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Abstract

Background: The relationship between oral contraceptive (OC) use and breast cancer risk is highly debated. Recent publications support
a slight increase in overall breast cancer risk among OC user women, in particular among the current users. Women with inherited BRCA1
(Breast cancer type 1) or BRCA2 (Breast cancer type 2) gene mutations are at increased risk of breast and ovarian cancers, which is often
mistakenly attributed to their elevated endogenous estrogen levels. The aim of presented meta-analysis was to assess the effects of
OC use on breast cancer risk in BRCA mutation carrier women with minimal bias.Methods: A systematic search strategy was used to
identify relevant studies, Stata (version 15) was used for meta-analysis. Results: Individual datasets from 13 studies totaling 20,202
patients were analyzed. The combined results showed no significant increase in risk of breast cancer in BRCA mutation carriers who
had ever used oral contraceptive (HR = 1.09, 95% CI: 0.71–1.69 among BRCA1 mutation carriers and HR = 1.19, 95% CI: 0.73–1.95
among BRCA2 mutation carriers, respectively). However, in correlation with long-term (>5 years) OC users, the breast cancer risk was
significantly increased in both BRCA1 mutation carriers (HR = 1.39, 95% CI: 1.19–1.60) and BRCA1 mutation carriers (HR = 1.61,
95% CI: 1.25–1.96). Conclusion: The presented results indicate that in BRCA mutation carriers women who have defective liganded
activation of estrogen receptors (ERs), the use of synthetic estrogens means an additive factor for ER deregulation further increasing
the risk for breast cancer. Long term OC use in BRCA mutation carriers results in a significantly increased risk for breast cancer by
exhausting the compensatory genome defending process.
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1. Introduction
Breast cancer is the most common malignancy among

women, while ovarian cancer is considered one of the most
lethalmalignancies. Genetic factors are important in the eti-
ology of breast cancer and ovarian cancer. BRCA (including
BRCA1 and BRCA2) mutations, showing defects in DNA
repair by homologous recombination, are high-penetrance
breast cancer predisposition genes identified by genome-
wide linkage analysis and positional cloning. Mutations in
BRCA genes, occurring in approximately 0.3% of the gen-
eral population, accounts for 20% of the familial clustering
of breast cancer. Compared to general population, women
with BRCA mutations have higher risk of breast cancer as
well as ovarian cancer [1]. The lifetime risk of breast cancer
in general population is about 10%, while it is 37–85% in
women with BRCA mutations by the age of 70 years. Sim-
ilarly, the lifetime risk of ovarian cancer is 1.8% in general
population, while it is 40–60% in women with BRCA1mu-
tations [2].

Hormonal contraceptives are widely used in birth con-
trol and menopausal symptom management. Use of oral
contraceptives (OCs) confers protection against ovarian

cancer development in the general population of women
[3]. Similar results were also found among women who
carry BRCA mutations in which long-term oral contracep-
tive use could reduce their risk for ovarian cancer [4–6].
The relationship between OC use and breast cancer risk
is highly debated. In 2002, a study interviewed 5982 el-
igible women showed that current or former oral contra-
ceptive use was not associated with a significant increase
in risk of breast cancer [7]. In 2017, a study of 1.8 mil-
lion women found that the risk of breast cancer was higher
among women who currently or recently used any type of
OCs, the absolute increase in risk was actually very small
[8]. Recent scientific data equivocally support that breast
cancer risk is slightly increased among OC user women, es-
pecially in current users [9]. BRCA1 and BRCA2 gene mu-
tation carrier women are at increased risk of breast and ovar-
ian cancers, which is in correlation with the defective ligand
activation of their estrogen receptors (ERs). BRCA muta-
tion carriers usually experience clinical signs of deficient
estrogen function or reproductive failure, while they have
compensatory increased serum estrogen levels. In women
with BRCA1 mutation, ever use of OCs was in correlation
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with a slightly increased incidence of breast cancer [10].
The presented meta-analysis study was conducted to eval-
uate the correlation between OC use and breast cancer risk
among women carrying BRCA mutation.

2. Methods
2.1 Search strategies

A systematic search strategy was used to identify rel-
evant studies. All study titles identified by search strat-
egy were assessed for relevance separately by two authors.
PubMed and Embase search was performed to identify pu-
tative studies reporting use of contraceptives in subjects at
increased clinical risk for BRCA mutation positive popu-
lation. The search was conducted up to May 2020. Search
terms that were includedwere: “BRCAmutation” or “BRCA
carrier”, “oral contraceptives”, “breast cancer” and “clini-
cal risk”. Full texts were downloaded and selected based
on its potential relevance. Where there was uncertainty or
disagreement on the eligibility of a study or trail, the matter
was discussed between the two professors of the department
to reach consensus.

2.2 Inclusion criteria
Our meta-analysis followed a detailed protocol, which

defined the objectives, inclusion criteria for trails, and data
to be collected. Following inclusion criteria was designated
for the published study to be included in the meta-analysis:

(1) Study should contain the information regarding an
estimate of the relative breast cancer risk in BRCA muta-
tion carriers with oral contraceptives, that only included
premenopausal women.

