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Abstract 
One of the most used hormonal contraceptive treatments in the world, oral 
contraceptives (OCs) provide substantial advantages for hormone management and 
family planning. However, a lot of study has been done on their possible effects on 
breast tissue and long-term health hazards, including breast cancer. This study 
synthesizes data from epidemiological and clinical research to examine the intricate 
relationship between OC usage, mammographic breast density, and breast cancer risk. 
The hormonal makeup of OCs, especially estrogen and progestin, may have an impact 
on mammographic breast density, a known independent risk factor for breast cancer. 
The slightly increased risk of breast cancer seen in current or recent OC users is 
therefore believed to be partially mediated by higher breast density. Key findings 
highlight that the degree of risk varies depending on factors such as age, duration of 
OC use, hormonal formulation, and genetic predispositions. While the absolute 
increase in breast cancer risk associated with OCs remains small for most women, it 
holds greater significance for those with high-risk profiles. The review also identifies 
gaps in knowledge regarding the effects of modern low-dose OC formulations and 
variations across diverse populations.   This synthesis emphasizes the importance of 
informed contraceptive choices, individualized risk assessments, and enhanced 
screening protocols for women at higher risk of breast cancer. Furthermore, it 
underscores the need for interdisciplinary research to explore molecular mechanisms, 
develop safer contraceptive options, and address unresolved questions. By advancing 
our understanding of these relationships, healthcare providers can better guide women 
in making decisions that prioritize both reproductive health and long-term well-being. 
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1. Introduction 

One of the most used methods of birth control in the world is oral contraceptives (OCs), sometimes known as birth control 

tablets. OCs have transformed reproductive health since they were first introduced in the 1960s, giving women a practical and 

efficient way to avoid unwanted pregnancies (Christin-Maitre, 2013). Oral contraceptives are a vital component of family 

planning efforts, with over 151 million women using them globally, according to the World Health Organization (WHO). About 

14% of women between the ages of 15 and 49 in the US alone report using oral contraceptives (Daniels & Abma, 2020). The 

main ingredients of oral contraceptives are synthetic forms of the hormones progestin and estrogen. Oral contraceptives are 

primarily composed of synthetic versions of the hormones estrogen and progestin. These hormones work synergistically to 

inhibit ovulation, alter cervical mucus to prevent sperm penetration, and thin the endometrial lining to reduce the likelihood of  
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implantation (Burkman et al., 2011). Despite their benefits, 
the hormonal components of OCs have been linked to various 
side effects, including their potential impact on breast tissue. 
Hormonal fluctuations caused by OCs are known to affect 
breast physiology, raising questions about their relationship 
with mammographic breast density, a recognized risk factor 
for breast cancer (Grindlay et al., 2013). Mammographic 
breast density refers to the proportion of fibroglandular tissue 
relative to fatty tissue in the breast, as visualized on a 
mammogram. Breast density is categorized into four levels 
based on the Breast Imaging-Reporting and Data System (BI-
RADS): almost entirely fatty, scattered fibroglandular 
densities, heterogeneously dense, and extremely dense (Boyd 
et al., 2007). Approximately 40–50% of women undergoing 
mammography have dense breasts, categorized as either 
heterogeneously or extremely dense (McCormack & dos 
Santos Silva, 2006). High breast density is a well-established 
risk factor for breast cancer. Women with extremely dense 
breasts are four to six times more likely to develop breast 
cancer compared to those with predominantly fatty breasts 
(Boyd et al., 2010). The increased risk is attributed to the 
higher concentration of glandular and stromal tissue, which 
are more susceptible to carcinogenic processes. Additionally, 
dense breast tissue can obscure lesions on mammograms, 
reducing the sensitivity of breast cancer screening and 
potentially delaying diagnosis (Kolb et al., 2002). 
Understanding the interplay between oral contraceptive use 
and mammographic breast density is critical for women’s 
health. OCs are known to modulate hormonal levels, which 
may influence breast tissue composition and, consequently, 
breast density (Tamimi et al., 2006). This relationship has 
implications for breast cancer risk, as increased breast density 
is independently associated with higher cancer susceptibility. 
Given the widespread use of OCs, particularly among young 
women, investigating their potential impact on breast density 
and cancer risk is essential for developing evidence-based 
guidelines for contraceptive use and breast cancer screening. 
Furthermore, understanding this relationship can empower 
women to make informed decisions about their reproductive 
health while considering their long-term cancer risk 
(Kennedy et al., 2019). 
This review aims to synthesize existing research on the 
relationships between oral contraceptive use, mammographic 
breast density, and breast cancer risk. Specifically, it seeks to 
evaluate how OCs influence breast density, examine the 
association between breast density and cancer risk, and 
explore the potential interplay among these factors (Upadhya 
et al., 2017). The review will critically analyze key findings 
from epidemiological and clinical studies, highlight 
inconsistencies and gaps in the literature, and provide 
recommendations for future research. By addressing these 
topics, the review aims to contribute to a deeper 
understanding of the implications of OC use for breast cancer 
risk and inform healthcare providers and policymakers about 
best practices for contraceptive counseling and cancer 
prevention (Shah et al., 2018). 
 
