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Abstract

Background: After menopause, several androgens continue to be produced primarily by the adrenal glands; these can be
converted into estrogens via aromatization or into androgen metabolites. It is unclear if androgens are associated with
endometrial cancer risk independently of their being precursors to estrogens or if alternative metabolic pathways influence risk.
Methods: We measured prediagnostic serum concentrations of 12 androgens and their metabolites using highly sensitive
liquid chromatography–tandem mass spectrometry assays in a nested case-control study of postmenopausal women from
the Women’s Health Initiative Observational Study (313 endometrial cancer case subjects, 354 matched control subjects).
Estrogens were previously assayed. We used conditional logistic regression to estimate odds ratios (ORs) and 95% confidence
intervals (CIs) for endometrial cancer with adjustment for confounders.
Results: Compared to the lowest concentrations, the highest levels of adrenal androgens were associated with increased
endometrial cancer risk: dehydroepiandrosterone (5th vs 1st quintile: OR ¼ 1.85, 95% CI ¼ 1.06 to 3.25), androstenedione (OR¼
2.36, 95% CI ¼ 1.34 to 4.16), and testosterone (OR¼ 1.91, 95% CI ¼ 1.12 to 3.24). Downstream androgen metabolites were not
associated with endometrial cancer. Although increased risks for the parent androgens were still suggested after adjustment for
unconjugated estradiol, the associations attenuated, and with the exception of androstenedione, were no longer statistically
significant. We also evaluated ratios of estrogens relative to their androgenic precursors; both higher unconjugated
estrone:androstenedione and higher unconjugated estradiol:testosterone were associated with increased endometrial cancer risk.
Conclusions: We identified increased risks for endometrial cancer with the highest levels of adrenal androgens and high
levels of estrogens relative to these androgens. As adrenal androgens can be aromatized to estrogens, this suggests
androgens likely influence endometrial carcinogenesis via estrogen metabolism.

Higher estrogen levels over the life course, especially when
unopposed by progesterone, are a well-known risk factor for en-
dometrial cancer (1). We reported that many estrogens and es-
trogen metabolites are associated with substantially increased
risk for endometrial cancer in postmenopausal women (2).
However, after menopause, estrogen levels decrease markedly

and endometrial cancer risk is highest. Several androgens con-
tinue to be produced primarily by the adrenal glands; these can
be converted into estrogens via aromatization or into androgen
metabolites. It is unclear if androgens influence endometrial
cancer risk through their being precursors to estrogens or if al-
ternative androgenic metabolic pathways can influence risk.
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Existing prospective studies exploring circulating androgens and
endometrial cancer relied on assays with limited sensitivity (3,4).
Another analysis used highly sensitive liquid chromatography–
mass spectrometry (LC-MS) assays, but measured androgens in
serum drawn at the time of cancer diagnosis (5).

We determined whether prediagnostic circulating androgens
were associated with endometrial cancer risk using data from a
nested case-control study of postmenopausal women from the
Women’s Health Initiative (WHI) Observational Study (OS). We
measured 12 androgens and androgen metabolites in prediag-
nostic serum using LC–tandem mass spectrometry (LC-MS/MS).

Methods

Study Population

The WHI-OS is a prospective cohort that enrolled 93 676 post-
menopausal women, aged 50 to 79 years, at 40 US centers be-
tween 1993 and 1998 (6, 7). Women who had medical conditions
with a predicted survival of less than 3 years or adherence/
retention issues or who were participating in a clinical trial
were excluded. At baseline, women in the WHI-OS completed
self-administered questionnaires and had a physical examina-
tion, which included measurement of height and weight for the
calculation of body mass index (BMI).

Our analyses use data from a nested case-control study within
the WHI-OS. We described the details of this study in an analysis
of estrogen metabolites and endometrial cancer risk (2). To sum-
marize, we identified women with incident invasive endometrial
cancers diagnosed between study initiation and May 2012 as case
subjects. Cancers were confirmed by centrally trained physician
adjudicators according to Surveillance, Epidemiology, and End
Results (SEER) guidelines (8). We excluded both case subjects and
control subjects from selection if they had a history of cancer at
baseline other than nonmelanoma skin cancer, were current
users of exogenous hormones, or did not have at least 1.1 mL of
baseline serum available. Control subjects were shared with a
nested case-control study of ovarian cancer (2,9), which allowed
our frequency matching control subjects at least 1:1 with endo-
metrial cancer case subjects, within strata of age at blood draw
(50–54, 55–59, 60–64, 65–69, 70–74, 75–79 years); year at blood draw
(1993–1996, 1997–1998); race/ethnicity (white, black, Hispanic,
other/unknown); and time since last menopausal hormone ther-
apy (MHT) use (�1, >1 year/never). Control subjects were alive
and did not have hysterectomy at the time of diagnosis of their
matched case or during follow-up. There were 313 endometrial
cancer case subjects and 354 control subjects in this analysis. The
mean time from sample collection to diagnosis was 6.9 years
(SD¼ 3.7 years, range¼ 45 days–15.0 years).

