHBG
levels, among mid to late reproductive age women.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Table 1

Characteristics of premenopausal women in the Nurses’ Health Study Il (n = 2,745).

Mean (SD) or %

Age at blood draw (yr)

BMI at age 18 (kg/m?)

BMI at blood draw (kg/m?)
Parous, %

Parity (among parous women)
Past oral contraceptive use, %
Ever smoker, %

Alcohol intake (grams/day)

Physical activity2 (METs/week)
Time between return of 1993 questionnaire and blood draw (months)
Age at menarche (yr), %
<11
12
13
214
Menstrual cycle length when age 18-22 (days), %
<25
26-31
32-39
>40 or irregular
Menstrual cycle regularity when age 18-22, %
Very regular
Regular
Irregular
Menstrual cycle length in 1993 (days), %
<25
26-31
232
Menstrual cycle regularity in 1993, %
\fery regular
Regular

Irregular

427 (4.0)
21.1 (3.1)

25.6 (5.8)
80.9
23(0.9)
84.6
30.6
36(7.0)
19.1 (22.8)

51.4 (9.5)

22.2
29.7
28.6
195

10.3

65.3
16.6
7.9

42.3
34.8
22.9

17.0
70.7
12.3

68.6
25.0
6.5

Median (10t — 90t percentile)

Estradiol, pg/mL
Follicular phase
Luteal phase

Free Estradiol, pg/mL

Follicular phase

465 (22.2 -101.1)
133 (72 - 236)

06(0.3-1.2)
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Mean (SD) or %

Luteal phase
Estrone, pg/mL
Follicular phase
Luteal phase
Estrone Sulfate, pg/mL
Follicular phase
Luteal phase

Progesterone, ng/dL

1.7 (0.9-2.8)

40.6 (25.0 - 67.6)
84.2 (51.0 - 143.1)

662 (299 — 1528)
1462 (574 — 3300)
1404 (252 — 2748)

Testosteroneg, ng/dL
Free testosterone'?, ng/dL
Androstenedione3, ng/dL
DHEA, ng/dL

DHEAS, ug/dL

SHBG?, nmol/L
Prolactin*?, ng/mL

GH, ng/mL

IGF-1, ng/mL

IGFBP-3, ng/mL

235 (14.3-36.7)
0.2 (0.1-0.4)
100 (61 - 162)

615 (346 — 1130)
87.9 (40.0 - 164.2)
64.6 (32.0 - 116.5)

14.3 (8.1-27.4)

0.2 (0.1-4.0)
240 (153 - 344)
4813 (3823-5972)

1
Among parous women only (n = 2213).

Page 14

ZAbbreviations: BMI = body mass index; DHEA = dehydroepiandrosterone; DHEAS = dehydroepiandrosterone sulfate; SHBG = sex hormone
binding globulin; GH = growth hormone; IGF = insulin-like growth factor; BP = binding protein

3 . .
Average of follicular and luteal phase levels when available

Cancer Causes Control. Author manuscript; available in PMC 2018 December 01.



Page 15

Farland et al.

"aeIul [oyoaje pue Aloisty Bumjows ‘Aianoe [eaisAyd ‘asn sandaoesiuod Jeio ised Jo uolreinp ‘|G Jnpe ‘8T abe 1e |[INg

‘0T abe 1e 8z1s Apoq ‘(T1p/Bu 00 < duoisisaboid Aq paulyap) sniels Aloje|nAoue ‘sAep [esin] ‘Melp poojq JO Yiuow ‘ melp poojq 0 Aep Jo awil * snjels Bunse} ‘Melp poojq Je abe ‘yoreq Aesse 1oy paisnipy

T

900
97’0
€20
€00

8T'0 6T°0 670 0C0
8 ¥8 g8 88
(014 114 144 114

850 650 090 v90

0ceT
06¢T
€911
8TTT

3U0431S01S3) 931
[es1nT ‘auosisg
J1e|nol|jo ‘auodisg

TwyBd ‘sejnaifjod ‘joipens3 8ai4

mwbmn |ea1n| awalixa Builaodas uswom pue ‘sajokd aejnbalil pue Aiorejnaoue Buipnjox3

