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Abstract 

Background: BRCA1 and BRCA2 are tumor suppressor genes that play a pivotal role in DNA 

repair. Mutations of these genes are associated with increased risk of several cancers, including 

breast, ovarian, prostate, and other malignancies. While the prevalence of these mutations is 

relatively low, affecting less than 1% of the general population, certain racial and ethnic groups 

have much higher mutation rates.  

BRCA mutations make up nearly 10% of all breast cancer diagnoses affecting women under age 

40, and these cancers are typically more aggressive. With the increasing prevalence of these 

BRCA cancers in younger women, there is a growing need for reproductive guidelines for this 

population.  This project aims to address this gap by analyzing the effect of reproductive risk 

factors between BRCA carriers and the general population. 

Methods: We conducted a systematic review and meta-analysis to describe the association of 

pregnancy associated breast cancer risk factors and disparities within BRCA carriers. A 

comprehensive literature search was performed using PubMed, OVID, and CINAHL to evaluate 

the role of parity, age at first full-term pregnancy, incomplete pregnancies, and breastfeeding on 

breast cancer risk in BRCA carriers. Statistical analyses were performed using Revman 5.4, and 

subsequent forest plots and tables were generated. 

Results: Eighteen eligible articles were identified through our literature search. We found no 

association between parity, breastfeeding, spontaneous or therapeutic abortions, and breast 
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cancer risk in BRCA1/2 carriers. These findings are different from breast cancer risk associated 

with these reproductive factors in the general population. However, our study found younger age 

at first full-term pregnancy (<20) was protective in BRCA1 carriers while older age (≥20) 

increases breast cancer risk in BRCA2 carriers. Additionally, we found incomplete pregnancies 

increase breast cancer risk in BRCA1 and BRCA2 carriers, respectively, but no association was 

seen in the combined BRCA1/2 group. 

Discussion: Our study provides further evidence supporting the call for guidelines on 

reproductive risk factors in BRCA carriers. Further investigations are needed to fully understand 

the role of BRCA mutations as effect modifiers of the reproductive risk factors and breast cancer 

risk associations. Limitations include the possibility of recall bias due to the retrospective nature 

of many included studies. Additionally, we noted a lack of racial/ ethnic and age diversity in the 

included literature.  
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1. Introduction 

Breast cancer is a leading global health problem with significant morbidity and mortality 

worldwide. As the most common cancer in women, and the most common cancer globally, there 

were 2.3 million new breast cancer cases in 2020, and this rate continues to climb annually (Sung 

et al., n.d.). In the United States, 1 in 8 women will develop breast cancer in their lifetime. This 

non-communicable disease has variable incidence, mortality, and survival rates worldwide, yet 

comparatively, the incidence is 2-3-times higher in Western countries versus transitioning 

countries (U.S. Breast Cancer Statistics, 2021). While most breast cancer cases occur in the sixth 

and seventh decades of life, there is a marked increase in occurrences in younger women in the 

last decade (Chelmow et al., 2020). 

Although the reasons behind the continuous increase in breast cancer remain obscure, evidence 

supports the malignancy is compounded by environmental, dietary, lifestyle, hormonal, and 

genetic factors. Genetic factors cause familial susceptibility in approximately 25% of all breast 

cancer cases (Balmaña et al., 2011). Indicators for hereditary breast cancers include earlier onset, 

increased severity, higher risk of other cancers, and disease in several family members in 

different generations.  

An ample portion, approximately 16%, of heritable breast cancers are associated with BRCA 

germline mutations (van der Groep et al., 2011).  While many studies have investigated BRCA1 

and BRCA2 at the molecular level, few have explored the effects of common breast cancer risk 

factors in this genetically predisposed population. This systematic review and meta-analysis 

aimed to assess the role of selected reproductive risk factors: parity, incomplete pregnancy, 

breastfeeding, and age at first full-term pregnancy in the genetically predisposed BRCA1 and 

BRCA2 carrier population.  
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1.1. Breast Cancer Epidemiology 

The mammary glands are one of few organs in the human anatomy that are not fully formed, 

instead developing during puberty and undergoing additional changes throughout various life 

stages. While this delayed maturation poses significant challenges in understanding the events 

leading to breast cancer onset, epidemiological studies have linked the risk of developing breast 

cancer with endocrine conditions regulated by the ovaries. Reproductive factors such as age, 

menarche, parity, age at first full-term pregnancy, breastfeeding, and age at menopause are 

associated with breast cancer risk in the general population (Ghoncheh et al., 2016). The effect of 

these factors is related to changes in hormone status, specifically prolonged estrogen exposure. 

1.2. Breast Cancer Biology 

 1.2.1. Mammary gland architecture  

Development patterns of the breast are determined by the lobular structures present. Throughout 

the various stages of a woman's life, the mammary gland architecture will transition between the 

4 lobule structures, each with different functions and cancer susceptibility levels. Lobule 1 is the 

predominant structure in the immature female Breast within 1 to 2 years of menses. This highly 

proliferative stage is affiliated with the most common forms of breast cancer, ductal carcinomas 

(Jose Russo & Chagpar, n.d.). As a woman enters adulthood, the estrogen and progesterone's 

fluctuating levels associated with repeated menstrual cycles stimulate alveolar buds' growth, 

marking the transition from adolescent lobule type 1 to lobule type 2. The Breast of nulliparous 

women contains more undifferentiated lobule type 1 with lower lobule 2, the cancer-vulnerable 

structures, and occasionally lobule 3. 

Parity and age are the predominant factors linked to breast structure progression to lobules 3 and 

4. At conception, lobules 1 and 2 undergo rapid proliferation before experiencing maturation in 
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the first trimester. At 32 gestational weeks, the Breast matures to lobule type 4 under the 

influence of chronic gonadotropin and other pregnancy hormones, which cause the formation of 

secretory glands needed for lactation (J. Russo et al., 2001). In this stage, the breasts are 

primarily composed of epithelial tissue, and very little stroma is present (Conklin & Keely, 

2012). These morphological changes are maintained throughout lactation and create a cancer-

resistant environment.   

Post lactation, the breast undergoes lobular involution due to lactogenic hormone deprivation. 

This weaning process marks the changeover from lobule type 4 to type 3, which has permanent 

epigenetic effects and is protective against breast cancer. In menopause, the breast undergoes a 

final regression marked by the atrophy of glandular elements leaving behind fibrous stroma and 

an accumulation of adipose tissue. 