Approval for conducting WHI was obtained from human
subjects review at the Fred Hutchinson Cancer Research Center
(WHI Clinical Coordinating Center) and all clinical centers. All
participants provided written informed consent. Our project
was reviewed and exempted by the Office of Human Subjects
Research at the US National Cancer Institute.

Laboratory Assays

We measured prediagnostic serum concentrations of 12 androgens
and androgen metabolites (Figure 1) (13). This included the principal
androgens secreted by the adrenal glands: dehydroepiandrosterone
(DHEA) and dehydroepiandrosterone sulfate (DHEAS), as well as an-
drostenedione and testosterone, which are secreted by the adrenal

glands and ovaries (10). We refer to these as “parent androgens” be-
cause they serve as precursors to other androgen metabolites and to
the estrogens. In peripheral tissues, androstenedione and testoster-
one can be aromatized to form estrone or estradiol, respectively, or
they can be metabolized via 5a-reductase or 5b-reductase. We previ-
ously assayed concentrations of unconjugated estrone and estradiol
(2, 11). We measured seven androgen metabolites from the 5a path-
way: 5a-androstane-3,17-dione (5a-androstanedione), dihydrotestos-
terone (DHT), dihydrotestosterone sulfate (DHTS), androsterone
(ADT), ADT-glucuronide (ADT-G), and two glucuronidated isomers of
5a-androstane-3a,17b-diol (also called 5a-androstanediol or 3a-diol):
3a-diol-3G and 3a-diol-17G. Metabolites from the 5b-
reduced pathway typically have less biologic activity and are found
in lower concentrations than those from the 5a pathway. We
assayed one of the more abundant 5b-reduced metabolites,
etiocholanolone-glucuronide (Etio-G), which as a glucuronidated, ex-
creted metabolite, is arguably a good marker of 5b-reductase
activity.

We used stable isotope dilution high-performance LC-MS/MS
to quantify the androgens and androgen metabolites; we previ-
ously published these methods and provide details on the pre-
sent analysis (eg, limits of quantification and coefficients of
variation) in the Supplementary Material (available online) (12).
Correlations between the measured hormones among control
subjects were previously published (a shared control group was
selected across these studies) (13). Correlations between andro-
gens ranged from -0.08 (DHTS and 5a-androstanedione) to 0.85
(Etio-G and 3a-diol-3G). Correlations between unconjugated estra-
diol and the androgens ranged from 0.07 (5a-androstanedione) to
0.31 (testosterone).

Statistical Analysis

Androgens and androgen metabolites were analyzed individu-
ally and as ratios (eg, comparing adjacent metabolites from a
metabolic pathway); we categorized these measures into quin-
tiles based on the concentrations within control subjects.
Additionally, we calculated a marker of 5a-reductase andro-
genic activity in tissues by summing ADT-G, 3a-diol-3G, and 3a-
diol-17G, as described by Labrie and colleagues (14).

To estimate the overall associations between androgens and
endometrial cancer, we used conditional logistic regression to gen-
erate odds ratios (ORs) and 95% confidence intervals (CIs), condi-
tioned on matching factors (described previously) and adjusted for
potential confounding factors chosen a priori: gravidity (ever,
never), cigarette smoking status (never, former, current), BMI (<25,
25–29.9, �30 kg/m2), duration of oral contraception use (never, <5,
5 to <10, �10 years), and age at menarche (<12, 12–13, �14 years).
For the overall associations, we also determined which of the effect
estimates comparing the 5th vs 1st quintiles (Q5 vs Q1) were statis-
tically significant using a Bonferroni corrected threshold of P< .003
(0.05/17 androgen measures). Tests for trend were based on the
Wald statistic after modeling the median concentrations from
each quintile of a given androgen as a continuous variable. We
also ran the overall models with additional adjustment for uncon-
jugated estradiol.