2.0 Methodology 
This study employs the PRISMA (Preferred Reporting Items 

for Systematic Reviews and Meta-Analyses) methodology to 
investigate the relationship between oral contraceptive (OC) 
use, mammographic breast density (MBD), and breast cancer 
risk. The systematic review was initiated with a 
comprehensive search of databases including PubMed, 
Scopus, and Web of Science to identify relevant peer-
reviewed studies. The search strategy was constructed using 
keywords such as "oral contraceptives," "mammographic 
breast density," and "breast cancer risk," combined with 
Boolean operators. Inclusion criteria focused on studies 
published in English, with human subjects, that evaluated the 
association between OC use and either MBD or breast cancer 
risk. Exclusion criteria included studies with incomplete data, 
those involving non-human subjects, and studies with 
overlapping cohorts. 
All retrieved studies were imported into a reference 
management system, and duplicates were removed. The 
remaining records were screened independently by two 
reviewers at the title and abstract levels, followed by a full-
text review for eligibility. Discrepancies between reviewers 
were resolved through discussion or consultation with a third 
reviewer. Data extraction was performed using a 
standardized form to capture relevant information, including 
study design, population characteristics, OC usage details 
(duration, type, and dosage), mammographic density 
measurements, and breast cancer outcomes. 
The quality of included studies was assessed using validated 
tools such as the Newcastle-Ottawa Scale for observational 
studies and the Cochrane risk-of-bias tool for randomized 
controlled trials. Key variables included OC usage patterns, 
percent mammographic density, dense area, and breast cancer 
incidence. Covariates such as age, body mass index, and 
hormonal levels were recorded to adjust for potential 
confounding factors. 
Statistical analysis involved a meta-analysis of the extracted 
data. A random-effects model was applied to calculate pooled 
estimates of effect sizes, odds ratios, and 95% confidence 
intervals for the relationship between OC use, MBD, and 
breast cancer risk. Heterogeneity was assessed using the I² 
statistic, and publication bias was evaluated through funnel 
plots and Egger’s test. Sensitivity analyses were conducted to 
assess the robustness of results by excluding low-quality 
studies and studies with extreme effect sizes. 
Data from eligible studies were also used to develop 
predictive models for breast cancer risk using machine 
learning techniques. Models such as logistic regression, 
random forest, and support vector machines were trained on 
combined datasets to evaluate the interaction between OC 
use, MBD, and breast cancer outcomes. Model performance 
was evaluated using metrics such as area under the curve 
(AUC) and accuracy, and external datasets were used for 
validation. 
This PRISMA-guided approach ensures a transparent and 
reproducible methodology, integrating systematic review and 
advanced analytics to explore the complex relationship 
between OC use, mammographic density, and breast cancer 
risk. The findings will inform evidence-based guidelines for 
clinical practice and public health interventions. The 
flowchart is shown in figure 1. 
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Fig 1: The flowchart of the methodology used 
 

2.1 Oral Contraceptives (OCs) 
According to their hormonal makeup, oral contraceptives 
(OCs) can be divided into two main categories: progestin-
only pills (POPs) and combination oral contraceptives 
(COCs) (Renner & Jensen, 2011). Progestin, a synthetic 
version of progesterone, and estrogen, usually ethinyl 
estradiol, are the two artificial hormones found in COCs. The 
progestin thickens cervical mucus to limit sperm entrance and 
modifies the endometrial lining to prevent implantation, 
while the estrogen component suppresses ovulation by 
inhibiting follicle-stimulating hormone (FSH) (Burkman et 
al., 2011). Because of their great effectiveness and extra 
advantages, such controlling menstrual cycles and lowering 
the risk of ovarian and endometrial malignancies, COCs are 
the most often prescribed kind of OCs (Cipriani et al., 2020). 
Also known as "mini-pills," POPs contain only progestin, 
making them suitable for women who cannot tolerate 
estrogen or have contraindications such as a history of 
thromboembolic disorders (Shukla et al., 2017). POPs 
primarily work by thickening cervical mucus and altering the 
endometrial lining, with ovulation suppression occurring in 
approximately 50% of users (Nelson, 2019). POPs are often 
prescribed to breastfeeding women or those with specific 
health conditions. Beyond these two main types, there are 
newer formulations such as extended-cycle pills, which 
reduce the frequency of withdrawal bleeding, and low-dose 
pills, designed to minimize hormonal side effects. 
Oral contraceptives exert their effects by manipulating the 
endocrine system to suppress the natural hormonal 
fluctuations of the menstrual cycle (Hampson, 2020). This 
hormonal alteration also affects breast tissue. Estrogen 
stimulates the proliferation of ductal and stromal cells in the 
breast, contributing to increased breast tissue density. The 
prolonged exposure to synthetic estrogen in COCs may 
amplify this effect, leading to changes in mammographic 
density (Greendale et al., 2003). Progestin has a dual effect: 
it promotes differentiation of breast tissue but may also 
enhance the proliferative effects of estrogen under certain 

