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Abstract
Background  Oral contraceptive (OC) use is widespread globally. Despite their significant benefits, concerns persist 
about a potential rise in breast cancer risk linked to their use. Genetic predisposition also influences breast cancer risk; 
however, its interaction with OC use remains inconclusive. This study aims to explore the association between OC use 
and breast cancer risk in women with varying genetic predispositions to breast cancer, as measured by polygenic risk 
scores (PRS).

Method  A total of 257,185 white female participants from the UK Biobank were included. Time-varying Cox 
regression was used to estimate hazard ratios (HRs) with 95% confidence intervals (CIs) to examine the association 
between OC and invasive breast cancer events, stratified by PRS. Age was used as the primary time scale, and analyses 
were adjusted for year of birth, Townsend Deprivation Index, body mass index, smoking status, age at menarche, 
menopausal status, family history of breast cancer, parity, hormone replacement therapy use, history of hysterectomy, 
as well as genetic principal components.

Results  Current use of OC was associated with an increased risk of breast cancer, with a HR of 1.21 (95% CI: 1.03–
1.41). In contrast, previous use showed no association (HR = 0.99, 95% CI: 0.92–1.05). Genetic risk, as measured by the 
PRS, was strongly associated with breast cancer risk (P < 0.001). Individuals in the highest PRS decile had approximately 
three times higher risk compared to those in the mid deciles. Importantly, for the association between current OC 
use and breast cancer risk, a statistically significant trend was observed across both PRS deciles (P = 0.04) and tertiles 
(P = 0.05), with decreasing HRs as genetic risk increased. Specifically, the HR for current OC use was 1.43 (95% CI: 
1.02–2.01) in the lowest PRS tertile, 1.14 (95% CI: 0.89–1.45) in the middle tertile, and 0.96 (95% CI: 0.80–1.14) in the 
highest tertile.

Conclusion  Both OC use and a high PRS increase the risk of breast cancer. There is a trend toward a decreased 
relative risk associated with OC use among those with higher genetic predisposition. Therefore, there is no evidence 
to suggest that women with a high genetic risk for breast cancer are more adversely affected by OC use.
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Background
Since their introduction in the early 1960s, oral contra-
ceptives (OC) have been widely used and in 2024, the 
number of users of modern contraceptive methods glob-
ally was estimated to be 871 million [1]. Despite their 
widespread use, concerns about their potential carci-
nogenic risks have been raised since their introduction. 
It is well established that the risk of breast cancer is 
increased during OC use. For example, one of the larg-
est studies conducted to date, a collaborative re-analysis 
of individual data from 53,297 women with breast cancer 
and 100,239 controls across 54 epidemiological studies, 
presents robust findings indicating that current users of 
OC have an increased risk (relative risk of 1.24) of breast 
cancer [2]. Similarly, more recent studies provide strong 
evidence that the use of hormonal contraceptives is asso-
ciated with a higher risk (relative risk of 1.20 or hazard 
ratio of 1.24) of breast cancer compared to never users 
[3, 4].

Breast cancer remains a significant public health chal-
lenge worldwide, representing the most common malig-
nancy among women. Genetic predisposition plays a 
significant role in the development of breast cancer, with 
up to 27% of cases exhibiting strong hereditary compo-
nents [5, 6]. Around 5–10% of all breast cancer cases 
are linked to high-impact germline mutations in breast 
cancer susceptibility genes. Among these, up to 30% 
are attributed to pathogenic mutations in BRCA1 and 
BRCA2, while mutations in other genes, including TP53, 
PTEN, CHEK2, STK11, and PALB2, account for a smaller 
proportion [7]. The few studies investigating the differ-
ence in magnitude of the association between OC use 
and breast cancer risk depending on genetic predispo-
sition have primarily focused on carriers of the BRCA1 
and BRCA2 mutations [8–10]. These studies indicate 
that the association between OC use and breast cancer 
risk may be weaker among women with a high genetic 
susceptibility.

