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Previous epidemiologic studies suggest that the major histologic subtypes of epithelial ovarian cancer may have
different risk factor profiles; however, no known prospective study has systematically examined differences in risk by
subtype. The authors used Cox proportional hazards regression, stratified by histologic subtype and time period, to
examine the association between ovarian cancer risk factors and incidence of serous invasive, endometrioid, and
mucinous ovarian cancers in the USNurses’ Health Study (1976–2006) andNurses’ Health Study II (1989–2005). For
each exposure, they calculatedP-heterogeneity usinga likelihood ratio test comparingmodelswith separate estimates
for the 3 subtypes versus a single estimate across subtypes. Analysis included 221,866womenand721 caseswith the
histologies of interest (496 serous invasive, 139 endometrioid, 86 mucinous). In analyses of reproductive/hormonal
exposures, the associations with age, duration of breastfeeding, age at natural menopause, and duration of estrogen
use differed significantly by subtype (all P-heterogeneity �0.05). The associations with several nonreproductive ex-
posuresalsoappeared tovarybysubtype,butonly theassociationwithsmokingdifferedsignificantly (P-heterogeneity¼
0.03). Results suggest that associations with several ovarian cancer risk factors vary by subtype, and these differences
are consistent with known similarities between each major histologic subtype and its normal tissue counterpart.

adenocarcinoma, mucinous; carcinoma, endometrioid; cystadenocarcinoma, serous; histology; ovarian neoplasms

Abbreviations: AUC, area under the receiver operating characteristic curve; CI, confidence interval; NHS, Nurses’ Health Study;
NHSII, Nurses’ Health Study II; RR, incidence rate ratio.

Epithelial ovarian cancers often are analyzed as a single
outcome in epidemiologic studies, despite evidence of dif-
ferences in their natural history, morphology, and gene/pro-
tein expression (1–4). The most common histologic subtypes
of epithelial ovarian cancer each resemble a different normal
tissue in morphology and gene expression (4, 5), and pre-
vious studies suggest their etiology may differ as well. In
a pooled analysis of 10 case-control studies, oral contracep-
tive use and parity were inversely associated with all sub-
types, whereas associations with nonreproductive exposures,
particularly body mass index and smoking, differed by sub-
type (6). Other studies have reported differences in associa-
tions with both reproductive and nonreproductive exposures
for mucinous versus nonmucinous cancers (7–12).

Although these studies suggest that some associations
differ by subtype, the data are inconsistent (6–10, 13, 14),
and no known comprehensive, prospective analysis of dif-
ferences in risk factors by histologic subtype has been pub-

lished. In addition, most prior studies analyzed each subtype
separately and did not report a statistical test comparing
results across subtypes. We therefore used polytomous re-
gression models to examine the association between known
and suspected risk factors for ovarian cancer and incidence
of the serous invasive, endometrioid, and mucinous sub-
types in the Nurses’ Health Study (NHS) and Nurses’ Health
Study II (NHSII).

MATERIALS AND METHODS

Study population

The NHS was established in 1976 and the NHSII in 1989
among 121,700 US female registered nurses aged 30–55
years and 116,430 US female registered nurses aged
25–42 years, respectively. Participants completed an initial
questionnaire and biennial follow-up questionnaires,
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providing information on lifestyle factors and disease diag-
noses. Follow-up is high in both cohorts; we obtained 95.2%
of the total possible person-years through June 2006 in the
NHS and 93.6% through June 2005 in the NHSII. The
Committee on the Use of Human Subjects in Research at
Brigham and Women’s Hospital, Boston, Massachusetts,
approved both studies.

Exposure data

We obtained information on exposures of interest from
the biennial questionnaires. At baseline, participants re-
ported their birth date, age at menarche, and height. We
requested information on parity, oral contraceptive use,
tubal ligation, hysterectomy/oophorectomy, menopausal
status, age at menopause, postmenopausal hormone use,
weight, physical activity, smoking status, and family history
of breast/ovarian cancer on multiple questionnaires during
follow-up. In our analysis, we updated values for these co-
variates when new data were available and otherwise carried
forward values from the previous cycle. We requested data
on total duration of breastfeeding across all pregnancies in
1986 (NHS) and 1993 (NHSII) and on duration of breast-
feeding for each child in 1997 (NHSII only). Information on
frequency of genital talc use was collected in 1982 (NHS
only).