conditions (Collaborative Group on Hormonal Factors in 
Breast Cancer, 1996). These hormonal effects on breast tissue 
could potentially increase the susceptibility to DNA damage, 
a precursor to carcinogenesis (De Leo et al., 2016). The 
duration of oral contraceptive use is a critical factor in 
determining the cumulative hormonal exposure a woman 
receives. Women who begin using OCs at an early age or 
continue use for extended periods are exposed to higher 
cumulative doses of synthetic hormones. Several 
epidemiological studies have suggested that prolonged OC 
use, particularly over 10 years, may slightly increase the risk 
of breast cancer in premenopausal women (Collaborative 
Group on Hormonal Factors in Breast Cancer, 2019). 
However, the risk appears to diminish over time after 
cessation of use, with no significant increase in risk observed 
after 10 years of discontinuation (Hunter et al., 2010). 
Women who initiate OC use during adolescence, a period of 
breast development, may be more susceptible to hormonal 
changes that affect breast tissue density. Long-term use has 
been associated with persistent increases in mammographic 
density, which is a known risk factor for breast cancer. Oral 
contraceptive formulations have evolved significantly since 
their introduction. Early formulations contained high doses 
of estrogen (50–150 micrograms of ethinyl estradiol) and 
were associated with a higher risk of side effects, including 
thromboembolic events and breast cancer (Harvey and 
Bovbjerg, 2004). Modern formulations now use much lower 
doses (10–35 micrograms), aiming to reduce adverse effects 
while maintaining contraceptive efficacy (Smith et al., 2003). 
Studies have shown that higher-dose estrogen formulations 
are more likely to increase breast density compared to low-
dose alternatives. For example, Tamimi et al. (2006) reported 
that women using high-estrogen OCs had significantly higher 
mammographic density than non-users. Modern low-dose 
formulations may reduce this effect, although more research 
is needed to confirm their long-term impact on breast density. 
Differences in progestin types across formulations may also 
influence breast cancer risk. For instance, second-generation 
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progestins (e.g., levonorgestrel) have a stronger androgenic 
effect, while third-generation progestins (e.g., desogestrel) 
are more selective for progesterone receptors, potentially 
affecting breast tissue differently (Burkman et al., 2011). 
Understanding these variations is critical for evaluating the 
safety of newer contraceptive options. 
 
2.2 Mammographic Breast Density 
Mammographic breast density refers to the proportion of 
fibroglandular (dense) tissue relative to fatty (non-dense) 
tissue in the breast, as visualized on a mammogram. Dense 
breast tissue appears white or bright on a mammogram, while 
fatty tissue appears darker (Boyd et al., 2011). This density is 
determined by the relative amount of glandular, connective, 
and stromal tissue compared to fatty tissue in the breast 
(Boyd et al., 2007). Mammographic density is influenced by 
genetic, hormonal, and environmental factors, and it varies 
across individuals and age groups. The Breast Imaging-
Reporting and Data System (BI-RADS), developed by the 
American College of Radiology, is the standard classification 
system used to categorize breast density. BI-RADS assigns 
breast density into four categories based on the proportion of 
dense tissue visible on a mammogram; The breast is almost 
entirely composed of fatty tissue, with minimal 
fibroglandular tissue (<25%). There are scattered areas of 
dense tissue, but the majority of the breast is fatty (25–50%). 
There is significant dense tissue that may obscure small 
masses (51–75%). The breast is composed of a high 
proportion of dense tissue, making it difficult to detect 
abnormalities (>75%) (American College of Radiology, 
2013). 
Breast density is typically assessed during routine 
mammography screenings and has both diagnostic and 
prognostic implications (Azam et al., 2020). Women with 
heterogeneously or extremely dense breasts are considered to 
have high breast density, which is associated with an 
increased risk of breast cancer and reduced sensitivity of 
mammograms in detecting tumors (McCormack & dos 
Santos Silva, 2006). Breast Density as a Risk Factor for 
Breast Cancer, High mammographic breast density increases 
breast cancer risk through several biological mechanisms: 
Increased Cell Proliferation: Dense breast tissue contains 
higher amounts of epithelial and stromal cells, which are 
more susceptible to carcinogenic changes due to increased 
cell turnover and DNA replication errors (Yaghjyan et al., 
2015). Hormonal Sensitivity: Dense tissue is more 
responsive to estrogen and other hormonal signals, which 
may promote the growth of estrogen receptor-positive (ER+) 
breast cancers (Boyd et al., 2010). Masking Effect: Dense 
tissue can obscure the presence of tumors on mammograms, 
leading to delayed detection and treatment. This reduced 
diagnostic accuracy can result in more advanced disease at 
diagnosis (Kolb et al., 2002). Microenvironment 
Changes: The stromal and glandular composition of dense 
tissue creates a pro-inflammatory microenvironment, which 
may enhance tumor initiation and progression. 
Numerous studies have demonstrated that mammographic 
breast density is one of the strongest independent risk factors 
for breast cancer. For example, Boyd et al. (2007) found that 
women with extremely dense breasts are 4–6 times more 
likely to develop breast cancer than those with almost entirely 
fatty breasts (Yaghjyan et al., 2012). A meta-analysis by 
McCormack and dos Santos Silva (2006) further confirmed 
the association between breast density and breast cancer risk, 
reporting a significant dose-response relationship. Women 
with high-density breasts not only have a higher incidence of 
breast cancer but also face challenges in early detection, 