 1.2.2. The role of estrogen in female development and breast cancer 

Estrogens have a prominent role as proliferation promoters in normal and neoplastic breasts. The 

mechanisms used to produce these mitogenic and differential effects remain unclear. Still, 

plausible pathways include stimulating cellular proliferation via receptor-mediated hormonal 

activity, increasing the mutation rate of metabolic activation, and induced aneuploidy 

(Understanding Estrogen Receptor/SERMs -by- National Cancer Institute, n.d.).  

1.2.2.1 Estradiol 

Estradiol (E2) is the predominant estrogen in menstruating women. This estrogen is responsible 

for breast development in puberty and throughout one's reproductive years. The primary 

production of estradiol occurs in the ovaries, with secondary production sites in the adrenal 

glands and peripheral tissues. As the most biologically active hormone causes the maturation and 

release of eggs during the menstrual cycle, but in the breast tissue, E2 is associated with high 
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mammographic breast density, which increases breast cancer risk 4 – 6-fold (Wang et al., 2014).  

Breast density is considered a better predictor of breast cancer risk than other risk factors, 

including family history. Additionally, E2 has implications in the development of cardiovascular 

disease, uterine cancers, and the growth of anchorage-independent cells. As a woman transitions 

from her reproductive years into menopause, the ovaries reduce estradiol production, allowing 

peripheral manufacturing of the hormone and estrone (E1) to dominate in the postmenopausal 

woman (J. Russo & Russo, 2006). 

1.2.2.2 Estriol 

Estriol (E3) has been investigated for its role in breast cancer development for nearly a century 

since its discovery. This endogenous hormone is the dominant estrogen present during 

pregnancy, primarily produced by the placenta, and has weak estrogen receptor binding. As the 

fetus develops, significant estriol levels are found in maternal circulation and continue to rise 

until late gestation (Williams Obstetrics, 25th Edition, n.d.). Previous studies in the 1960s 

hypothesized that estriol hypothesized high estriol levels and lower estradiol levels would reduce 

breast cancer risk, but subsequent studies have conflicting findings (Diller et al., 2014). Through 

this discord, researchers unanimously concur on estrogen's role in inducing the proliferation of 

DNA-damaged cells. This process exploits germline mutations like BRCA1/2, which accounts 

for most hereditary breast and ovarian cancer diagnoses (Falah et al., 2015).  

1.2.3. BRCA1 

Breast Cancer Gene 1 (BRCA1), located on the long arm of chromosome 17 (17q21), functions 

as a tumor suppressor. The wild-type gene codes for several proteins involved in cellular 

progression, gene transcription regulation, DNA damage response and serves as a 'caretaker' 

maintaining genome stability. Function loss of this gene results in an accumulation of genetic 
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defects with over 1600 identified mutations. Most cancer-causing mutations of the BRCA1 gene 

arise from frameshifts resulting in allelic deletion, which causes defective DNA repair and 

transcription and abnormal centrosome duplication. Furthermore, BRCA1 mutations are linked 

to defective cell cycle checkpoints at G2, M, and spindle checkpoints leading to more significant 

chromosome damage (Petrucelli et al., 2010).  

Carriers of the mutated BRCA1 gene have an elevated risk of breast cancer (≥65%) by age 70 

and an increased risk of contralateral breast cancer. Other cancers associated with BRCA1 

mutations include fallopian tube carcinomas, papillary serous carcinoma of the peritoneum, 

pancreatic cancer, and male breast cancer. Moreover, BRCA1 cancers commonly present in 

younger women at a higher grade, lacking hormone receptors, and make up a high proportion of 

triple-negative cancer (Petrucelli et al., 2010). 

1.2.4. BRCA2 

The Breast Cancer Gene 2 (BRCA2) is found on the 13 chromosome (13q12.3) and shares 

functional similarities to the BRCA1 gene. The wild-type gene codes for proteins that function in 

the cell nucleus, and researchers have found more than 18,000 mutations that lead to premature 

truncation of protein transcription. Cells with mutated BRCA2 genes have a deficient ability to 

repair double-stranded DNA breaks leading to higher cancer incidence in the breasts, ovaries, 

prostates, pancreas, gall bladder, bile ducts, and melanomas (Loibl et al., 2021).  

Overall, BRCA carriers have a 60 – 70 % lifetime risk of breast cancer compared to the 12% risk 

in the general population. 

1.3. Pregnancy and Breast Cancer 

Reproductive factors have a well-known association with breast cancer risk in the general 

population. In particular, pregnancy can invoke two potential effects on the mother's breast 
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cancer. It is widely accepted that parity decreases breast cancer risk by up to 30% (Kapil et al., 

2014). The presumed mechanism for this reduction is via the transformation of mammary gland 

architecture and reduced lifetime exposure to estrogen in the postpartum hypo-estrogenic state. 

However, women experience a transient increase in cancer risk in the immediate years post-

pregnancy. While there is heavy debate on the duration of this increased risk, the broadly 

accepted range is from 2 - 15 years (Hou et al., 2013). Although there is no clear consensus in 

definitions, cancer diagnoses during pregnancy or the first year postpartum are defined as 

pregnancy-associated breast cancers (PABC). 

While pregnancy-associated breast cancer diagnoses are rare, affecting approximately 1 in 3000 

pregnant women (Keyser et al., 2012). As more women delay childbearing into the 3rd and 

fourth decades of life, cancer diagnoses are becoming more prevalent during the reproductive 

years, with breast cancer being the 2nd most common malignancy diagnosed during pregnancy. 

BRCA mutations are overrepresented in the PABC and young-onset breast cancer population; 

thus, there is a need for further research in the role of reproductive risk factors in this genetically 

predisposed group. 

1.4. Thesis Organization 

The following study looks at four reproductive risk factors in BRCA carriers. To combine these 

findings, the results portion of this thesis will be separated by reproductive outcomes. This 

division is meant to allow for easy comparison of association based on mutation type while 

maintaining conciseness. In the discussion portion of the thesis, I will summarize findings based 

on my hypotheses and give recommendations on reproductive guidelines for BRCA mutation 

carriers.  
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2. BRCA Germline Mutations and Reproductive Risk Factors for Breast 

Cancer: A Systematic Review and Meta-Analysis 

2.1. Background 

Cancer is a leading cause of death globally and poses a significant barrier to life expectancy in 

every country. The growing incidence and burden of cancers reflect the current population 

growth while indicating an increase in risk factors associated with Westernization and 

socioeconomic development. 

In 2020 female breast cancer became the leading global cancer incidence with estimates of 2.3 

million new cases (Sung et al., n.d.). Most inherited breast cancer cases are associated with 

mutations in one of two Breast Cancer Genes (BRCA). Alterations to these genes account for 10-

20% of all breast cancer cases and increase the risk of other cancers, including ovarian cancer 

(Genetics, 2020). 