Identification of ovarian cancer cases

We collected information on new ovarian cancer diag-
noses on each questionnaire. For all reported cases, as well
as deaths due to ovarian cancer identified through family
members, the National Death Index (15, 16), or the US
Postal Service, we obtained medical records related to the
diagnosis. A gynecologic pathologist (J. H.) blinded to ex-
posure status reviewed the medical records to confirm the
diagnosis, stage, histologic type/subtype, and invasiveness
(17). Our analysis included cases of epithelial ovarian can-
cer (n ¼ 885) and primary peritoneal cancer (n ¼ 39) con-
firmed by pathology report review and diagnosed between
baseline and June 2006 (NHS) or 2005 (NHSII).

Statistical analysis

Participants accrued person-time from the return date of
the baseline questionnaire until the date of ovarian cancer
diagnosis, diagnosis of any other cancer (excluding non-
melanoma skin cancer), bilateral oophorectomy, pelvic
irradiation, death, or the end of follow-up. At baseline, we
excluded women with bilateral oophorectomy (NHS:
n ¼ 7,669; NHSII: n ¼ 2,229), menopause due to pelvic
irradiation (NHS: n ¼ 99; NHSII: n ¼ 30), or cancer other
than nonmelanoma skin cancer (NHS: n ¼ 3,314; NHSII:
n ¼ 1,050). In addition, we excluded women with missing
data on any exposure of interest except breastfeeding dura-
tion, talc use, and family history of ovarian cancer, which
were not collected at baseline, and age at natural meno-
pause, which was missing for women with a hysterectomy
before menopause. We included missing indicators for these
4 exposures in our models to avoid excluding too many

women from the analysis. Participants contributed person-
time only for follow-up periods for which data were com-
plete. Furthermore, we excluded person-time (�0.3% of the
total) when any continuous variable had an outlying value,
using the generalized extreme studentized deviate many-
outlier detection approach (18).

In analyses of reproductive/hormonal exposures, we mod-
eled age, parity among parous women, duration of breast-
feeding, duration of oral contraceptive use, age at natural
menopause, and duration of postmenopausal use of un-
opposed estrogens as continuous variables to minimize the
number of parameters in the model. We used binary vari-
ables to model menopausal status (postmenopause vs. pre-
menopause/perimenopause), cohort (NHS vs. NHSII), and
parity, tubal ligation, and hysterectomy without bilateral
oophorectomy (yes/no). Because of evidence of a nonlinear
association with age, we used a spline with a single knot at
age 50 years to estimate linear associations with age sepa-
rately for women younger than age 50 years versus 50 years
of age or older.

In an alternative analysis, we modeled ovulatory years
and duration of menopause instead of age, parity, duration
of oral contraceptive use, and age at natural menopause. We
calculated ovulatory years as current age (if premenopausal)
or age at natural menopause minus age at menarche, years of
oral contraceptive use, and parity (1 year per pregnancy),
and we included a separate variable for total duration of
breastfeeding. We calculated duration of menopause as
current age minus age at natural menopause for postmeno-
pausal women, and we coded premenopausal/perimeno-
pausal women as 0. For women with an unknown age at
natural menopause because of hysterectomy before meno-
pause, we excluded person-time after hysterectomy.

For the nonreproductive exposures, we modeled body
mass index (weight (kg)/height (m)2) and physical activity
(cumulative average metabolic equivalent task-hours/week)
continuously, regular genital talc use (�once/week vs.
<once/week) and family history of breast/ovarian cancer
(yes/no) as binary variables, and smoking status as 2 indi-
cator variables for past or current (vs. never) smoking. Met-
abolic equivalent task-hours captures both duration and
intensity of activity (3 metabolic equivalent task-hours is
equivalent to walking 2–2.9 mph for 1 hour (1 mile ¼ 1.6
km)), and cumulative average levels better reflect long-term
activity and minimize within-person variation. In the NHS,
data on metabolic equivalent task-hours were not available
until 1986; we therefore assigned all participants 0 activity
from 1976 to 1986 and secondarily evaluated the association
with physical activity with follow-up beginning in 1986.

We used Cox proportional hazards regression, stratified
by time period, to model the incidence rate ratio and 95%
confidence interval of epithelial ovarian cancer for each
exposure in the NHS and NHSII combined. We then re-
stricted the analysis to cases with serous invasive/poorly
differentiated, endometrioid, or mucinous histology and
used Cox proportional hazards regression, stratified by type
of outcome and time period, to allow for different associa-
tions by histologic subtype (19). We used data augmenta-
tion, such that each participant had a separate observation
for each subtype. We coded the event variable as 1 (failed) if
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the participant was diagnosed with the histologic subtype
corresponding to that data row and as 0 otherwise; cases
were censored for other subtypes at the time of diagnosis.