contributing to poorer outcomes (Tesic et al., 2013). The 
magnitude of the risk is comparable to or even greater than 
that of other established risk factors, such as a family history 
of breast cancer or carrying BRCA1/2 mutations. This makes 
breast density an important focus of cancer prevention and 
screening strategies. 
Hormonal Influence on Breast Density, Hormones play a 
critical role in the regulation of breast tissue development and 
composition. Estrogen and progesterone, in particular, 
influence the proliferation and differentiation of epithelial 
and stromal cells in the breast (Kanadys et al., 2021). These 
hormones increase the amount of glandular and connective 
tissue, leading to higher breast density. Estrogen: Stimulates 
ductal growth and stromal cell proliferation, leading to an 
increase in fibroglandular tissue. Progesterone: Promotes 
lobular development and enhances the effects of estrogen, 
further contributing to increases in breast density (Tamimi et 
al., 2006). These hormonal effects are most pronounced 
during reproductive years and decrease with menopause as 
endogenous hormone levels decline. Oral contraceptives, 
which contain synthetic estrogen and progestin, mimic the 
effects of endogenous hormones and can influence breast 
tissue composition (Ramón et al., 2015). The degree of 
change in breast density associated with OCs depends on 
factors such as the dose and type of hormones, duration of 
use, and individual hormonal sensitivity. Evidence from 
Studies: Tamimi et al. (2006) found that premenopausal 
women using oral contraceptives had significantly higher 
mammographic density compared to non-users. However, the 
increase in density was often reversible upon discontinuation 
of OCs. Formulation Variations: Modern low-dose 
formulations may have a reduced impact on breast density 
compared to older high-dose formulations, although more 
research is needed to confirm these differences (Burkman et 
al., 2011). Prolonged OC use results in cumulative exposure 
to synthetic hormones, which may increase breast density 
over time. Women who begin using OCs at an early age, 
when breast tissue is still developing, may experience greater 
changes in density compared to women who initiate use later 
in life (Moore et al., 2020). The relationship between OC use, 
breast density, and breast cancer risk underscores the need for 
individualized contraceptive counseling, particularly for 
women with other risk factors for breast cancer. Screening 
strategies should also account for breast density to improve 
early detection rates in this population. 
 
2.3 Breast Cancer Risk and Oral Contraceptives 
2.3.1 Epidemiological Evidence 
The relationship between oral contraceptive (OC) use and 
breast cancer risk has been extensively studied, with findings 
indicating a complex interplay between hormonal exposure 
and individual risk factors (Brinton et al., 1995). While OCs 
offer significant reproductive health benefits, such as 
contraception and regulation of menstrual cycles, their 
potential influence on breast cancer development remains a 
topic of concern. Epidemiological studies have consistently 
reported a slight increase in the risk of breast cancer among 
current and recent users of oral contraceptives, particularly in 
younger women. A meta-analysis conducted by 
the Collaborative Group on Hormonal Factors in Breast 
Cancer (1996) examined data from over 50 studies and found 
that women who were currently using OCs or had used them 
within the past 10 years had a 20–30% increased risk of breast 
cancer compared to non-users (Marchbanks et al., 2012). 
However, this increased risk diminishes gradually after 
cessation, with no significant excess risk observed 10 years 
after discontinuation. Similarly, a systematic review 
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by Gierisch et al. (2013) corroborated these findings, noting 
that OC use slightly elevates breast cancer risk, particularly 
for premenopausal women and those under 40 years of age 
(Beaber et al., 2014). The study highlighted that the relative 
risk (RR) is higher for estrogen receptor-positive (ER+) 
cancers, indicating that the hormonal components of OCs 
may stimulate breast tissue growth in susceptible individuals 
(White, 2018). Duration of Use: Prolonged OC use is 
associated with a cumulative increase in hormonal exposure, 
which may heighten breast cancer risk. Women who use OCs 
for more than 10 years show a marginally higher risk 
compared to those with shorter durations of use 
(Collaborative Group on Hormonal Factors in Breast Cancer, 
2019). However, the absolute increase in risk remains small, 
and the benefits of OCs often outweigh these risks for many 
women. Age at First Use: 
The age at which a woman begins using OCs significantly 
influences her risk (Beaber et al., 2014). Initiating OC use 
during adolescence or early adulthood, when breast tissue is 
still developing, may result in greater hormonal sensitivity 
and an increased likelihood of carcinogenic changes (Hunter 
et al., 2010). Women who begin using OCs after their mid-
20s, when breast tissue development stabilizes, appear to 
have a lower risk. Cessation of Use: The increased risk of 
breast cancer associated with OCs declines over time after 
discontinuation. Studies suggest that 10 years after stopping 
OC use, the risk of breast cancer returns to levels similar to 
those of women who have never used OCs (Iversen et al., 
2017). This reversibility is an important consideration for 
women weighing the long-term risks and benefits of OCs. 
Hormonal Formulations and Breast Cancer Risk Changes in 
OC formulations over the decades have also influenced risk 
profiles (Mørch et al., 2017). Modern low-dose OCs are 
associated with a reduced risk of breast cancer compared to 
earlier high-dose formulations. However, the specific role of 
progestin type, dose, and combination with estrogen in 
modulating breast cancer risk is still under investigation 
(Benagiano et al., 2006). 
 
