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A B S T R A C T   

Background: This study investigated whether the association between family history of breast cancer in first- 
degree relatives and breast cancer risk varies by breast density. 
Methods: Women aged 40 years and older who underwent screening between 2009 and 2010 were followed up 
until 2020. Family history was assessed using a self-reported questionnaire. Using Breast Imaging Reporting and 
Data System (BI-RADS), breast density was categorized into dense breast (heterogeneously or extremely dense) 
and non-dense breast (almost entirely fatty or scattered areas of fibro-glandular). Cox regression model was used 
to assess the association between family history and breast cancer risk. 
Results: Of the 4,835,507 women, 79,153 (1.6%) reported having a family history of breast cancer and 77,238 
women developed breast cancer. Family history led to an increase in the 5-year cumulative incidence in women 
with dense- and non-dense breasts. Results from the regression model with and without adjustment for breast 
density yielded similar HRs in all age groups, suggesting that breast density did not modify the association 
between family history and breast cancer. After adjusting for breast density and other factors, family history of 
breast cancer was associated with an increased risk of breast cancer in all three age groups (age 40–49 years: aHR 
1.96, 95% confidence interval [CI] 1.85–2.08; age 50–64 years: aHR 1.70, 95% CI 1.58–1.82, and age ≥65 years: 
aHR 1.95, 95% CI 1.78–2.14). 
Conclusion: Family history of breast cancer and breast density are independently associated with breast cancer. 
Both factors should be carefully considered in future risk prediction models of breast cancer.   

1. Introduction 

A family history of breast cancer is one of the most well-known risk 
factors for breast cancer. Women with a family history of breast cancer 
in their first-degree relatives have an approximately two-fold higher risk 
than women without a family history, and the risk varies depending on 
the number of family members with breast cancer and age at breast 
cancer diagnosis of family members [1]. Breast cancer-susceptible genes 
and a shared environment are suggested to contribute to the familial 
clustering of breast cancer [1–3]. Mutations in rare and moderate to 
high-penetrance genes such as BRCA1, BRCA2, PTEN, and TP53 account 
for less than 25% of familial risk [4], and common, low-risk single 
nucleotide polymorphisms identified through genome-wide association 
studies, known as polygenic factors, account for 18% of the familial risk 
[5,6]. 

Mammographic breast density, which is a strong risk factor for breast 
cancer associated with a 4- to 6-fold increased risk, is affected by both 
genetics and environmental factors [7], and familial correlations of 
breast density have been identified between twins and family members 
[8–10]. As some of the breast cancer risk factors showed familial clus
tering or association, several studies focused on the assumption that they 
could modify the effect of each other on the risk of breast cancer. Breast 
density and its change-associated breast cancer risk were higher in 
women with a family history of breast cancer [11], suggesting an 
interaction between family history and breast density [12]. In addition, 
in older women, the breast cancer risk associated with first-degree 
family history differed according to breast density and age group [13]. 
Other studies found no interaction between breast density and family 
history of breast cancer on breast cancer risk [14,15]. 

As the combination of mammographic density and family history of 
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breast cancer with previously developed models would improve the risk 
classification [16], identification of the combined effect of family his
tory and breast density would be useful in mammographic screening 
settings where breast density is measured. However, these associations 
have yet to be fully examined in Asian women. In this study, we aimed to 
determine whether a family history of breast cancer in first-degree rel
atives and the type of first-degree relatives is associated with an 
increased risk of breast cancer, and to identify whether the association 
varies by mammographic breast density. 

