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Ovarian cancer risk is known to be reduced amongst women who have had children, but reported associations with breast-

feeding are varied. Few studies have had sufficient power to explore reliably these associations by tumour histotype. In a pro-

spective study of 1.1 million UK women, 8719 developed ovarian cancer during follow-up. Cox regression yielded adjusted

relative risks (RRs) overall and by tumour histotype amongst women with different childbearing patterns. Nulliparous women

had a 24% greater ovarian cancer risk than women with one child, with significant heterogeneity by histotype (p 5 0.01).

There was no significant increase in serous tumours, a modest increase in mucinous tumours, but a substantial increase in

endometrioid (RR 5 1.49, 95% CI: 1.18-1.89) and clear-cell tumours (RR 5 1.68, 1.29-2.20). Among parous women, each addi-

tional birth was associated with an overall 6% reduction in ovarian cancer risk; this association also varied by histotype

(p 5 0.0006), with the largest reduction in risk for clear-cell tumours (RR per birth 5 0.75, 0.65-0.85, p < 0.001) and weak, if

any, effect for endometrioid, high-grade serous, or mucinous tumours. We found little association with age at first or last

birth. There was about a 10% risk reduction per 12-months breastfeeding (RR 5 0.89, 0.84-0.94, p < 0.001), with no signifi-

cant heterogeneity by histotype, but statistical power was limited. In this large prospective study, ovarian cancer risk associ-

ated with parity varied substantially by tumour histotype. Nulliparity was associated with a substantially greater overall risk

than expected from the effect of a single birth, especially for clear cell and endometrioid tumours, perhaps suggesting that

infertility is associated with these histotypes.

Many epidemiological studies have reported a reduced risk of
ovarian cancer amongst women who have had children, find-
ing decreasing risk with increasing number of births.1–17

Infertility has been associated with an increased risk of ovar-
ian cancer,18,19 but few studies have examined the effects in
nulliparous women, many of whom may be infertile.20,21

Long durations of breastfeeding have also been associated
with a reduced risk of ovarian cancer,22 although there is
considerable heterogeneity in the findings, not all of which
included adequate adjustment for the number of children
women have had, which is highly correlated with total dura-
tion of breastfeeding.

The majority of cases of ovarian cancer are epithelial
tumours, of which the most common histological type is
high-grade serous carcinoma (about 60%); the next most
common histotypes are endometrioid, clear cell, mucinous,
and low-grade serous carcinomas, each of which accounts for
<20% of the total.23 Recent evidence from histopathological
and genetic studies suggests that the different histotypes of
ovarian cancer may have distinct, possibly extra-ovarian, ori-
gins. For example, it is suggested that many high-grade
serous tumours may arise from precursor lesions within the
fallopian tubes, while some endometrioid and clear cell
tumours may develop from endometriosis; the origins of
mucinous tumours are uncertain.24 Many factors, including
use of oral contraceptives,25 use of menopausal hormones,26
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and smoking27 show variation in risk by ovarian tumour
histotype.

Some2,6,13,17 but not all5,7,15 epidemiological studies have
reported that some associations between childbearing patterns
and ovarian cancer varied by histological type, although few
formally tested for heterogeneity and there is little consis-
tency in the findings across studies. No single previous study
with information on potential confounding factors (such as
use of the oral contraceptive pill) included >2,000 cases of
ovarian cancer, too few to examine reliably for heterogeneity
by histotype.

A pooled analysis of studies with retrospective ascertain-
ment of childbearing history included 5,566 cases of ovarian
cancer, and limited results on parity and risk of ovarian can-
cer histotypes were reported just as part of an analysis of a
genetic risk score in relation to environmental factors.28 A
pooled analysis of 21 prospective studies from the Ovarian
Cancer Cohort Consortium included 5,584 cases of invasive
epithelial ovarian cancer, and found strong evidence of an
association between parity and ovarian cancer risk, with
heterogeneity by histotype, but no significant association with
breastfeeding, either overall or by histotype.29

Large numbers are needed to examine reliably the associa-
tion between reproductive factors (parity and breastfeeding)
and risk by ovarian cancer histotype, and we report here
findings from a prospective study of one million UK women
with almost 9,000 incident cases of ovarian cancer.