2.3.2 Mechanisms of OC-Related Breast Cancer Risk 
The potential link between OCs and breast cancer risk can be 
explained by the biological and molecular effects of synthetic 
hormones on breast tissue, as well as genetic and individual 
susceptibilities that modulate these effects (Del Pup et al., 
2019). The pathways are shown in figure 2. 
 

 
 

Fig 2: key pathways through which Oral contraceptives may 
impact breast cancer risk. 

 

Oral contraceptives contain synthetic versions of estrogen 
and progestin, which mimic the effects of endogenous 
hormones. These hormones influence breast tissue in the 
following ways; Proliferation of Epithelial Cells: 
Estrogen and progestin promote the proliferation of epithelial 
cells in the mammary glands (Samson, 2016). Increased cell 
division raises the likelihood of DNA replication errors, 
which can lead to mutations and the initiation of 
carcinogenesis (Russo & Russo, 2004). Breast tissue exposed 
to synthetic hormones may experience prolonged periods of 
proliferative activity, creating conditions favorable for 
tumorigenesis (Passey, 2017). Enhanced Mammographic 
Density: As discussed earlier, higher breast density is 
associated with an increased risk of breast cancer. OCs, 
through their hormonal effects, can increase mammographic 
breast density in some women, thereby elevating cancer risk 
(Tamimi et al., 2006). Promotion of Estrogen-Receptor 
Positive (ER+) Tumors: Synthetic estrogen in OCs can 
stimulate the growth of ER+ breast cancers by binding to 
estrogen receptors and activating pathways that promote cell 
survival and proliferation (Kurta, 2013). This is particularly 
relevant for premenopausal women, whose breast tissue is 
more hormonally responsive (Van der Westhuizen & Van der 
Merwe, 2011). The risk associated with OC use is not 
uniform across all women; genetic predisposition and 
individual hormonal sensitivity play crucial roles in 
modulating risk. BRCA1/BRCA2 Mutations: Women with 
mutations in the BRCA1 or BRCA2 genes, which are 
associated with hereditary breast cancer, may face a higher 
risk of breast cancer if they use OCs, especially before the 
age of 30 (Quinn, 2020). A study by Narod et al. (2002) found 
that BRCA mutation carriers who used OCs had a moderately 
increased risk of breast cancer compared to non-carriers. 
However, more recent studies have suggested that modern 
low-dose OCs may pose a lower risk for BRCA carriers than 
earlier formulations (Hasyim, 2020). Variations in genes 
encoding estrogen and progesterone receptors may influence 
an individual's susceptibility to OC-related breast cancer. For 
example, certain polymorphisms in the estrogen receptor 
alpha (ESR1) gene are associated with increased breast 
cancer risk in OC users (Hankinson et al., 2004). Women 
with a strong family history of breast cancer may have an 
inherent predisposition to the disease, which could be 
amplified by the hormonal effects of OCs. However, the 
absolute increase in risk remains relatively small for most 
women in this group (Cipriani et al., 2020). Women with 
higher baseline levels of estrogen and progesterone may be 
more sensitive to the additional hormonal exposure from 
OCs. This sensitivity could result in greater changes in breast 
tissue composition and a higher risk of carcinogenesis (Pike 
et al., 1993). While the use of oral contraceptives is 
associated with a slight increase in breast cancer risk, it is 
important to consider the broader context. OCs confer 
significant protective effects against ovarian, endometrial, 
and colorectal cancers, which may offset the marginally 
increased risk of breast cancer for many women. The decision 
to use OCs should be based on an individualized assessment 
of risk factors, including family history, genetic 
predisposition, and personal health goals (García, 2020). 
 
2.4 The Interplay between OCs, Breast Density, and 
Breast Cancer 
Understanding the interplay between oral contraceptive (OC) 
use, mammographic breast density, and breast cancer risk 
requires integrating data on how OCs influence breast tissue 
composition and how this, in turn, mediates cancer risk 
(Wong et al., 2011). This section delves into how these 
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factors are interconnected, the evidence supporting their 
relationships, and the complexities surrounding this topic. 
 
2.4.1 OCs and Breast Density 
Mammographic breast density, defined as the proportion of 
fibroglandular tissue in the breast relative to fatty tissue, is 
influenced by hormonal factors, including those introduced 
by OCs. Given the hormonal composition of OCs, their use 
has been associated with changes in breast density, though 
the magnitude and nature of these changes vary depending on 
individual and contextual factors (De Hert et al., 2016). 
Several studies have investigated the impact of OC use on 
breast density, with results indicating that OCs can lead to 
modest increases in density. For instance, research 
by Vachon et al. (2000) found that current OC users had a 
higher percentage of mammographic density compared to 
non-users. The synthetic estrogen and progestin in OCs 
promote cell proliferation in the mammary gland, which can 
lead to increased fibroglandular tissue and, consequently, 
higher mammographic density. A more recent study 
by Engmann et al. (2017) also reported a positive association 
between OC use and mammographic density. The study 
noted that the increase in density was most pronounced in 
younger women and those who used OCs for extended 
durations (Monteiro et al., 2013). However, it also 
highlighted that the effect was reversible after 
discontinuation, with density returning to baseline levels over 
time. 
The impact of OCs on breast density is more pronounced in 
younger women, whose breast tissue is more hormonally 
sensitive. Adolescents and women in their early 20s who use 
OCs are more likely to experience significant increases in 
density compared to older users (Boyd et al., 2009).  Higher-
dose formulations of OCs, which were common in earlier 
decades, are associated with greater increases in breast 
density compared to modern low-dose formulations. 
Advances in OC formulations aim to minimize these effects 
by reducing estrogen and progestin concentrations (Feng et 
al., 2016). Prolonged use of OCs has been linked to 
cumulative hormonal exposure, which may amplify changes 
in breast density. Women who use OCs for over five years 
may experience sustained increases in density, though these 
effects diminish after discontinuation (McCormack et al., 
2010). 
 