We compared a model that assumed different associa-
tions for all exposures by histologic subtype (full model)
with a model with a single estimate across subtypes for
one exposure at a time (reduced model). We calculated the
P-heterogeneity using a likelihood ratio test, with the degrees
of freedom equal to the difference between the numbers of
parameters in the 2 models. Using a stepwise-down approach,
we set exposures with a nonsignificant P-heterogeneity to
have a single estimate across subtypes, so that the final model
estimated 3 separate associations for exposures that differed
significantly by subtype and a single estimate for all other
exposures. All P values were 2-sided and were considered
statistically significant if �0.05.

We evaluated goodness of fit by calculating the area under
the receiver operating characteristic curve (AUC) for all
cancers and stratified by subtype. For each observation,
we determined a risk score using parameter estimates from
the model, and we used the risk scores to calculate the
Wilcoxon rank sum test statistic W by 5-year age group t.

We calculated the Mann-Whitney Ut ¼ Wt � mtðmt þ 1Þ
2 and

ĥt ¼ Ut

mtnt
, where ĥt is the probability that a random case

has a higher risk score than a random control within age
group t. We calculated the variance of ĥt under the alterna-
tive hypothesis (20), and we calculated the overall AUC as
the weighted average of ĥt across t with weights ¼ 1/var(ĥt).

We did not have adequate power to examine associations
with clear-cell cancers separately because of the small num-
ber of cases (n ¼ 48). However, we evaluated differences
between serous versus nonserous (endometrioid/mucinous/
clear-cell) and mucinous versus nonmucinous (serous/endo-
metrioid/clear-cell) cancers. In secondary analyses, we
examined differences between all 4 subtypes for the repro-
ductive exposures only.

RESULTS

Our analysis included 221,866 women with 924 incident
cases of confirmed epithelial ovarian cancer (NHS: 108,870
women and 797 cases; NHSII: 112,996 women and 127
cases). Of the cases of cancer, 496 were serous invasive
(54%), 139 were endometrioid (15%), and 86 were mucin-
ous (9%). The remaining 203 cases of cancer included 48
clear cell (5% of total), 71 noninvasive serous (8%), 21
carcinosarcoma (2%), 17 mixed (2%), and 46 other/un-
known (5%).

In general, baseline characteristics of cases versus non-
cases were similar to those expected based on previous
studies of known risk factors (Table 1). NHSII participants
were younger than NHS participants and were more likely to
have used oral contraceptives or have had a tubal ligation,
were less likely to be parous or to smoke, were more phys-
ically active, and had lower mean parity but a longer mean
duration of breastfeeding among parous women.

When we compared baseline characteristics of women
subsequently diagnosed with a serous invasive, endome-
trioid, or mucinous tumor (Table 1), we found that serous

invasive cases were slightly older, had higher parity, and
were more physically active than endometrioid/mucinous
cases. Endometrioid cases had a longer mean duration of
estrogen use (NHS only) and a higher mean body mass in-
dex (NHSII only), were less likely to be parous (NHS only)
or to have smoked, and were more likely to have a family
history of breast cancer. Mucinous cases had a shorter mean
duration of estrogen use (NHS only) and breastfeeding and
were less physically active, less likely to have had a hyster-
ectomy, and were more likely to have regularly used talc or
to currently smoke (NHS only).

The associations with age (P-heterogeneity <0.001), du-
ration of breastfeeding (P-heterogeneity ¼ 0.03), age at nat-
ural menopause (P-heterogeneity ¼ 0.05), and duration of
estrogen use (P-heterogeneity ¼ 0.009) differed signifi-
cantly by subtype, whereas other exposures (e.g., oral contra-
ceptive use) exhibited similar associations across the
3 subtypes (Table 2). Age among women less than 50 years
was more strongly associated with serous invasive (incidence
rate ratio (RR) ¼ 1.15 per year, 95% confidence interval
(CI): 1.10, 1.19) and endometrioid (RR ¼ 1.12 per year,
95% CI: 1.06, 1.17) tumors than mucinous tumors. Among
women aged 50 years or older, age was associated with a mod-
est increase in risk of serous invasive cancers, was associated
with a modest decrease in risk of endometrioid tumors, and
was unassociated with mucinous cancers. Duration of breast-
feeding was inversely associated with all 3 subtypes, but the
association was strongest for mucinous tumors (RR ¼ 0.43
per year). Age at natural menopause was positively associated
with the endometrioid subtype only (RR ¼ 1.13 per year,
95% CI: 1.04, 1.22). Duration of estrogen use was associated
with a strong increase in risk of endometrioid cancers
(RR ¼ 1.87 per 5-year increase, 95% CI: 1.52, 2.31) and
a weaker increase in risk of the other subtypes.