Sz'0 Ty Tply  6¥8y €087 98T Jw/bu ‘g-dg49I
09°0 €€z 1€ 8€T  €eT  L8LT Tw/bu ‘T-49]
v1°0 050 6€0 IS0 850  v8F Jw/bu ‘HO
18°0 o7 o1 o7 2 6 Twy/Bu ‘unejold
€0 9 29 9 79 €961 /1owu ‘OgHS
160 8 98 S8 VCIATA p/bn ‘svyaHa
A T19  8¥9 965 €09  6lF P/bu e vIHA
120 66 16 20T 20T %29 71p/bu ‘suoipausisolpuy
v0'0 6T0 6T0 610 020 2€9T p/Bu ‘suoieisoisa] 934
02°0 €z €z €z vz ¥00C p/Bu ‘auoIBISOIS3L
080 Z80T  /S0T 080T €80T 0291 Ip/Bu ‘auoszisahold
1T°0 €6€T  CvET  08ET  08ST  2G¥ TwyBd * [esinT ‘srepng suouis3
91'0 919 €9  ¥69  90L vy  Tw/Bd “uendrjjod ‘sreyng auons3
500 28 8 8 68 €091 Juwy/6d ‘ [eain ‘suons3
00 or oy 134 e EWpT Twy/Bd “rejnoi|jod ‘suons3
500 85T 69T S9T €LT  6€ST Tw/Bd * [esinT ‘joIpessy 3914
200 950 850 850 €90 88€T  Tw/Bd ‘renarjo4 ‘oipels3 9a.4
900 9¢T €8T TET  LE€T  GSGT Tuwy/Bd ‘ jeain ‘joipensy
500 9y 14 Ly 05  veyt Tw/6d ‘renotjjod ‘|otpens3
Pued ere et w7 U

(1A) ayoseusw 1e aby

‘uswom [esnedouswiaid Ul aya.seus Je abe Jo AloBeyed Ag si01oe) Yimoub pue ‘unoejold ‘OEHS ‘SeUOLLIOY PI0IB]S X8S JO £S|aA3] UeaW J1I18W089)

Author Manuscript

¢ dlqeL

Author Manuscript

Author Manuscript

Author Manuscript

Cancer Causes Control. Author manuscript; available in PMC 2018 December 01.



Page 16

Farland et al.

"a1ep MeJp poojq
[eain] snuiw porsad [ensisuswl 1Xau ayp Jo Aep 1si1) 8y} JO aep A pale|ndjed - Aep [ealn] awalxa ‘sAep / —/+ Ueyl Ja1ealb Jo 91942 0] 3]9A2 WOI UoIeLIRA - $3]9AD Jejnbaul “1p/Bu 0op=> auoiasaboid ewse|d
- A10jB|NAOUR SB paulyap SUOISN|IXT “UOISN|OXa By} Jalje JuedlIubis Aj[eonsiels awedsq eyl SsuoWIoy pue uswom |fe Buouwre spuasy JueayIuBIs Aj[esnsnels Yim ssuowioy asoy) 10y pakeldsip &_:mwmm

"uolIssalBal Jeaul] aeLIeAINW AQ parewnsa 1sa) plep 8yl Buisn ‘ayaseusw Je abe Jo sueipaw Alofisjed ssooe pusl FN

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Cancer Causes Control. Author manuscript; available in PMC 2018 December 01.



Page 17

Farland et al.

¢e0 .8 G8 €8 |ean ‘auois3y
100 8¢ or 144 534 Jejnaijjo4 ‘suois3
¢0'0 8T 6.7 69T V91 1ea1n ‘|o1pe.Iss 88l
100 050 090 €90 T00°0 ¢s0 950 190 190 Je|naljjo4 ‘|oipeiss 8ald
T00°0 or Si% 4] T00°0> 1474 14 0S €9 Je|ndljjo4 ‘joipesnis3

,SAep [ealn| swaulxa Bunaodaa uswom pue ‘ssjako aenballl pue Aiorejnaoue Buipn|ox3