(2) Study must be published as original articles, en-
compassing randomized controlled trials, cohort studies,
case-control, or case only studies.

(3) In case of multiple research on the same population
in the same clinical center, we included the most recent in-
formative report.

2.3 Data analysis
Stata (version 15) was used for meta-analysis, Begg’s

and Egger’s test. Between-study heterogeneity was as-
sessed by Chi-square test and was expressed by I2 index.
When I2 > 35%, we considered it as heterogeneity and used
random effect (I–V heterogeneity). When I2 ≤ 35%, fixed
effect was used. It was considered a higher risk when ob-
served hazard ratio (HR) >1 for oral contraceptive group.
This impact of oral contraceptives on breast cancer risks in
BRCAmutation carriers was considered with statistical sig-
nificance if the combined HR and its 95% CI didn’t overlap
1.

3. Results
Preliminary search identified 16 studies that compared

the breast cancer risks in BRCA mutation carriers with oral

Fig. 1. Flow chart of study selection.

contraceptives or not, after full text were reviewed (Fig. 1).
Three of these were found to be ineligible, because the data
was from small sample size less of than 30 participants
[11–13]. Therefore, 13 studies were finalized for analysis
[10,14–25], which included total of 20,202 patients. Basic
information from all eligible studies are shown in Table 1
(Ref. [10,14–25]). Our article demonstrated that the eligi-
ble studies were quite heterogeneous in design, sample size,
selection criteria for control group, and statistical measures.

Since test of heterogeneities showed all I2 > 30%, ran-
dom model was selected. The combined results showed
no significant increase in risk of breast cancer in BRCA1
and BRCA2 mutation carriers with ever use of oral con-
traceptive. The HR and 95% CI were 1.09 (0.71–1.69)
among BRCA1 mutation carriers (Fig. 2a) and 1.19 (0.73–
1.95) among BRCA2 mutation carriers (Fig. 2b) respec-
tively. However, as for the long-term (>5 years) contracep-
tive use, the breast cancer risk was significantly increased
in BRCA mutation carriers. The HR and 95% CI were 1.39
(1.19–1.60) and 1.61 (1.25–1.96) among BRCA1 (Fig. 3a)
and BRCA2 (Fig. 3b) mutation carriers respectively.

In order to assess the publication bias, Begg’s and
Egger’s tests were performed. Thirteen studies evaluat-
ing breast cancer risk of BRCA mutation carriers yielded a
Begg’s test with p = 0.21 and an Egger’s test with p = 0.34,
which indicated an absence of publication bias.

4. Discussion
OC use is the most common, effective and reversible

contraceptive means worldwide, which significantly de-
creases the personal unintended pregnancy. Moreover, use
of OC also has important non-contraceptive benefits such
as regulating dysmenorrhea and irregular vaginal bleeding.
However, it is not absolutely safe. Currently, pharmaceuti-
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Table 1. Studies included in the meta-analysis of combined oral contraceptive use on risk of breast cancer in BRCAmutation carriers.
Study (year) Sample size Study design Compared populations Exposure BRCA mutations RR 95% CI p value Result Ref.

Bernholtz (2011) 888 Case only NA Ever
BRCA1 1.72 (1.32–2.25) 0.001 Increased [14]
BRCA2 2.07 (1.34–3.2) 0.01 Increased
ALL 1.84 (1.47–2.31) 0.01 Increased

Brohet (2007) 1593 Cohort NA Ever
BRCA1 1.49 (1.05–2.11) NA Increased [15]
BRCA2 2.58 (1.21–5.49) NA Increased
ALL 1.47 (1.16–1.87) NA Increased

Gronwald (2005) 1478 Case control Carriers vs carriers control Ever BRCA1 0.8 (0.5–1.2) 0.31 NS [16]

Haile (2006) 804 Case control Carriers vs carriers control >1 year
BRCA1 0.77 (0.53–1.12) NA NS [17]
BRCA2 1.62 (0.9–2.92) NA NS

Heimdal (2002) 98 Case control Carriers vs non-carrier cases Ever BRCA1 2.00 (0.36–10.9) 0.43 NS [18]

Kotsopoulos (2014) 2854 Case control Carriers vs carriers control Ever
BRCA1 1.02 (0.97–1.07) 0.45 NS [19]
BRCA2 1.04 (0.92–1.17) 0.54 NS

Lee (2008) 94 Case control Carriers vs carriers control Ever BRCA1/2 0.68 (0.33–1.38) 0.49 NS [20]

Milne (2005) 83 Case control Carriers vs non-carrier cases >1 year
BRCA1 0.22 (0.1–0.49) <0.001 Decreased [21]
BRCA2 1.02 (0.34–3.09) NA

Narod (2002) 1311 Case control Carriers vs carriers control Ever
BRCA1 1.2 (1.02–1.04) NA Increased [10]
BRCA2 0.94 (0.72–1.24) NA NS

Park (2017) 581 Case control Carriers vs carriers control Ever
BRCA1 1.24 (0.45–3.40) 0.045 NS [22]
BRCA2 0.7 (0.21–2.37) 0.045 NS