2.1.1 Role of reproductive risk factors 

Reproductive risk factors have a well-known association with breast cancer in the general 

population, characterized by exposure to various sex hormones. Within this population, breast 

cancer risk is increased by early menarche, late menopause, and nulliparity. Contrarily, this risk 

is reduced by higher parity and lactation (Anderson et al., 2014). 

While these associations are recognized in the general population, very little is known about the 

role of reproductive factors in mutation carriers. In 2005 Friedman and Kramer published an 

article explaining the complex decisions faced by women with inherited BRCA mutations. This 

three-fold issue includes risk-reducing surgeries, oral contraceptive usage, and tubal ligation, and 

finally, issues related to pregnancy and breastfeeding. The lack of guidelines on reproductive 

factors in BRCA carriers leads to confusion and potentially unnecessary life-altering procedures. 
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2.1.1.1 Parity 

Parity is well understood as a risk-modifying factor for breast cancer risk in the general 

population. In this group, an increasing number of children is associated with protection against 

breast and ovarian cancers (Milne et al., 2010). A 1981 hospital-based study found nulliparous 

women had a 30% higher risk of breast cancer development (OR = 1.3, 95%  CI = 1.0 – 1.7) and 

acquire increased protection with each subsequent pregnancy  (Kapil et al., 2014).  Since then, 

these findings have been confirmed in multiple studies. While there are many proposed 

mechanisms for risk reduction due to parity, a commonly accepted notion is the reduction in 

lifetime estrogen exposure due to the postpartum hypoestrogenic stage (Williams Obstetrics, 25th 

Edition, n.d.). 

There are also concerns that BRCA carriers may choose not to become pregnant for 

psychological reasons, i.e., fear of passing on the mutation, or prophylactically. In the general 

population, tubal ligation, also called female sterilization, is proven to reduce the risk for ovarian 

cancer. While effective in the general population, conflicting evidence exists in the BRCA 

population. A small case-control study of Jewish BRCA1 mutation carriers showed no protection 

from tubal ligation (L. C. Friedman & Kramer, 2005).  

In this thesis, I hypothesize that parity will reduce the risk of breast cancer in BRCA carriers. 

Still, this risk reduction will be lower than that seen in the general population.  

2.1.1.2 Age at first full-term pregnancy (FTP) 

While breast cancer is most common in the 6th and 7th decades of life, environmental and 

lifestyle factors, have contributed to diagnoses at earlier ages. Additionally, as women delay 

childbearing into later maternal ages, we see a marked increase in young-onset cancers and 

cancer during pregnancy (Cardonick et al., 2010). In fact, delayed first birth is a risk factor for 
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breast cancer. In 2005, a Norwegian study noted an 8% increase in breast cancer risk for 

uniparous women between ages 25 – 29 at their first full-term pregnancy (IRR = 1.08, 95% CI = 

0.99 – 1.17) (Albrektsen et al., 2005). While bordering statistical significance, older age was 

significantly associated with increased breast cancer risk in all other age groups. 

Genetic testing guidelines recommend at-risk women are tested by age 25, or 10 years prior to 

the first cancer diagnosis in the family, as this is when surveillance would begin (Matloff et al., 

2009). Young women carrying this mutation are thrown into the world of cancer at a time where 

their peers are just starting to consider family planning. We hypothesize that younger age at first 

full-term pregnancy will have a mild protective effect against breast cancer risk in BRCA1 and 

BRCA2 carriers. 

2.1.1.3 Incomplete pregnancy (IP) 

Research on mammary gland architecture supports the causal association between incomplete 

pregnancies and breast cancer risk. After conception, a woman's lobule 1 and 2 breast cells 

undergo rapid proliferation. The marked increase of these cancer vulnerable cells remains until 

32 gestational weeks when maturation occurs, leaving the breast composition predominantly 

lobule type 4, which is cancer resistant (J. Russo et al., 2001). In vivo studies support the 

hypothesis that incomplete pregnancies, whether spontaneous or therapeutic, increase the risk of 

breast cancer through this pathway, but human studies typically center around the general 

population report inconsistent findings.  

In recent years epidemiological studies have found contradictory results. Friedman et al. cite an 

83,000-woman study that concludes pregnancies ending in induced or spontaneous abortions did 

not increase a woman's risk of breast cancer. However, studies of Israeli Jewish women who 

have a high prevalence of BRCA mutations found that 4.4% of carriers and 3% of non-carriers 
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reported 3 or more spontaneous abortions. These findings support a widely held notion that 

homozygous carriers of BRCA1 or BRCA2 mutations are non-viable (E. Friedman et al., 2006). 

A study of women in Los Angeles, CA found that among nulliparous women, a history of 

induced abortions (prior to 8-gestational weeks) reduces breast cancer risk (OR = 0.71, 95% CI = 

0.49 -1.02) while history of miscarriage increased risk (OR = 1.45, 95% CI = 0.74 – 2.83). 

Contrarily, among parous women a history of induced abortions increased breast cancer risk (OR 

= 1.07, 95% CI =  0.79 – 1.46) and history of miscarriage decreased risk (OR = 0.98, 95% CI = 

0.72 – 1.33) (Mahue-Giangreco et al., 2003). None of the study's findings were statistically 

significant. 

For the purpose of this paper, we defined incomplete pregnancy as any pregnancy resulting in a 

non-viable fetus. Spontaneous abortions: commonly called a miscarriage, were defined as 

noninduced embryonic-fetal death prior to the 20-week gestational period, whereas 

therapeutic abortions as the surgical or medical termination of an otherwise viable fetus for any 

reason. 

In this thesis, I hypothesize that a difference exists in breast cancer risk based on abortion types 

due to the gradual hormone reduction in spontaneous abortions (miscarriage) compared to the 

drastic hormone drop-off in therapeutic (induced) abortions.  

2.1.1.4 Breastfeeding 

There is growing literature linking breastfeeding to reduced breast cancer risk. Studies of the 

general population found that women who breastfed for 12 months or longer saw up to a 28% 

reduction in breast cancer risk (Anstey et al., 2017). In 2013 a meta-analysis found ever-

breastfeeding provided significant risk reduction (OR pooled = 0.72 , 95% CI = 0.58 – 0.89) 

(Anothaisintawee et al., 2013). Breastfeeding confers many other health benefits on mother and 
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child, but BRCA mutation carriers may experience breast cancer risk reduction at different rates. 

Russo and Kramer cited a case-control study of BRCA mutation carriers which found 

breastfeeding conferred protective effects on BRCA1, but not BRCA2. 