Although not statistically significant, there was some ev-
idence of heterogeneity by subtype for parity, tubal ligation,
and hysterectomy; the inverse association for oral contra-
ceptive use was similar across subtypes. A first birth was
associated with a borderline significant decrease in risk of
serous invasive and endometrioid cancers but was unasso-
ciated with mucinous tumors. Each additional birth signif-
icantly decreased risk of the endometrioid subtype only
(RR ¼ 0.85, 95% CI: 0.74, 0.99). In general, tubal ligation
and hysterectomy were more strongly inversely associated
with endometrioid and mucinous cancers.

In an alternative reproductive model with ovulatory years
and duration of menopause, associations with number of
ovulatory years (P-heterogeneity ¼ 0.04), duration of men-
opause (P-heterogeneity <0.001), and duration of breast-
feeding (P-heterogeneity ¼ 0.03) differed significantly by
subtype (Table 3). Each 1-year increase in the number of
ovulatory years was associated with a significant 8% in-
crease in risk of serous invasive and endometrioid tumors
but only a 3% increase in risk of mucinous tumors.

Building on the final reproductive model, the associations
with several nonreproductive exposures appeared to differ
by subtype, but only smoking differed significantly
(P-heterogeneity ¼ 0.03) (Table 4). Past smoking was as-
sociated with decreased risk of endometrioid tumors (RR ¼
0.59, 95% CI: 0.39, 0.90), whereas past/current smoking
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Table 1. Baseline Characteristics of Epithelial Ovarian Cancer Cases and Noncases Among 108,870 Women in the NHS in 1976 and 112,996 Women in the NHSII in 1989

NHS NHSII

Noncases
(n 5 108,073)

All Epithelial
(n 5 797)

Serous Invasive
(n 5 451)

Endometrioid
(n 5 115)

Mucinousa

(n 5 69)
Noncases

(n 5 112,869)
All Epithelial
(n 5 127)

Serous Invasive
(n 5 45)

Endometrioid
(n 5 24)

Mucinousa

(n 5 17)

Reproductive/hormonal
characteristics

Mean

Age, years 42 45 45 44 44 35 37 38 36 35

Duration of oral contraceptive
use, monthsb

47 44 44 36 38 53 49 39 62 57

Duration of estrogen use,
monthsb

34 44 43 75 20 15 0 0 0 0

Parity among parous
women, no.

