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Background: Oral contraceptive use has been consistently associated with a reduced risk of ovarian cancer in unrelated, average
risk women; however little data exist on whether this benefit extends to higher risk women from cancer families. To examine this,
we conducted family-based analyses using the Breast Cancer Family Registry.

Methods: We used generalised estimating equations to obtain the population average effect across all families (n¼ 389 cases,
n¼ 5643 controls) and conditional logistic regression to examine within-family differences in a subset with at least two sisters
discordant on ovarian cancer status (n¼ 109 cases, n¼ 149 unaffected sister controls).

Results: In the multivariable generalised estimating equation model there was a reduced risk of ovarian cancer for ever use of oral
contraceptives compared with never use (OR¼ 0.58, 95% CI: 0.37, 0.91), and in the conditional logistic model there was a similar
inverse association; however, it was not statistically significant (OR¼ 0.52, 95% CI: 0.23, 1.17). We examined this association by
BRCA1/2 status and observed a statistically significant reduced risk in the non-carriers only.

Conclusion:We observed a decreased risk of ovarian cancer with oral contraceptive use supporting that this association observed
in unrelated women extends to related women at higher risk.

Ovarian cancer, diagnosed in over 22 000 women in the United
States annually, has a low 5-year survival rate at 44% with no
effective population screening methods (Buys et al, 2011; ACS,
2012). Women are at substantially higher risk if they have a
mutation in BRCA1/2 with a 40–50% increased risk for BRCA1
carriers and a 20–30% increased risk for BRCA2 carriers (Russo
et al, 2009). However, only B15% of all ovarian cancer cases (Pal
et al, 2005; Hyman and Spriggs, 2012) and o50% of all familial
ovarian cancer cases (Ramus et al, 2007) are thought to be
attributed to mutations in BRCA1/2. Having one affected first-degree
relative increases a woman’s risk of ovarian cancer three-fold and
having multiple affected family members (first or second degree)
increases a woman’s risk up to 11-fold (Stratton et al, 1998).

Thus, women with a family history of ovarian cancer are at a much
higher risk of ovarian cancer, although the majority of these
women with a family history do not have a mutation in BRCA1/2.

Oral contraceptive use has been consistently shown to reduce
the risk of ovarian cancer (Collaborative Group on Epidemiological
Studies of Ovarian Cancer et al, 2008) and may be a more viable
chemopreventive option for women at high risk than bilateral
prophylactic oophorectomy, particularly for women in their child-
bearing years (Rice, 2010). In a meta-analysis of 45 epidemiological
studies, ever use of oral contraceptives was found to reduce the risk
of ovarian cancer by 27% for all studies, with further reductions up
to 58% with 15 years or more of use (Collaborative Group on
Epidemiological Studies of Ovarian Cancer et al, 2008). This
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inverse association with oral contraceptives has also been seen in
women at high risk of ovarian cancer with known mutations in the
BRCA1/2 genes (Runnebaum et al, 2001; Whittemore et al, 2004;
Gronwald et al, 2006; McLaughlin et al, 2007; Antoniou et al,
2009). A recent meta-analysis of BRCA1 and BRCA2 mutation
carriers found a summary relative risk of 0.50 (0.33, 0.75) for ever
users of oral contraceptives vs never users (Iodice et al, 2010). The
analyses, however, were either exclusively or primarily conducted
within unrelated individuals. The question of whether oral
contraceptives also prevent ovarian cancer within families is an
important question guiding clinical management for many women
from cancer families.