Carriers may also be encouraged by potential benefits of risk-reducing mastectomies or 

chemoprevention, but the option may not be appropriate for young unaffected premenopausal 

women who have not initiated nor completed childbearing (Matloff et al., 2009). Many studies 

have explored the psychosocial consequences of this procedure on body image and sexual 

pleasure. For the purpose of this study, we analyzed breastfeeding as a dichotomous categorical 

variable (ever/never). To date, there are no guidelines for BRCA mutation carriers and 

breastfeeding, and we hypothesize that breastfeeding is moderately protective against breast 

cancer in the BRCA mutated population. 

2.2. Methods 

2.2.1. Search strategy 

This systematic review and meta-analysis were performed following the Preferred Reporting for 

Systematic Reviews and Meta-analyses (PRISMA) guidelines (Figure 1). A concerted effort was 

made to include gray literature, such as presentations, conference proceedings, government 

reports and academic writings regarding pregnancy and breast cancer. Eligible studies were 

located through searches on PubMed, OVID, and CINAHL. The keywords used for the search 

were "BRCA" AND "neoplasms" AND ("Pregnan*" OR "Pregnancy complications). Additional 

articles were manually selected from the reference section of retrieved articles. Eligible studies 

were limited to female subjects of any study design. 
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2.2.2. Inclusion and exclusion criteria 

Our data search did not utilize any limitations or filters to maintain a suitable selection of studies. 

All eligible studies met the following criteria: (1) reported on reproductive outcomes during or 

after a breast cancer diagnosis; (2) reported in the English language; (3) population was 

diagnosed with breast cancer at any age within reproductive years (ages 15 – 49); (5) published 

prior to January 12, 2021. Case reports and studies with a sample size of ≥ 10 patients were 

included in the systematic review but excluded from the quantitative analysis. 

Studies were excluded if they met the following criteria: (1) participants were diagnosed with a 

cancer other than breast cancer; (2) pregnancy outcomes were not described (fertility studies); 

(3) publications after January 2021; (4) quantitative outcomes associated with pregnancy and 

birth were not reported; (5) animal studies.  

2.2.3. Data extraction 

Full-text papers were collected from all eligible studies. A single reviewer extracted the data 

independently using a predefined extraction form. The extracted data included first author, 

publication year, country, study design, sample size, abortions, breastfeeding, age at first full 

term pregnancy, parity, adjusting variables, hazard ratios, odds ratios, or relative risk with 95% 

confidence intervals. Additionally, BRCA germline mutation status was extracted when 

available. 

2.2.4. Assessment of study quality 

The risk of bias and quality of studies were assessed using the Newcastle -Ottawa Assessment 

Scale (NOS). This scale was developed as a collaboration between The Universities of 

Newcastle in Australia and Canada to assess the quality of non-randomized studies.  
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 A star-score from 0 to 9 was assigned to each study, where higher scores were indicative of 

higher quality studies.  

Quality assessments were based on adjusted estimates for breast cancer as the outcome of 

interest. Studies that did not adjust for primary outcomes of interest and confounder via matching 

or multivariate analysis were ranked 'poor quality' per NOS criteria. Nine (50%) of the included 

studies were good quality, and two (11%) studies were fair quality.  The remaining seven studies 

(39%) were poor quality due to comparability issues. 

2.2.5. Meta-analysis and statistical analysis 

The analysis was performed using Revman 5.4 with the study as the unit of analysis. Effect size 

of studies (tau-squared) were pooled using the generic inverse variance method and the pooled 

95% confidence interval was calculated.  Summary statistics were collected for age at first full 

term pregnancy based on age groups <20, 20 – 25, 30 – 35, 40+. These findings were then 

pooled to compute effect size measures across studies for each age group. Subgroup analyses 

were performed based on the mutation type (BRCA1 or BRCA2). 

Forest plots were used to visualize the results of this meta-analysis. The pooled effect size p-

value (p ≤ 0.05) and 95% confidence intervals were used to determine statistical significance. 

For this meta-analysis Cochrane’s Q statistic was utilized to test for heterogeneity among studies. 

Tau- squared (2) represents variability between studies, thus as variability within studies 

decreases, 2  increases (Borenstein et al., n.d.). When tau-squared is zero, the random and fixed 

effect models are assumed to be equal (Borenstein et al., n.d.). When the heterogeneity test was 

statistically significant the random effect approach was used.  
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2.3. Results 

2.3.1. Study characteristics 

An initial review of databases returned 149 articles that were screened by titles and abstracts 

(Figure 1).  After the exclusion of duplicates and irrelevant articles, 38 publications met the 

inclusion criteria with 18 studies included in the quantitative analysis. Of the 18 studies, 10 

reported outcomes for BRCA1 mutations, 10 studies reported the outcomes of interest for BRCA 

2 mutations, and 7 studies reported combined BRCA1/2 mutations.  Two studies included in the 

analysis reported the outcomes of interest in the general population without conducting a sub-

analysis for BRCA mutations. These two studies were used to compare the role of reproductive 

risk factors in the general population against (Table 1) 

 The quality of the studies was assessed based on the modified Newcastle-Ottawa Scale (NOS) 

and ranged from 0 to 9 (mean of 6.76). The quality assessment of the studies is summarized in 

Appendix Table 7S.
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Figure 1. PRISMA 2009 Flow Diagram 
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2.3.2. Parity 

An analysis of all literature included in this thesis produced 14 articles assessing parity as a 

reproductive risk factor for breast cancer. Of these 14 articles, eight focused on BRCA1 

mutations, eight looked at BRCA2 mutations, and five combined BRCA1 and BRCA2. 

2.3.2.1.  BRCA1 

 
Figure 2. Summary of Pooled Estimates of Cohort Studies in the Current Review 

Reporting Parity as a Hazard Ratio in BRCA1 Carriers. 

 

In our analysis five studies reported parity as a hazard ratio (HR). From our calculations the 

summary HR for parity was 0.82 (95% CI 0.68 – 1.00). The test of heterogeneity (2) was 

significant thus the random effect model was utilized. The results of the four included cohort 

studies showed parous BRCA1 carriers had an 18% reduction in breast cancer risk compared to 

nulliparous BRCA1 carriers. These findings were statistically significant. 

 

 
 

Figure 3. Summary of Pooled Estimates of Case - Control Studies in the Current Review 

Reporting Parity as an Odds Ratio in BRCA1 Carriers. 
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Our literature review produced two studies that reported parity in BRCA1 carriers as an odds 

ratio (OR). We found the summary OR for parity was 1.18 (95% CI 0.99 – 1.40), and our test for 

heterogeneity was insignificant thus the fixed effect model was used. These findings from these 

studies suggest that parity has an insignificant effect on breast cancer risk in BRCA1 carriers.  

