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Abstract
Background: Breast cancer is a heterogeneous disease, divided into subtypes based 
on the expression of estrogen receptor (ER), progesterone receptor (PR), and human 
epidermal growth factor receptor 2 (HER2). Subtypes have different biology and 
prognosis, with accumulating evidence of different risk factors. The purpose of this 
study was to compare breast cancer risk factors across tumor subtypes in a large, di-
verse mammography population.
Methods: Women aged 40–84 without a history of breast cancer with a screening 
mammogram at three United States health systems from 2006 to 2015 were included. 
Risk factor questionnaires were completed at mammogram visit, supplemented by 
electronic health records. Invasive tumor subtype was defined by immunohistochem-
istry as ER/PR+HER2−, ER/PR+HER2+, ER, and PR−HER2+, or triple-negative 
breast cancer (TNBC). Cox proportional hazards models were run for each subtype. 
Associations of race, reproductive history, prior breast problems, family history, 
breast density, and body mass index (BMI) were assessed. The association of tumor 
subtypes with screen detection and interval cancer was assessed using logistic regres-
sion among invasive cases.
Results: The study population included 198,278 women with a median of 6.5 years 
of follow-up (IQR 4.2–9.0 years). There were 4002 invasive cancers, including 3077 
(77%) ER/PR+HER2−, 300 (8%) TNBC, 342 (9%) ER/PR+HER2+, and 126 (3%) 
ER/PR−HER2+ subtype. In multivariate models, Black women had 2.7 times higher 
risk of TNBC than white women (HR = 2.67, 95% CI 1.99–3.58). Breast density was 
associated with increased risk of all subtypes. BMI was more strongly associated with 
ER/PR+HER2− and HER2+ subtypes among postmenopausal women than premen-
opausal women. Breast density was more strongly associated with ER/PR+HER2− 
and TNBC among premenopausal than postmenopausal women. TNBC was more 
likely to be interval cancer than other subtypes.
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1  |   INTRODUCTION

Breast cancer subtypes are typically classified based on im-
munohistochemistry according to the expression of estrogen 
receptor (ER), progesterone receptor (PR), and human epi-
dermal growth factor receptor 2 (HER2). Tumors that are ER 
and/or PR positive and HER2 negative (ER/PR+HER2−) 
are the most common, accounting for approximately 73% 
of breast cancers.1 Treatments targeting ER, PR, and HER2 
pathways have improved breast cancer outcomes. However, 
drastic survival differences still exist by tumor subtype, 
with 5-year survival near 95% ER/PR+HER2− tumors but 
just over 75% for triple-negative breast cancers (TNBC), 
for which limited targeted therapies exist.2,3 Better under-
standing of the etiologies of each subtype could identify 
pathways that could be targeted by treatment and preventive 
interventions.

The existing literature suggests that breast cancer sub-
types have unique etiologies.4 The canonical breast cancer 
risk factors used in risk prediction models, such as family 
history, breast biopsy, and hyperplasia, and reproductive risk 
factors largely reflect the risk of ER/PR+HER2− breast can-
cer. Prior studies have produced some inconsistent results 
with respect to the associations of body mass index (BMI) 
with the risk of breast cancer subtypes.4 Furthermore, stud-
ies have differed in their assessment of interactions of BMI 
and breast density and the interactions of these factors with 
menopause status, which may explain some of the inconsis-
tency across studies.

The purpose of the study was to compare breast cancer 
risk factors across breast cancer subtypes, with a specific 
focus on assessing associations of BMI and breast density 
and the interactions of these factors with menopause status.

2  |   METHODS

2.1  |  Study population

The study population included women aged 40–84 who re-
ceived a screening mammogram at Massachusetts General 
Hospital (MGH) from 2006 to 2015, Newton-Wellesley 
Hospital (NWH) from 2006 to 2015, or the University of 
Pennsylvania Health System (Penn) from 2010 to 2015. 
Women were excluded from the analysis if they had prior 

breast cancer, breast implants, or a known BRCA1/2 mu-
tation. We additionally excluded women with less than 
6  months of follow-up, including women diagnosed with 
breast cancer within 6 months of mammography to main-
tain temporality between risk factor ascertainment and 
cancer diagnosis. Finally, women who died but did not 
have a known date of death or date of the last contact were 
excluded from analyses. Details of the study populations 
and exclusions are provided in Figure  1. This study was 
approved by the University of Pennsylvania Institutional 
Review Board.