Pregnancy has also been found to be associated with a lower risk
of ovarian cancer in average risk women, with parous women
having a 24–53% lower risk compared with nulliparous women
and each additional full-term pregnancy providing a further
reduction in risk (Gwinn et al, 1990; Negri et al, 1991; Whittemore
et al, 1992; Risch et al, 1994). In addition, breastfeeding has been
shown to lower the risk of ovarian cancer with women who ever
breastfed having a 19-40% lower risk compared with women who
never breastfed (Gwinn et al, 1990; Whittemore et al, 1992; Risch
et al, 1994). When assessing parity in BRCA1/2 mutation carriers,
some studies have reported no association with ovarian cancer
(Gronwald et al, 2006), whereas others have reported either
positive associations (Antoniou et al, 2009) or inverse associations
(Modan et al, 2001; McGuire et al, 2004; McLaughlin et al, 2007).

Risk factors that have been shown to consistently influence risk
for average risk women at the population level are sometimes not

observed to influence risk within higher risk women. For example,
alcohol consumption has consistently been associated with breast
cancer risk in average risk women, but there is little-to-no strong
evidence that it influences risk in high risk women and families
(McGuire et al, 2006; Terry et al, 2007; McDonald et al, 2013).
Therefore, given the lack of empirical evidence for clinicians to
advise a woman who comes into the clinic wanting to know what
she can do to lower her risk of ovarian cancer if she has a sister
affected with ovarian cancer, we undertook a family-based analysis
to examine the association between oral contraceptive use, parity,
breastfeeding and ovarian cancer risk.

MATERIALS AND METHODS

Subjects. We included participants from the three clinic-based
sites of the Breast Cancer Family Registry (BCFR) (New York,
Philadelphia and Utah) who had detailed information on ovarian
cancer incidence within families. Details of recruitment and
methodology of the BCFR are published elsewhere (John et al,
2004; Kennedy et al, 2005; Shen et al, 2007; Terry et al, 2007;
Machella et al, 2008; Yazici et al, 2009; Zipprich et al, 2009; Wu
et al, 2011; Delgado-Cruzata et al, 2012; Shen et al, 2012; Wu et al,
2012). In brief, the New York site of the BCFR recruited affected
and unaffected probands with a family history of breast and
ovarian cancer from local hospitals, organisations and breast
cancer support groups throughout the community. The Philadel-
phia site of the BCFR recruited affected probands with a family

Table 1. Demographic, reproductive and behavioural differences between ovarian cancer cases and controls in the Breast Cancer Family Registry

Ovarian cancer cases with
unaffected sisters (n¼109)

Unaffected sister
controls (n¼149)

All ovarian cancer
cases (n¼389)

All controls (n¼5643)

Characteristic Mean (s.d.)/n (%) Mean (s.d.)/n (%) Mean (s.d.)/n (%) Mean (s.d.)/n (%)

Age (years) 48.4 (12.1) 46.3 (11.1) 51.9 (12.3) 47.9 (16.0)

Race (%)

White 91 (83.5) 124 (83.2) 336 (86.4) 4493 (79.6)
Other 17 (15.6) 25 (16.8) 51 (13.1) 1124 (19.9)

Age at menarche (years) 12.5 (1.4) 12.9 (1.5) 12.5 (1.6) 12.6 (1.5)

Height (m) 1.6 (0.1) 1.6 (0.1) 1.6 (0.1) 1.6 (0.1)

BMI (kgm� 2) 25.8 (6.3) 25.5 (5.7) 25.6 (5.6) 25.3 (5.4)

Cigarette use (%)

Ever 29 (26.6) 42 (28.2) 142 (36.5) 2089 (37.0)
Never 78 (71.6) 104 (69.8) 241 (62.0) 3498 (62.0)

Parity (%)

0 25 (22.9) 39 (26.2) 56 (14.4) 1403 (24.9)
1 10 (9.2) 12 (8.1) 32 (8.2) 714 (12.7)
X2 74 (67.9) 97 (65.1) 301 (77.4) 3511 (62.2)

Age at first birth (years) 24.5 (4.7) 24.3 (5.1) 24.4 (4.4) 25.3 (5.1)

Age at last birth (years) 30.4 (5.6) 30.8 (5.1) 30.7 (5.1) 30.7 (5.3)