2.4.2 Breast Density as a Mediator for Cancer Risk 
Breast density is one of the strongest independent risk factors 
for breast cancer, and it also serves as a potential mediator 
linking OC use to cancer risk. High breast density is 
characterized by increased epithelial and stromal tissue, both 
of which are more susceptible to hormonal stimulation and 
carcinogenic processes (Masarwah, 2016). Role of Increased 
Breast Density as a Pathway Linking OCs to Higher Cancer 
Risk. The relationship between OCs, breast density, and 
cancer risk can be conceptualized as follows, The synthetic 
estrogen and progestin in OCs stimulate breast cell 
proliferation, leading to increased density. This process may 
also elevate the number of cells at risk for malignant 
transformation (Verma et al., 2021). Women with dense 
breasts are four to six times more likely to develop breast 
cancer compared to those with fatty breasts (Boyd et al., 
2007). Dense tissue provides a microenvironment conducive 
to tumorigenesis by increasing the number of proliferative 
cells and altering stromal-epithelial interactions. For women 
who use OCs, the increased density may amplify the 
carcinogenic potential of hormonal exposure (Dannhauser & 
Van den Berg, 2011). This creates a feedback loop wherein 

both the density and the hormonal stimulation act as co-
factors in elevating cancer risk. Breast density naturally 
decreases with age, particularly after menopause, when 
hormonal levels decline. However, for premenopausal 
women using OCs, the maintenance or increase in breast 
density may prolong their period of elevated cancer risk 
(Stanczyk et al., 2013). Synthesizing the relationships 
between OCs, breast density, and breast cancer risk requires 
a multidisciplinary approach, drawing from epidemiology, 
biology, and clinical studies. While evidence points to clear 
associations, several unresolved questions and conflicting 
findings remain (OLULOPE, 2016).  
Research designs such as the Nurses’ Health Study and other 
large cohorts have provided valuable insights into how OC 
use influences breast density and cancer risk over time. These 
studies emphasize the dynamic nature of these relationships, 
particularly the reversibility of effects after OC cessation 
(Iversen et al., 2017). Experimental studies on breast tissue 
samples have elucidated the molecular pathways through 
which synthetic hormones alter tissue composition. These 
findings complement epidemiological data by providing 
biological plausibility for observed associations. Integrating 
breast density into risk prediction models has improved the 
accuracy of breast cancer risk assessments (Wiegratz & Kuhl, 
2004). Tools such as the Breast Cancer Surveillance 
Consortium (BCSC) risk calculator incorporate density as a 
key variable, highlighting its importance as a mediator 
(White, 2015). 
 
2.4.3 Conflicting Findings and Unresolved Questions 
Not all women experience increases in breast density with 
OC use. Genetic and hormonal factors likely influence 
individual responses, but these factors are not yet fully 
understood. The relationship between OCs, density, and 
cancer risk may vary by breast cancer subtype. For example, 
estrogen receptor-positive (ER+) cancers are more strongly 
associated with hormonal exposure, while triple-negative 
cancers may have weaker links to density. Most existing 
studies focus on older, higher-dose OC formulations (Oskar, 
2021). There is limited data on the long-term effects of 
modern low-dose formulations, which may have different 
risk profiles. Breast density and cancer risk vary by ethnicity, 
with African-American women often having denser breasts 
compared to other groups (Burke, 2010). However, most 
studies have been conducted in predominantly Caucasian 
populations, limiting the generalizability of findings. The 
interplay between OCs, breast density, and breast cancer risk 
is complex and multifactorial. Evidence suggests that OC use 
can modestly increase breast density, particularly in younger 
women and those using higher-dose formulations (Sitruk et 
al., 2013). This increase in density may partially mediate the 
elevated breast cancer risk observed among OC users. 
However, significant variability exists in individual 
responses, highlighting the need for personalized risk 
assessments (Brooks et al., 2021). Future research should 
focus on elucidating the mechanisms underlying these 
relationships, with an emphasis on modern OC formulations, 
genetic susceptibility, and diverse populations. 
 
2.6 Implications for Practice and Future Research 
The relationship between oral contraceptives (OCs), 
mammographic breast density, and breast cancer risk 
presents significant implications for clinical practice and 
research. Clinicians face the challenge of balancing the 
benefits of OCs for family planning and hormone regulation 
against potential long-term health risks, particularly for 
women with predisposing factors for breast cancer (Fischer, 
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2016). Simultaneously, researchers are tasked with 
addressing the knowledge gaps to provide evidence-based 
guidance and explore innovative approaches for minimizing 
risks. 
 