2.2  |  Risk factors

We used a tiered strategy for the assessment of risk factors 
with the primary source being a risk factor questionnaire 
completed by the patient at the time of their mammogram. 
All risk factors were self-reported, with the exception of 
age and breast density. Missing information was then sup-
plemented by electronic health records (EHR) when appro-
priate. If self-report BMI information was missing, EHR 
weight and height and/or BMI were used if the body meas-
urement occurred within 1  year prior or within 6  months 
after screening mammogram (N = 3160, 1.6%). Imputation 
was used to estimate height and then calculate BMI for an 
additional 18,163 patients (9.2%) that did not have self-
reported or EHR height data but did have weight data, using 
the median value for that site. Implausible BMI values—
those <12 or >82—were considered missing.5 Missing in-
formation on prior atypical hyperplasia was also extracted 
from EHR (N  =  136). Missing information on BI-RADS 
(Breast Imaging Reporting and Data System) breast density 
was extracted from radiology reports using natural language 
processing as described previously (N = 8855).6 Since BI-
RADS density category titles changed during the course of 
the study time, the BI-RADS 4th edition7 density categories 
(1, 2, 3 or 4) have been translated to the BI-RADS 5th edi-
tion corresponding categories (A, B, C, and D).8 Missing 
prior biopsy information was obtained from linkage to pa-
thology records (N  =  92). Menopause status was defined 
based on age and self-reported menstruation status; patients 
were automatically considered postmenopausal if they had 
stopped menstruating or were over 55 years of age, and pre-
menopausal otherwise.9

Conclusions: These results have implications for risk assessment and understanding 
of the etiology of breast cancer subtypes. More research is needed to determine what 
factors explain the higher risk of TNBC for Black women.
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2.3  |  Cancer outcomes

Breast cancer diagnoses through December 31, 2018 were 
identified from health system cancer registries as well 
as the Massachusetts, Pennsylvania, New Jersey, and 
Delaware state cancer registries. Invasive cancers were 
characterized based on the expression of ER, PR, and 
HER2 from immunohistochemistry as reported to the can-
cer registries. In addition, HER2 expression was manually 
abstracted from EHR for cases diagnosed prior to 2010. 
Tumor subtypes were defined as ER and/or PR+HER2−, 
ER and/or PR+HER2+, ER and PR−HER2+, or ER and 
PR and HER2− (TNBC). Additionally, we categorized 
whether invasive breast cancer cases were screen-detected 
or not screen-detected for cases diagnosed through 2016. 
We defined cases as screen-detected if there was a positive 
mammogram (BI-RADS 0, 3, 4, 5) within 1 year prior to 
cancer diagnosis date. We further defined cases as interval 
cancers if there was a negative mammogram (BI-RADS 1, 
2) within 1  year of cancer diagnosis, consistent with es-
tablished definitions.10 Cancers that did not have a mam-
mogram within 1  year prior to diagnosis were not coded 
as screen-detected or interval (N = 902, 37% of invasive 
cancers).

2.4  |  Statistical analysis

Cox proportional hazards modeling was used to estimate the 
hazard ratios (HRs) for breast cancer subtypes for each risk 
factor. We ran separate models with each tumor subtype as 
the outcome, using a time origin of 6 months post mammo-
gram date, with censoring upon the diagnosis of DCIS (ductal 
carcinoma in-situ), other tumor subtypes, death, date last con-
tact for patients with the missing date of death or December 
31, 2018 for patients not known to have died. We tested the 
interactions of BMI with menopause status, breast density 
with menopause status, and BMI with breast density for each 
tumor subtype, based on interactions reported in prior stud-
ies.11,12 Additionally, we also tested the interaction of breast 
density with race/ethnicity. When testing interactions, breast 
density was grouped into two categories: non-dense for those 
with a density of BI-RADS A or B, and dense for those with 
a density of BI-RADS C or D. Additionally, we examined as-
sociations of the number of births with tumor subtypes among 
the subgroup of parous women. In addition, we performed 
site stratified Cox models, but since results were similar, un-
stratified models are presented. Missing data were consid-
ered to be an additional category in modeling, but estimates 
are not reported here. Sensitivity analyses were performed 