Breastfeeding (%)

Yes 44 (40.4) 61 (40.9) 171 (44.0) 2686 (47.6)
No 56 (51.4) 74 (49.7) 157 (40.4) 2603 (46.1)

Oral contraceptive use (%)

Yes 47 (43.1) 76 (51.0) 129 (33.2) 3328 (59.0)
No 55 (50.5) 61 (40.9) 224 (57.6) 2099 (37.2)

Duration of Oral contraceptive use (year) 3.4 (5.0) 5.0 (4.7) 4.6 (5.5) 5.0 (5.0)

Age at first oral contraceptive use (year) 22.4 (5.2) 22.8 (5.5) 23.0 (6.3) 22.1 (5.4)
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history of breast and/or ovarian cancer from the Fox Chase Family
Risk Assessment Programme and Cooper Hospital/University
Medical Center in Camden. The Utah site of the BCFR recruited
families with three or more cases of breast or ovarian cancer from
local clinicians and the Family Cancer Assessment Clinic at
Huntsman Cancer Institute. Institutional review boards at each of
the three sites approved the study protocols, and all participants
provided written informed consent at the time of enrolment. The
eligibility criteria for each site included being a male with breast
cancer, being a female diagnosed with breast cancer at a young age,
being a female diagnosed with breast and ovarian cancer at any
age, having multiple affected relatives with breast or ovarian cancer
or being a BRCA1/2 mutation carrier (John et al, 2004; Neuhausen
et al, 2009). Overall, there were 2375 families from the three clinic-
based sites, and 101 families who have at least two sisters
discordant for ovarian cancer status. All sisters were included in
the analyses.

Questionnaires. We administered an epidemiologic questionnaire
to participants at baseline that collected information on demo-
graphics, environment and behaviour, such as race/ethnicity,
radiation exposure, height, weight, physical activity, smoking and
alcohol consumption, reproductive information including men-
strual and pregnancy history, breastfeeding and hormone use,
history of breast and ovarian cancer and breast and ovarian
procedures. We administered proxy questionnaires to relatives of
deceased participants (13.7% of the participants) (John et al, 2004).

BRCA1 and BRCA2 mutation testing. We tested probands
affected with breast and/or ovarian cancer for BRCA1 and BRCA2
mutations. If the proband was unaffected, then we tested the
youngest breast or ovarian cancer case in the family with an
available blood sample. Individual sites and Myriad Genetic

Laboratories conducted the genetic tests using full sequence
analysis. If we found a deleterious mutation, we then offered
testing for the same mutation to other family members with an
available blood sample (John et al, 2004; Neuhausen et al, 2009).

Statistical analysis. We used a within-family conditional logistic
regression model to assess the association between exposures and
ovarian cancer using only families with at least two sisters
discordant on ovarian cancer status. All sisters were included in the
analysis. We used conditional logistic regression methods, which
allows for N:M matching, as well as through generalised estimating
equation approaches (GEE). To examine this association across the
high risk spectrum, we used GEE that evaluate the association
between exposures and ovarian cancer as a population average
effect across all families using two samples: (1) cases with sister
controls and (2) all cases and all controls including families with
only one sister. The first GEE model allowed us to compare results
of the same sample between two different statistical models
(conditional logistic vs GEE), and the second GEE model gave us a
larger sample size and more power to assess these associations by
including all cases, even singleton cases, and all controls.

We evaluated oral contraceptive use by assessing ever vs never
use. Duration of oral contraceptive use was evaluated using the
following categories: 0.5 too3 years, 3 to o6 years, X6 years, with
never use as the reference group. Age at first oral contraceptive use
was evaluated using the following categories: o20, 20–25, 425
years, with never use as the reference group. We assessed parity
using the following categories: 0, 1, X2 live births, with nulliparity
as the reference group. We assessed age at first parity using the
following categories: o22, 22–27, 427 years, with nulliparity as
the reference group. We evaluated breastfeeding as ever breastfed
vs never breastfed.