We evaluated differences by cancer characteristics (ie, hetero-
geneity), beginning with major subtype according to the “dualistic
model” for endometrial cancer (15): type I (adenocarcinomas,
n¼ 66; endometrioid adenocarcinomas, n¼ 194; mucinous
tumors, n¼ 11) and type II (serous, n¼ 34; clear cell, n¼ 6; other
tumors, n¼ 2). We also compared associations by stage at diagno-
sis among all subtypes (stage 2, n¼ 255; stage 3 and 4, n¼ 55; miss-
ing information, n¼ 3). Using a more relevant histopathologic
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comparison, we stratified by grade of the tumor (grades 1–2,
n¼ 189; grades 3–4, n¼ 65; missing information, n¼ 59) among
women with endometrioid adenocarcinomas or tumors with the
less-specific classification of “adenocarcinomas.” Finally, we
made comparisons by the time between blood collection and diag-
nosis (<5 years, n¼ 116 case subjects; �5 years, n¼ 197 case sub-
jects). These analyses used multinomial logistic regression; all
control subjects served as the reference group, and we adjusted
for matching factors and the confounders. In models comparing
cancer characteristics, time since menopausal hormone therapy
use was defined as: never,�1 year, >1 year. We identified differen-
ces in associations across subgroups of cancer characteristics us-
ing v2 P values from models that treated the largest subgroup as
the reference category and excluded control subjects.

We evaluated effect modification by BMI (<25, n¼ 235; 25–
29.9, n¼ 194; �30 kg/m2, n¼ 236) and age at blood draw
(<60 years, n¼ 192; �60 years, n¼ 475). Modification was
assessed using the v2 P values from interaction terms between
the modifiers of interest and the hormone exposures.

For sensitivity analyses, we excluded 1) potential outliers,
defined as androgen concentrations greater than 5 SDs above
the mean (the median number of excluded subjects per hor-
mone was n¼ 14, minimum–maximum: 9–27) and 2) women
who reported prior use of menopausal hormones (n¼ 220).
These were complete-case analyses. All tests of statistical sig-
nificance were two-sided and used an alpha of 0.05.

Results

We previously published details of the study population (2). In
brief, we observed differences between case subjects and

control subjects in line with known endometrial cancer risk fac-
tors. Compared to the control group, women with endometrial
cancer had higher BMIs, earlier menarche, and later ages at
menopause and less frequently reported current smoking and
long-term oral contraceptive use.

Case subjects had higher median concentrations of parent
androgens (DHEA, androstenedione, testosterone) compared
with control subjects (P< .10; Table 1). DHEAS and several glu-
curonidated androgen metabolites were also elevated among
case subjects, particularly ADT-G, 3a-diol-3G, and the marker of
5a-reduced androgenic activity. Concentrations of other andro-
gens were similar between groups. Women with endometrial
cancer had higher levels of parent estrogens and higher ratios
of these estrogens relative to their androgenic precursors.

After adjustment for confounding, women with the highest
parent androgen levels had almost twofold increased risk for
endometrial cancer compared to women with the lowest levels
(Q5 vs Q1; DHEA: OR ¼ 1.85, 95% CI ¼ 1.06 to 3.25; androstenedi-
one: OR ¼ 2.36, 95% CI ¼ 1.34 to 4.16; and testosterone: OR ¼
1.91, 95% CI ¼ 1.12 to 3.24) (Table 2; Supplementary Table 1,
available online). These associations attenuated after additional
adjustment for unconjugated estradiol, although increased risks
were still suggested and, for androstenedione, remained statis-
tically significant. Having higher unconjugated estrone relative
to androstenedione (Q5 vs Q1: OR ¼ 2.18, 95% CI ¼ 1.19 to 3.98)
and higher unconjugated estradiol relative to testosterone (Q5
vs Q1: OR ¼ 2.56, 95% CI ¼ 1.38 to 4.75) was associated with in-
creased risk for developing endometrial cancer. However,
higher DHT relative to its precursor, testosterone, reduced risk
(Q5 vs Q1: OR ¼ 0.52, 95% CI ¼ 0.31 to 0.88). We did not identify
associations with other androgen metabolites. Estradiol had the
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Figure 1. Overview of androgen metabolism (Figure previously published in Trabert et al. (13), used with permission). Using assays described by Trabert et al. (12), we

measured the androgens and androgen metabolites in dark gray boxes; those in light gray boxes were not measured. Dehydroepiandrosterone is made in the adrenal

glands and serves as a precursor for the synthesis of androgens and estrogens. The metabolic pathways at the top of the figure, framed by a solid line, are the predomi-

nant 5a pathways, which follow the initial catabolism of androstenedione and testosterone by 5a-reductase. The 5b pathways at the bottom of the figure, framed by a

dotted line, are those that result from the catabolism of androstenedione and testosterone by 5b-reductase. We additionally used the sum of ADT-G þ 3a-diol-3G þ 3a-

diol-17G as a marker of overall 5a-reduced androgenic activity (14). Estradiol and estrone were measured previously for an analysis on estrogen metabolism and endo-

metrial cancer, see Brinton et al. (2). *¼ two isomers, 3a-diol-3G or 3a-diol-17G; DHEA ¼ dehydroepiandrosterone; DHEAS ¼ dehydroepiandrosterone sulfate; DHT ¼ di-

hydrotestosterone; DHTS ¼ dihydrotestosterone sulfate; HSD¼hydroxysteroid dehydrogenase; UDP¼uridine diphosphate.
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strongest risk associations with endometrial cancer (Q5 vs Q1:
OR ¼ 5.28), and this association remained when we additionally
adjusted the estradiol model for ADT-G, as a proxy for back-
ground androgenic activity (Q5 vs Q1: OR ¼ 5.50, not tabulated).
The primary analyses were consistent after conducting the de-
scribed sensitivity analyses.