F I G U R E  1   Exclusion criteria by site. Figure shows exclusion criteria for mammography patients across three sites, Massachusetts General 
Hospital (MGH), Newton-Wellesley Hospital (NWH), and the University of Pennsylvania Health System (Penn). For all sites, participants with 
prior breast cancer, prior breast implant, age outside of the 40–84 range, cancer diagnosis within 6 months of screening, BRCA1/2 mutation, 
patients with <6 months of study time, and deceased patients with missing date of death were excluded. This resulted in a total of 79,671 for MGH, 
52,331 patients for NWH, and 66,276 patients for Penn
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after multiple imputations using chained equations (MICE) 
to evaluate the effect of missing data on our results.13 Finally, 
we performed logistic regression among cancer cases to look 
at the odds of the cancer being screen-detected or not, and the 
odds of the cancer being interval cancer or not according to 
breast cancer subtypes, adjusted for age, race, atypical hyper-
plasia, family history, breast density, BMI, and menopause 
status, factors that have been previously associated with in-
terval cancer risk.5,14–16 An alpha level of 0.05 was consid-
ered statistically significant.

3  |   RESULTS

Table 1 displays the characteristics of the study population. 
Together, the study population included 198,278 women 
with a median of 6.5 years of follow-up (IQR 4.2–9.0 years). 
Participants had a mean age of 54.3  years at the time of 
screening. About 11% of participants had ever had a breast 
biopsy, and 0.9% had previously had atypical hyperplasia. 

T A B L E  1   Characteristics of mammography cohort

All patients
N = 198,278

N (%) or Mean (SD)

Age at screening (years) 54.30 (11.04)

Age at screening (categories)

40–49 80,416 (40.6%)

50–59 57,717 (29.1%)

60–69 38,641 (19.5%)

70+ 21,504 (10.8%)

Prior biopsies

0 176,549 (89.0%)

1 17,168 (8.7%)

2 or more 4561 (2.3%)

Atypical hyperplasia 1734 (0.9%)

Age at menarche

<12 31,802 (16.0%)

12–13 99,978 (50.4%)

14+ 47,558 (24.0%)

Missing 18,940 (9.6%)

Age at first live birth

No births 42,217 (21.3%)

Under 20 20,123 (10.1%)

20–24 36,625 (18.5%)

25–29 41,524 (20.9%)

30 or older 46,077 (23.2%)

Missing 11,712 (5.9%)

Number of relatives with breast cancer

0 173,075 (87.3%)

1 22,969 (11.6%)

2+ 2234 (1.1%)

Race/ethnicity

White 146,159 (73.7%)

Black/African American 29,822 (15.0%)

Hispanic/Latino 6585 (3.3%)

Asian/Pacific Islander 9371 (4.7%)

Other/unknown 6341 (3.2%)

BMI

<25 76,035 (38.3%)

25–29.9 49,461 (24.9%)

30+ 49,484 (25.0%)

Missing 23,298 (11.8%)

Postmenopausal 115,405 (58.2%)

Number of live births

0 42,217 (21.3%)

1 41,269 (20.8%)

(Continues)

All patients
N = 198,278

N (%) or Mean (SD)

2 52,116 (26.3%)

3 28,054 (14.1%)

4+ 16,032 (8.1%)

Missing 18,590 (9.4%)

BI-RADS breast density

BI-RADS A 15,348 (7.7%)

BI-RADS B 76,196 (38.4%)

BI-RADS C 87,459 (44.1%)

BI-RADS D 15,740 (7.9%)

Unknown 3535 (1.8%)