Material and Methods
Study design, data collection and follow-up

The Million Women Study is a cohort of 1.3 million UK
women, aged 56 (standard deviation (SD) 5) at the time of
recruitment (1996–2001). Participants were invited to take
part in the study via letters sent with invitations to attend
mammographic screening for breast cancer. The women
completed questionnaires at recruitment, including informa-
tion on reproductive, sociodemographic, and health factors.
The study methods have been described in detail elsewhere,30

and study questionnaires can be viewed at http://www.mil-
lionwomenstudy.org. Information on data access for the Mil-
lion Women Study is available at www.millionwomenstudy.
org/data_access/. Follow-up was via record linkage to the
National Health Service (NHS) Central Register (based on
unique NHS number and other personal identifiers): all par-
ticipants were ‘flagged’, so that the study investigators were

routinely notified of cancer registrations or deaths. Cancer
diagnoses were coded by the NHS Central Register using the
10th revision of the WHO International Classification of Dis-
eases (ICD-10),31 with morphology codes from the 2nd and
3rd edition of the International Classification of Diseases for
Oncology (ICD-O).32,33

All participants gave written consent to follow-up at
recruitment. The study received ethical approval from the
Oxford and Anglia Multi-Centre Research Ethics Committee
(MREC 97/01).

Exposure variables

Information on reproductive factors was taken from the
recruitment questionnaire. Parity was defined by the number
of full-term pregnancies, derived from the response to the
question: ‘How many children have you had? (please include
stillbirths; it is not necessary to include miscarriages)’ and
the dates of birth for each child. The latter information, as
recorded by the women, was also used for analyses of the
woman’s age at first or last birth.

Total duration of breastfeeding was calculated as the sum
of the duration of breastfeeding each child, as reported in
response to the question: ‘for how many months did you
breastfeed each child, if at all?’ Average duration of breast-
feeding per child breastfed was calculated as the sum of dura-
tion of breastfeeding each child, divided by the number of
children breastfed.

Outcome

The outcome of interest was ovarian cancer (ICD-10 C56).
For analyses of histotype, the outcome was split into the four
most common specific histological groups: serous (ICD-O
codes 8441–8442, 8451, 8460–8463, 9014), mucinous (ICD-O
codes 8470–8490), endometrioid (ICD-O codes 8380–8381,
8560, 8570), and clear cell (ICD-O codes 8310, 8313); the
remainder of cases were classified as other/unspecified.

For some analyses, serous and mucinous tumours were
further subdivided, as previously described.34 Serous tumours
were divided into low-grade tumours (defined here as border-
line serous tumours (ICD-O codes 8442, 8451, 8462, 8463)
or grade 1 serous carcinomas), and high-grade serous carci-
nomas (defined here as grade �2 serous carcinomas). Mucin-
ous tumours were split into mucinous borderline tumours
(ICD-O codes 8472–8473) and mucinous carcinomas (ICD-O
codes 8470–8471 and 8480–8490).

What’s new?

Evidence suggests that women who bear children are at decreased risk of ovarian cancer. Whether breastfeeding contributes

to this reduction in risk remains unclear. In this prospective study, each birth in parous women reduced overall ovarian cancer

risk by 6%, while nulliparity was associated with a 24% increase in risk compared to women with one child. Among parous

women, risk reduction varied by tumour type, with the greatest reduction observed for clear cell tumours and almost no reduc-

tion detected for serous tumours. Ovarian cancer risk was additionally reduced by 10% for every 12 months of breastfeeding.
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Statistical analyses

Women were excluded if they had been diagnosed with any
invasive cancer (other than non-melanoma skin cancer, ICD-
10 C44) prior to recruitment (n5 44,775); if they reported a
previous bilateral oophorectomy (or were unsure, or the
information was missing) (n5 170,772); or if they had miss-
ing information on parity (n5 3,883). The remaining women
(N5 1,144,762) contributed person-years from the date of
recruitment into the study until the date of registration for
ovarian cancer, the date of death, or last date of follow-up
(31 December 2014)—whichever was soonest. Women were
censored at diagnosis of any cancer (other than non-
melanoma skin cancer). About 1% of participants were lost
to follow-up by the end of 2014 and such women are cen-
sored at the date when they were lost, contributing person-
years until then.