3.1 3.0 3.2 2.9 2.9 2.1 2.0 2.2 1.8 1.8

Duration of breastfeeding,
monthsc

6 4 4 4 2 13 8 11 10 7

Ovulatory years, no.d 24 27 28 27 27 17 20 21 18 17

Percentage of the population

Ever used oral contraceptives 48 38 35 38 43 83 85 87 83 82

Parous 94 90 91 82 95 70 63 67 67 53

Tubal ligation 13 8 9 7 10 16 13 18 4 6

Hysterectomy 13 14 18 10 6 4 6 7 8 0

Other characteristics

Mean

Body mass index, kg/m2 24 24 24 24 23 24 26 24 29 24

Physical activity,
MET-hours/weeke

13 14 15 13 9 21 22 25 18 17

Percentage of the population

Genital talc use >once/weekf 28 29 29 30 40

Past smoker 23 27 29 17 26 21 22 23 8 20

Current smoker 33 31 29 33 44 13 12 16 8 13

Family history of
breast cancer

6 8 7 12 8 6 13 20 21 7

Family history of
ovarian cancerg

3 5 6 0 19 2 1 4 0 0

Abbreviations: MET, metabolic equivalent task; NHS, Nurses’ Health Study; NHSII, Nurses’ Health Study II.
a Includes borderline and invasive tumors.
b Among ever users of oral contraceptives or postmenopausal unopposed estrogens; in the NHSII, only 32 women had used unopposed estrogens at baseline.
c Total duration among parous women in 1986 for the NHS and 1993 for the NHSII.
d Current age (if premenopausal) or age at natural menopause minus (age at menarche þ duration of oral contraceptive use in years þ parity).
e Physical activity from 1986 for the NHS and 1989 for the NHSII; 3 MET-hours is equivalent to walking at an average pace of 2.0–2.9 miles/hour for 1 hour (1 mile ¼ 1.6 km).
f Use among NHS participants only; collected in 1982.
g First collected in 1992 in the NHS and 1993 in the NHSII.
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was associated with a nonsignificant increased risk of mu-
cinous cancers. Body mass index was positively associated
with the endometrioid subtype (RR ¼ 1.18 per 5 kg/m2,
95% CI: 1.02, 1.38) but was unassociated with the other
subtypes (P-heterogeneity ¼ 0.06). There also were nonsig-
nificant positive associations between physical activity and
serous invasive cancers and between talc use and mucinous
tumors. The results for physical activity were unchanged
when 1986 was used as the baseline (results not shown).

For the association with all epithelial cancers, the AUC for
the reproductive model (AUC ¼ 0.624) was slightly higher
than that for the ovulatory years model (AUC ¼ 0.617), in-
dicating that these models have similar discriminatory abil-
ity (Table 5). The goodness of fit for the reproductive model
was highest for the endometrioid subtype (AUC ¼ 0.714),
intermediate for the mucinous subtype (AUC ¼ 0.678), and
lowest for the serous invasive subtype (AUC ¼ 0.614). Add-
ing the nonreproductive exposures improved the goodness
of fit overall and for each subtype. Although the AUC for
each model was based on a slightly different study popu-
lation, the results were similar when we used the same
population for all models (results not shown).

All results were essentially unchanged when we restricted
analyses to the NHS only or excluded primary peritoneal

cases (results not shown). In analyses of serous versus non-
serous cancers, there were significant differences for the
associations with age, parity, tubal ligation, and duration
of breastfeeding but no differences for nonreproductive ex-
posures (results not shown). When mucinous cancers were
compared with nonmucinous cancers, the associations with
only age, duration of breastfeeding, and number of ovula-
tory years differed significantly (results not shown). When
we included clear-cell cancers in the reproductive model,
the associations with age, parity, duration of estrogen use,
and duration of breastfeeding differed significantly across
the 4 subtypes (results not shown).

DISCUSSION

These results suggest that associations with several ovar-
ian cancer risk factors differ by histologic subtype. We ob-
served significant heterogeneity across the serous invasive,
endometrioid, and mucinous subtypes for associations with
both reproductive and nonreproductive exposures, including
age, duration of breastfeeding, duration of estrogen use, and
smoking status. There was some evidence of heterogeneity
by subtype for several other exposures, including parity and

Table 2. Association Between Reproductive/Hormonal Exposures and Risk of Epithelial Ovarian Cancer, by Histologic Subtype, Among

108,870 Women in the NHS From 1976 to 2006 and 112,996 Women in the NHSII From 1989 to 2005a

All Epithelial
(n 5 924)

Serous Invasive
(n 5 496)

Endometrioid
(n 5 139)

Mucinous
(n 5 86)b P-Heterogeneityc

RR 95% CI RR 95% CI RR 95% CI RR 95% CI

Age among women <50 years,
(per 1-year increase)d

1.11 1.09, 1.14 1.15 1.10, 1.19 1.12 1.06, 1.17 1.06 1.00, 1.12 <0.001

Age among women �50 years,
(per 1-year increase)e

1.02 1.01, 1.04 1.04 1.02, 1.06 0.97 0.94, 1.00 1.00 0.96, 1.04

Parousf 0.71 0.57, 0.89 0.73 0.53, 1.02 0.61 0.37, 1.03 1.17 0.56, 2.47 0.09

Parity among parous womenf 0.94 0.89, 0.99 1.00 0.94, 1.06 0.85 0.74, 0.99 0.95 0.81, 1.13

Breastfeeding (per 1-year
increase)g

0.82 0.74, 0.91 0.84 0.73, 0.96 0.74 0.55, 1.00 0.43 0.25, 0.74 0.03

Oral contraceptive use
(per 5-year increase)

0.84 0.75, 0.93 0.78 0.66, 0.91 0.77 0.58, 1.02 0.84 0.60, 1.17 0.91

Tubal ligation 0.68 0.56, 0.84 0.83 0.63, 1.09 0.59 0.34, 1.02 0.50 0.25, 1.01 0.26

Hysterectomy 0.69 0.52, 0.91 0.86 0.61, 1.20 0.68 0.39, 1.17 0.45 0.20, 0.98 0.20

Age at natural menopause
(per 1-year increase)