Site

MGH 79,671 (40.2%)

NWH 52,331 (26.4%)

Penn 66,276 (33.4%)

Breast cancers

DCIS 1158 (22.4%)

Total invasive 4002 (77.6%)

Invasive ER/PR+HER2− 3077 (76.9%)

Invasive triple negative 300 (7.5%)

Invasive ER/PR+HER2+ 342 (8.5%)

Invasive ER/PR−HER2+ 126 (3.2%)

Invasive missing 157 (3.9%)

Abbreviations: ER/PR, estrogen receptor/progesterone receptor; HER2, human 
epidermal growth factor receptor 2; MGH, Massachusetts General Hospital; 
NWH, Newton-Wellesley Hospital.
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Half of the patients (50.4%) were age 12 or 13 at menarche. 
The majority of the study population were under the age of 
30 at their first live birth, with 5.9% being over the age of 
30 at first birth and 21.3% being nulliparous. Most women 
had 3 or fewer live births, with 8.1% having had 4 or more 
live births. Most participants (87.3%) had no known family 
history of breast cancer. The study population was 73.7% 
white and 15% Black/African American, with the remainder 
of participants identifying as Hispanic/Latina, Asian/Pacific 
Islander, or another race. About 38.3% of participants had a 
BMI under 25 (considered underweight to normal), 24.9% 
from 25 to 29.9 (overweight), and 25% had a BMI over 30 
(considered obese). Postmenopausal women made up a ma-
jority of the study population (58.2%). A majority of patients 
(82.5%) had a BI-RADS breast density of B or C (described 
as scattered fibroglandular tissue and heterogeneously dense, 
respectively), with 7.7% in the BI-RADS A category (al-
most entirely fat) and 7.9% in the BI-RADS D category 
(extremely dense). There were 4002 invasive cancers diag-
nosed in the study population, of which 3077 (77.6%) were 
ER/PR+HER2−, 300 (7.5%) were TNBC, 342 (8.5%) were 
ER/PR+HER2+, 126 (3.2%) were ER/PR−HER2+, and 157 
(3.9%) had missing subtype. In addition, 1042 DCIS cases 
were diagnosed, which were censored. Of the entire study 
population, 40.2% came from MGH, 26.4% from NWH, and 
33.4% from Penn. The distribution of some risk factors dif-
fered across the three subpopulations, as shown in Table S1.

The associations of known breast cancer risk factors 
with breast cancer subtypes were assessed using multivari-
able models (Table 2). For ER/PR+HER2− cancers, all risk 
factors associations were consistent with the literature and 
statistically significant. For TNBC, only older age, race, 
BMI, and breast density were associated with increased risk, 
with Black women having 2.7 times higher risk of TNBC 
than white women (HR for age = 1.02, 95% CI 1.02–1.03; 
race HR for Black women = 2.67, 95% CI 1.99–3.58; HR for 
overweight women = 1.08–1.96; HR for BI-RADS category 
D  =  3.37, 95% CI 1.45–7.83). For ER/PR+HER2+ breast 
cancer, prior biopsy (HR = 1.49, 95% CI 1.08–2.05), atyp-
ical hyperplasia (HR  =  2.56 95% CI 1.25–4.85), and obe-
sity (HR  =  1.59, 95% CI 1.18–2.13) were associated with 
increased risk. For ER/PR−HER2+, only family history sig-
nificantly increased breast cancer risk (HR=  1.98, 95% CI 
1.29–3.04). Atypical hyperplasia appeared more strongly 
associated with both HER2+ subtypes than ER/PR+HER2− 
breast cancer (ER/PR+HER2+ HR  =  2.56, 95% CI 1.25–
4.85; ER/PR−HER2+ HR  =  3.01, 95% CI 0.83–1.99). 
Higher BI-RADS breast density was strongly associated with 
increased risk of all four subtypes, with the largest HRs for 
ER/PR−HER2+ breast cancer (HR for BI-RADS D = 6.90, 
95% CI 1.35–87.7), though the confidence intervals are wide 
given the small number of cases in this subtype. Associations 
of risk factors with combined HER2+ cancers are shown in 

Table S2. In addition, models estimated using multiple impu-
tations yielded similar results and are displayed in Table S5.