The increased odds ratios we observed for the parent andro-
gens were visible for women with both type I and type II can-
cers, although estimates were imprecise among the latter group
(Supplementary Table 2, available online). Interestingly, we
noted greater effect magnitudes for both the ratio of andro-
stenedione to 5a-androstanedione and for 5a-androstanedione
itself, associated with type II tumors. Generally, the directions
and magnitudes of the associations were consistent across
stage and grade as well (Supplementary Table 2, available on-
line). Although estimates for testosterone were greater for stage
3/4 cancers than for stage 2, small sample sizes limit inference
about true heterogeneity. Unconjugated parent estrogens indi-
vidually, and in ratio to their androgen precursors, were
strongly associated with type I cancers. Our data indicated in-
verse associations for increasing DHT relative to testosterone
across endometrial cancer type, stage, and grade, but trends
across quintiles were not statistically significant.

The associations noted in the overall analysis were consis-
tent by time between blood draw and diagnosis, although some
estimates were imprecise (Supplementary Table 3, available on-
line). Notably, higher concentrations of androstenedione in-
creased risk regardless of time to diagnosis.

Our data suggested stronger risks for some androgens and
androgen metabolites among women younger than 60 years at
baseline than among older women, but interactions by age did
not reach statistical significance (Table 3; Supplementary Table
4, available online). The results indicated positive associations
with androstenedione regardless of age. Associations among
women aged at least 60 years explained the overall reduced risk
noted for increasing DHT relative to testosterone (Q5 vs Q1: OR
¼ 0.53, 95% CI ¼ 0.29 to 0.98).

We observed stronger risks for DHEA, DHEAS, and testoster-
one among women with BMI below 25 kg/m2 than among those
with greater BMI (Pheterogeneity <0.10); we noted similar patterns
for 5a-androstanedione, DHT, DHTS, and several glucuronidated
metabolites, but null associations could not be ruled out and
trends were generally not visible across quintiles (Table 3;
Supplementary Table 4, available online). High levels of andro-
stenedione conferred risk especially among women with BMI
below 25 kg/m2 (Q5 vs Q1: OR ¼ 3.01, 95% CI ¼ 1.05 to 8.63), but
positive associations were indicated for the other BMI groupings
as well. Increasing unconjugated estradiol relative to testoster-
one elevated risks particularly among women with BMI below
30 kg/m2.

Discussion

In our population, the highest concentrations of parent andro-
gens—DHEA, androstenedione, and testosterone—were

Table 1. Median and interdecile ranges for concentrations (nmol/L) of measured androgens and androgen metabolites among endometrial can-
cer case subjects and control subjects

Androgen or androgen metabolite

Median (10th–90th percentile)

P*Cases (n¼ 313) Controls (n¼ 354)

Parent androgens
DHEA 5.5 (2.2–11.1) 5.0 (2.1–10.7) .10
DHEAS 1193.3 (512.9–3017.5) 1161.8 (423.6–2657.9) .10
Androstenedione 1.4 (0.9–2.4) 1.3 (0.7–2.3) .02
Testosterone 0.7 (0.3–1.3) 0.6 (0.3–1.0) .001

5a pathway
5a-Androstanedione 1.2 (0.8–2.4) 1.3 (0.7–2.3) .64
DHT 0.2 (0.1–0.3) 0.2 (0.1–0.3) .34
DHTS 1.1 (0.5–2.4) 1.1 (0.4–2.3) .29
ADT 0.5 (0.4–0.9) 0.5 (0.4–0.9) .27
ADT-G 23.3 (9.1–65.7) 19.7 (7.0–53.0) .01
3a-diol-3G 1.6 (0.7–4.3) 1.4 (0.5–3.7) .01
3a-diol-17G 1.3 (0.5–3.4) 1.2 (0.5–3.0) .10

Marker of androgenic activity
Sum of ADT-G þ 3a-diol-3G þ 3a-diol-17G 26.4 (10.6–72.1) 23.1 (8.4–58.3) .01

5b pathway
Etio-G 37.7 (14.7–87.6) 33.6 (12.6–89.7) .05

Parent estrogens†
Unconjugated estrone 73.7 (37.3–155.8) 55.4 (30.1–115.9) <.0001
Unconjugated estradiol 20.0 (6.3–55.0) 11.6 (4.0–38.8) <.0001

Ratios
5a-androstanedione: Androstenedione 0.9 (0.4–2.0) 1.0 (0.4–2.4) .15
Unconjugated estrone: Androstenedione 49.8 (28.8–103.6) 41.2 (23.4–97.8) <.0001
DHT: Testosterone 0.3 (0.1–0.6) 0.3 (0.2–0.6) .01
Unconjugated estradiol: Testosterone 30.4 (10.6–74.8) 18.4 (7.2–67.2) <.0001

*P value from Wilcoxon rank sum tests comparing distributions of a given hormone or hormone metabolite between case subjects and control subjects.