We used Cox proportional hazards models to estimate
hazard ratios (referred to as relative risks [RRs]) of ovarian
cancer according to parity, age at first or last birth, and
breastfeeding. Attained age was the underlying time variable.
There was no evidence of significant violation of the propor-
tional hazards assumption, as assessed by graphical methods
and tests based on Schoenfeld residuals.

In analyses of parity, we first estimated the RR for parous
versus nulliparous women. We then estimated the RR for
nulliparous vs. para-1 women and the RR per birth in parous
women by simultaneously modelling parity as a binary vari-
able indicating nulliparous women and as a linear trend in
parous women (through 1, 2, 3, 4, 5.5 births; 5.5 is the mean
number of births in women who had 51 births). Heteroge-
neity of these two RRs was tested using a contrast test. In
categorical analyses of parity and ovarian cancer risk by his-
tological type among parous women, parity was categorised
into 3 groups (1, 2, 31 births) due to the small number of
cases of less common subtypes with high parity.

Analyses of the timings of births were restricted to parous
women with complete information on age at first and last
births, and were stratified by parity (1, 2, 31). Both age at
first birth, and age at last birth, were treated as ordered cate-
gorical variables (age at first birth: <20, 20–24, 251; age at
last birth: <25, 25–29, 301). Tests for trend used the
categorical variables coded with the median age in each age-
group (age at first birth: 18, 22, 27; age at last birth: 23, 27,
33). Separate models were run for age at first birth and age
at last birth.

Analyses of breastfeeding used the total duration of
breastfeeding (summed over all births), or the average dura-
tion of breastfeeding per child breastfed, as ordered categori-
cal variables (none, �1 month, >1 and <6 months, �6 and
<12 months, 121 months). Tests for trend used the categor-
ical variable coded by the median duration of breastfeeding
in each group (total duration: 0, 1, 3, 8, 17 months; average
duration per child breastfed: 0, 0.67, 3, 7, 13.5 months). For
analyses of breastfeeding, women were excluded if they had

missing information on the duration of breastfeeding (infor-
mation was missing for approximately 20% of women, as this
question was not included in the earliest batch of question-
naires). All breastfeeding analyses were restricted to parous
women, and stratified by parity (1, 2, 3, 4, 51).

All analyses were stratified by geographical region (10
regions corresponding to the areas covered by the cancer reg-
istries), and adjusted for use of the oral contraceptive pill
(never, ever), tubal ligation (no, yes), family history of breast
cancer (no, yes), hysterectomy (no, yes), use of menopausal
hormones (never, ever), body mass index (BMI) (<25 kg/m2,
25–29 kg/m2, 301 kg/m2), smoking history (never, past,
current), and quintiles of socioeconomic status based on the
Townsend deprivation index.35 For adjustment variables,
missing values were assigned to a separate category. All infor-
mation on adjustment variables was taken from the recruit-
ment questionnaire. Exposure information was either missing
or reported as unknown for <5% of women for all potential
confounders.

Other factors (including alcohol consumption, physical
activity, and age at menarche) were explored as potential
confounders, but were not included in the final model as
their inclusion made no appreciable difference to the main
estimate of effect.

Tests of heterogeneity in the relationship between ovarian
cancer and parity or breastfeeding by histotype were per-
formed using a competing risks approach.36

For analyses where comparisons were made between more
than two exposure categories, relative risks are presented in
figures with group-specific confidence intervals (95% g-s CI)
for the log risk in each group (allowing comparisons to be
made between any two categories, even if neither is the refer-
ence group).37,38 Conventional 95% confidence intervals are
given in the text. All analyses were performed in Stata-14.39

Figures were drawn in R40 using either ‘ggplot2’41 or the in-
house package ‘Jasper’.42

Results
A total of 1,144,762 women were included in this analysis,
with a mean age at recruitment of 56.1 years (SD 4.8). Overall,
89% of participants reported at least one full-term pregnancy.
Table 1 shows the characteristics of the study population, by
parity. Compared to nulliparous women, parous women were
more likely to have used the oral contraceptive pill and meno-
pausal hormones, to have undergone tubal ligation and hyster-
ectomy, and to be current smokers.