As expected based on the previous literature,11 there 
was a significant interaction of menopause status with BMI 
(p  <  0.001). Overweight and obesity were more strongly 
associated with ER/PR+HER2− breast cancer among post-
menopausal women than premenopausal women (Table  3; 
postmenopausal HR for BMI over 30  kg/m2  =  1.69, 95% 
CI 1.50–1.91). Interactions were not statistically significant 
for the ER/PR+HER2+ or ER/PR−HER2+ breast cancer. 
Associations of BMI with TNBC were of similar magnitude 
as seen in other subtypes but were only statistically signif-
icant for postmenopausal overweight women (HR  =  1.49, 
95% CI 1.02–2.01). We also observed a significant interac-
tion between menopause status and breast density for both 
ER/PR+HER2− (p < 0.001) and TNBC (p = 0.019), with 
a stronger association among premenopausal than post-
menopausal women (TNBC premenopausal HR for dense 
breasts = 2.84, 95% CI 1.61–5.04). There was no significant 
interaction between menopause status and dense breasts for 
combined HER2+ subtypes (Table S3). There were no sta-
tistically significant interactions between BMI and breast 
density or between race/ethnicity and breast density for any 
breast cancer subtypes (data not shown).

Among parous women, a greater number of births was as-
sociated with reduced risk of ER/PR+HER2− breast cancer 
(Table 4; HR = 0.95, 95% CI 0.92–0.99). There was no sig-
nificant association of the number of births with TNBC, ER/
PR−HER2+ or all HER2+ cancers (Table S4). There was no 
association of the number of births as a continuous variable 
with ER/PR+HER2+ cancers; however, women with two 
births had a significantly higher risk than women with one 
birth (HR = 1.39, 95% CI 1.02–1.90), but patients with three 
or more births had no significant difference in risk than pa-
tients with 1 birth (HR = 0.92, 95% CI 0.64–1.32).

Table 5 displays the associations of cancer subtypes with 
screen detection and interval cancers. TNBCs were 33% less 
likely to be screen-detected (OR = 0.67 95% CI 0.50–0.88) 
and more than two times more likely to be interval cancers 
than ER/PR+HER2− cancers (OR = 2.26 95% CI 1.60–3.20).

4  |   CONCLUSIONS

Our results highlight both similarities and differences in risk 
factors across breast cancer subtypes. Higher breast density 
was associated with increased risk of all four tumor subtypes, 
with a stronger association among premenopausal women 
for ER/PR+HER2− and TNBC. In contrast, the relationship 
with other risk factors varied across subtypes with distinct 
sets of risk factors for TNBC (age, race, BMI, and density) 
and ER/PR+HER2+ (prior biopsy, atypical hyperplasia, 
BMI, density), ER/PR−HER2+ (family history and density) 
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and ER/PR+HER2− (age, race, prior biopsy, atypical hy-
perplasia, age at first birth, age at menarche, family history, 
BMI, and density). Additionally, we found that TNBCs were 
less likely to be screen-detected and more likely than other 
subtypes to be diagnosed as interval cancers. These results 
have implications both for risk assessment and understanding 
of the etiology of breast cancer subtypes.

Our results are consistent with a recent large pooled anal-
ysis of six cohorts or case–control studies that found that 
breast density was associated with increased risk of all intrin-
sic molecular subtypes.17 This analysis also observed a sig-
nificant interaction between percent mammographic density 
and age for Luminal A cancers, with breast density having a 
stronger association in younger women. This study observed 
a similar trend among TNBC that did not reach statistical 
significance. Furthermore, they found no significant asso-
ciation of breast density with BMI.17 Other, smaller studies 
have yielded inconsistent associations of breast density with 
breast cancer subtypes.18–26 Our finding of the interaction of 
menopause status and BI-RADS breast density is clinically 
relevant, as breast density has increasingly been used to iden-
tify women who may benefit from supplemental screening, 
given that mammography is less sensitive among women 
with dense breasts. There is controversy about the risk-to-
benefit ratio of supplemental screening for all women with 
dense breasts, given that nearly half of the screening eligible 
population has heterogeneously or extremely dense breasts. 
However, if young women with dense breasts are at partic-
ularly high risk for TNBC, which has poor prognosis, sup-
plemental screening may be warranted. Our results are based 
on a small number of cases among young women, so future 
studies are needed to validate the large HR that we observed 
with respect to TNBC in premenopausal women.