†Estrogens were previously measured (concentrations in pmol/L); see Brinton et al. (2). 3a-diol-3G ¼ 5a-androstane 3a,17b diol-3-glucuronide; 3a-diol-17G ¼ 5a-andros-

tane 3a,17b diol-17-glucuronide; ADT ¼ androsterone; ADT-G ¼ ADT-glucuronide; CI ¼ confidence interval; DHEA ¼ dehydroepiandrosterone; DHEAS ¼ dehydroepian-

drosterone sulfate; DHT ¼ dihydrotestosterone; DHTS ¼ dihydrotestosterone sulfate; etio-G ¼ etiocholanolone-glucuronide.
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associated with increased risk for endometrial cancer. These
adrenal androgens can be aromatized to estrogens. Therefore,
these associations could be driven by the influence of parent
androgens on estrogen metabolism. Indeed, adjustment for
unconjugated estradiol attenuated the associations and we
noted that higher parent estrogen concentrations relative to
their androgenic precursors increased endometrial cancer risk.
Furthermore, although DHT is a potent androgen, once metabo-
lized by 5a-reductase, it cannot be aromatized into estradiol or
converted back into testosterone (see Figure 1). Our observation
of reduced risk for endometrial cancer with increasing DHT rel-
ative to its precursor, testosterone, supports the idea that the
potential for testosterone to be aromatized increases endome-
trial cancer risk. Diverting testosterone away from aromatiza-
tion and into the 5a-reductase pathway may be beneficial for
reducing risk. Both this ratio and the increased risk we noted
with higher estradiol relative to testosterone suggest that estro-
genic, rather than androgenic, pathways may be more relevant
to the etiology of most endometrial cancers—which is further
supported by our not identifying associations with circulating
measures of androgenicity (ADT-G, the summary measure of
5a-reduced glucuronidated metabolites).

Many in vitro studies suggest that androgens have an anti-
proliferative effect on endometrial epithelial cells [reviewed in

(1, 16)]. Ultimately, the role of androgens in the endometrium is
complex and likely depends on menopausal status and the
presence of cancer or precancerous conditions like hyperplasia.
Aromatase is not expressed in the normal endometrium but is
expressed in endometrial cancers (17). Therefore, high andro-
gen levels may influence carcinogenesis through increased sub-
strate availability for aromatization in peripheral tissues and
the tumor itself. Although aromatase is expressed in adipose
tissue, our noting stronger associations for parent androgens
among lean vs obese women may signify that high androgen
levels do not confer additional risk or that a threshold of risk is
reached with the highest androgen levels among women al-
ready at increased risk for endometrial cancer (ie, those whose
circulating and intracellular estrogen levels are likely high).

Our findings suggest estrogenic, relative to androgenic, path-
ways are predominant in endometrial carcinogenesis, but we
cannot rule out potential androgenic influences on risk. We
consistently noted increased risks associated with androstene-
dione. The increased risks with the parent androgens were at-
tenuated after adjusting for unconjugated estradiol, but the
directions of the effects were unchanged. These observations
indicate a potential for androgens to influence carcinogenesis
through not only estrogen metabolism but also androgenic
pathways. Researchers report androgen receptor expression

Table 2. Odds ratios (OR) for endometrial cancer associated with the highest quintile vs the lowest quintile (Q5 vs Q1) of circulating androgens
and androgen metabolites

Androgen or androgen metabolite

Model 1* Model 2†

OR (95% CI) Ptrend‡ OR (95% CI) Ptrend‡

Parent androgens
DHEA 1.85 (1.06 to 3.25) .07 1.67 (0.94 to 2.96) .15
DHEAS 1.31 (0.76 to 2.26) .36 1.20 (0.69 to 2.09) .53
Androstenedione§ 2.36 (1.34 to 4.16) .01 2.01 (1.12 to 3.60) .06
Testosterone 1.91 (1.12 to 3.24) .01 1.55 (0.89 to 2.69) .08