2. Materials and methods 

2.1. Study settings and study population 

This cohort study used data from the National Health Insurance 
Service (NHIS) - National Health Information Database (NHID) in Korea. 
The NHIS is a mandatory health insurance system for the entire Korean 
population. The NHIS-NHID database contains information on de
mographics, healthcare utilization, deaths, and national health 
screening results for the Korean population [17,18]. As part of national 
health screening programs, biennial mammographic breast cancer 
screening is offered to women aged 40 years or older. This study pop
ulation included women who underwent mammographic breast cancer 
screening between January 1, 2009, and December 31, 2010. All breast 
cancer screening participants were followed until the date of breast 
cancer diagnosis, date of death, or December 31, 2020, whichever came 
first. If women underwent mammographic screening more than once 
between 2009 and 2010, we used data from the first screening. We 
excluded participants whose age at screening was ˂  40 years, who had a 
history of cancer before the date of mammographic screening, and those 
with unknown information on family history of breast cancer. In addi
tion, women who died or developed any type of cancer within 90 days 
after the date of breast cancer screening were excluded to avoid the 
possibility of detecting cancer cases through screening. Among the 5, 
122,000 women who underwent mammography screening between 
2009 and 2010, after applying the above-mentioned exclusion criteria, 
the final study sample included 4,835,507 individuals. Among them, 79, 
153 women had a family history of breast cancer (Fig. 1). 

This study was approved by the Institutional Review Board of 
Hanyang University College of Medicine (approval no. HYUIRB-202106- 
003-1). Based on the Institutional Review Board approval, the NHIS 
granted permission to utilize the NHIS-NHID database. The requirement 
for informed consent was waived because all screened populations 
agreed to transfer their screening results to NHIS-NHID, and the NHIS 
database was constructed after the anonymization of individual 
identities. 

2.2. Exposure 

Information on family history was collected by a self-administered 
survey at the time of breast cancer screening. The questionnaire sur
veyed information on first-degree family history of six cancer types, 
including breast, cervical, gastric, colorectal, liver, and lung cancer 
[19]. For each cancer site, participants were asked whether they had a 
family history of a particular cancer in parents, siblings (brother/sister), 
and children (daughter/son). In this study, we focused on information 
on family history of breast cancer among mothers and sisters. 

Mammography breast density was classified using the fourth edition 
of Breast Imaging Reporting and Data System (BI-RADS) density cate
gories [20]. BI-RADS category A indicates almost entirely fat (paren
chyma <25%), category B indicates scattered fibroglandular density 
(parenchyma is 25–50%), category C is heterogeneously dense (paren
chyma is 51–75%), and category D is extremely dense (parenchyma 
>75%). Breast density was further categorized into two groups: the 
non-dense breast group (almost entirely fat and scattered fibro
glandular) and the dense breast group (heterogeneously dense and 
extremely dense). 

2.3. Outcomes of interest 

The main outcome of this study was incidence of breast cancer. 
Breast cancer cases were defined by health care utilization data with 
disease codes of the International Classification of Diseases code of inva
sive breast cancer (C50.0–C50.9) and ductal carcinoma in situ (DCIS) 
(D05.0–D05.9), in combination with the catastrophic illness code [21]. 

2.4. Measures of covariates 

The following factors were considered as covariates: age (continuous 
variable), age at menarche (categorical variables: <15 years, 15–16 
years, >16 years, and unknown), number of children (categorical vari
ables: nulliparous, 1 child, ≥2 children, and unknown), breastfeeding 
history (categorical variables: never, ever, and unknown), oral contra
ceptive use (categorical variables: never, ever, and unknown), hormone 
replacement therapy (categorical variables: never, ever, and unknown), 
smoking history (categorical variables: never, ever, and unknown), and 
number of days of alcohol consumption per week (categorical variables: 
none, 1 day per week, ≥2 per week, and unknown), which were 
measured using a self-administered questionnaire at the same time as 
breast cancer screening. In addition, body mass index (BMI) (continuous 
variable), which was calculated using measured height and weight 
values by trained medical staff during the health examination, was 
included. Missing values of covariates were treated as dummy categories 
in the analysis. 