While it is well known that Black women have higher risk 
of TNBC, it is striking that Black women had nearly threefold 
increased risk even with comprehensive adjustment for breast 
cancer risk factors in a screened population, a magnitude that 
has been observed in previous studies which adjusted for 
fewer risk factors.27–29 The HR for race was nearly identical 
prior to multivariable adjustment, suggesting that differences 
in known risk factors do not explain this disparity. We ob-
served no statistically significant association between age at 
first birth and risk of TNBC, in contrast to the protective ef-
fect for ER/PR+HER2−. This is consistent with three prior 
studies which also found no significant association of age 
at first birth with TNBC,20,30,31 but contrasts with one prior 
study which found that older age at first birth was associated 
with fewer cases of TNBC.32 We did not see a significantly 
increased risk of TNBC among women with greater parity, 
as has been reported in prior studies.4,33–36 We, unfortunately, 
lacked data on breastfeeding history in our study, which has 
shown to be particularly protective against TNBC among 
women with high parity.35,36 As expected based on national T
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data and previous studies,37–39 Black women had lower risk of 
ER/PR+HER2− breast cancer compared to White women, as 
expected based on subtype-specific incidence rates,37 though 
it is noteworthy that this was true even after adjustment for 
breast cancer risk factors.

We observed that older age was associated with an in-
creased risk of TNBC. This may seem to be inconsistent with 
the prior literature reporting younger age to be associated 
with increased risk of TNBC.27,39–43 For example, a large 
registry-based study of patients in New Jersey showed that 
among cancer cases, the OR for TNBC was 1.77 for women 
aged 20–39, but only 1.10 for women aged 40–49 compared 
with women aged 50–64.39 However, these studies were case 
only analyses, whereas our study compares women diagnosed 
with TNBC to women not diagnosed with cancer. While pa-
tients with TNBC may be younger than patients diagnosed 
with other tumor subtypes, TNBC incidence increases with 
age. Based on SEER estimates, the TNBC incidence rate is 
4.0 per 100,000 for women aged 20–39 years compared with 
38.9 per 100,000 for women aged 65 and older.37 Therefore, 
our results are not inconsistent with prior data.

We found that prior biopsy and atypical hyperplasia were 
strongly associated with ER/PR+cancers irrespective of 
HER2 status but were not associated with TNBC, recognizing 
that the HR for the association with for ER/PR−HER2+ was 
relatively large but not statistically significant. Prior biopsy 
and atypical hyperplasia likely reflect changes in the breast 
that suggest higher subsequent risk of hormone receptor-
positive and HER2 positive tumors, but these changes do not 
appear to correlate with TNBC. This finding further points to 
unique etiologic mechanisms for TNBC.

As expected based on prior studies,11 the effect of BMI 
on ER/PR+HER2− breast cancer differed between premeno-
pausal and postmenopausal women with a greater effect in 

postmenopausal women. A similar relationship was seen for 
HER2+ cancers, although the interaction term was not sta-
tistically significant (0.07) for ER/PR−HER2+. Most prior 
studies have found no association between BMI and HER2+ 
cancers,32,44–47 although one study reported higher risk of 
HER2+ cancers in overweight women.42Although meta-
analyses have found a higher risk of ER− and TNBC among 
premenopausal obese women,12,32,45,48–50 BMI was not sig-
nificantly associated with TNBC in either premenopausal or 
postmenopausal women in this analysis. A prior analysis of 
black women found a positive association between obesity 
and TNBC in premenopausal women but a negative associ-
ation in postmenopausal women, raising the possibility that 
the relationship between obesity and menopausal status and 
TNBC may also vary by race.51 Additional studies will be 
needed to further investigate racial differences in the associa-
tion of obesity and menopausal status with TNBC.