However, not all women with an increased genetic risk 
of developing breast cancer are necessarily carriers of 
high-penetrance mutations. Over 300 Single Nucleotide 
Polymorphisms (SNPs) associated with breast cancer risk 
have been identified [11]. These SNPs are more prevalent 
in the general population than the pathogenic variants 
in high-risk genes. While each SNP individually contrib-
utes a small increase in breast cancer risk, their com-
bined effect might account for up to 45% of the familial 
breast cancer risk [12]. Therefore, polygenic risk scores 
(PRS) have been suggested as a complementary tool for 
accurate breast cancer genetic risk prediction, as they 
evaluate the cumulative impact of multiple susceptibil-
ity variants identified through genome-wide association 
studies (GWAS) [13].

Even though both OC use and genetic susceptibility 
are known to be associated with increased risk of breast 
cancer, yet few studies have explored how genetic factors 
interact with OC use to influence breast cancer risk. This 
study aims to fill this gap by incorporating PRS to assess 
the impact of genetic predisposition on modulating the 
association between OC use and breast cancer risk.

Methods
Study cohort
This study utilized data from the UK Biobank (UKB). 
Between 2006 and 2010, over 500,000 men and women, 
aged 40 to 69 years, were recruited from the general 
population through 22 assessment centers across the 
United Kingdom [14, 15]. Participants provided extensive 
health-related data through questionnaires, interviews, 
physical examinations, and biological sample collection, 
with nearly all participants undergoing genotyping. Their 
medical history continues to be tracked through national 
registers, including hospital records, cancer registries, 
and death registries. This comprehensive dataset allows 
for in-depth analysis of health outcomes and risk factors. 
The UKB includes data from 273,375 women, of whom 
257,185 self-identified as White (Irish, British, or other 
white backgrounds), who were included in this study.

Study design, outcome and exposure variables
In the UKB, information on OC use was collected retro-
spectively through self-report interviews at the time of 
recruitment. Participants were asked about their previ-
ous use of OC via four specific questions: whether they 
had ever used OCs, the age at which they started using 
them, the age at which they stopped, and whether they 
were current users of oral contraceptives. Data on inva-
sive breast cancer incidence and age at diagnosis were 
obtained from hospital admission records, cancer regis-
tries, and death registries [16]. A detailed description of 
the data fields and coding used to identify breast cancer 
cases and age at diagnosis is provided in Supplementary 
Table S1.

We compiled a data frame that included the age at 
which changes in OC exposures occurred (i.e., when 
women started and stopped using OCs), whether partici-
pants had received a breast cancer diagnosis by the end 
of the follow-up, and if so, the age at which they were 
first diagnosed with breast cancer. Since the PRS is con-
stant across a lifetime, it was included as a time-fixed 
variable. Age was used as the primary time scale [17]. In 
Cox models, the primary time scale (in this case, age) is 
fully and non-linearly adjusted for. This is an inherent 
property of the model’s mathematical structure, which 
ensures that both linear and non-linear age-related con-
founding is naturally accounted for. This can be especially 
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relevant for outcomes such as breast cancer, which 
increase sharply with age.

The data collection and study design are illustrated in 
Fig. 1. Briefly, with an exposure status updated over time, 
women are coded as non-users before initiating treat-
ment, as current users during active use, and as previous 
users after discontinuation. Women who are never users 
are coded as non-users until the end of follow-up. In the 
Cox regression modelling, the start of follow-up was set 
at age 0. Since the first period represents pre-exposure 
time (Fig. 1), as defined as the time when no women in 
the study have yet started to use OC, this time-period 
does not contribute to the exposure estimate. Women 
were followed until the first occurrence of breast can-
cer diagnosis, death, or the end of study follow-up, 
whichever came first. End of follow-up was defined as 
the age at initial assessment for each participant, which 
was the time point when information on previous OC 
use and all covariates was collected. Follow-up was not 
extended beyond this point, primarily because data on 
OC use were unavailable thereafter, and only a minor-
ity of women (< 2%) were still current users at the time 
of assessment. Consequently, the analyses were based on 
prevalent (at recruitment) breast cancer cases.