Fig. 1. Flow diagram of the selection of eligible population.  
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2.5. Statistical analysis 

Descriptive statistics of baseline characteristics of total participants 
by the presence of family history of breast cancer in first-degree relatives 
were presented. In the analysis, participants were categorized into three 
age groups: 40–49 years, 50–64 years, and ≥65 years. The five-year 
cumulative incidence was calculated using non-parametric methods to 
account for the competing risk, stratified by breast density classification, 
age group, and family history at baseline. Gray’s test was used to sta
tistically compare the cumulative incidence functions [22]. Cox pro
portional hazard regression analysis was conducted to calculate the 
hazard ratio (HR) and 95% confidence intervals (CIs) of the association 
between the presence of family history of breast cancer in first-degree 

relatives and breast cancer risk adjusted for the above-mentioned 
covariates, with or without adjustment for breast density. In addition, 
the association between the presence of a family history of breast cancer 
in first-degree relatives and breast cancer risk was assessed, stratified by 
breast density (non-dense and dense). 

Two sets of sensitivity analyses were conducted. The first analysis 
was conducted after excluding DCIS cases (including only invasive 
breast cancer cases). Given that the association between BMI and breast 
cancer development has opposite directions in pre- and postmenopausal 
women, we conducted a sensitivity analysis with the addition of the 
interaction between BMI and menopausal status in the regression 
models. The results of these sensitivity analyses are presented in the 
Supplemental Tables. 

Table 1 
Characteristics of participants by family history of breast cancer in the cohort.  

Characteristics No. (%)          

All participants First-degree family history 

None Any Mother only Sister only 

(n = 4,835,507) (n = 4,756,354) (n = 79,153) (n = 21,257) (n = 47,520) 

Age (mean/SD) 55.18 10.6 55.21 10.7 53.35 9.4 49.73 8.6 53.53 8.8 
Age group 

40-49 1,638,491 33.9 1,608,712 33.8 29,779 37.6 11,706 55.1 16,486 34.7 
50-64 2,181,452 45.1 2,142,761 45.1 38,691 48.9 8059 37.9 25,320 53.3 
≥65 1,015,564 21.0 1,004,881 21.1 10,683 13.5 1492 7.0 5714 12.0 

Breast density 
Non-dense breast 2,653,446 54.9 2,616,838 55.0 36,608 46.3 8267 38.9 21,871 46.0 
Dense breast 2,037,890 42.1 1,996,878 42.0 41,012 51.8 12,624 59.4 24,753 52.1 
Unknown 144,171 3.0 142,638 3.0 1533 1.9 366 1.7 896 1.9 

Age at menopause (years) 
Premenopausal 2,040,587 42.2 2,002,665 42.1 37,922 47.9 13,393 63.0 21,894 46.1 
<45 189,279 3.9 186,995 3.9 2284 2.9 477 2.2 1311 2.8 
45-52 1,748,197 36.2 1,723,088 36.2 25,109 31.7 4815 22.7 15,607 32.8 
≥53 613,556 12.7 602,875 12.7 10,681 13.5 1836 8.6 6839 14.4 
Unknown 243,888 5.0 240,731 5.1 3157 4.0 736 3.5 1869 3.9 

BMI (mean/SD) 23.87 3.2 23.87 3.2 23.69 3.1 23.47 3.2 23.7 3.1 
Age at menarche (years) 
<15 1,084,901 22.4 1,061,654 22.3 23,247 29.4 7934 37.3 13,521 28.5 
15-16 1,938,785 40.1 1,905,907 40.1 32,878 41.5 8415 39.6 20,222 42.6 
≥17 1,654,640 34.2 1,633,268 34.3 21,372 27.0 4436 20.9 12,909 27.2 
Unknown 157,181 3.3 155,525 3.3 1656 2.1 472 2.2 868 1.8 

Parity 
Nulliparous 177,052 3.7 173,218 3.6 3834 4.8 1236 5.8 2220 4.7 
1 child 452,177 9.4 443,425 9.3 8752 11.1 2823 13.3 5189 10.9 
≥2 children 4,130,944 85.4 4,065,006 85.5 65,938 83.3 17,018 80.1 39,788 83.7 
Unknown 75,334 1.6 74,705 1.6 629 0.8 180 0.9 323 0.7 