5a pathway
5a-androstanedione 1.13 (0.66 to 1.92) .28 0.99 (0.57 to 1.71) .54
DHT 1.04 (0.61 to 1.78) .74 0.94 (0.55 to 1.62) .93
DHTS 1.27 (0.75 to 2.17) .51 1.18 (0.69 to 2.02) .68
ADT 0.93 (0.55 to 1.57) .48 0.89 (0.52 to 1.52) .67
ADT-G 1.34 (0.75 to 2.39) .88 1.19 (0.66 to 2.15) .80
3a-diol-3G 1.62 (0.91 to 2.91) .77 1.42 (0.78 to 2.56) .93
3a-diol-17G 1.13 (0.65 to 1.98) .93 1.04 (0.58 to 1.84) .67

Marker of androgenic activity
Sum of ADT-G þ 3a-diol-3G þ 3a-diol-17G 1.39 (0.77 to 2.52) .99 1.23 (0.67 to 2.23) .68

5b pathway
Etio-G 1.23 (0.72 to 2.10) .36 1.13 (0.66 to 1.95) .57

Parent estrogens
Unconjugated estrone 2.63 (1.49 to 4.66) .0001 —
Unconjugated estradiol 5.28 (2.64 to 10.59) .0001 —

Ratios
5a-androstanedione: Androstenedione 0.74 (0.43 to 1.27) .22 0.79 (0.46 to 1.36) .35
Unconjugated estrone: Androstenedione 2.18 (1.19 to 3.98) .02 —
DHT: Testosterone 0.52 (0.31 to 0.88) .02 0.59 (0.35 to 1.01) .10
Unconjugated estradiol: Testosterone§ 2.56 (1.38 to 4.75) .002 —

*The models for each androgen or androgen metabolite were run separately and adjusted for gravidity, smoking status, body mass index, duration of oral contraceptive

use, and age at menarche (conditioned on matching factors). Full results for all quintiles are available as Supplementary Material (available online). 3a-diol-3G ¼ 5a-

androstane 3a,17b diol-3-glucuronide; 3a-diol-17G ¼ 5a-androstane 3a, 17b diol-17-glucuronide; ADT ¼ androsterone; ADT-G ¼ ADT-glucuronide; CI ¼ confidence inter-

val; DHEA ¼ dehydroepiandrosterone; DHEAS ¼ dehydroepiandrosterone sulfate; DHT ¼ dihydrotestosterone; DHTS ¼ dihydrotestosterone sulfate; etio-G ¼ etiochola-

nolone-glucuronide.

†Models adjusted for factors from model 1 plus unconjugated estradiol. Results not shown for models in which unconjugated estrogens were exposures.

‡Ptrend across quintiles of a given androgen or androgen metabolite.

§Effect estimates comparing the 5th vs 1st quintile (from model 1) that were statistically significant using a Bonferroni correction threshold of P< .003.
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within the postmenopausal endometrium and hyperplastic tis-
sue, but expression in endometrial cancers varies across stud-
ies; several groups noted a loss of androgen receptor expression
in serous, clear cell, and high-grade endometrioid tumors (18,

19). Our observing greater effect magnitudes for both the ratio
of androstenedione to 5a-androstanedione and for 5a-androsta-
nedione itself with type II tumors suggests a potential andro-
genic influence on risk for these cancers. Our data otherwise

Table 3. Odds ratios (OR) for endometrial cancer associated with the highest quintile vs the lowest quintile (Q5 vs Q1) of circulating androgen/
androgen metabolites: modification by age at blood draw and body mass index (BMI)*

Androgen/Metabolite

Age

P†

BMI, kg/m2

P†
<60 years (n¼ 192) �60 years (n¼ 475) <25 (n¼ 235) 25–29.9 (n¼ 194) �30 (n¼ 236)

OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)

Parent androgens
DHEA 15.14 (1.73 to 132.36) 1.61 (0.82 to 3.15) 5.52 (1.65 to 18.46) 1.51 (0.52 to 4.44) 1.02 (0.37 to 2.78)

Ptrend‡ 0.04 0.30 .29 0.01 0.79 0.84 .001
DHEAS 4.33 (0.99 to 18.87) 1.26 (0.65 to 2.44) 3.39 (1.20 to 9.59) 1.01 (0.36 to 2.82) 0.51 (0.18 to 1.48)

Ptrend 0.17 0.72 .41 0.03 0.90 0.53 .07
Androstenedione 4.20 (0.75 to 23.67) 2.16 (1.14 to 4.08) 3.01 (1.05 to 8.63) 2.18 (0.77 to 6.21) 2.19 (0.78 to 6.13)

Ptrend 0.29 0.03 .93 0.04 0.28 0.08 .56
Testosterone 0.76 (0.24 to 2.34) 2.37 (1.25 to 4.46) 4.87 (1.67 to 14.24) 0.97 (0.37 to 2.54) 1.15 (0.42 to 3.19)