Our finding that interval cancers are more likely to be triple 
negative is consistent with existing literature. A population-
based study in Ireland found that triple-negative tumors 
were over three times more likely to be interval cancers than 
screen-detected.52 Similarly, a Canadian population-based 
study showed that interval cancers were nearly three times 
more likely to be ER negative than screen-detected cancers, 
though this study lacked data on HER2 status.53 One limita-
tion that should be noted is that we lacked information on 
mammography screening at outside facilities, and therefore 
our estimates of screen detection and interval cancers may 
be underestimated. Patients without a mammogram within 
1  year prior to their cancer diagnosis were not coded as 
screen-detected or interval, which represented 37% of inva-
sive tumors.

The strengths of our study include the prospective de-
sign among a large population of women undergoing 

T A B L E  5   Odds of screen detection by breast cancer subtypes among 3744 breast cancer cases diagnosed 2006–2016a

Screen-detectedb  Not screen-detected OR 95% CI p-value

ER/PR+HER2− 1274 (56.0%) 1002 (44.0%) Ref.

Triple negative 107 (46.1%) 125 (53.8%) 0.67* 0.50–0.88 0.004

ER/PR+HER2+ 131 (50.6%) 128 (49.4%) 0.86 0.66–1.18 0.260

ER/PR−HER2+ 46 (51.7%) 43 (48.3%) 0.94 0.61–1.44 0.771

Intervalc  Not interval

ER/PR+HER2− 292 (12.8%) 1984 (87.2%) Ref.

Triple negative 53 (22.8%) 179 (77.2%) 2.26* 1.60–3.20 <0.001

ER/PR+HER2+ 35 (13.5%) 224 (86.5%) 0.94 0.64–1.38 0.743

ER/PR−HER2+ 16 (18.0%) 73 (82.0%) 1.26 0.71–2.21 0.432

Abbreviations: ER/PR, estrogen receptor/progesterone receptor; HER2, human epidermal growth factor receptor 2.
aLogistic regression of screen detection adjusted for age, race, atypical hyperplasia, family history, breast density, body mass index, and menopause status.
bCancers were defined as screen-detected if there was a positive mammogram within 1 year prior to cancer diagnosis.
cCancers were defined as interval if they had a negative mammogram within 1 year prior to cancer diagnosis.
*p < 0.05.
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mammography at three large centers and included the as-
sessment of established breast cancer risk factors along with 
BMI and breast density, allowing us to assess interactions 
among risk factors. Additionally, the study includes a sig-
nificant number of Black women, who are at high risk of 
dying of cancer but have been underrepresented in research 
studies to date. The limitations of our study include missing 
data on some risk factors- an inherent problem in studies 
using data collected for clinical purposes. However, given 
the prospective design, we do not expect that missing data 
would be differential by breast cancer diagnosis. We lacked 
data on the use of hormone replacement therapy (HRT), 
which is strongly associated with both breast density and 
breast cancer risk.54,55 However, given that the current 
use of HRT is most strongly associated with risk of ER/
PR+HER2− breast cancer and that the prevalence of cur-
rent HRT use is small,56 we do not expect that adjustment 
for HRT use would greatly affect our results.20,57,58 Finally, 
despite the large study sample, the numbers of TNBC and 
HER2+ cases were limited.

Our results add to the literature describing differences 
in risk factors across breast cancer subtypes. We found that 
breast density may be a particularly strong risk factor for 
TNBC among premenopausal women, and that the other risk 
factors evaluated in this study do not explain racial differ-
ences in TNBC between Black and white women. These re-
sults highlight the urgency of exploring novel risk factors, 
such as genetics, epigenetics, biomarkers, and environmental 
exposures to understand the risk for less common but aggres-
sive triple-negative and ER/PR−HER2+ breast cancer sub-
types, as existing risk factors appear largely irrelevant to risk 
of these tumors.
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