Breastfeeding 
Never 655,715 13.6 642,173 13.5 13,542 17.1 4635 21.8 7806 16.4 
Ever 4,085,871 84.5 4,021,054 84.5 64,817 81.9 16,397 77.1 39,291 82.7 
Unknown 93,921 1.9 93,127 2.0 794 1.0 225 1.1 423 0.9 

Oral contraceptive use 
Never 3,848,907 79.6 3,786,648 79.6 62,259 78.7 17,085 80.4 37,464 78.8 
Ever 904,602 18.7 888,474 18.7 16,128 20.4 3963 18.6 9660 20.3 
Unknown 81,998 1.7 81,232 1.7 766 1.0 209 1.0 396 0.8 

Physical activity 
No 1,399,233 28.9 1,380,235 29.0 18,998 24.0 5029 23.7 11,212 23.6 
Yes 3,398,775 70.3 3,339,185 70.2 59,590 75.3 16,097 75.7 35,974 75.7 
Unknown 37,499 0.8 36,934 0.8 565 0.7 131 0.6 334 0.7 

Smoking status 
Never smoked 4,596,805 95.1 4,522,102 95.1 74,703 94.4 19,850 93.4 45,020 94.7 
Ever smoked 219,547 4.5 215,420 4.5 4127 5.2 1320 6.2 2330 4.9 
Unknown 19,155 0.4 18,832 0.4 323 0.4 87 0.4 170 0.4 

Drinking frequency during the last year 
No 3,879,292 80.2 3,817,574 80.3 61,718 78.0 15,929 74.9 37,225 78.3 
1 day/week 556,634 11.5 546,300 11.5 10,334 13.1 3221 15.2 6087 12.8 
≥2 day/week 362,434 7.5 355,885 7.5 6549 8.3 1978 9.3 3878 8.2 
Unknown 37,147 0.8 36,595 0.8 552 0.7 129 0.6 330 0.7 

Hormone replacement therapy after menopause (years) 
Never use 2,290,029 81.9 2,257,564 82.0 32,465 78.7 6278 79.8 20,113 78.5 
<5 339,902 12.2 333,484 12.1 6418 15.6 1137 14.5 4121 16.1 
≥5 75,553 2.7 74,083 2.7 1470 3.6 214 2.7 940 3.7 
Unknown 89,436 3.2 88,558 3.2 878 2.1 235 3.0 452 1.8 

Abbreviations: BMI, body mass index; SD, standard deviation. 
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All reported P-values were two-sided with a type I error (α < 0.05) 
and considered statistically significant. Statistical analyses were per
formed using SAS statistical software (version 9.4, SAS Institute, Cary, 
NC, USA). 

3. Results 

3.1. Characteristics of the study population 

Of the 4,835,507 participants included in the final analysis, 79,153 
(1.6%) reported having a family history of breast cancer. During a mean 
(standard deviation) follow-up of 10.4 (1.7) years (median, 10.8 years), 
74,686 and 2552 breast cancer cases were diagnosed among those with 
and without a family history of breast cancer, respectively (Fig. 1). The 
distribution of covariates in the study cohort and across the strata of 
first-degree family history are presented in Table 1. Among women 
without a family history of breast cancer, 45.1% were women aged 
50–64 years, 42.1% had dense breasts, and 42.2% had premenopausal 
status. In women with any family history of breast cancer, the propor
tion of the younger age group was higher, with 37.6% of women aged 
40–49 years and 48.9% aged 50–64 years. The proportion of women 
with dense breasts was likewise greater in those with a family history of 
breast cancer (51.8%). Notably, in participants whose first-degree 
family history involved the mother, the proportion of dense breasts 
was 59.4%. 