Ptrend 0.36 0.001 .17 0.005 0.87 0.28 .09
5a pathway
5a-androstanedione 0.92 (0.34 to 2.50) 1.15 (0.60 to 2.20) 1.90 (0.67 to 5.39) 1.31 (0.51 to 3.38) 0.98 (0.34 to 2.83)

Ptrend 0.72 0.30 .998 0.27 0.42 0.28 .03
DHT 1.39 (0.45 to 4.25) 1.03 (0.54 to 1.95) 3.36 (1.05 to 10.75) 0.78 (0.31 to 1.92) 0.56 (0.21 to 1.46)

Ptrend 0.78 0.62 .94 0.07 0.87 0.31 .04
DHTS 1.27 (0.44 to 3.69) 1.15 (0.61 to 2.16) 2.87 (0.99 to 8.31) 0.65 (0.24 to 1.73) 0.93 (0.37 to 2.37)

Ptrend 0.30 0.95 .31 0.09 0.42 0.43 .34
ADT 1.20 (0.43 to 3.35) 0.77 (0.41 to 1.46) 0.62 (0.23 to 1.63) 0.83(0.31 to 2.17) 0.83(0.31 to 2.19)

Ptrend 0.66 0.92 .71 0.51 0.62 0.88 .73
ADT-G 3.21 (0.73 to 14.09) 1.26 (0.64 to 2.49) 2.06 (0.65 to 6.56) 1.40 (0.49 to 4.01) 0.99 (0.36 to 2.71)

Ptrend 0.52 0.95 .48 0.19 0.87 0.46 .73
3a-diol-3G 10.76 (2.01 to 57.57) 1.29 (0.65 to 2.54) 2.26 (0.78 to 6.62) 0.86 (0.28 to 2.59) 2.37 (0.78 to 7.24)

Ptrend 0.11 0.69 .40 0.50 0.81 0.91 .56
3a-diol-17G 1.55 (0.46 to 5.21) 0.99 (0.51 to 1.93) 1.46 (0.52 to 4.07) 0.81 (0.29 to 2.23) 0.63 (0.18 to 2.17)

Ptrend 0.94 0.74 .96 0.73 0.31 0.82 .55
Marker of androgenic activity 3.00 (0.67 to 13.36) 1.40 (0.71 to 2.80) 1.70 (0.52 to 5.55) 1.35 (0.47 to 3.90) 1.28 (0.45 to 3.62)

Ptrend 0.65 0.94 .55 0.37 1.00 0.61 .63
5b pathway
Etio-G 2.70 (0.87 to 8.42) 1.27 (0.67 to 2.40) 2.06 (0.73 to 5.82) 3.41 (1.14 to 10.20) 0.59 (0.24 to 1.46)

Ptrend 0.23 0.34 .44 0.25 0.02 0.38 .20
Parent estrogens
Unconjugated estrone 1.84 (0.57 to 5.92) 3.02 (1.55 to 5.88) 3.34 (1.22 to 9.16) 1.30 (0.47 to 3.60) 4.45 (1.17 to 16.95)

Ptrend 0.32 0.0002 .58 0.01 0.38 0.03 .50
Unconjugated estradiol 4.82 (1.05 to 22.04) 5.87 (2.67 to 12.87) 7.26 (2.17 to 24.30) 2.56 (0.73 to 9.05) 5.08 (0.81 to 31.96)

Ptrend 0.32 <.0001 .60 0.01 0.08 0.07 .98
Ratios
5a-androstanedione:

Androstenedione
0.60 (0.19 to 1.90) 0.80 (0.42 to 1.51) 0.82 (0.30 to 2.29) 0.86 (0.31 to 2.41) 0.66 (0.26 to 1.66)

Ptrend 0.42 0.49 .96 0.41 0.96 0.68 .07
Unconjugated estrone:

Androstenedione
1.26 (0.42 to 3.77) 3.13 (1.49 to 6.58) 2.20 (0.77 to 6.26) 1.25 (0.40 to 3.87) 2.73 (0.81 to 9.23)

Ptrend 0.80 0.02 .05 0.19 0.94 0.35 .99
DHT: Testosterone 1.05 (0.36 to 3.12) 0.53 (0.29 to 0.98) 0.53 (0.19 to 1.46) 0.83 (0.32 to 2.20) 0.48 (0.20 to 1.18)

Ptrend 0.65 0.03 .39 0.15 0.98 0.14 .63
Unconjugated estradiol:

Testosterone
3.49 (0.81 to 15.05) 2.80 (1.39 to 5.63) 1.41 (0.46 to 4.29) 2.29 (0.71 to 7.37) 1.16 (0.19 to 6.97)