Table 2. Risk of ovarian cancer by use of oral contraceptives using conditional logistic regression and generalised estimating equations, Breast Cancer
Family Registry

Conditional logistic GEE GEE

Cases with unaffected sister controls Cases with unaffected sister controls All cases and all controls

Age-adjusted model Multivariable modela Age-adjusted model Multivariable modelb Multivariable modelc

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

Oral contraceptive use

Never Ref Ref Ref Ref Ref
Ever 0.51 (0.23, 1.15) 0.52 (0.23, 1.17) 0.71 (0.47, 1.06) 0.58 (0.37, 0.91) 0.35 (0.27, 0.45)

Duration of oral contraceptive use (years)

0 Ref Ref Ref Ref Ref
o 3 0.77 (0.32, 1.85) 0.85 (0.34, 2.10) 1.16 (0.68, 1.97) 0.99 (0.54, 1.80) 0.41 (0.30, 0.55)
3 to o6 0.18 (0.04, 0.88) 0.19 (0.04, 0.90) 0.30 (0.10, 0.88) 0.27 (0.09, 0.83) 0.23 (0.15, 0.38)
X 6 0.26 (0.08, 0.84) 0.26 (0.08, 0.83) 0.44 (0.23, 0.84) 0.33 (0.16, 0.67) 0.34 (0.24, 0.49)
P–value for trend o0.01 o0.01 o0.01 o0.01 o0.01

Age at first oral contraceptive use (years)

Never Ref Ref Ref Ref Ref
o20 0.66 (0.18, 2.47) 0.68 (0.18, 2.56) 0.87 (0.48, 1.57) 0.71 (0.37, 1.39) 0.26 (0.18, 0.39)
20–25 0.20 (0.06, 0.68) 0.21 (0.06, 0.71) 0.45 (0.24, 0.82) 0.35 (0.18, 0.66) 0.26 (0.19, 0.37)
425 0.61 (0.19, 1.96) 0.61 (0.19, 1.96) 0.66 (0.28, 1.57) 0.55 (0.23, 1.30) 0.46 (0.31, 0.69)
P– value for trend 0.07 0.07 0.03 o0.01 o0.01

aAdjusted for age, parity.
bAdjusted for age, race, parity, age at last birth.
cAdjusted for age, race, parity.
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Including the main exposure variables described above (oral
contraceptive use, parity and breastfeeding), we assessed the
following variables as potential confounders: age, race/ethnicity,
hormone replacement therapy use, age at last birth, age at
menarche, body mass index (kgm� 2), height (m), cigarette use,
and alcohol consumption. We evaluated these potential confoun-
ders using the 10% criterion: any variable that changed the
parameter estimate for the association between the main exposure
variable and ovarian cancer by more than 10% remained in the
final parsimonious model. We truncated all variables in order
to capture the appropriate exposure period before diagnosis.
For cases, we defined the reference age as 1 year before diagnosis.
We truncated all variables for sister controls based on the reference
age of the case sister.

We conducted the following sensitivity analyses to examine the
robustness of our results: (1) excluded any participants diagnosed
with breast cancer before the ovarian cancer for cases and before the
reference age for controls, (2) excluded proxy data and (3) restricted
all analyses to only cases of ovarian cancer that were pathologically
confirmed. In addition, we assessed effect measure modification by
BRCA1/2 status. Using the GEE model in all cases and controls, we
stratified this analysis by BRCA1/2 status to examine the association
between ever vs never oral contraceptive use and ovarian cancer in
those with a known mutation in either BRCA1 or BRCA2 and those
with no known mutations. We conducted all statistical analyses
using SAS version 9.2 (Cary, NC, USA).