3.2. Cumulative incidence of breast cancer by first-degree family history 

Women with a first-degree family history of breast cancer had a 
higher five-year cumulative incidence rate of breast cancer than women 
without a family history of breast cancer, irrespective of breast density. 
In addition, the cumulative incidence of breast cancer was higher in the 
younger age group. (Table 2). The highest 5-year cumulative incidence 
was observed in women aged 40–49 with dense breasts and family 
history (20.1, 95% CI = 18.3–22.0) and women aged ≥65 years with 
non-dense breasts and without family history showed the lowest inci
dence (3.8, 95% CI = 3.7–3.9). In women with dense breasts without a 
family history of breast cancer, the 5-year incidence rate per 1000 
women was 9.8 (95% CI 9.6–9.9) in the age group of 40–49 years, 9.2 
(95% CI 9.0–9.5) in the age group of 50–64 years, and 8.5 (95% CI 
8.2–8.9) in the age group of ≥65 years. Higher incidence rate was 
observed in women with dense breasts with family history in same age 
groups: 20.1 (95% CI 18.3–22.0), 15.9 (95% CI 13.9–18.1), and 15.4 
(95% CI 12.1–19.4), respectively. Among those with a family history in 
mothers, the highest 5-year cumulative incidence risk per 1000 women 
was observed in women with dense breasts aged 40–49 years (21.2, 95% 
CI 18.4–24.4). Similarly, women with a family history in sisters, women 
with dense breasts and in the age group 40–49 years, had the highest 
cumulative incidence risk of 19.9 (95% CI 17.6–22.5). Overall, breast 
density was positively associated with breast cancer risk in all types of 

family history (any, mother only, and sister only) in all age groups, and 
the 5-year cumulative risk increased in those with dense breasts. 

Fig. 2 shows the cumulative incidence function of breast cancer risk 
during the study period between women with and without a family 
history of breast cancer stratified by age group and breast density. 
Among women without dense breasts (Fig. 1A), those with a family 
history of breast cancer had a higher risk of breast cancer across all age 
groups than those without a family history. Patterns were similar among 
women with dense breasts (Fig. 1B); however, the cumulative risks were 
high overall. In addition, the highest incidence was observed in the 
youngest age group (aged 40–49), and there was a substantial difference 
compared with the other two older age groups, especially in women 
with a family history. In addition, in all age groups, women with dense 
breasts had a higher incidence rate of breast cancer compared to women 
with non-dense breasts. 

3.3. Hazard ratios associated with breast cancer risk according to family 
history, breast density, and age group 

The associations between family history of breast cancer and breast 
cancer risk were statistically significant in all age groups as well as both 
before and after adjusting for breast cancer density (Table 3). After 
adjusting for breast density, the HRs of family history of breast cancer 
slightly decreased in all age groups, but remained significant with an 
adjusted HR of approximately 2. Among women with non-dense breasts, 
participants with a family history had a 1.85- to 2.34-fold increased risk 
of future breast cancer, relative to those without family history. Similar 
findings were observed in women with dense breasts, with an elevated 
risk in women with a family history compared to those without family 
history of breast cancer: age group 40–49 aHR, 1.95 (95% CI 1.83–2.07), 
age group 50–64 aHR, 1.65 (95% CI 1.51–1.80), and age group ≥65 
aHR, 1.74 (95% CI 1.47–2.06). Overall, the association between family 
history and breast cancer risk did not change substantially when 
adjusted for BI-RADS breast density or stratified by breast density. 

The strength of the association between family history and breast 
cancer was stronger in women with mothers as first-relative compared 
to those with sisters as first-relative in the age group 40–49 years but was 
lower in older age groups. After adjusting for breast density, women 
aged 40–49 with first-degree family history in mother had a 2.01-fold 
(95% CI 1.84–2.19) greater risk of breast cancer, and those with fam
ily history in sister had 1.95-fold higher risk (95% CI 1.81–2.11) 
compared to women without family history. Women aged ≥65 years 
with first-degree family history in mothers had a 1.80-fold (95% CI 
1.43–2.28) greater risk of breast cancer, and those with family history in 
sister had 2.15-fold higher risk (95% CI 1.93–2.41) than women without 
a family history. Sensitivity analysis including only invasive breast 
cancer cases (Supplemental Table 1) and considering the interaction 
between BMI and menopausal status (Supplemental Table 2) yielded 
results consistent with the main analysis. 