Two main analyses were conducted to analyse breast 
cancer risk in relation to OC use. First, comparing ever 
versus never users of OC, where women were coded as 
never-users initially and re-coded as ever-users once 
initiating OC use and until the end of follow-up. Sec-
ond, comparing current versus never users as well as 
previous vs. never users of OC, where never-users were 
recoded as current users when they initiated OC use and 
until two years after discontinuation and then as previ-
ous users until the end of the follow-up. The coding of 
users as current until two years after discontinuation was 
done to mitigate protopathic bias, which could arise if 
some women stopped using OC after the appearance of 

early manifestations of breast cancer, while the diagnosis 
is registered after discontinuation [18]. For more infor-
mation on the data sources used to extract the exposure 
variables, see Supplementary Table S2.

Polygenic risk scores (PRS)
The PRS for breast cancer were precomputed by Genom-
ics PLC under UKB project 9659 and provided through 
the UKB (data field 26220). Briefly, the standard PRS 
used in our study was constructed using GWAS sum-
mary statistics from cohorts that did not overlap with UK 
Biobank as described previously [19] and validated and 
benchmarked in relation to other PRSs [20].

Participants with missing data on their PRS were 
excluded from all analyses involving PRS. Participants 
were stratified into deciles based on their PRS, with 
decile 1 representing the lowest genetic risk and decile 
10 the highest. The association between PRS deciles and 
breast cancer risk were assessed using logistic regression, 
with the medium PRS decile as the reference group. We 
also included the PRS in the time-dependent Cox regres-
sion models to assess a potential interaction between 
genetic susceptibility and OC use on breast cancer risk. 
The PRS was modelled both as a continuous variable and 
as a categorical variable, by stratifying participants into 
tertiles and deciles, thereby defining low-, medium-, and 
high genetic risk groups.

Covariates
To account for potential confounders in the association 
between OC use and breast cancer risk, we included 
several covariates based on established risk factors. 
Reproductive variables such as age at menarche and 
menopausal status, parity, hormone replacement therapy 
(HRT) use, and hysterectomy were included due to their 
known linkage to breast cancer development [21, 22]. 
Anthropometric factors, such as body mass index (BMI), 

Fig. 1  Data collection and study design. (A) Timeline for five hypothetical individuals with different birth years and varying periods of oral contraceptive 
(OC) use. All data used in this study were collected retrospectively at the time of recruitment to the UK Biobank, between 2006 and 2010. (B) In the statisti-
cal analyses, age is used as the primary time scale: all participants are aligned by age, and birth year is included as a covariate. Women are followed starting 
from birth (age = 0). However, the period before any participant had been exposed (the pre-exposure period highlighted in B) does not contribute to the 
exposure effect estimate. Follow-up continues until the age at recruitment or until a breast cancer event, whichever occurs first
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were included due to their well-documented association 
with breast cancer risk, with effects varying by meno-
pausal status [23]. Socioeconomic status was adjusted for 
using the Townsend Deprivation Index (TDI), as socio-
economic disparities have been linked to differences in 
breast cancer diagnosis and outcomes [24]. Year of birth 
was included to adjust for cohort effects and temporal 
trends in reproductive behaviours and risk factors. Also, 
family history of breast cancer, and the first 10 genetic 
principal components were included as covariates.

Covariates for which temporal information was avail-
able were coded as time-varying. These included meno-
pausal status, hysterectomy, HRT, and smoking, where 
data was collected retrospectively during the initial 
assessment (2006–2010). Several covariates are, by defi-
nition, fixed and do not vary over the follow-up period, 
including year of birth and age at menarche. For covari-
ates known to vary over time, but for which no spe-
cific age or date was provided in the dataset, the value 

recorded at the initial assessment was used as a proxy 
throughout the study follow-up.