RESULTS

Table 1 shows demographic, reproductive and behavioural
differences between ovarian cancer cases and controls for each
sample used in the statistical models. Cases were less likely to be
nulliparous compared with controls but were otherwise similar.
Table 2 shows the results for oral contraceptives. In the within-
family conditional logistic model, there was a non-significant
reduced risk of ovarian cancer for ever use of oral contraceptives
compared with never use; however, in the GEE models this
association was statistically significant. Comparing ever use of oral
contraceptives with never use, the risk of ovarian cancer was 0.58
(95% CI: 0.37, 0.91) in the model with sister controls and 0.35
(95% CI: 0.27, 0.45) in the model with all cases and controls.
All models showed a statistically significant inverse trend for years
of oral contraceptive use with the greatest reduction seen in those
who used oral contraceptives for 3 years or more. In addition, all
models showed the greatest reduction in risk for those who
initiated use between the ages of 20–25 years. Figure 1 shows the
oral contraceptive results stratified by BRCA1/2 mutation status.
In both the age-adjusted and multivariable models, the inverse
association between oral contraceptives and ovarian cancer was
stronger and only statistically significant in those who were
BRCA1/2 mutation negative compared with those who were
BRCA1/2 mutation positive. When we tested this formally, there
was a statistically significant multiplicative interaction between oral
contraceptive use and BRCA1/2 mutation status (Po0.01).

Table 3 shows the results of parity and breastfeeding. In the
model with all cases and all controls, there was a statistically
significant increased risk of ovarian cancer among women with
two or more children compared with nulliparous women
(OR¼ 2.30, 95% CI: 1.52, 3.48). We further assessed whether
this was a transient increase in risk by examining women who
had more recently given birth (o10 years) and women who had
not recently given birth (X10 years). Compared with nulliparous
women, there was only a statistically significant increased risk of
ovarian cancer in women whose time since last birth was 10 years
or greater (data not shown). In all other models, there was a

suggestion of an increased risk of ovarian cancer in women with
one child compared with nulliparous women, but these results
did not reach statistical significance. There was no association
between ovarian cancer and either age at first birth or
breastfeeding.

When we performed the three sensitivity analyses excluding
cases and controls with previous breast cancer, excluding proxy
data and excluding non-pathologically confirmed cases of ovarian
cancer, our overall inferences of an inverse association between
oral contraceptives and ovarian cancer and a positive association
between parity and ovarian cancer remained (data not shown).

DISCUSSION

Although familial ovarian cancers make up a small percent of all
ovarian cancers, women who come from families with breast and
ovarian cancer are at a much higher risk of developing ovarian
cancer than the general population. Given the absence of
symptoms in early-stage disease and lack of effective screening,
ovarian cancer is typically diagnosed at late stages resulting in a
low survival rate. As prophylactic oophorectomy may not be a
viable option for many women, it is crucial to identify other
preventive factors for high risk women. There are two factors, oral
contraceptive use and parity, that have consistently been shown to
be associated with a reduced risk of ovarian cancer in average risk
women; however, in higher risk women this consistency has only
remained for oral contraceptive use, while parity has been less clear
(Modan et al, 2001; McGuire et al, 2004; Gronwald et al, 2006;
McLaughlin et al, 2007; Antoniou et al, 2009).