Table 2 
Frequency and five-year cumulative incidence of breast cancer by family history of breast cancer, breast density, and age groups.  

Age group and breast density 5-year cumulative incidence, cases per 1000 women 

None  Any  Mother only Sister only 

n Incidence (95% CI) n Incidence (95% CI) n Incidence (95% CI) n Incidence (95% CI) 

Age 40–49 
Non-dense 6672 5.8 (5.6–6.0) 209 13.0 (10.5–15.8) 89 14.2 (10.2–19.1) 107 13.0 (9.8–17.0) 
Dense 26,320 9.8 (9.6–9.9) 1009 20.1 (18.3–22.0) 410 21.2 (18.4–24.4) 567 19.9 (17.6–22.5) 

Age 50–64 
Non-dense 10,857 5.3 (5.2–5.5) 331 10.7 (9.1–12.5) 71 11.0 (7.7–15.2) 227 11.2 (9.2–13.6) 
Dense 13,659 9.2 (9.0–9.5) 501 15.9 (13.9–18.1) 102 12.8 (9.3–17.2) 341 16.5 (14.1–19.3) 

Age ≥65 
Non-dense 11,342 3.8 (3.7–3.9) 320 9.7 (8.2–11.4) 46 8.8 (5.6–13.2) 215 10.9 (8.9–13.3) 
Dense 3987 8.5 (8.2–8.9) 144 15.4 (12.1–19.4) 23 14.9 (7.7–26.4) 100 17.4 (13.0–22.9) 

Abbreviations: CI, confidence interval; n, number of breast cancer cases. 
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4. Discussion 

In this cohort study, we evaluated the association between family 
history of breast cancer in first-degree relatives and the risk of future 
breast cancer in a population-based cohort, and further assessed 
whether the association would change when considering BI-RADS breast 
density together. We observed that women with a family history in any 
first-relative had an increased risk of breast cancer compared to women 
without a family history of breast cancer, and the risk was higher in 
women with dense breasts compared to women with non-dense breasts. 
Results with or without adjusting for breast density or stratified by 
breast density yielded similar findings that having a family history was 
associated with an overall 1.7- to 2-fold elevated risk of breast cancer 
depending on age group, suggesting an independent association of 
family history and breast cancer from breast density. Relationship types 
of family history in first-degree (any, mother, or sister) showed a 
comparably increased risk of breast cancer, irrespective of breast den
sity. In addition, we found that the highest incidence was observed in the 
youngest age group (aged 40–49 years), which was consistent with 
previous statistics in Korean women [23]. In Korean women, the inci
dence of age-specific breast cancer peaks in the group aged 45–49 years 

and then decreases as age increases [23], which has different pattern in 
Western women, whose incidence of age-specific breast cancer increases 
with age [24]. Thus, the higher incidence in the youngest age group 
compared with the older age groups in our study reflects the reported 
trend in statistics in Korean women. 

Our findings are consistent with those of previous studies showing 
that women with dense breasts had a higher risk of breast cancer 
[25–29], and this risk was elevated if the women additionally had a 
first-degree family history. The percentage of dense tissue in mammo
graphic screening can explain 14% of the association between family 
history of breast cancer and breast cancer risk [30], and the combined 
effect of family history of breast cancer and higher levels of breast 
density has been shown to be associated with an elevated risk of breast 
cancer previously [30–32]. Several previous studies have reported 
findings on the relationship between family history of breast cancer, 
mammographic breast density, and the risk of breast cancer [30–33]. 
Crest et al. found that women with first-degree-relative family history 
had a 1.5-fold increased risk (aOR 1.46, 95% CI 1.05–2.01) of breast 
cancer development compared to women with no family history [32]. 
Recent findings from the Breast Cancer Surveillance Consortium Cohort 
[34] reported an increased risk from 1.4- to 1.5-fold across different age 