1.03 1.00, 1.05 1.02 0.99, 1.06 1.13 1.04, 1.22 1.01 0.93, 1.10 0.05

Estrogen use (per
5-year increase)h

1.37 1.25, 1.50 1.28 1.14, 1.44 1.87 1.52, 2.31 1.31 0.89, 1.93 0.009

Abbreviations: CI, confidence interval; NHS, Nurses’ Health Study; NHSII, Nurses’ Health Study II; RR, incidence rate ratio.
a Estimates were adjusted for all variables in the table, plus cohort (NHS or NHSII), menopausal status (postmenopause vs. premenopause/

perimenopause), missing data on breastfeeding duration (yes/no) because of noncompletion of questionnaire, and missing age at natural men-

opause (yes/no) because of hysterectomy prior to menopause.
b Includes borderline and invasive tumors.
c P value from likelihood ratio test comparing, for each covariate, the model with separate estimates for the serous invasive, endometrioid, and

mucinous histologic subtypes with the model with a single estimate across the 3 subtypes.
d RR for each 1-year increase in age prior to age 50 years.
e RR for each 1-year increase in age at age 50 years or older.
f Parous: RR for 1 versus 0 children; parity among parous women: RR for each additional child after the first.
g Breastfeeding duration first collected in 1986 in the NHS and 1993 in the NHSII.
h Duration of postmenopausal use of unopposed estrogens.
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body mass index, but these differences were not statistically
significant.

Previous epidemiologic studies have reported differences
in the risk factors for each histologic subtype of ovarian
cancer, although most studies were retrospective and few

reported a statistical test of differences in risk across sub-
types. In a pooled analysis, parity and oral contraceptive use
were inversely associated with all 4 major subtypes, al-
though parity was most protective for endometrioid and
clear-cell tumors, and breastfeeding was inversely

Table 4. Association Between Nonreproductive Exposures and Risk of Epithelial Ovarian Cancer, by Histologic Subtype, Among 108,446

Women in the NHS From 1976 to 2006 and 112,054 Women in the NHSII From 1989 to 2005a

All Epithelial
(n 5 876)

Serous Invasive
(n 5 468)

Endometrioid
(n 5 134)

Mucinousb

(n 5 84) P-Heterogeneityc

RR 95% CI RR 95% CI RR 95% CI RR 95% CI

Body mass index (per
5-kg/m2 increase)

1.05 0.98, 1.12 0.97 0.88, 1.07 1.18 1.02, 1.38 0.90 0.72, 1.13 0.06

Activity (per 15-MET-
hour/week increase)d

1.05 0.98, 1.13 1.08 0.98, 1.19 0.94 0.76, 1.16 0.82 0.61, 1.10 0.11

Talc use (�once/week
vs. <once/week)e

1.06 0.89, 1.28 1.06 0.84, 1.35 1.06 0.66, 1.69 1.50 0.84, 2.66 0.55

Past smoker 1.05 0.91, 1.22 1.09 0.89, 1.34 0.59 0.39, 0.90 1.54 0.94, 2.53 0.03

Current smoker 1.11 0.92, 1.35 1.14 0.88, 1.49 0.93 0.59, 1.47 1.52 0.85, 2.74

Family history of
breast cancer

1.29 1.07, 1.56 1.34 1.04, 1.73 1.94 1.24, 3.03 1.42 0.76, 2.63 0.38

Family history of
ovarian cancerf

1.75 1.19, 2.57 1.85 1.13, 3.03 0.47 0.07, 3.39 4.50 1.76, 11.51 0.06

Abbreviations: CI, confidence interval; MET, metabolic equivalent task; NHS, Nurses’ Health Study; NHSII, Nurses’ Health Study II; RR,

incidence rate ratio.
a Estimates were adjusted for all variables in the table, plus all covariates in the final reproductive model (Table 2) and variables for missing data

on talc use or family history of ovarian cancer (yes/no).
b Includes borderline and invasive tumors.
c P value from likelihood ratio test comparing, for each covariate, the model with separate estimates for the serous invasive, endometrioid, and

mucinous histologic subtypes with the model with a single estimate across the 3 subtypes.
d Cumulative average physical activity beginning in 1986 for the NHS and 1989 for the NHSII.
e Information on regular genital talc use available for NHS participants only; collected in 1982.
f Information on family history of ovarian cancer first collected in 1992 in the NHS and 1993 in the NHSII.