We found that ever use of oral contraceptives reduced the risk of
ovarian cancer within families and that the effect size was robust to
the statistical model. When we examined this association by
BRCA1/2 mutation status, we only observed a statistically
significant reduced risk in the non-carriers. We were limited,
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Figure 1. Risk of ovarian cancer by oral contraceptive use among all
cases and controls by BRCA1/2 mutation status among women in the
Breast Cancer Family Registry (Mutation negative imputed). *Adjusted
for age, race, parity. Age-adjusted models: overall: n¼ 5780, case
mutation positive: n¼ 76, case mutation negative: n¼ 277, control
mutation positive: n¼ 566, control mutation negative: n¼ 4861.
Multivariable models: overall: n¼ 5749, case mutation positive: n¼75,
case mutation negative: n¼ 276, control mutation positive: n¼564,
control mutation negative: n¼4834.
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however, in the number of carriers in this study, and one recent
meta-analysis of 18 studies found that oral contraceptives
significantly reduced the risk of ovarian cancer in BRCA1/2
mutation carriers (Iodice et al, 2010). Narod et al (1998) conducted
a case-control study of oral contraceptive use and ovarian cancer
using sister controls. They observed a 50% reduced risk of ovarian
cancer for ever use of oral contraceptives compared with never use
and up to a 60% reduced risk of ovarian cancer with six or more
years of use. When they restricted their analysis to only cases and
controls with a confirmed BRCA1/2 mutation, they observed a 60%
reduced risk of ovarian cancer among ever users and a 70%
reduced risk of ovarian cancer with six or more years of use. In our
study, we observed a similarly large reduction in risk. We observed
a significant inverse trend for the duration of oral contraceptive use
and risk of ovarian cancer, and the greatest reduction in risk was
seen for those who used oral contraceptives for three or more
years.

Emerging research suggests that the fallopian tube is the site of
origin of pelvic serous ovarian carcinomas (Crum et al, 2007;
Reitsma et al, 2012) and that chronic inflammation, which leads to
rapid cell division and DNA replication errors, may be a precursor
to ovarian cancer (Salvador et al, 2009). Oral contraceptives are
known to cause a number of changes in the body: thickening of the
cervical mucosa, thinning of the endometrial lining, reduced
menstrual flow, reduced fallopian contractility and reduced
amount of cilia in the fimbria. These changes caused by oral
contraceptives may lead to a reduced risk of ovarian cancer by
preventing movement of infections and menstrual inflammatory
mediators through the cervix and fallopian tubes (Salvador et al,
2009). The fallopian tube hypothesis also supports a protective
effect of parity that leads to a thickening of the cervical mucus and
a cessation of menstrual flow.

The increased risk from parity that we observed, while not
supportive of the fallopian tube hypothesis, is consistent with

emerging data on high risk women. For example, a study of
BRCA1/2 mutation carriers by Antoniou et al (2009) found a non-
significant increased risk of ovarian cancer for parous compared
with nulliparous women, and they also found that women with one
full-term pregnancy had a statistically significant increased risk of
ovarian cancer compared with nulliparous women . They also
found no association between ever breastfed or duration of
breastfeeding and ovarian cancer in BRCA1/2 mutation carriers
(Antoniou et al, 2009). McLaughlin et al (2007) found parity to be
associated with an increased risk of ovarian cancer in BRCA2
mutation carriers, but with a reduced risk of ovarian cancer in
BRCA1 mutation carriers. They also found breastfeeding to be
significantly associated with a reduced risk of ovarian cancer in
BRCA1 mutation carriers, but the result for BRCA2 mutation
carriers was not statistically significant (McLaughlin et al, 2007).
Another smaller study of BRCA1 mutation carriers observed a
non-significant reduced risk of ovarian cancer in parous women
compared with nulliparous (McGuire et al, 2004). Despite the
consistent findings of a reduced risk of ovarian cancer with parity
and breastfeeding in average risk women, the recent work in
BRCA1/2 mutation carriers has not supported this in high risk
women. Our results within high risk families further support the
idea that parity and breastfeeding may have differential effects in
high risk and average risk women.