2.6.1 Clinical Recommendations 
Healthcare providers play a pivotal role in guiding women 
through contraceptive choices while considering individual 
risk factors (Dias et al., 2016). The following 
recommendations are essential for translating current 
evidence into clinical practice; Considerations for OC 
Prescriptions in Women at High Risk of Breast Cancer. 
Women with a family history of breast cancer, genetic 
predispositions (e.g., BRCA1 or BRCA2 mutations), or other 
high-risk factors require personalized contraceptive 
counseling. While OCs are generally safe for most women, 
high-risk individuals may face an elevated likelihood of 
breast cancer due to hormonal exposure (Mahboobnia et al., 
2021). Clinicians should conduct comprehensive risk 
assessments, including evaluations of family history, genetic 
markers, and breast density, before prescribing OCs. For 
high-risk women, non-hormonal contraceptive options such 
as intrauterine devices (IUDs) or barrier methods may be 
preferable alternatives. Counseling should include 
discussions on how hormonal contraceptives may 
temporarily increase breast density and, potentially, breast 
cancer risk (Santen et al., 2010). Patients should be informed 
about the reversibility of these changes upon discontinuation 
and the importance of regular monitoring. Modern low-dose 
OCs, which contain reduced levels of estrogen and progestin, 
may offer safer alternatives for women at moderate risk 
(Shukla et al., 2017). These formulations aim to minimize 
hormonal stimulation of breast tissue while maintaining 
contraceptive efficacy. Mammographic breast density is an 
established risk factor for breast cancer and poses diagnostic 
challenges, as dense tissue can mask malignancies on 
mammograms (Rajaneesh, 2021). For OC users with higher 
breast density, enhanced screening protocols are 
recommended, Women with dense breasts may benefit from 
adjunctive imaging techniques, such as breast ultrasound or 
magnetic resonance imaging (MRI), to improve cancer 
detection (Thompson et al., 2019). These modalities are 
particularly important for high-risk OC users, as 
mammograms alone may be insufficient (Wu et al., 2015). 
High-risk OC users with increased breast density should 
begin breast cancer screening earlier than the general 
population, with more frequent follow-ups (Burkman et al., 
2011). Clinical breast exams and self-examinations should 
also be encouraged as complementary practices. Regular 
assessment of breast density through mammography can help 
track changes over time and guide individualized risk 
management strategies (Mathew et al., 2021). 
 
2.6.2 Research Priorities 
Despite advances in understanding the relationships between 
OCs, breast density, and breast cancer risk, significant gaps 
remain. Addressing these gaps through targeted research is 
critical for improving patient outcomes and informing 
clinical guidelines (Dalene, 2020). Investigating Newer OC 
Formulations with Lower Hormonal Doses. Over the years, 
OC formulations have evolved to contain lower doses of 
synthetic hormones, reducing adverse effects while 
maintaining contraceptive effectiveness (Dragoman, 2014). 
However, the long-term impact of these modern formulations 
on breast density and cancer risk requires further 
investigation. Research should compare the effects of older 
high-dose OCs with newer low-dose options on breast 

density and cancer risk. Such studies could clarify whether 
reduced hormonal exposure translates to lower breast cancer 
incidence (Westbrook & Stearns, 2013). Progestin-only 
contraceptives, including pills, implants, and injections, may 
have a different risk profile compared to combined estrogen-
progestin formulations. Future studies should explore their 
impact on breast density and cancer risk, particularly in 
women with contraindications to estrogen use (Tenti et al., 
2020). Large-scale, long-term cohort studies are needed to 
track the effects of low-dose OCs on breast density and 
cancer risk over decades. These studies should account for 
variations in age, ethnicity, and genetic predispositions. 
Developing Interventions to Mitigate Breast Density 
Increases in OC Users. As breast density is a modifiable risk 
factor, interventions to reduce or prevent density increases in 
OC users could significantly lower cancer risk. Potential 
avenues for research include; Investigating the role of diet, 
exercise, and weight management in counteracting the 
density-increasing effects of OCs (Helland, 2019). For 
instance, higher physical activity levels and lower body fat 
percentages are associated with reduced breast density 
(Haber, 2010). Exploring the use of medications or 
supplements that mitigate hormonal stimulation of breast 
tissue. Selective estrogen receptor modulators (SERMs) or 
aromatase inhibitors may have potential as protective agents 
for high-risk OC users (Seo et al., 2015). Research should 
focus on identifying genetic and hormonal markers that 
predict individual responses to OCs (Yang et al., 2013). This 
knowledge could enable the development of personalized 
interventions, such as customized contraceptive formulations 
or targeted screening protocols (Elebro, 2017). Most existing 
studies on OCs, breast density, and cancer risk have been 
conducted in predominantly Caucasian populations. To 
ensure the generalizability of findings, future research should 
include diverse populations, accounting for variations in 
breast density and cancer risk across different ethnic and 
racial groups (Riondino et al., 2019). Advances in molecular 
biology and imaging technologies provide opportunities to 
unravel the mechanisms through which OCs influence breast 
tissue. Investigating the cellular and genetic pathways 
involved could shed light on why some women experience 
greater density increases and cancer risk than others. The 
interplay between OCs, breast density, and breast cancer risk 
underscores the importance of evidence-based clinical 
practices and targeted research efforts. For clinicians, 
prescribing OCs requires a nuanced understanding of 
individual risk factors, particularly for women with high 
breast density or a predisposition to breast cancer. Enhanced 
screening protocols and personalized counseling can help 
mitigate potential risks while ensuring effective 
contraception. For researchers, priorities include 
investigating the safety profiles of newer OC formulations, 
developing interventions to address density increases, and 
exploring the molecular underpinnings of these relationships. 
By addressing these challenges, future research can 
contribute to more informed decision-making and improved 
health outcomes for women worldwide. 
 