These fixed variables included TDI, BMI and, in the 
never-ever analyses, also number of live births. Partici-
pants who responded with “do not know,” “prefer not to 
answer,” or did not provide an age/year for the time-vary-
ing covariates were excluded from all analyses involving 
the respective covariates. Information on covariates and 
potential confounders was obtained from data collected 
during the initial assessment center visit (Supplementary 
Table S2), and the number of participants with missing 
values for each covariate is provided in Table 1. Smok-
ing status was also considered due to evidence suggest-
ing a potential positive association with breast cancer 
risk [25]. However, approximately 30,000 participants 
were excluded due to missing smoking status data. As a 
result, all models in the main analysis were run without 
adjusting for smoking status to maximize the sample size. 
However, sensitivity analyses were conducted to evaluate 

Table 1  Baseline characteristics of participants stratified by oral contraceptive use (OC)
Variable* Entire cohort (N = 257,185) N missing 

data
After filtering out participants 
with missing data (N = 190,332)

OC ever users OC never 
users

N missing 
data (%)

OC ever users OC never 
users

P-val-
ue**

Number of participants (%) 210,970 (82.0) 46,215 (18.0) 0 154,821 (81.3) 35,511 (18.7) -
Breast cancer events, n (%)*** 15,214 (7.21) 3,972 (8.59) 0 9,122 (5.89) 2,597 (7.31) < 0.05
Positive family history of breast cancer, n (%)*** 2,784 (1.32) 598 (1.29) 0 1,640 (0.78) 450 (0.97) < 0.05
Year of birth, median (Q1–Q3) 1952 

(1946–1959)
1945 
(1942–1951)

0 1953 
(1947–1960)

1946 
(1942–1952)

< 0.05

Body mass index (kg/m2), median (Q1–Q3) 25.98 
(23.36–29.53)

26.49 
(23.69–30.11)

1,041 (0.4) 25.76 
(23.21–29.24)

26.32 
(23.57–29.89)

< 0.05

Age at recruitment, median (Q1–Q3) 56 (49–62) 63 (57–66) 0 55 (48–61) 63 (56–66) < 0.05
Age at first breast cancer diagnosis, median (Q1–Q3) 56.3 (49.7–64) 60.2 

(52.4–67.7)
0 55.4 (49.2–63.1) 59.6 

(51.8–67.3)
< 0.05

Age at oral contraceptive initiation, median (Q1–Q3) 20 (18–24) - 7,477 (2.91) 20 (18–24) - -
Age at oral contraceptive discontinuation, median 
(Q1–Q3)

30 (26–36) - 25,760 
(10.02)

31 (26–37) - -

Duration of oral contraceptive use in years, median 
(Q1–Q3)

9.0 (4–15) - - 10.9 (4–16) - -

Age at menarche, median (Q1–Q3) 13 (12–14) 13 (12–14) 7,305 (2.84) 13 (12–14) 13 (12–14) 0.21
Age at menopause, median (Q1–Q3)**** 50 (48–53) 50 (48–53) 109,681 

(42.65)
50 (48–53) 50 (48–53) < 0.05

Number of children, median (Q1–Q3) 2 (1–2) 2 (0–3) 201 (0.08) 2 (1–2) 2 (0–3) < 0.05
History of hysterectomy, n (%) 13,738 (5.34) 4,908 (1.90) 30,088 (11.7) 10,363 (6.6) 4,086 (11.5) < 0.05
Townsend deprivation index (TDI), median (Q1–Q3) -2.27 

(-3.7–0.17)
-2.2 ( 
-3.62-0.39)

300 (0.12) -2.30 (-3.71-0.11) -2.20 
(-3.64-0.37)

< 0.05

Current or previous smoker, n (%) 90,176 (35) 15,789 (6.13) 896 (0.35) 65,486 (42.29) 12,036 (33.89) < 0.05
Polygenic risk score (PRS), median (Q1–Q3) -0.14 

(-0.81-0.54)
-0.13 
(-0.82-0.55)

8,669 (3.37) -0.14 (-0.82-0.54) -0.14 
(-0.82-0.55)

0.47

*Data are reported as number and percentage for categorical variables and median with interquartile range (Q1–Q3) for continuous variables.