Ptrend 0.12 0.003 .64 0.33 0.13 0.01 .23

*Unconditional logistic regression models for each androgen/metabolite were used and adjusted for gravidity, smoking status, body mass index, duration of oral con-

traceptive use, and age at menarche and additionally adjusted for matching factors: age at baseline, year of blood draw, race/ethnicity, time since last menopausal hor-

mone therapy use. Full results for all quintiles are available as Supplementary Material (available online). Comparisons are made to the controls within each model/

stratum of the modifiers. ADT ¼ androsterone; ADT-G ¼ ADT-glucuronide; CI ¼ confidence interval; DHEA ¼ dehydroepiandrosterone; DHEAS ¼ dehydroepiandroster-

one sulfate; DHT ¼ dihydrotestosterone; DHTS ¼ dihydrotestosterone sulfate; etio-G ¼ etiocholanolone-glucuronide.

†v2 P values from the cross-product interaction terms between the modifiers of interest and hormone exposures.

‡Ptrend for trend across quintiles of a given hormone/metabolite.
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indicated elevated risk with the highest parent androgen con-
centrations across endometrial cancer type and grade. Our se-
rum samples were prediagnostic, so our observations do not
necessarily disagree with studies evaluating protein expression
in cancerous tissues, but instead suggest that high androgen
levels play a role in the early development of most endometrial
cancers, likely through estrogen metabolism.

In a study by Tanaka and colleagues (20), loss of 5a-reduc-
tase expression, the enzyme that converts testosterone to DHT,
was associated with poorer survival among women with endo-
metroid tumors. These researchers conclude that the observed
poorer survival associated with loss of 5a-reductase and result-
ing lower DHT levels indicates that DHT may have inhibitory
effects on proliferation (20). Some in vitro studies support this
hypothesis (21). Whereas we noted that increasing DHT relative
to testosterone reduced endometrial cancer risk, higher DHT it-
self did not reduce risk. This leads us to question if the poorer
survival noted with the loss of 5a-reductase and lower DHT lev-
els could be indicative of more testosterone being available for
conversion to estradiol.

Others have reviewed the numerous studies on circulating
androgens and endometrial cancer (1, 21). We compare our find-
ings with postmenopausal endometrial cancer risks reported in
a case-control study that used LC-MS and two prospective stud-
ies that used radioimmunoassays. Audet-Walsh and colleagues
(5) used LC-MS and reported increased risk for endometrial can-
cer (n¼ 126 case subjects) with the highest concentrations of
parent androgens and some downstream metabolites, including
DHT (OR ranging from 2.43 for DHEAS to 11.83 for testosterone).
Compared to our analysis, this study similarly used sensitive
assays, but measured fewer androgens and did not report on ra-
tios. Our estimates were likely attenuated relative to this study
because we used serum collected before, rather than at the time
of diagnosis; hormone production within a tumor could alter
circulating measures.

A pooled nested case-control study (n¼ 124 case subjects)
reported increased risk for endometrial cancer with the highest
quartiles of DHEAS and androstenedione (OR ¼ 2.90 and 2.15, re-
spectively) (4).The highest tertile of free testosterone was asso-
ciated with increased risk in a nested case-control study from
the EPIC cohort (n¼ 192 case subjects) (3). The EPIC researchers
did not find associations with the other parent androgens,
including total testosterone. Their association with free testos-
terone may indicate that it is circulating bioavailable stores of
this androgen that influence risk. We measured total testoster-
one and found increased risk, but our results suggest that
higher estradiol may drive the testosterone association.
Furthermore, Labrie and colleagues (22, 23) argue that most
androgens are made and used from DHEA within peripheral tis-
sues vs being released into circulation. Therefore, markers of
androgen storage or excretion, like DHTS, ADT-G, and the sum-
mary measure of 5a-reduced androgenic activity, are better
markers of potential androgenic activity in tissues than circulat-
ing testosterone (14).

Comparing odds ratios from different models across and
within studies should be done cautiously because of noncollap-
sibility (24); we acknowledge this limitation when comparing
odds ratios with and without adjustment for estradiol.
However, our approach is unique. We measured 12 androgens
with highly sensitive assays and used knowledge of metabolic
pathways to frame analyses (ie, reported on ratios). To our
knowledge, this is the largest study on the topic in terms of the
number of metabolites evaluated and sample size. We mini-
mized confounding by subclinical disease with our use of

prediagnostic serum and examination of associations by time
to diagnosis. These strengths allowed us to comprehensively
evaluate androgen metabolism in the context of endometrial
cancer risk and conclude that androgens likely primarily influ-
ence the development of this cancer through their potential to
be converted into estrogens. We recognize that once endome-
trial cancer arises, androgens may affect the progression of this
disease via other mechanisms. Further exploration in epidemio-
logic and tissue-based studies is needed to confirm our
findings.
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