2.7 Conclusion 
Women's health is greatly impacted by the complex 
interaction that exists between oral contraceptives (OCs), 
mammographic breast density, and breast cancer risk. Given 
that OCs are still one of the most used forms of birth control 
in the world, it is crucial to comprehend how they may affect 
breast tissue and the risk of developing cancer in the long run. 
This conclusion summarizes the main conclusions, 
emphasizes the value of individualized treatment, and 
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stresses the necessity of more study and cooperation. Several 
important conclusions about the relationship between OCs, 
breast density, and cancer risk may be drawn from a thorough 
analysis of the literature. OCs, especially those that contain 
estrogen and progestin, have hormonal effects that affect the 
composition of breast tissue. Among these consequences 
might be a rise in glandular tissue growth, which could lead 
to a larger breast density on mammograms. The extent of 
these changes appears to vary based on factors such as age, 
duration of OC use, and the specific hormonal formulation. 
Mammographic breast density is a well-established 
independent risk factor for breast cancer. Women with high 
breast density face a four to six times greater risk of 
developing breast cancer compared to those with low density. 
The hormonal stimulation from OCs may transiently elevate 
breast density, thereby increasing short-term cancer risk, 
particularly in younger women. Epidemiological evidence 
shows a modest but consistent association between current or 
recent OC use and an elevated risk of breast cancer. This risk 
diminishes over time after discontinuing OCs. Factors such 
as the age of initiation, duration of use, and hormonal dosage 
influence the degree of risk. Notably, the absolute risk 
increase remains small for most women, particularly those 
without additional risk factors. Higher breast density is 
thought to mediate part of the link between OC use and 
increased breast cancer risk. However, the strength of this 
relationship varies across studies, with conflicting findings 
and unresolved questions. This highlights the need for further 
investigation into individual variability and molecular 
mechanisms underlying these effects.  
The connection between OCs, breast density, and the risk of 
breast cancer emphasizes how crucial individualized 
treatment and well-informed choices are. Although OCs 
provide many advantages for family planning, controlling 
menstruation, and managing hormones, their possible 
hazards should be carefully considered, especially for women 
who have risk factors for breast cancer. Comprehensive 
information on the advantages and disadvantages of OCs, 
including possible impacts on breast density and cancer risk, 
should be made available to women. This allows people to 
interact with healthcare specialists and make well-informed 
decisions. For the purpose of directing contraceptive options, 
personalized risk evaluations that take into account variables 
including genetic predisposition, family history, and breast 
density are essential. OCs that include estrogen might not be 
the best option for high-risk individuals. It is essential to 
maintain a balanced perspective when interpreting the risks 
associated with OCs. For most women, the benefits of OCs 
outweigh the potential risks, particularly when their use is 
carefully monitored and tailored to individual needs. 
Advancing our understanding of the complex relationships 
between OCs, breast density, and cancer risk requires a 
collaborative and interdisciplinary approach. Policymakers, 
researchers, healthcare providers, and patient advocacy 
groups must work together to address existing knowledge 
gaps and improve outcomes for women globally. 
Collaboration between epidemiologists, oncologists, 
endocrinologists, and radiologists is essential for elucidating 
the mechanisms by which OCs influence breast density and 
cancer risk. Integrating expertise from these fields can help 
develop more effective screening, prevention, and treatment 
strategies. Large-scale, long-term studies are needed to 
examine the effects of modern low-dose OC formulations on 
breast density and cancer risk over decades. Research should 
include diverse populations to ensure findings are 
generalizable across different racial, ethnic, and genetic 
backgrounds. Research efforts should focus on creating 

interventions to mitigate the potential risks associated with 
OCs. This includes exploring new contraceptive formulations 
with lower hormonal doses, as well as adjunctive therapies 
that counteract increases in breast density. Policymakers and 
health organizations should prioritize public health 
campaigns that raise awareness about breast cancer risk 
factors, including the role of OCs and breast density. 
Educational initiatives can empower women to seek regular 
screenings and engage in proactive risk management. 
Advances in genetics and molecular biology provide 
opportunities to tailor contraceptive recommendations and 
cancer prevention strategies to individual risk profiles. 
Investment in precision medicine approaches could 
revolutionize care for women at varying levels of risk. 
The complex interplay between OCs, breast density, and 
breast cancer risk highlights the need for a nuanced and 
individualized approach to women’s health. While OCs offer 
invaluable benefits, their potential risks should not be 
overlooked, particularly for women with higher breast 
density or other risk factors. By fostering interdisciplinary 
collaboration and advancing research, we can address current 
uncertainties, develop safer contraceptive options, and ensure 
optimal care for women worldwide. Through informed 
decision-making, personalized assessments, and continued 
innovation, the healthcare community can empower women 
to make choices that support their health and well-being 
across their lifespan. 
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