During 16.7 million person-years of follow-up (an average
of 14.6 [SD 3.7] years per woman), 8719 incident ovarian
cancers were reported, with a mean age at diagnosis of 65.6
years (SD 6.5). Of the 5848 epithelial cancers with the four
most common tumour types, 67% were serous (n5 3916),
15% mucinous (n5 896), 11% endometrioid (n5 622) and
7% clear cell (n5 414). Of the remaining cases (n5 2871),
the majority were recorded as unspecified carcinoma or
adenocarcinoma.
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Parity and risk of ovarian cancer

Overall, parous women had an estimated 26% lower risk of
ovarian cancer than nulliparous women (RR5 0.74, 95% CI:
0.70–0.79), after adjustment for age, region, socioeconomic
status, tubal ligation, family history of breast cancer, hysterec-
tomy, BMI, smoking, and use of contraceptive or menopausal
hormones.

The reduction in risk of ovarian cancer was greatest for
the first birth, with almost a 20% reduction in risk compared
to nulliparous women (RR5 0.82, 95% CI: 0.76–0.89); there
were further reductions in risk with subsequent births, but of
smaller magnitude (<10% per birth) (see Fig. 1).

Given the substantial difference in the proportional reduc-
tion in risk associated with the first compared to subsequent
births, it was not valid to model the effects of parity simply
as a relative risk per birth including nulliparous women.
Instead, a model was used that allowed for distinct relative
risks to be estimated for nulliparous women compared to
para-1 women, and for additional births amongst parous
women. In this model, nulliparous women had a 24% higher
risk of ovarian cancer than women with one child (RR5

1.24, 95% CI: 1.16–1.33), and there was significant heteroge-
neity by histotype (heterogeneity: p5 0.01). Nulliparous
women had about a 50% higher risk of endometrioid
(RR5 1.49, 95% CI: 1.18–1.89, p5 0.001) and almost a 70%
higher risk of clear cell tumours (RR5 1.68, 95% CI: 1.29–

Table 1. Characteristics of the study population at recruitment, and details of follow-up, according to parity

Parity

Characteristics Nulliparous Parous All women

Number of women 123,927 1,020,835 1,144,762

Mean (SD) age at recruitment (years) 56.1 (5.0) 56.1 (4.8) 56.1 (4.8)

Socioeconomic status, lower third, % (n) 30.7 (37,774) 32.3 (327,624) 32.2 (365,398)

Mean (SD) age at menarche 12.9 (1.6) 13.0 (1.6) 13.0 (1.6)

Ever use of oral contraceptive pill, % (n) 45.6 (56,054) 61.6 (624,076) 59.9 (680,130)

Tubal ligation, % (n) 5.0 (6,149) 23.8 (239,239) 21.7 (245,388)

Ever use of menopausal hormones, % (n) 42.0 (51,683) 47.5 (479,976) 46.9 (531,659)

Hysterectomy, % (n) 10.3 (12,796) 16.9 (172,168) 16.2 (184,964)

Mean (SD) age at natural menopause 48.7 (4.4) 49.2 (4.2) 49.1 (4.2)

Family history of breast cancer, % (n) 10.0 (11,615) 9.8 (94,349) 9.9 (105,964)

Mean (SD) body mass index (kg/m2) 25.7 (4.8) 26.2 (4.6) 26.2 (4.7)

Current smoker, % (n) 17.1 (20,130) 20.5 (197,543) 20.2 (217,673)

Strenuous exercise �once/week, % (n) 39.9 (47,959) 39.2 (385,852) 39.3 (433,811)

Alcohol intake, �7 units/week, % (n) 27.2 (33,473) 23.6 (238,840) 24.0 (272,313)

Follow-up for cancer incidence

Woman-years of follow-up (100,000s) 17.8 149.5 167.3

Mean follow-up time per woman (SD) 14.3 (4.0) 14.6 (3.6) 14.6 (3.7)

Number of incident cancers 1,266 7,453 8,719

Mean (SD) age at ovarian cancer diagnosis 65.2 (6.7) 65.7 (6.5) 65.6 (6.5)

Notes: Means and percentages are calculated excluding missing values for the variable of interest.
n: number of women; SD: standard deviation.