IS0 8S/ 68y YOSy  Zv'0 96y 608y 66y  OTLY Tw/Bu ‘e-dgd49l
920 172 ssz see 850 Tt A AN r AN 4 Tw/Bu ‘T-491
W0 TF0 250 IS0 610  EY0 650 250 250 w/bu ‘HO
€60 51 51 ST 50 ST ST ST ST Tuwy/Bu ‘unoejoid
100 65 €9 59 200 179 09 £9 99 /l0wu 'DgHS
120 88 58 z8 290 68 €8 8 S8 p/6n ‘SvaHa
600 199 ¥29  ¥8S €80 69  G89 09 TT9 p/bu e v3HA
200 0T T0T 6 9.0 86 20T 00T /6 Ip/Bu ‘3uoipauzisopuy
1000> 220 610 8T0 1000 TZ0 020 610 8T0 Ip/Bu *auoJalsolsa) 89l
200°0 52 €2 44 00 74 vz £z £z Ip/Bu ‘auousISOISaL
200 60T 160T 296 S00  20TT  O00TT T80T 196 1p/Bu *auciaisabold

6T°0 eSyT  LEVT  T19¢T 860 T09T  66TT 60YT VT Twy/Bd * [esynT ‘aye4Ing suouis3
L¥'0 189 8.9 6€9 €60 169 6€9 989 Gr9  wyBd ‘ejnoijjo4 ‘sre4ns suouis3

v0'0 88 S8 18 780 8 68 98 28 Juwy/6d * feain ‘suons3
1780 or v 134 €00 6 or 7 34 Tw/Bd ‘renoijjod ‘auons3
80°0 LT 19T 68T 200 08T 69T 99T 89T Tw/Bd * [eainT ‘joIpesisy vl
€10 €60 650 650 Y000 ¢S50 950 090 290  w/Bd enanjod ‘oipels3 9a.d
7€°0 veET  2€T 8l 82°0 8€T  0ET €eT  9eT TJwy/Bd * [eain ‘|oipens3
00 ra4 8y 8y 1000 144 144 6 6 Twy/Bd ‘senaiyjo4 ‘|opels3

gPuen-d  ec 1egz  gz> PUMHD e geze Te-9z 92>
poouylinpe ul ybuaj aj9AD 22-8T abe 1e y1bus| 994D

‘uswiom [esnedouswsaid Buowe
pooylnpe ul pue zz—8T abe 1e yibus| 8oAd fennsusw [ea1dA) Ag 10308} YIM0IB pue ‘Undejoid ‘OGHS ‘SauOWLIOY PI0JaIS XaS JO ;S[aAS] UBaW I1I1BWO09D)

€ 9lqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Cancer Causes Control. Author manuscript; available in PMC 2018 December 01.



Page 18

Farland et al.

"31ep MeJp poolq

[eain] snuiw porad [ensisuswl 1xau ayp Jo Aep 1si14 3y} JO a1ep Aqg pale|ndjed - Aep [esin] swalixa ‘sAep / —/+ uey) 181ealh Jo 5]9A2 0} 31942 WOIH UoIelIeA - $3]19AD Jejnbauil “1p/Bu Oop=> auoisisaboid ewse|d
- A1031e|NAOUE SE Paulyap SUOISN|IXT "UOISN|IXd 8y} Jaiye Juedliubis A|[eansiels awedaq Jeyl SSUOWIOY pue UsWom |e Buowe spuaJy Juediubls AJ[ednsiels Yim ssuowioy asouy o) pake|dsip synsay

&

‘uolssaBal Jeaul] ayereARNINW AQ PaTewIIss 1581 PleAA 8yl Buisn ‘Meip poojq o1 Jolid sieak 9—g 1o zz—8T abe 1e yibua| 81940 [enisusw Jo suelpaw A10631ed SS0I0. pual).

4

“ayelul

Joyoaje pue Aloisiy Bujows ‘Ananoe [eaisAyd ‘asn aandaseliuod [eso ised Jo uoreinp ‘JING 3npe ‘8T abe 1e |INg ‘0T abe 1e az1s Apoq ‘(1p/Bu 00w< auoiaisaboid Ag pauijap) sniels Aloyejnaoue ‘shkep [eain|
‘MeJp poojq 0 yuow ‘ melp poojd J0 Aep Jo awii * snyels Bunsey ‘Melp poojq Je abe ‘yoyeq Aesse 1o} paisnipe aiam SISO g 3|de} ul pauioday 'sainsodxa SS0Joe JueISU0D SBUOWIOY 10 8zIs d|dwes [ejo)

T

€000 89 59 89
010 <01 <01 76
100°0> T¢0 6T0 LTO
170 €¢ €¢ [44
1000 G9ST  899T  8SET

100 €9 19 59 69

1000 T¢0 0C0 610 8T0
1Y ve € €¢ €¢C
100 6E9T  ¢€ST 899T  ¢cel

94dHS
3UOIPAURISOIPUY
3U019)S01S8) 991
8U0191S01S8|

8u04a159h0.1d

ZPuad  gec 1e9z  gz>
poouylnpe ui yibus| ajakD

gPuend g geze Te9z 97>
2281 8be 1e y1bus) 8joAD

Author Manuscript Author Manuscript

Author Manuscript

Author Manuscript

available in PMC 2018 December 01.