2.3.2.2.  BRCA2 

In our study seven articles reported breast cancer risk associated with parity in BRCA2 carriers. 

Of these studies two reported parity as an odds ratio (not shown), and five as a hazard ratio 

(Figure 4). 

 
Figure 4. Summary of Pooled Estimates of Cohort Studies in the Current Review 

Reporting Parity as a Hazard Ratio in BRCA2 Carriers. 

The heterogeneity test for parity summary was insignificant, thus the fixed effect model was 

used. These studies found that parous BRCA2 carriers had a 5% increase in breast cancer risk, 

but these findings were statistically insignificant.  

Two additional studies reported parity within the BRCA2 population as odds ratios. Cullinane et 

al. reported parous BRCA2 carriers having a 37% increase in breast cancer risk (OR = 1.37, 95% 

CI: 0.93 – 2.03, p-value = 0.12) these findings were not statistically significant. Contrarily, 

Tryggvadottir et al. found a 33% reduction in breast cancer risk (OR = 0.67, 95% CI: 0.24 – 

1.84, p = 0.44). Both findings were statistically insignificant. 
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2.3.2.3.  BRCA1/2  

Our review of the literature produced six articles assessing parity as a risk factor for breast 

cancer in combined BRCA1 and BRCA2 carriers. Of these articles, five reported the outcome as 

an odds ratio or relative risk, and one reported parity as a hazard ratio. For the purpose of this 

study the relative risk was converted to an odds ratio 

 
Figure 5. Summary of Pooled Estimates of Case-Control Studies in the Current Review 

Reporting Parity as an Odds Ratio in BRCA1 and BRCA2 Carriers. 

Our summary statistic suggests an insignificant association between parity and breast cancer risk 

in the combined BRCA1 and BRCA2 group. The test for heterogeneity was insignificant, hence 

our use of the fixed effect model. 

Lecarpentier et al. reported parity for this group as a hazard ratio and was not included in the 

forest plot (HR = 0.77, 95% CI: 0.53 – 1.13). The results of that study supporting of findings on 

an insignificant association between parity and breast cancer. 

2.3.3. Age at first pregnancy 

Maternal age at first full-term pregnancy has a well-known association with breast cancer risk in 

the general population. In the average woman having a first full-term pregnancy at a young age 

(≤20) is protective against breast cancer while older age at first pregnancy (≥30) increases breast 

cancer risk (Kotsopoulos, 2018). Overall fourteen articles in our study assessed age at first full 

term pregnancy in BRCA carriers. Of these articles, six investigated the outcome in BRCA1 

carriers, six in BRCA2 carriers, and six assessed the variable in the combined BRCA1/2 
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population. For the purpose of this study, we assessed age as a conditional variable with age 

ranges under 20, 20 – 24 years, 25 – 29 years, and 30 or older.  

2.3.3.1. BRCA1 

An investigation of the six articles analyzing age at first full-term pregnancy in BRCA1 carriers 

produced 5 articles reporting hazards ratios, and one article reporting an odds ratio (not shown). 

The five hazards ratios were combined to create pooled hazard ratios for each age category (see 

table 2). 

Table 2. Age at First Full Term Pregnancy for BRCA1 Carriers 

Age Range Pooled HR (95% CI) Interpretation 

<20 0.81 (0.41, 1.60) No significant association 

20 - 24 0.94 (0.81, 1.09) No significant association 

25 - 29 0.85 (0.74, 0.99) Reduced risk of breast cancer 

≥30 0.82 (0.70, 0.96) Reduced risk of breast cancer 

 

Our pooled hazards ratios indicate no significant association between age at first full-term 

pregnancy and breast cancer risk in the under 25 population. However our older carriers age 25 – 

29 and over 30 saw a marked reduction in breast cancer risk (HR25-29 = 0.85, 95% CI: 0.74 - 

0.99), (HR30+ = 0.82, 95% CI: 0.70 – 0.96).  

2.3.3.2.BRCA2 

Six articles were included in our analysis of age at first full-term pregnancy and breast cancer 

risk in BRCA2 carriers. Of these studies, five reported outcomes as hazards ratios and one 

reported the outcome as an odds ratio (not shown). The hazards ratios were combined to create a 

pooled HR for each age range (see table 3) 
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Table 3. Age at First Full Term Pregnancy for BRCA2 Carriers 

Age Range Pooled HR (95% CI) Interpretation 

<20 0.83 (0.30, 2.30) No significant association 

20 - 24 1.32 (1.05, 1.65) Increased risk of breast cancer 

25 - 29 1.35 (1.09, 1.68) Increased risk of breast cancer 

≥30 1.74 (1.04, 2.91) Increased risk of breast cancer 

 

Our analysis shower that older age at first full-term pregnancy increases risk of breast cancer in 

BRCA2 carriers.  

2.3.4. Incomplete pregnancy 

Our literature review produced eight articles which assessed incomplete pregnancy as a modifier 

for breast cancer. Of these studies, five looked at incomplete pregnancies in BRCA1 carriers, 

five studies looked at the outcome in BRCA2 carriers, and two looked at combined BRCA1 and 

BRCA2 mutation carriers. For the purpose of this paper, we defined incomplete pregnancy as 

any pregnancy resulting in a non-viable fetus. Our findings from the literature review led us to 

hypothesize that a difference in breast cancer risk existed depending on the type of incomplete 

pregnancy, therefore we treated spontaneous abortions (miscarriage), therapeutic abortions 

(induced), and incomplete pregnancies (spontaneous or induced) as three separate outcomes.  

2.3.4.1. Abortion / Incomplete Pregnancy 

Three included studies looked at breast cancer risk associated with incomplete pregnancies in 

BRCA1 carriers. Each study reported this outcome as a hazard ratio. Our test for heterogeneity 

produced insignificant results so a fixed effect model was used in the analysis (see figure 6).  
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Figure 6. Summary of Pooled Estimates of Reporting Incomplete Pregnancies as a Hazard 

Ratio in BRCA1. 

The pooled hazard ratio suggests a significant association exists between incomplete pregnancies 

and breast cancer risk in BRCA1 carriers. Our results suggest an 44% increase in risk of this 

malignancy in women who have experienced an incomplete pregnancy and carry this mutation.  

 

Figure 7. Summary of Pooled Estimates of Reporting Incomplete Pregnancies as a Hazard 

Ratio in BRCA2. 

We found a similar association between incomplete pregnancies and breast cancer risk in 

BRCA2 carriers. The findings were statistically significant and suggest a slightly higher 59% 

risk of breast cancer in women with a BRCA2 mutation and a history of incomplete pregnancies. 