**Significant p-values (< 0.05) suggest differences between OC users and non-users across various characteristics, estimated using the Chi-square test (for categorical 
variables) or Wilcoxon ranksum test (for quantitative values).

*** Only prevalent cases (diagnosed prior the recruitment) are included.

****In the analyses, menopause was coded as a time-varying covariate and women who had not reached menopause at end of follow-up (and thereby had missing 
information on age at menopause) were coded as pre-menopausal throughout the study.
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whether adjusting for smoking status would significantly 
affect the results (Supplementary Tables S3 – S4).

Statistical analysis modelling
All participants with incomplete data required for statis-
tical analyses were excluded (Fig. 2). OC use was mod-
elled as a time-varying exposure using the counting 
process method [26–28], implemented with the tmerge() 
function in the R package survival. In this approach, 
individuals transitioned from an unexposed state to an 
exposed state at the time of their first OC use. The time-
varying representation ensures accurate classification of 
the “event-free” period prior to OC initiation as unex-
posed time [29]. The reference group consisted of never-
users, defined as women who had never used OC and 
those who had not yet initiated using OC during follow-
up but contributed person-years before starting OC use. 
In the Cox regression models, the OC exposure was mod-
elled as a factor variable. Hence, the hazard ratio (HR) for 
the first occurrence of breast cancer was estimated for 
ever users versus never users of OC, for current vs. never 
users, and for previous vs never users along with the 95% 
confidence interval (CI). To assess whether the HR asso-
ciated with OC use varied across levels of genetic risk, 
we performed a trend test. A linear regression model was 
fitted with log(HR) as the dependent variable and PRS 
decile or tertile as the independent variable. The signifi-
cance of the slope was used to evaluate the presence of a 
linear trend across genetic risk strata. All analyses were 
performed using the R version 4.3.1 and all Cox regres-
sion models were fitted using the “coxph” function from 
the survival package.

Results
Of the 257,185 women self-identified as white, many 
lacked information on contraceptive use or study covari-
ates, resulting in a final study population of 190,332 
women (Fig. 2).

The characteristics of the study participants are sum-
marized in Table  1 with most women (81.3%) having 
used OC at some point during the follow-up. The num-
ber of breast cancer events was lower among OC users 
compared to never users (5.9% and 7.3% respectively; 
p < 0.05), which most likely is explained by the lower 
age at the end of follow-up (recruitment to UKB) and 
which also agrees with a lower age at first breast cancer. 
OC ever users also had a lower median BMI compared 
to never-users and a lower TDI. Among ever-users, the 
median age at OC initiation was 20 years, with a median 
discontinuation age of 31 years and a median duration of 
10 years. Age at menarche and menopause did not dif-
fer significantly between groups (p > 0.05). OC users 
were more likely to have had a hysterectomy (p < 0.05). 
Smoking was more prevalent among OC users (p < 0.05), 

whereas PRS did not differ significantly between groups 
(p > 0.05).

Association between oral contraceptive (OC) use and 
breast cancer risk
We assessed the association between OC use and breast 
cancer risk (Fig.  3 upper panel). Individuals currently 
using OC had a significantly increased risk of breast can-
cer compared to those unexposed: HR = 1.21 (95% CI: 
1.03–1.41), with 2,394 events observed during use. We 
did, however, not see any increased risk in the previous 
user group, HR = 0.99 (0.92–1.05).

When the quantitative PRS variable was added to 
the model with OC use as the exposure, the PRS was 
strongly associated with an increased breast cancer risk 
(Table 2), with an HR = 1.84 (1.75–1.93) per standard unit 
increase in PRS. In this model, the association between 
current OC use and breast cancer remained significant 
(HR = 1.23; 95% CI: 1.06–1.44), with a similar magnitude 
compared to the model without PRS (Table 2). The model 
including an interaction term (PRS*OC) indicated a 
small, but non-significant decrease in the HR (0.92; 0.82–
1.04) for OC per standard unit increase in PRS (Table 2).