Table 3. Association Between Ovulatory Years and Other Reproductive/Hormonal Exposures and Risk of Epithelial Ovarian Cancer, by

Histologic Subtype, Among 107,352 Women in the NHS From 1976 to 2006 and 112,632 Women in the NHSII From 1989 to 2005a,b

All Epithelial
(n 5 767)

Serous Invasive
(n 5 397)

Endometrioid
(n 5 118)

Mucinousc

(n 5 80) P-Heterogeneityd

RR 95% CI RR 95% CI RR 95% CI RR 95% CI

Ovulatory years (per
1-year increase)e

1.07 1.05, 1.08 1.08 1.06, 1.10 1.08 1.05, 1.11 1.03 1.00, 1.07 0.04

Duration of menopause
(per 1-year increase)

1.02 1.01, 1.04 1.04 1.02, 1.06 0.96 0.93, 0.99 1.00 0.97, 1.04 <0.001

Breastfeeding (per
1-year increase)f

0.80 0.71, 0.89 0.85 0.73, 0.98 0.68 0.49, 0.94 0.45 0.27, 0.77 0.03

Tubal ligation 0.69 0.55, 0.85 0.86 0.65, 1.16 0.57 0.32, 1.00 0.51 0.25, 1.04 0.21

Hysterectomy 0.69 0.52, 0.92 0.77 0.53, 1.13 0.78 0.42, 1.44 0.57 0.23, 1.42 0.81

Estrogen use (per
5-year increase)g

1.36 1.13, 1.64 1.45 1.16, 1.81 2.33 1.53, 3.53 0.93 0.38, 2.26 0.08

Abbreviations: CI, confidence interval; NHS, Nurses’ Health Study; NHSII, Nurses’ Health Study II; RR, incidence rate ratio.
a Estimates were adjusted for all variables in the table, plus cohort (NHS or NHSII), parous (yes/no), menopausal status (postmenopause vs.

premenopause/perimenopause), and missing data on breastfeeding duration (yes/no) because of noncompletion of questionnaire.
b Model excludes women with missing age at natural menopause because of hysterectomy prior to menopause.
c Includes borderline and invasive tumors.
d P value from likelihood ratio test comparing, for each covariate, the model with separate estimates for the serous invasive, endometrioid, and

mucinous histologic subtypes with the model with a single estimate across the 3 subtypes.
e Current age (if premenopausal) or age at natural menopause minus (age at menarche þ duration of oral contraceptive use in years þ parity).
f Breastfeeding duration first collected in 1986 in the NHS and 1993 in the NHSII.
g Duration of postmenopausal use of unopposed estrogens.
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associated with the serous, endometrioid, and mucinous
subtypes but was most protective for mucinous cancers
(6). These results, as well as the pooled associations for
family history, body mass index, and smoking, were consis-
tent with our study (6). Tubal ligation was inversely associ-
ated with serous and clear-cell cancers in the pooled
analysis (6), but other studies have reported inverse associ-
ations for tubal ligation or hysterectomy and risk of endo-
metrioid and/or mucinous tumors (8, 13, 14, 21). Age at
menopause was associated with an increased risk of endo-
metrioid tumors in a small study (n ¼ 41 endometrioid
cases) (22) but not in 2 other studies (7, 23), and estrogen
use was more strongly positively associated with endome-
trioid cancers in some (24–26) but not all (13, 27) previous
studies. Three studies of ovulatory years reported a positive
association with nonmucinous cancers but no association
with the mucinous subtype (9, 10, 14), similar to our study.

Among the nonreproductive exposures, recent physical
activity was inversely associated with risk of all 4 histologic
subtypes in one study, although the association was statisti-
cally significant for serous cancers only (28). Similarly,
another study noted inverse associations with risk of serous,
endometrioid, and mucinous tumors (29). However, pro-
spective studies, including ours (30), generally have ob-
served null or positive associations (31–33). Several
previous studies of genital talc use, including an analysis
in the NHS (34), observed a stronger positive association
with serous or serous invasive cancers (35–38), although
2 studies reported no difference by subtype (39, 40) and 1
reported a positive association with mucinous tumors (38).
Although our results generally are consistent with the exist-
ing literature, apparent differences, such as those for talc
use, may be due to the limited number of cases of endome-
trioid or mucinous histology.

At one time, it was believed that the majority of epithelial
ovarian cancers, regardless of histology, arose through trans-
formation of the ovarian surface epithelium. However, grow-
ing evidence suggests a varied origin of these cancers; for
example, high-grade serous carcinomas may arise in the dis-
tal fallopian tube (41–43). Morphologically, serous tumors
resemble normal fallopian tube epithelium, endometrioid tu-
mors resemble normal endometrium, and mucinous tumors
resemble benign intestinal mucosa or cervical epithelium (4).