 
Figure 8. Summary of Pooled Estimates of Reporting Incomplete Pregnancies as a Hazard 

Ratio in Combined BRCA1/2 Carriers. 

Lecarpentier et al. and Lambertini et al. looked at this incomplete pregnancy as a modifier for 

breast cancer risk in the combined BRCA1/2 population. Both studies found an increased risk 
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associated with IP, but these findings were insignificant as shown by our pooled estimate (HR = 

1.33, 95% CI: 0.84 – 2.10, p = 0.22) using the fixed effect model.  

2.3.4.2. Spontaneous (Miscarriage) 

Spontaneous abortions: commonly called miscarriage, are defined as noninduced embryonic fetal 

death prior to the 20-week gestational period. In total seven included studies reported 

spontaneous abortion in BRCA carriers. Of these studies four analyzed this relationship in 

BRCA1 carriers, three reported their findings as hazards ratios and one reported in odds ratios.  

 
 

Figure 9. Summary of Pooled Estimates of Reporting Spontaneous Abortions as a Hazard 

Ratio in BRCA1 Carriers. 

Our analysis of BRCA1 mutation carriers who have experienced spontaneous abortions included 

four studies. Of these three are depicted in figure 9 to produce our summary hazard ratio.  The 

test of heterogeneity was insignificant, so we utilized the fixed effect model, and we found an 

insignificant association between spontaneous abortions and breast cancer risk in BRCA1 

carriers. Our findings are supported by the case-control study by Friedman et al. (not shown) 

which analyzed spontaneous abortions as an odd ratio. Friedman found no association between 

breast cancer and spontaneous abortions in BRCA1 carriers (OR = 1.09, 95% CI: 0.87 – 1.35, p 

= 0.46) 

 



  27 

 
 

Figure 10. Summary of Pooled Estimates of Reporting Spontaneous Abortions as a Hazard 

Ratio in BRCA2 Carriers. 

An additional four articles examined BRCA2 carriers who experienced spontaneous abortions, 

three are depicted in the forest plot above. After achieving an insignificant heterogeneity test the 

fixed model was selected for this analysis. Our pooled hazard ratio found a borderline but 

insignificant association between breast cancer risk and spontaneous abortions in women 

carrying BRCA2 mutations. This finding is supported by the fourth study, Friedman et al. which 

reported their findings as an odds ratio (not shown) (OR = 0.78, 95% CI: 0.55 – 1.11, p = 0.16). 

 
Figure 11. Summary of Pooled Estimates of Reporting Spontaneous Abortions as an Odds 

Ratio in BRCA1/2 Carriers. 

Only three studies in our meta-analysis looked at spontaneous abortion in the combined BRCA 

carrier population. Using the fixed effect model our pooled odds ratio indicates an insignificant 

association between miscarriages and breast cancer risk in this population. This finding is 

supported by a third study by Lambertini et al. (not shown) which reported 10.3% of BRCA 

carriers in the research had previous miscarriages (95% CI: 6.7% - 15.3%). 

2.3.4.3. Therapeutic (Induced) 

In this paper we defined therapeutic abortions as the surgical or medical termination of an 

otherwise viable fetus for any reason. In our project we collected five studies which looked at 
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therapeutic abortion in BRCA carriers. Of these studies four studied the outcome in BRCA1 

carriers, four in BRCA2 carriers, and three assessed the association as a combined BRCA1/2 

population. 

In the BRCA1 sub-analysis we found four articles to compare, three of which reported their 

findings as a hazard ratio seen in.  

 
 

Figure 12. Summary of Pooled Estimates of Reporting Induced (Therapeutic) Abortions in 

BRCA1 Carriers. 

The fixed effect model was test after an insignificant heterogeneity test. Our pooled hazard ratio 

indicates no association between induced abortion and breast cancer in women carrying a 

BRCA1 mutation. Similar findings were reported by Friedman et al. in a case-control analysis 

where an odds ratio of 0.98 was achieved (95% CI: 0.74 – 1.26). 

The analysis of BRCA2 carrier produced four articles, three of which reported their results as 

hazard ratios seen in figure 13. 

 
 

Figure 13. Summary of Pooled Estimates of Reporting Induced (Therapeutic) Abortions in 

BRCA2 Carriers. 

After an insignificant heterogeneity test the fixed effect model was implemented. Again, we 

found no association between therapeutic abortions and breast cancer in BRCA2 mutation 
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carriers. These findings coincided with Friedman’s findings not shown (OR = 0.68 , 95% CI: 

0.42 – 1.11, p = 0.12). 

Table 4. Summary of Estimates Reporting Induced (Therapeutic) Abortion in Combined 

BRCA1/2 Carriers. 

Author Measure Statistic 95% CI Lower Interpretation  

Jernstrom et al. OR 1.00 0.54 – 1.85 No association 

Lambertini et al. Percentage 8.2% 5.1% - 12.9% No association 

Lecarpentier et al.  HR 1.29 0.93 – 1.81 No association 

 

Of the three studies that recorded induced abortion in the combined BRCA population there was 

no unified metric utilized (see table 2). Each of these studies reported an no association between 

BRCA mutation status and breast cancer risk due to induced abortions. 

2.3.5. Breastfeeding 

In our meta-analysis we found 11 articles that analyzed breastfeeding in BRCA carriers. Within 

the included literature five articles assessed the variables in BRCA1 carriers, five examined 

BRCA2 carriers, and three studies combined BRCA1 and BRCA2 carriers. 

2.3.5.1. BRCA1 

We assessed six articles looking at breastfeeding in BRCA1 carriers. Of these articles three 

reported their outcomes as a hazard ratio, and two reported odds ratios.  

 

Figure 14. Pooled Estimates of Breastfeeding in BRCA1 Carriers (HR) 

After achieving an significant heterogeneity test (T2 = 0.04), we used the random effect model to 

assess the association between breastfeeding and breast cancer in BRCA1 carriers. Our pooled 

HR indicates no relationship exists in this population (p = 0.39).  
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When assessing the two case-control studies surveying breast cancer risk and breastfeeding we 

our findings were inconclusive (see table 5). 

Table 5. Breastfeeding in BRCA1 Carriers (OR) 

Author OR Lower CI Upper CI Interpretation 

Gronwald 0.88 0.61 1.29 No association 

Kotsopoulos 0.55 0.38 0.80 Protective 

 

Gronwald et al. found no association between breastfeeding and breast cancer in their study, but 

this contrasts with the significant protective value reported by Kotsopoulos et al.  