Cancer Causes Control. Author manuscript



Page 19

Farland et al.

00 €8 Z8 18 [esIn ‘suolisq
000 6€ (014 44 Je|nai|jo4 ‘auoss3y
T00 €90 9590 190 T00°0> 50 650 79'0 Jenaljjo- ‘[o1pelisa 9.4
700 TET [4%) 6ET |eain ‘|oipelis3y
2000 544 °14 0s T00'0> 144 Ly Zs Jejnaijjo ‘[olpess3
m.ﬁmu |eain| awalixa Bunaodas uswom pue Alorejnaoue Buipn|oxg
AN 16917 9G.y 9081 €90 S6.LY 1181 9Lly qw/Bu ‘g-dg491
690 9¢¢ JAXA 414 00T %4 144 vec qw/Bu ‘T-49]
880 0S50 617°0 150 G20 8¢€°0 LGS0 617°0 qw/bu ‘HO
620 1 9T 1 S0 1 1 1 Twy/Bu ‘unoejoid
200 29 09 79 ¢s0 €9 9 79 /10w 'DgHS
v.'0 8 G8 98 ¢80 a8 €8 S8 p/6n ‘'svaHa
9€'0 589 169 209 €10 959 509 009 P/BU g vIHA
8G90 T0T ¢0T 00T 09'0 10T 66 66 p/Bu *suoipausisolpuy
T00'0> 120 120 6T0 LT0 0c0 6T0 6T0 p/Bu ‘au0IB)S0ISa] 8814
T00 14 14 €¢ S00 ve €¢ €¢ 1p/Bu ‘suo.alsoIsal
9T'0 00T 8G0T €80T 10 060T €80T 0T Tp/Bu ‘auoiarsabold
160 T8GT 9eeT 9Tv1 660 T6ET 8LET 06€T Twy/6d * [eainT ‘areyns suons3y
6€0 08L 99 G99 €0 069 00L v9 Twy/Bd ‘rejnoifjo4 ‘syey|ng suons3y
100 €8 Z8 98 600 18 98 98 w/Bd * [eain ‘suons3y
G980 44 or 144 ¥00°0 6€ 194 44 TwyBd ‘renoifjo4 ‘suoisy
LT0 19T 79’7 89T €90 9T 69T 19T w/Bd * [eainT ‘joipens3 8a14
9T'0 990 990 650 T00°0> €90 690 290 Twy6d ‘reynoiyjo4 ‘|oipens3 ssid
T00 €1 12T VET 120 8¢T €eT e Twy/6d * feain ‘joipens3y
500 14 14 8y 000>  €F Ly 0S Twy/Bd ‘senaiyjo4 ‘|opels3
ZPuand  pinfain;  aenBey  Jenbas fusn  gPU D ypinBais  aenBoy  JejnBas Ausp

pooyynpe ui uiayred 81942 [enasusin

22—8T abe 1e uianed 9]9Ad [ensisusin

"uswiom [esnedouswaid

ul pooyynpe ul pue zg—gT abe Je usayed 81949 [ennsusw [ea1dA) Aq $1019e) YIMoIB pue ‘undejoid ‘OEGHS ‘SBUOWLIOY PIOJAIS X8S JO ;S|9AS| UBSL I}

Author Manuscript

¥ alqeL

Author Manuscript

Author Manuscript

Author Manuscript

Cancer Causes Control. Author manuscript; available in PMC 2018 December 01.



Page 20

Farland et al.