Figure 1. Relative risk of ovarian cancer in parous versus nullipa-

rous women with increasing parity.
Analyses are adjusted for age, region, tubal ligation, hysterectomy, family

history of breast cancer, use of the oral contraceptive pill or menopausal

hormones, body mass index, smoking, and socioeconomic status. The figure

shows point estimates and 95% group-specific confidence intervals.
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2.20, p< 0.001), with a smaller increase in risk of mucinous
tumours (RR5 1.26, 95% CI: 1.02–1.57, p5 0.03), and a small
and non-significant increase in risk of serous tumours, the
most common histotype (RR5 1.10, 95% CI: 0.99–1.22) (see
Fig. 2a). There was no significant heterogeneity in the associa-
tion between low-grade and high-grade serous tumours (het-
erogeneity: p5 0.5), or between mucinous borderline tumours
and mucinous carcinoma (heterogeneity: p5 0.3).

Among parous women, each additional birth was associ-
ated with a 6% reduction in risk of ovarian cancer on average

(RR5 0.94, 95% CI: 0.92–0.96). This association was hetero-
geneous by histotype (heterogeneity: p5 0.0006), with a 25%
reduction in risk per birth of clear cell tumours, (RR5 0.75,
95% CI: 0.65–0.85, p< 0.001), a lesser reduction in the risk
of endometrioid tumours (RR5 0.88, 95% CI: 0.80–0.97,
p5 0.009), a relatively small reduction in the risk of serous
tumours (RR5 0.93, 95% CI: 0.90–0.96, p< 0.001), and no
significant reduction in risk of mucinous tumours (RR5 0.95,
95% CI: 0.89–1.02, p5 0.2) (see Fig. 2b). When serous
tumours were divided, there was a significant reduction

Figure 2. Relative risk of histological types of ovarian cancer with parity: (a) Nulliparous vs. Para-1, (b) RR per birth amongst parous.
Analyses are adjusted for age, region, tubal ligation, hysterectomy, family history of breast cancer, use of the oral contraceptive pill or menopausal hormones,

body mass index, smoking, and socioeconomic status. Note: The numbers of grade-specific serous tumours do not sum to the total number of serous tumours,

as information on tumour grade was missing for 1,737 serous carcinomas.

Figure 3. Relative risk of ovarian cancer in relation to the number of births and age at first or last birth, overall and by histotype (amongst

parous women only).
Analyses are adjusted for age, region, tubal ligation, hysterectomy, family history of breast cancer, use of the oral contraceptive pill or menopausal hormones,

body mass index, smoking, and socioeconomic status. Analyses of the age at first and last birth are additionally stratified by parity (1, 2, 31). The figure

shows point estimates and 95% group-specific confidence intervals.
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in risk of serous borderline and low-grade carcinoma
(RR5 0.84, 95% CI: 0.76–0.93), but not of high-grade serous
carcinoma (RR5 0.97, 95% CI: 0.92–1.02) (heterogeneity:
p5 0.01). There was no significant heterogeneity in the asso-
ciation between mucinous borderline tumours and mucinous
carcinoma (heterogeneity: p5 0.4).

The 24% increase in the risk of ovarian cancer amongst nul-
liparous women compared to women with one child was signif-
icantly greater than would have been expected based on the 6%
reduction in risk per birth found amongst parous women (het-
erogeneity: p5 0.0003). There was no significant trend seen
with increasing age at first or last birth, either for ovarian can-
cer overall, or for the four main histotypes (see Fig. 3).