Stratifying women into deciles of the PRS showed 
a dramatically increased risk in women in the highest 
decile compared to the middle deciles (Fig.  4A), with 
nearly a threefold higher risk. Conversely, women in the 
lowest PRS decile showed a similarly reduced risk com-
pared to the middle deciles, indicating a clear gradient of 
genetic susceptibility across the PRS deciles. The associa-
tion with OC use was further investigated when women 
were stratified into low, moderate and high genetic risk 
groups based on their PRS. Here, the reference group 
consisted of women unexposed to OC (never users) with 
medium genetic risk (mid-tertile of the PRS). The results 
indicated that among women with medium genetic 
risk, current OC use was not associated with a signifi-
cantly increased risk of breast cancer (HR = 1.05, 95% 
CI: 0.84–1.32, p = 0.61) (Fig.  3). Among individuals in 
the high genetic risk group (top tertile of the PRS), both 
never users and current OC users had an increased risk 
of breast cancer of similar magnitude (HR = 2.02, 95% CI: 
1.78–2.28 and HR = 2.02, 95% CI: 1.67–2.41, respectively). 
In the low genetic risk strata (the lowest tertile of the 
PRS), both current and never users showed a decreased 
risk (HR = 0.56, 95% CI: 0.42–0.75 and HR = 0.41, 95% 
CI: 0.34–0.50, respectively). Using the same stratification 
by PRS tertiles, we estimated the HR for breast cancer 
associated with current OC use within each tertile, using 
never users in the same stratum as the reference group 
(Table 3). Only the low genetic risk strata showed a sta-
tistically significant increased risk by OC use with HR 
of 1.43 (1.02–2.01) and 1.21 (1.00–1.46) in current and 
previous users. Seemingly, the HR for OC use tended to 
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Fig. 2  Flow chart of the main study cohort and information on exclusions due to missing information in the primary and sensitivity analyses where smok-
ing was included as a covariate. For time-varying covariates (age at menopause, hysterectomy, and hormone replacement therapy [HRT]), women who 
did not provide exposure status for these variables, or who reported exposure but did not specify age at initiation, were excluded. Time-fixed covariates 
included number of children, age at menarche, body mass index (BMI), and the Townsend Deprivation Index (TDI). For further details on missing data, 
see Table 1
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decrease with increasing genetic risk, which was consis-
tent with the trend seen for the interaction term when 
the PRS was analysed as a quantitative variable (Table 2). 
To analyse this further, we further stratified genetic risk 
into 10 PRS deciles. Although no individual stratum 
reached statistical significance, a significant trend was 
observed (p = 0.04), with HRs for breast cancer associated 
with OC use decreasing across PRS deciles (Fig. 4B).

Discussion
In this study, we conducted a comprehensive analysis of 
the association between OC use and breast cancer risk 
while accounting for polygenic risk of breast cancer. The 
HR of 1.21 for breast cancer associated with current OC 
use in our study is consistent with previous research 
reporting a 20–25% higher risk among OC users [2–4].

These patterns have been shown to be consistent across 
various populations, regardless of reproductive history, 
family history of breast cancer, or ethnic background. 

Table 2  Association between current oral contraceptive (OC) use, polygenic risk score (PRS), and their interaction in relation to breast 
cancer risk
Exposure Without PRS*** With PRS** With PRS x OC interaction 

term
HR (95% CI)* P-value HR (95% CI)* P-value HR (95% CI)* P-value

Current OC use 1.21
(1.04–1.41)

0.012 1.23
(1.06–1.44)

0.006 1.28
(1.08–1.50)

0.003

PRS for breast cancer 1.84
(1.75–1.93)

< 0.001 1.87
(1.77–1.97)

< 0.001

PRS*OC (interaction term) 0.92
(0.82–1.04)

0.20

* Age was used as the primary time scale, and analyses were adjusted for year of birth, Townsend Deprivation Index, body mass index, smoking status, age at 
menarche and menopausal status, parity, family history of breast cancer, genetic principal components, hormone replacement therapy use, and history of 
hysterectomy.