*31ep MeJp poolq

[ean| snuiw poriad [enJisusw 3Xau 8y} Jo Aep 1Sl 33 JO a1ep Ag paje|ndled - Aep [eain] awalixa ‘sAep / —/+ uey} Ja1eaib Jo 81942 0} 8]9A9 WOIY UOIELIBA - SBJ0AD Jenfaul “Ip/Bu Qoy=> suoislsabold ewseld
- A10Je|NAOUR Se paulap SUOISN|IXT "UOISN[OXa 8y} Jaije Juediiubis A|[eonsiiels aweoaaq Jeyl SaUOWIoY pue uswom |fe Buowre spua.i Juediiubis Aj[eansiiels Yim sauowioy asoyl 4oy pake|dsip synsey

&

‘uolssalbal Jeaul] arerJeAnnw Aq parewnss 1sa1 piem ayl Buisn ‘melp poojq 01 Joud sieak 9—¢ 10 zz—8T abe 1e uianed 8]oAd [enssusw Jo saliofaled ssoioe puall

4

“ayeIul

Joyoaje pue Aiolsiy Burjows ‘Ananoe [eaisAyd ‘asn anndasesjuod jelo ised Jo uonelnp ‘|Ag 3npe ‘gT abe 1e [INg ‘0T abe 1e az1s Apoq ‘(Tp/Bu 0op< suolalsebold Ag paulep) snieis AlojejnAoue ‘sAep [ealn|
‘MEJIp POOJQ JO LuoW * MeJp poojq Jo Aep Jo awin * snyeis Bunsey ‘melp poojq 1e abe ‘yoreq Aesse oy paisnlpe aiam S|BPOIA “Z 8]gel Ul parioday 'sainsodxa SSoJoe JURISUOD SBUOWLIOY Joj 8zIs ajduwies [e10]

N.
100 99 19 99 94dHS
T00 0c0 0¢’0 810 9U0.9)S01$9) 9914
10 ve €¢ €¢ y1°0 e €C €¢ 8U0491s01s8 L
ZPuend  pinfon  aenbey  Jsenbaa Assn ZPU D pinBeisy  aenBey  aepnbed Auep

pooyynpe ui uayred 8j9Ad [enaisusin

22-8T abe 1e uianed 91940 [enaIsus|N

Author Manuscript

Author Manuscript

Author Manuscript Author Manuscript

available in PMC 2018 December 01.

Cancer Causes Control. Author manuscript



Page 21

Farland et al.

pooyynpe ui pue 8T abe Je xapul ssew Apog 1o} paisnipe 1ou uaym Juedistubis \A__mo_um_gﬁmNv

uiingo|f Buipuiq suowloy Xas = wm__._mm
*(ayep melp poojq [esIn| snuiw poliad [enJisus 1Xau ay3 Jo Aep 1siiy 8y} Jo a1ep Aq palejnajed) Aep [esin] sWwalixs Ue Uo pajas||od sajdwes poolq
Yim sajaAd pue ‘(sAep / —/+ uey} Jarealh Jo 8942 01 81949 WOl uoneLeA) 81942 JejnBalil pue (p/Bu po=> auoisisabold ewse|d Aq paulyap) A10Je|NAOUER JO UOISN|IX3 Ja1e JuedyIubIs Ajjeansnels mESmm_N

"g-urajold Buipuiq J019e} YIMOIB 31-UINSUI puB ‘T-103084 YIMOIB 8X1j-uljnsul ‘auowioy

- - - #t €0gHS

ot + auoJa1sabo.d

+ + + + - suaboupuy

_ + + - suabo.is3 [esin]

z- - - - - suafouls3 se[noijjo4
pooyinpe ui 2281 afe Je pooyynpe ur  zz-gT 8bele  syoseusw

ArenBaaar 919D Aenbaaar 819K yibus) ajoAD  yibua 81940 1e aby

TUO0N99]109 ewse|d JO awil 8yl 1e sIeak gG—z¢ abe ‘|| ApniS yieaH ,SasINN 8y}
woJ4y uswom Jesnedouswald G/ ‘g Ul ssuowioy snousbopua pue sansLIB1oRIRYI 31940 [eNJISUSW USaMIBQ SUOITRID0SSE JuedljIubis Ajjeansnels Jo Arewwns

G 9lqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Cancer Causes Control. Author manuscript; available in PMC 2018 December 01.



	Abstract
	INTRODUCTION
	METHODS AND MATERIALS
	Study population
	Exposure and covariate data
	Laboratory assays

	Statistical Analysis

	RESULTS
	DISCUSSION
	References
	Table 1
	Table 2
	Table 3
	Table 4
	Table 5