Breastfeeding and risk of ovarian cancer

Amongst parous women with information on breastfeeding
(N5 813,162), 68% (554,695) reported ever breastfeeding,
with a mean duration of 8.1 (SD 9.4) months overall, or an
average of 3.8 (SD 3.5) months per child breastfed. Women
who reported breastfeeding (of any duration) had a small but
significant reduction in the risk of ovarian cancer overall,
compared to women who never breastfed (RR5 0.94, 95%
CI: 0.89–1.00, p5 0.04). This was most evident amongst
women who reported a total duration of breastfeeding of �6
months (RR5 0.90, 95% CI: 0.83–0.98 for duration �6 and
<12 months; RR5 0.86, 95% CI: 0.79–0.94 for duration 121

months) (see Fig. 4a). A similar trend in reduced risk of
ovarian cancer was seen with increasing duration of breast-
feeding per child, although confidence intervals were wide in
some of the longer duration groups (see Fig. 4b).

Overall, there was about a 10% reduction in the relative
risk of ovarian cancer per 12-month increase in total duration
of breastfeeding (RR5 0.89, 95% CI: 0.84–0.94, p< 0.001),
and a 14% reduction in the relative risk of ovarian cancer per
6-month increase in duration of breastfeeding per child
(RR5 0.86, 95% CI: 0.81–0.92), with no significant heteroge-
neity by histotype (heterogeneity: p5 0.3 and p5 0.5, respec-
tively), but statistical power was limited (see Fig. 5).

Discussion
We have shown, using data from a large prospective study
with almost 9000 incident cases of ovarian cancer, that there is
strong evidence of a reduced risk of ovarian cancer amongst
parous women, with further reductions in risk with additional
births, in agreement with findings from other studies.

However, there was a 24% excess overall risk of ovarian
cancer amongst nulliparous women compared to women
with just one child, which was substantially greater than the
overall 6% reduction in risk seen with each birth in parous
women. Such a difference is evident in some previously
published results,15,29 but was not formally examined
before. There were differences by histotype, with about a
50–70% increase for endometrioid and clear cell tumours in
nulliparous women compared to women with one child, a
smaller increase for mucinous tumours, but no association
with high-grade serous tumours (the most common
histotype).

The reduction in risk of ovarian cancer with parity among
parous women varied significantly between the histological
types. The greatest difference was seen for clear cell tumours:
each additional birth amongst parous women was associated
with about a 25% reduction in risk of clear cell tumours, and
a weaker 10% reduction for endometrioid tumours, but was
not significantly associated with the risk of high-grade serous
tumours or mucinous tumours.

Results from previous studies and pooled analyses are
broadly consistent with the greater reductions in risk of
endometrioid and clear cell tumours associated with child-
bearing,6,17,28,29 though individual studies did not separate
nulliparous women from parous and generally had too few
cases of these histotypes to show significant heterogene-
ity.2,5,13,14,16,43 Our finding of no significant reduction in risk
of high-grade serous tumours (the most common histotype)
with either the first birth, or on average with subsequent
births, is consistent with previous findings of only a modest
reduction in risk, which was statistically significant only at
higher parity (para-3 or higher).29

Figure 4. Relative risk of ovarian cancer in relation to duration of breastfeeding (amongst parous women only): (a) Total duration of breast-

feeding, (b) Duration per child breastfed.
Analyses are adjusted for age, region, tubal ligation, hysterectomy, family history of breast cancer, use of the oral contraceptive pill or menopausal hormones,

body mass index, smoking, and socioeconomic status, and are additionally stratified by parity (1, 2, 3, 4, 51). The figure shows point estimates and 95%

group-specific confidence intervals.
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We found no significant trend in the association between
parity and ovarian cancer by the age at first or last birth,
which is in keeping with some studies,4,9,16,17,44–46 though
not all studies.1,2,6,10,14,47–50 The reason for different findings
from different studies is unclear, but may relate at least partly
to statistical power.

We found an overall reduced risk of ovarian cancer associ-
ated with longer durations of breastfeeding, with about a 10%
reduction in risk of ovarian cancer per year of breastfeeding,
and no significant heterogeneity of this association by histolog-
ical type. A collaboration of other prospective studies has pre-
viously found no significant association between breastfeeding
duration and ovarian cancer risk overall, or for the four main
histotypes.29 The reason for the difference in findings is not
clear, but might relate to differences in study size and average
durations of breastfeeding.