** The PRS is analysed as a unstratified quantitative variable.

*** This analysis includes only women with available PRS data resulting in a very small difference in the CI and P-value compared to Fig. 3.

Fig. 3  Hazard ratios (HR) for breast cancer associated with oral contraceptive (OC) use. In the upper panel, genetic risk was not considered, and a total 
of N = 190,332 women were followed, with a total of 2,394 women receiving a breast cancer diagnosis during the follow-up. OC use was coded as a 
time-varying exposure, and 81.2% of the women were current users at some point during the follow-up. A total of 2,133,453 person-years as never-users, 
1,688,083 as during use, and 295,451 after use were accumulated. In the lower panel, participants were stratified depending on their genetic risk, with 
medium risk corresponding to the mid tertile of the polygenic risk score (PRS), and high genetic risk being the third tertile of the PRS (the 33.3% of the 
women with the highest PRS) and the low risk being the first tertile of the PRS. Hazard ratio (HR) and 95% confidence intervals (CI) for the respective group 
compared to the same reference (never users with medium genetic risk) are shown
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Our finding, that the increased breast cancer risk was 
observed during OC use but was less pronounced after 
discontinuation, agrees with previous studies [4] and 
supports the hypothesis that hormonal exposure from 
OC may shorten the latency period for breast cancer 
development, as suggested by previous studies [30, 31], 
rather than contributing to a sustained higher lifetime 
risk. However, whether women with a high genetic risk 
for breast cancer are more affected by the harmful effects 
of OC use has not previously been conclusively investi-
gated. This knowledge is crucial for personalized risk 
prediction and contraceptive counselling.

The use of PRS for breast cancer risk prediction has 
been increasingly discussed during the last years [32–34]. 
We showed here that having a high PRS is associated with 
a much larger breast cancer risk compared to OC use. 
However, there was no evidence that OC use is associ-
ated with higher breast cancer risk in women with higher 
genetic predisposition; if anything, a significant trend 

suggested a weaker association in this group. Our results 
align with previous studies examining the relation-
ship between OC use and breast cancer risk in BRCA1 
and BRCA2 mutation carriers. Although several studies 
have been conducted, they have found no evidence that 
current or recent use of OC further elevates the risk of 
breast cancer among BRCA1/2 mutation carriers [8–10]. 
It is also worth noting that although OC use appears to 
increase breast cancer risk slightly less, or not at all, in 
women with high genetic risk, these women are already 
at elevated baseline risk. Prescribing contraceptives to 
women with a high genetic risk should, nevertheless, be 
approached with caution, and the findings from this and 
previous studies [8–10] warrant further validation before 
informing any clinical recommendations. The UKB PRS 
used in this study was developed by Genomics PLC and 
shows a slightly higher hazard ratio compared with the 
most commonly used breast cancer PRS in clinical con-
texts, PRS313 [34]. While the overall patterns of asso-
ciation are expected to be similar for other widely used 
PRSs, the exact magnitudes of the observed associations 
may vary across datasets.

This study has several strengths and limitations. It ben-
efits from a large sample size and a prospective cohort 
study design with age as the primary time-scale that 
minimizes the risk of confounding by age and we have 
adjusted for relevant covariates. Multiple analyses and 
models of oral contraceptive use were conducted, includ-
ing an adjustment for genetic risk, providing a com-
prehensive evaluation of the association between oral 
contraceptive use and breast cancer risk. However, the 
study is limited by its focus on white women living in the 
UK, which may affect the generalizability of the findings 

Table 3  Hazard ratios (HR) for breast cancer by oral 
contraceptive (OC) use stratified by genetic risk-
Genetic risk OC user group HR (95% CI) P-value
Low (1st tertile of 
the PRS)

Never-users 1.00 (reference) -
Current users 1.43 (1.02–2.01) 0.040
Previous users 1.21 (1.00–1.46) 0.046

Medium (2nd tertile 
of the PRS)

Never-users 1.00 (reference) -
Current users 1.14 (0.89–1.45) 0.295
Previous users 0.93 (0.82–1.06) 0.276