Fig. 2. Cumulative Incidence of Subsequent Breast 
Cancer, by First-Degree Family History, Mammo
graphic Breast Density, and Age Group. The red lines 
represent women with a family history of breast 
cancer, and the blue lines represent women without a 
family history of breast cancer. The vertical solid lines 
represent the age group of 40-49 years, the dotted 
lines represent the age group of 50-64, and the dashed 
lines represent the age group of ≥65 years. Gray’s 
tests were used to assess statistical differences be
tween curves with and without family history in each 
subgroup.   

Table 3 
Cox regression hazard ratios for effects of breast density and family history of breast cancer on breast cancer by age group in the study cohort.  

Age group and breast density HR (95% CI) relative to no family history 

Any Mother only Sister only 

HR 95% CI HR 95% CI HR 95% CI 

Age 40–49 years 
Model unadjusted for densitya 1.99 (1.88–2.11) 2.03 (1.86–2.21) 1.99 (1.84–2.14) 
Model adjusted for breast densityb 1.96 (1.85–2.08) 2.01 (1.84–2.19) 1.95 (1.81–2.11) 
Model stratified by breast densitya       

Non-dense breast 1.97 (1.72–2.26) 2.09 (1.69–2.57) 1.85 (1.53–2.24) 
Dense breast 1.95 (1.83–2.07) 1.97 (1.78–2.17) 1.96 (1.81–2.13) 

Age 50–64 years 
Model unadjusted for densitya 1.74 (1.63–1.87) 1.61 (1.38–1.86) 1.79 (1.65–1.95) 
Model adjusted for breast densityb 1.70 (1.58–1.82) 1.57 (1.35–1.82) 1.74 (1.60–1.89) 
Model stratified by breast densitya       

Non-dense breast 1.83 (1.64–2.04) 1.75 (1.39–2.22) 1.92 (1.68–2.19) 
Dense breast 1.65 (1.51–1.80) 1.47 (1.21–1.79) 1.67 (1.50–1.86) 

Age ≥65 years 
Model unadjusted for densitya 2.02 (1.84–2.21) 1.85 (1.46–2.34) 2.24 (2.00–2.50) 
Model adjusted for breast densityb 1.95 (1.78–2.14) 1.80 (1.43–2.28) 2.15 (1.93–2.41) 
Model stratified by breast densitya       

Non-dense breast 2.09 (1.87–2.33) 1.83 (1.37–2.45) 2.34 (2.04–2.68) 
Dense breast 1.74 (1.47–2.06) 1.80 (1.19–2.71) 1.88 (1.54–2.29) 

Abbreviations: HR, hazard ratio; CI, confidence interval. 
a Model was adjusted for age, BMI, smoking, drinking, exercise, age at menarche, age at menopause, childbirth, breastfeeding, hormone replacement therapy, and 

oral contraceptive use. 
b Model was adjusted for age, BMI, smoking, drinking, exercise, age at menarche, age at menopause, childbirth, breastfeeding, hormone replacement therapy, oral 

contraceptive use, and breast density (with 4 categories). 
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groups after adjusting for breast density. Consistent with our study, the 
results of the association between family history or breast cancer and 
breast cancer risk in this study [34] did not substantially change before 
and after accounting for BI-RADS breast density, suggesting an inde
pendent association between each other and breast cancer risk. 