Limited research has been done to examine established and
suspected risk factors for ovarian cancer within families.
Specifically, our results help address a gap in the literature for
clinicians regarding modifiable factors that they can recommend
to women who have a sister affected with ovarian cancer, which
will reduce their risk of ovarian cancer. In addition to our within-
family findings, our GEE results support the use of OCs for
women across the high risk spectrum. Since women at high risk
of ovarian cancer are also at an increased risk of breast cancer,
some clinicians may be hesitant to recommend oral

Table 3. Risk of ovarian cancer by parity using generalised estimating equations and conditional logistic regression among women in the Breast Cancer
Family Registry

Conditional logistic GEE GEE

Cases with unaffected sister controls Cases with unaffected sister controls All cases and all controls

Age-adjusted model Multivariable modela Age-adjusted model Multivariable modelb Multivariable modelc

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

No. of full-term births

0 Ref Ref Ref Ref Ref
1 1.58 (0.45, 5.53) 1.23 (0.23, 6.45) 1.52 (0.53, 4.42) 1.21 (0.30, 4.97) 1.64 (0.96, 2.81)
X2 0.97 (0.35, 2.65) 0.50 (0.12, 2.12) 1.21 (0.63, 2.34) 0.96 (0.40, 2.27) 2.30 (1.52, 3.48)

Age at first birth (years)

Nulliparous Ref Ref Ref Ref Ref
o22 0.97 (0.31, 3.11) 0.62 (0.13, 3.01) 1.27 (0.61, 2.62) 0.82 (0.31, 2.15) 2.72 (1.76, 4.20)
22–27 1.20 (0.41, 3.46) 0.67 (0.15, 2.92) 1.38 (0.67, 2.87) 1.00 (0.40, 2.55) 2.30 (1.49, 3.53)
427 1.05 (0.31, 3.56) 0.70 (0.14, 3.37) 1.04 (0.48, 2.25) 1.22 (0.42, 3.52) 1.40 (0.86, 2.27)

Breastfeeding

Never Ref Ref Ref Ref Ref
Ever 0.77 (0.31, 1.94) 1.72 (0.54, 5.43) 0.86 (0.50, 1.49) 1.57 (0.77, 3.20) 0.81 (0.61, 1.06)

Abbreviations: CI¼ confidence interval; GEE¼generalised estimating equation approaches; OR¼odds ratio.
aAdjusted for age, breastfeeding, age at menarche, height.
bAdjusted for age, oral contraceptive use, age at first birth, age at last birth, breastfeeding, age at menarche, height.
cAdjusted for age, oral contraceptive use, age at first birth, breastfeeding.
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contraceptives to their patients; however, the evidence to date
regarding breast cancer risk in carriers has not been consistent. A
recent meta-analysis assessed the association between oral
contraceptives and risk of breast cancer in BRCA1/2 mutation
carriers, and the majority of case–control and case–case studies
did not support an increased risk (Cibula et al, 2011). There was
a suggestion of an increased risk of breast cancer in the cohort
studies, but larger prospective studies are needed to definitively
address this question.

Family-based studies have the ability to control for some
confounding factors and factors that could create selection bias
that pose a challenge to studies of unrelated individuals.
Specifically, the conditional logistic models were able to control
for some shared genetic and environmental factors that are more
difficult to measure, and therefore control for, in studies of
unrelated individuals. In addition, oral contraceptive use (Oakley
et al, 1991; Spangler et al, 2012) and number of children (reviewed
in (Harlow and Linet, 1989)) have been shown to be reliability
reported; therefore, we expect any information bias to be minimal.
The baseline questionnaire did not collect information on tubal
ligation; hence, we were unable to assess this variable in the
analysis. However, data show that tubal ligation rates have
decreased from 14.9 per 1000 unsterilised women in 1977 to 12.2
per 1000 unsterilised women in 2006 (Chan and Westhoff, 2010).
Therefore, it is likely that only a small proportion of our cohort
had tubal ligation, which would not have had substantially
influenced our results.

In conclusion, we found that oral contraceptives reduce the risk
of ovarian cancer in related women at high risk, and, specifically,
women who have a sister with ovarian cancer. This finding is
consistent with the literature in unrelated, average risk women.
In contrast, our study suggests that the reduced risk from parity
and breastfeeding in average risk women may not extend to higher
risk women. Our findings suggest that even within high risk
families there may be potential modifiable factors that can
influence risk of this highly fatal disease.
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