2.3.5.2. BRCA2 

Our literature search produced five articles that assessed breastfeeding as a modifier for breast 

cancer in BRCA2 carriers. Within these five studies, three cohort studies reported the outcome as 

hazard ratios, and two case-control analyses reported odds ratios. The analysis of our cohort 

studies rendered a significant tau2 value for our test of heterogeneity (0.02) warranting the use of 

the random effect model. Our pooled hazard ratio found no association between breastfeeding 

and breast cancer risk for female BRCA2 carriers (see figure 15). 

 

Figure 15. Pooled Estimates of Breastfeeding in BRCA2 Carriers (HR) 

Our separate analysis of the two case-control studies proved inadequate. Kotsopoulos saw a 

significant protective effect in women carrying a BRCA2 mutation who breastfed. These 
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findings conflict with the study by Tryggvadottir which found there was no association between 

the two variables.   

Table 6. Breastfeeding in BRCA2 Carriers (OR) 

Author OR Lower CI Upper CI Interpretation 

Kotsopoulos 0.55 0.38 0.80 Protective 

Tryggvadottir 0.79 0.52 1.16 No association 

 

2.3.5.3. BRCA1/2 

Three articles assessed breastfeeding as a reproductive risk factor for breast cancer in BRCA1 

and BRCA2 carriers combined. The two case control studies were used to create our pooled odds 

ratio. We used the fixed effect model due to the small number of articles, and we found 

breastfeeding had a no effect against cancer in the combined BRCA1/2 population.  

 

Figure 16. Pooled Estimates of Breastfeeding in BRCA1/2 Carriers (OR) 

These findings were in agreement with the cohort study conducted by Lecarpentier (HR = 1.02, 

95% CI: 0.76 – 1.36).  

2.4. Discussion 

BRCA mutations are among the most recognized and well-researched genetic mutations that 

predispose women to cancer. Harboring one of these mutations elevates a woman's lifetime risk 

of breast cancer an estimated 40-85%. Based on our current knowledge these markers are a great 

opportunity for intervention to improve fitness. 
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Our study is one of few that assessed the role of reproductive risk factors as modifiers of breast 

cancer in BRCA carriers. While our findings indicate the selected reproductive factors have 

varying effects on BRCA mutation carriers, parity had a protective effect on BRCA1 carriers, 

and incomplete pregnancies increased breast cancer risk in both BRCA1 and BRCA2 carriers 

individually.  

We identified several limitations in our study, the first being its small size. Our literature search 

found eighteen articles that investigated the role of reproductive risk factors in BRCA mutation 

carriers. Some of the included studies were relatively small. Additionally, there is reason to 

believe the studies were not representative of the overall population of BRCA carriers. Many 

women included in these studies were selected from genetic counseling centers or were 

retrospectively studied after a breast cancer diagnosis. Our researchers have reason to believe 

this led to oversampling of older women and overlooked younger women (≤ 40) who make up a 

large portion of BRCA carriers. In fact, studies have shown that over 20% of women under age 

40 carry moderate to high-risk breast cancer genes (Tsai et al., 2021). 

We also found a noticeable lack of racial and ethnic diversity within the included studies. Recent 

studies have indicated higher rates of BRCA mutations in Black persons across the diaspora 

(United States, the Caribbean, and western Sub-Saharan Africa) (Reid et al., 2020), but only 

three of our included studies indicated the presence of Black participants in their study. We 

concluded five studies had racial/ethnic diversity, two of which focused on pregnancy-associated 

cancers. 

A second limitation of our study was the use of retrospective analyses. Several included cohort 

studies included retrospective data, and many of the case-control studies relied heavily on 

questionnaires making our study subject to recall bias. Additionally, retrospective studies are 
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plagued by selection bias. Literature included in this study may underrepresent nulliparous 

controls (women without breast cancer). There was a marked underrepresentation of pregnancy-

associated breast cancers and younger women. 

We are also aware of the dubious relationship between fertility and women with strong family 

histories of cancer. Previous studies have indicated that women from high-risk families reported 

a lesser desire for children than their healthy counterparts. This difference persisted in women 

even if they never underwent genetic testing (Smith et al., 2012). Women with a genetic 

predisposition for breast cancer may view fertility driven outcomes less favorably due to the 

possibility of passing on the mutation. 

Furthermore, women who are aware of their genetic mutation may be advised to undergo 

prophylactic treatment. BRCA carriers have a 15 - 40% lifetime risk of ovarian cancer and are 

more likely to undergo prophylactic oophorectomies or hysterectomies permanently ending their 

ability to reproduce (Matloff et al., 2009). The underrepresentation of nulliparous BRCA carriers 

in many included studies overlooks this population of women who have made this difficult 

decision. While some women maintain their reproductive abilities, prophylactic mastectomies 

may result in impaired sexual functioning and self-image. Mastectomies also remove a woman's 

ability to breastfeed in the future. 

Mastectomies are not the only barrier breastfeeding. A study in 2009, indicated that Black 

women were the least likely to initiate breastfeeding compared to Hispanic and White women. 

Black women reported high rates of individual reasons for not breastfeeding. These included 

going back to school/work, caring for other children, and disliking breastfeeding (Ogbuanu et al., 

2009). A study of 20 breast cancer survivors found only 50% of the patients initiated 

breastfeeding, and of the women who chose to breastfeed there were reports of reduced milk 
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production and pain/discomfort while latching (Azim et al., 2010). Relatedly, Gorman et al. 

reported a lack of support and lactation counselling for women with a history of breast cancer. 

These women carried great concerns of nursing from one-side or insufficient milk supply.  

2.5. Conclusion 

In conclusion our study provides evidence supporting the need for guidelines on reproductive 

risk factors in BRCA carriers. This population is overrepresented in young-onset, triple negative, 

and pregnancy associated breast cancers which continue to increase in incidence. We found no 

association between parity and breast cancer risk in BRCA2, or the combined BRCA carrier 

population which contradicts evidence in the general population. However, our study found 

parity may be protective for BRCA1 carriers. Further investigation is needed to confirm these 

findings. 

Our analysis of age at first full term pregnancy indicated younger age is protective in BRCA1 

carriers, but older age (20+)   increased breast cancer risk in BRCA2 carriers.  In addition, we 

concluded that incomplete pregnancies increase breast cancer risk in both BRCA1 and BRCA2 

carriers respectively, but we saw no association in the combined BRCA group. Spontaneous 

abortions had no effect on breast cancer risk in BRCA1 and combined BRCA groups, but we 

saw a borderline significant relationship in BRCA2 carriers that should be further investigated. 

No association was seen between therapeutic abortions or breastfeeding and breast cancer risk in 

any BRCA group, but these findings should be further investigated due to the small size and 

nature of this study. 