In general, a family history of breast cancer increases the risk of early 
onset breast cancer in combination with inherited genetic risk in the 
family, compared with late-onset breast cancer [35]. The association 
between family history of breast cancer and breast cancer risk decreased 
slightly with age [36]. Findings from the Breast Cancer Surveillance 
Consortium Cohort likewise found that first-degree family history was 
associated with an increased risk of breast cancer [33], with a 1.5-fold 
increased risk in women aged 65–74 years (95% CI, 1.35–1.61) and a 
1.4-fold increased risk in women aged 75 years and older (95% CI, 
1.28–1.62) [33]. We found that a family history of breast cancer was 
associated with an increased risk of breast cancer not only in the young 
age group but also in those aged 60 years and older with comparable 
strength of the association. Consistently, the Iowa Women’s Health 
Study Family [37] found that elderly women with first-degree history of 
breast cancer had a 1.5-fold elevated risk (aHR 1.54, 95% CI 1.24–1.93) 
of breast cancer compared to women with no family history. These re
sults were consistent, with a relatively smaller effect, with our findings 
that a family history of breast cancer might affect the risk of breast 
cancer even in older age groups. 

The prevalence of women reporting a first-degree family history of 
breast cancer has increased from 11% to 16% over the last three decades 
in the United States [36]. The current guideline from the American 
Cancer Society recommends that women who have a first-degree rela
tive with a BRCA1 or BRCA2 gene mutation without genetic testing 
should undergo an annual breast magnetic resonance imaging scan in 
addition to normal mammographic screening [38,39]. In our study, 
1.6% of women who underwent screening reported having a family 
history of breast cancer, and currently no specific recommendation for 
screening strategy is available for Korean women with a family history 
of breast cancer. Despite the relatively small proportion, their doubled 
increase in breast cancer indicates that they could benefit from a tailored 
screening strategy to detect early breast cancer. 

A history of breast cancer in both first- and second-degree relatives 
results in a substantially increased risk of breast cancer compared to 
when there is a history of breast cancer in first-degree relatives alone 
[34]. However, information on family history of breast cancer in this 
study was available only for first-degree relatives; thus, we were unable 
to assess the associations with a more extended family history and could 
not consider family structure. In addition, a family history of breast 
cancer was collected as self-reported information at the time of 
screening. Although a family history of breast cancer in first-degree 
relatives is usually accurately reported [40,41], we cannot fully elimi
nate the possibility of recall bias. This study used BI-RADS breast density 
measurements, which were reported by radiologists at multiple 
screening centers in Korea, which often leads to moderate inter-observer 
agreement [42]. However, in Korea, a mammography education pro
gram to standardize the performance of radiologists is available, which 
may increase the reproducibility of the interpretation [43]. 
Inter-radiologist variability was assessed in randomly selected films 
from the Korean National Breast Cancer Screening Program, reporting 
an inter-radiologist variability of 0.83, indicating a very high agreement 
[44]. 

This study has some limitations. First, our database did not contain 
information regarding the clinical characteristics of breast cancer, such 
as tumor characteristics. Therefore, we were unable to assess how the 
association of family history of breast cancer and breast density differs 
by clinical characteristics such as hormone receptor status. Second, the 
BI-RADS breast density measured in our database includes measure
ments from both film and digital mammography. Considering that more 
than 90% of the mammography procedures were film mammography 
[45], the breast density measured in our study could be less affected by 

screening modalities. However, breast density could vary depending on 
the radiologist’s ability and thus is subject to inter- and intra-observer 
agreement. 

This study had several strengths. The study included more than four 
million women from a population-based breast cancer screening, which 
broadly represents the demographic composition of women in Korea and 
other East Asian populations. Furthermore, the study had a retrospective 
cohort design, with a large number of breast cancer cases, and complete 
breast cancer ascertainment from the health insurance database with 
cancer code for reimbursement, covering the whole population. Our 
results also accounted for other confounding factors including adiposity, 
age at menarche, age at menopause, menopausal status, postmenopausal 
hormone therapy, and other health behaviors. Hence, this comprehen
sive national cohort study elucidates the association between first- 
degree family history of breast cancer, breast density, and breast can
cer risk. Findings from this study provide new evidence for this rela
tionship and help reinforce existing interventions to prevent or detect 
breast cancer in women with a family history of breast cancer and dense 
breasts, who have a higher risk. 
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