In addition, there are similarities in gene expression between
each subtype and its corresponding normal tissue (5).

The risk factor profiles we observed are consistent with
evidence that each subtype resembles a different normal
tissue. For example, parity, duration of breastfeeding, and
smoking were inversely associated with risk of endome-
trioid tumors, whereas duration of estrogen use and body
mass index were positively associated with risk. This pattern
of risk factors is similar to that for endometrial cancer,
which is influenced by estrogens and is positively associated
with hormone-related exposures, most notably obesity and
estrogen use (44). For the mucinous subtype, our results
suggest that exposure to carcinogens and other chemicals
(e.g., tobacco smoke or talc) may increase risk, whereas
surgical procedures that decrease ovarian exposure to exog-
enous agents (e.g., tubal ligation or hysterectomy) may be
protective. Although these results generally are not consis-
tent with known risk factors for colon or cervical cancer
(45, 46), evidence exists that smoking (47, 48) and exposure
to certain chemicals (49–51) may increase risk of these
cancers. The serous invasive subtype was associated with
reproductive and hormonal exposures, including parity, du-
ration of oral contraceptive use, and duration of estrogen
use. Limited data are available on risk factors for fallopian
tube carcinoma, although parity and tubal ligation appear to
be protective (52). Information on the epidemiology of se-
rous ovarian tumors may be informative for future research
of fallopian tube primary carcinomas.

Strengths of our study include the prospective data with
repeated measures for most exposures and the large com-
bined study population. In addition, methods used in this
analysis allowed for estimation of separate associations with
each subtype simultaneously, as well as formal tests for
differences across subtypes.

Although our analysis included a large number of epithe-
lial cases, we had a limited number of cases with certain
subtypes (e.g., clear-cell and noninvasive serous cancers).
Furthermore, we classified histologic subtype based on a re-
view of pathology reports rather than a central pathology
review or immunostaining. Although this categorization
likely resulted in some misclassification of histologic sub-
type, a validation study within the NHS found that histologic
subtype based on central pathology review corresponded to

Table 5. AUC for Total Epithelial Ovarian Cancer and Each Histologic Subtype Among Women in the NHS From 1976 to 2006 and the NHSII

From 1989 to 2005

Model
All Epithelial Serous Invasive Endometrioid Mucinousa

No. of Cases AUC No. of Cases AUC No. of Cases AUC No. of Cases AUC

Reproductive (Table 2) 924 0.624 496 0.614 139 0.714 86 0.678

Ovulatory years (Table 3)b 767 0.617 397 0.616 118 0.703 80 0.650

Reproductive þ nonreproductive
exposures (Table 4)

876 0.645 468 0.644 134 0.748 84 0.744

Ovulatory years þ nonreproductive
exposuresb,c

731 0.643 378 0.652 114 0.746 78 0.719

Abbreviations: AUC, area under the receiver operating characteristic curve; NHS, Nurses’ Health Study; NHSII, Nurses’ Health Study II.
a Includes borderline and invasive tumors.
b Excludes women with missing age at natural menopause because of hysterectomy prior to menopause.
c Results from this model are not shown.
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the pathology report for a high percentage of cases (17). The
incomplete data for a few exposures, in particular talc use
and family history of ovarian cancer, also are weaknesses
because the limited data may have influenced the observed
associations for these exposures. The association with talc
use in our analysis differed from the association in a previous
analysis of the NHS cohort (34), possibly because of a greater
degree of exposure misclassification over 24 years of follow-
up. However, the suggestive positive association with the
mucinous subtype may reflect a longer latency period be-
tween talc exposure and development of mucinous tumors.
Finally, the use of a single summary measure for certain
exposures, such as physical activity, also may have limited
our ability to detect an association. Additional analyses of
different types/intensities of physical activity and risk of
each subtype would help clarify this association.

In summary, our study provides additional evidence that
associations with several ovarian cancer risk factors differ
by histologic subtype and that these differences are consis-
tent with known similarities between each subtype and a cor-
responding normal tissue. Differences in risk by subtype
may help explain variability in the association with certain
exposures across study populations, because the observed
associations may differ depending on the distribution of the
exposure and histologies. Future epidemiologic studies of
ovarian cancer therefore should examine the histologic sub-
types separately to determine whether heterogeneity in the
association exists across subtypes. Analyses not taking into
account differences in ovarian cancer risk by histologic sub-
type could be misleading.
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