Reproductive risk factors are well known modifiers of breast cancer risk in the general 

population. The findings in this thesis indicates variable effects of these reproductive factors in 

BRCA carriers who represent a large percentage of invasive breast cancer patients.  Further 
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studies are needed to create concrete public health guidelines, but this work can be immediately 

integrated into the body of literature used to educate clinicians. In the clinical setting this 

information should be utilized to foster a better understanding complex decision faced by BRCA 

mutation carriers and help make informed decisions about their reproductive health. 
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Appendix 

Appendix A: Risk of Bias Assessment 

Table A1. Quality Assessment of Each Included Study Based on the Modified Newcastle-Ottawa Scoring System (NOS), 

Ordered Alphabetically by Author. 

 

(Author,Year) 

Selection Comparability Outcome / Exposure Total 

Score 

1 

* 

2 

* 

3 

* 

4 

* 

5 

** 

6 

* 

7 

* 

8 

* 

 

---- 

Andrieu, 2006 * * 0 * * 0 * 0 Poor 

Antoniou, 

2006 

* * * * * * 0 0  

Poor 

Cullinane, 

2005 

* * * * ** * * 0 Good 

Friedman, 

2005 

* * * * ** * * 0 Good 

Gooch, 2019 0 * * * 0 * * 0 Poor 

Gronwald, 

2006 

0 * 0 * * 0 * 0 Poor 

Jernstrom, 

1999 

* * * * ** * * 0 Good 

Kotsopoulos, 

2007 

* * * * * * * * Good 

Hou, 2013 * * * * ** * * 0 Good 

Lambertini, 

2020 

0 * * * * * * * Good 
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Lecarpentier, 

2012 

* * 0 * * 0 * * Good 

Lee, 2008 0 * 0 * * * * 0 Fair 

Milne, 2010 * * * * * * 0 0 Poor 

Poynter, 2010 * 0 * 0 * * * 0 Fair 

Rashid, 2008 * 0 * 0 0 0 * 0 Poor 

Rebbeck, 

2001 

* * * * ** * * 0 Good 

Terry, 2018 * * * * * * 0 0 Poor 

Tryggvadottir, 

2002 

* * * * ** * * * Good 



 38 

Appendix B:  Modified Newcastle-Ottawa tool used for case-control studies 

 
Selection - Cohort 

1.  Representativeness of the Exposed Cohort 

a) Truly representative of the average BRCA positive breast cancer patient in the community* 

b) Somewhat representative of the average BRCA positive breast cancer patient in the 

community* 

c) Selected group of users (e.g., hospitalized, volunteers, occupation) 

d) No description of the derivation of the cohort 

 

2.  Selection of the Non-Exposed Cohort 

a) Drawn from the same community as the exposed cohort (e.g., same hospital) * 

b) Drawn from a different source 

c) No description of the derivation of the non-exposed cohort 

 

3.  Ascertainment of Exposure 

a) Secure record (e.g., medical records, registry, database)—describes how both the initial and 

ongoing exposure were measured * 

b) Structured interview * 

c) Written self-report 

d) No description 

 

4.  Demonstration that Outcome of Interest was not present at Start of Study 

a) Yes * 

b) No 

c) Not described 

 

Comparability 

5.  Comparability of Cohorts on the Basis of the Design or Analysis 

a) Study controls for age, sex, medication/comorbidities, etc. at baseline * 

b) Study controls for the above + any additional factors (Disease stage, Admission date, 

treatment type, etc.) * 

c) Limited or no attempt to control for differences in cohorts 

 

Outcome 

6.  Assessment of Outcome 

a) Independent or blind assessment stated in the paper, or confirmation of the outcome by 

reference to secure records (x-rays, medical records, etc.) * 

b) Record linkage (e.g., identified through ICD codes on database records, genetic test results) * 

c) Self-report (i.e., no reference to original medical records or x-rays to confirm the outcome) 

d) No description 

 

7.  Was Follow-Up Long Enough for Outcomes to Occur 

a) Yes * 

c) No 

d) Length of follow-up not stated 
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The agreed follow up should be 5 years. 

 

8.  Adequacy of Follow-Up of Cohorts 

a) Complete follow-up - all subjects accounted for * 

b) Subjects lost to follow-up unlikely to introduce bias (< 20% were lost to follow up, or 

description provided of those lost) * 

c) Follow-up rate >20% OR  no description of those lost 

d) No statement 

 

Selection – Case Control 

1) Is the case definition adequate? (BRCA versus no-BRCA)  

a) Yes, with independent validation (e.g. registry) (one star)  

b) Yes, e.g., record linkage or based on self-report  

c) No description  

 

2) Representativeness of the cases: BRCA Breast Cancer 

a) Consecutive or obviously representative series of cases (one star)  

b) Potential for selection biases or not stated  

 

3) Selection of controls: No breast cancer (regardless of BRCA status) 

a) Drawn from the same community as the cases e.g. same hospital * 

b) Drawn from a different source 

c) No description of the derivation of the controls 

 

4) Definition of controls: No breast cancer (regardless of BRCA status) 

a) A woman with no breast cancer at the end of follow-up (as defined by study) regardless of 

BRCA status (one star)  

b) No description of source Comparability  

 

Comparability 

5) Comparability of cases and controls on the basis of the design or analysis controlled for 

confounders: _________  

a) Study describes matching of cases and controls based on various factors (age, sex, races, etc.) 

(one star) 

b) Study adjusts for confounders/differences between cases-controls in their statistical analysis 

(one star) 

c) Limited or no attempt to control for differences in cohorts 

 

Exposure  

6) Ascertainment of exposure: Breast cancer  

a) Secure record (e.g., surgical record, genetic test results) (one star)  

b) Structured interview where blind to case/control status (one star)  

c) Interview not blinded to case/control status  

d) Written self-report or medical record only (e.g. questionnaires) 
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e) No description  

 

7) Same method of ascertainment for cases and controls: _______________ 

• Yes (one star) 

• No  

 

8) Non-response rate:  

a) Same rate for both groups (one star)  

b) Non-respondents described  

c) Rate different between cases and controls with no description 

 

 

Grading 

Thresholds for converting the Newcastle-Ottawa scales to AHRQ standards (good, fair, and 

poor):  

Good quality: 3 or 4 stars in selection domain, 1 or 2 stars in comparability domain AND 2 or 3 

stars in outcome/exposure domain  

Fair quality: 2 stars in selection domain AND 1 or 2 stars in comparability domain AND 2 or 3 

stars in outcome/exposure domain  

Poor quality: 0 or 1 star in selection domain OR 0 stars in comparability domain OR 0 or 1 stars 

in outcome/exposure domain 
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