Pasanisi (2009) 382 Case only NA Ever BRCA1 1.3 (1.0–1.7) NA Increased [23]
Rieder (2015) 197 Case only NA Ever BRCA1/2 1.93 (1.29–2.88) 0.006 Increased [24]

Schrijver (2018) 9839 Cohort Carriers vs carriers control >6 month
BRCA1 1.08 (0.75–1.56) NA NS [25]
BRCA2 1.75 (1.03–2.97) NA Increased
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Fig. 2. The association between ever contraceptives use and
risk of breast cancer in BRCA mutation carriers stratified by
HR estimation.

cally developed ethinylestradiol (EE) can be found in al-
most all combined forms of OCs being widely used in med-
ical practice [26]. OC apparently works well by inhibit-
ing the unintended pregnancy; however, in certain cases it
may induce serious effects. In OC user women, complica-
tions such as venous thromboembolism, stroke and coro-
nary heart disease were frequently reported [27]. OC use is
especially dangerous for women with metabolic syndrome,
type-2 diabetes and hypercholesterolemia [28]. OC use also
showed ambiguous correlations with cancer risk at different
sites; increases the risk of overall breast cancer and cervical
cancer, while significantly reduces endometrial and ovar-
ian cancer risks. These complications and adverse effects
suggested that EE, the estrogenic component of OCs is not
a direct activator of ERs but rather it is a partial inhibitor
[29]. OC induced deregulation of ERs lead to an increased
risk for the defect of cellular glucose uptake. It was estab-
lished that no organ maybe free from the damaging effects
of OCs [28]. In contrast, in menopausal hormone therapy
(MHT) synthetic and natural estrogens were prescribed as
well as their combinations with synthetic progestins. Syn-
thetic hormone use resulted in a chaos of quite controversial
clinical experiences concerning the risks for arterial and ve-
nous thromboembolism and for cancers of breasts and en-
dometrium [29]. Analysis of the effects of specific MHT

Fig. 3. The association between long-term contraceptives use
and risk of breast cancer in BRCAmutation carriers stratified
by HR estimation.

types justified that horse urine derived conjugated equine
estrogens (CEE) without synthetic progestin is a highly pro-
tective formula against breast cancer and all other diseases
endangering the health of postmenopausal women [30]. In
conclusion, the use of synthetic hormone may be blamed
for the false belief that even endogenous estrogen concen-
trations may deregulate ER signaling and drive cancer de-
velopment.

Activated ERs are transcription factors and serve as
principal regulators of the genomic machinery. Estrogen
drives the balanced liganded and unliganded activation of
ERs as a key to healthy life. Defect of either liganded or un-
liganded activation of ERs induces compensatory activation
in the unaffected domain; however, an insufficient com-
pensation leads to dysregulation [31]. EE, the estrogenic
component of OCs inhibits the unliganded activation of ERs
inducing a compensatory estrogen synthesis and increased
ligand-binding activity. The different regulatory features
of different organs result in different tolerability under EE
administration. In the general population of women, OC in-
duced defect of unliganded ER activation may be well com-
pensated in the majority of them resulting in only a slightly
elevated risk of breast cancer [31]. Conversely, in BRCA
mutation carrier women, the liganded ER activation is de-
fective, while it may be compensated by an increased unli-
ganded ER activation [32]. BRCAmutation combined with
OC use is a double bang against liganded and unliganded
activation of ERs narrowing the possibilities for compen-
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satory actions. However, in emergency situations, ERs may
amplify and activate further genome stabilizer pathways via
expression and activation of appropriate long non coding
RNAs [33] and reparative gene edition [34].

The presented results justify that in BRCA mutation
carrier women with defective liganded ER activation, the
use of synthetic estrogens means an additive factor for ER
deregulation further increasing the risk for breast cancer.
Long term OC use in BRCA mutation carriers results in a
significantly increased development of breast cancer via ex-
hausting the compensatory processes of genomic machin-
ery.

There could be few possible limitations in our meta-
analysis. Firstly, even though we attempted to minimize
publication bias by improving our search strategy, there
was no doubt that the results obtained are significant and
are more likely to be published. Secondly, the usage of
oral contraceptives in terms of study format was different,
which should also be taken into consideration. Thirdly,
between-study heterogeneity was significant in our analy-
sis, and elimination of the variability was not always possi-
ble.

In conclusion, our meta-analysis shows that long-
term use of oral contraceptivesmight significantly increases
breast cancer risk among BRCA mutation carrier women.
Thus, owing to the clinical importance of OCs, we consider
that use of oral contraceptives comprising synthetic hor-
mone may cautiously be recommended for women having
no inclination to metabolic alternations, hepatic diseases
or clotting disorders and only for short term use. Women
with inherited familiar inclination to breast cancer includ-
ing BRCA mutation carriers should select another, safety
method for contraception. In menopausal hormone ther-
apy (MHT), synthetic hormone use is also a health risk.
For postmenopausal women, hormone schedule with natu-
ral origin may be recommended. In the future, the pharma-
ceutical industry should develop new OC types comprising
safety hormone components having no health risk for either
OC or MHT user women.
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