This study is one of the largest to date, allowing for more
reliable comparisons of reproductive risk factors for ovarian
cancer by histological type than other studies, although
power was limited even here. Strengths include its prospec-
tive design, which helped minimize differential recall of expo-
sure history amongst women with and without cancer (a
potential weakness of studies with retrospective assessment of
exposures), and the virtually complete follow-up and ascer-
tainment of incident ovarian cancer, with only 1% of the
cohort being lost to follow-up over 14 years. A weakness is
the relatively short durations of breastfeeding seen in our

population: among those who reported breastfeeding, the
median average duration was 3 months per child breastfed
(mean: 3.8 months), and details of whether breastfeeding was
exclusive to other forms of intake for the child were lacking.
Another potential weakness was the lack of central histopa-
thology review. However, as any potential misclassification of
tumour histotypes would tend to blur differences, the
observed variation in risk by ovarian cancer histotype is
unlikely to be due to misclassification, and may even be
under-estimated here.

The substantially greater risk of endometrioid and clear cell
tumours seen in nulliparous women might be at least partly
related to infertility. Certain conditions may both reduce a
woman’s fertility and increase her risk of specific histotypes of
ovarian cancer. Endometriosis may be an example of one such
condition, as it reduces fertility,51 and pooled analyses of both
retrospective52 and prospective29 studies found that women
with self-reported endometriosis had a significantly increased
risk of clear cell and endometrioid cancers.

We do not have information on which of our participants
were nulliparous because of infertility/subfertility, as opposed
to personal choice or social circumstances. However, several
other studies have shown that infertility is significantly more
common amongst nulliparous women than amongst parous
women.20,21 Thus, it is probable that a substantial proportion
of the nulliparous women in our study suffered from reduced
fertility. Unfortunately, we do not have information on

Figure 5. Relative risk of the main histological types of ovarian cancer in relation to duration of breastfeeding amongst parous women: (a)

Per 12-months increase in total duration for all children, (b) Per 6-months increase in duration per child breastfed.
Analyses are adjusted for age, region, tubal ligation, hysterectomy, family history of breast cancer, use of the oral contraceptive pill or menopausal hormones,

body mass index, smoking, and socioeconomic status, and are additionally stratified by parity (1, 2, 3, 4, 51). Note: The numbers of grade-specific serous

tumours do not sum to the total number of serous tumours, as information on tumour grade was missing for 1,207 serous carcinomas.

C
an

ce
r
E
pi
de
m
io
lo
gy

Gaitskell et al. 287

Int. J. Cancer: 142, 281–289 (2018) VC 2017 The Authors International Journal of Cancer published by John Wiley & Sons Ltd on behalf of
UICC



whether our participants suffered from endometriosis, or one
of the many other potential causes of infertility. We thus
were unable to explore what associations there may be
between these specific underlying conditions and the risk of
ovarian cancer.

There remains considerable uncertainty about the mecha-
nism for the reduced risk of ovarian cancer seen with parity
and breastfeeding, assuming it is causal—other than possible
confounding by causes of infertility or subfertility. Popular
hypotheses include the possibilities that pregnancy and lacta-
tion act by interrupting the pro-inflammatory environment
of incessant ovulation,53,54 by modifying the hormonal
environment,55 or by clearing pre-malignant cells from the
ovary.1 Our analyses do not provide support either for or
against these hypotheses, although the difference in magni-
tude of the risk reduction between the first versus subsequent
pregnancies suggests that the mechanism of risk reduction is
not simply a function of time (e.g. not simply the effect of
stopping ovulation for nine months of pregnancy). Whatever
the underlying mechanism, it would have to account for the
highly heterogeneous association by histotype found here.

In this largest prospective study of ovarian cancer to date,
we found that the known reduced overall risk of ovarian
cancer with increasing parity varies in magnitude between
the first and subsequent births, and varies between different
ovarian cancer histotypes. The findings are consistent with
hypotheses that the different histotypes have different aetiolo-
gies, and that there are different effects of infertility and of
births on ovarian cancer risk.
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