High (3rd tertile of 
the PRS)

Never-users 1.00 (reference) -
Current users 0.96 (0.80–1.14) 0.630
Previous users 0.97 (0.89–1.06) 0.507

HR = hazard ratio; CI = confidence interval; PRS = polygenic risk score

Fig. 4  Odds ratios (OR) for breast cancer according to polygenic risk score (PRS) deciles and hazard ratios (HR) for breast cancer by current oral contra-
ceptive (OC) use stratified by genetic risk. (A) ORs with 95% confidence intervals (CI) for developing invasive breast cancer during follow-up are shown 
for each PRS decile, using the medium genetic risk group (deciles 5–6) as the reference. (B) HRs for invasive breast cancer associated with current OC 
use across ten strata defined by PRS deciles with never users within each decile serving as the reference group. The dashed black line indicates the trend 
(p = 0.04), showing decreasing HRs for breast cancer with increasing genetic risk
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to other ethnic groups [35]. Also, many of the covari-
ates, as well as the exposure were self-reported, which 
may have introduced recall bias and led to missing data, 
primarily due to participants responding: “do not know.” 
Since the disease outcome was determined using national 
register data, it is unlikely that recall bias or missingness 
in the self-reported variables would be systematically 
associated with errors in the register-based outcome. 
Therefore, while recall bias and missing data may have 
reduced statistical power, it is unlikely to have inflated the 
estimated effect sizes. We also lack information on breast 
cancer subtypes. Additionally, and most importantly, the 
analysis did not evaluate different types of hormonal con-
traceptives. Most women in the UK Biobank are at an age 
where they have predominantly used second-generation 
combined (estrogen and progestin) oral contraceptive 
pills [30]. In the last decade, new types of contraceptives 
with different formulations and routes of administration 
have gained popularity, including progestin-only prod-
ucts, implants and intrauterine devices. However, no 
large-scale cohort currently exists that includes data on 
contemporary hormonal contraceptives, genetics, and 
sufficiently long follow-up periods.

Conclusions
Given the widespread use of OC, understanding the 
effects of these medications is essential for shaping pub-
lic health strategies and guidelines. Overall, our findings 
contribute to the growing body of evidence suggesting 
that any increase in breast cancer risk associated with 
current OC use in the general population may be tran-
sient. Importantly, the risk appears to decline after dis-
continuation, with little to no lasting impact on lifetime 
breast cancer risk once hormonal exposure has ended. 
However, individual risk factors, such as genetic predis-
position, as assessed by the PRS, could refine the inter-
pretation of these effects. A personalized approach, 
accounting for a woman’s unique genetic profile, fam-
ily history, and other risk factors, is essential to guide 
informed choices regarding OC and improve clinical 
decision-making in breast cancer prevention.

Our results, together with previous research, suggest 
that OC use may not pose additional risk specifically for 
women with high genetic predisposition, but it could still 
represent a modifiable risk factor for those with elevated 
baseline risk. However, the several beneficial effects of 
hormonal contraceptives underscore the importance of 
not discouraging their use unnecessarily. Contraceptive 
agents play a crucial role in global health by enabling 
individuals to make informed reproductive choices, pro-
moting family planning, and improving health outcomes. 
Access to modern contraceptives has contributed sig-
nificantly to the prevention of unintended pregnancies, 
unsafe abortions, and maternal deaths. In addition, OC 

use has been associated with increased bone mineral 
density and a reduced risk of fractures later in life [36], 
as well as a significantly lower risk of ovarian and endo-
metrial cancer [30, 31, 37, 38]. In relation to genetic risk, 
this is particularly important for ovarian cancer, given 
the overlap between several breast cancer susceptibil-
ity genes and those associated with an increased risk of 
ovarian cancer, one of the malignancies with the high-
est mortality rates, for which OC use has been identi-
fied as one of the most effective preventive factors [30, 
38]. Therefore, additional studies exploring personal-
ized risk profiles and the impact of OC use are urgently 
needed to refine risk assessments and improve clinical 
recommendations.
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