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Abstract
Background  Mammography is the standard examination for breast cancer screening of woman aged ≥ 40 years. High breast 
density on mammography indicates that mammary gland parenchyma occupy a high percentage of the breast. The objective 
of this study was to investigate factors associated with breast density and the risk of high breast density for breast cancer.
Methods  A multicenter case–control study was performed in 530 patients and 1043 controls. Breast density was classified as 
C1–C4 using the Breast Imaging Reporting and Data System (BI-RADS). Clinical factors were obtained from questionnaires 
or medical records, and the influence of each factor (breast density, menopausal status, body mass index (BMI), parity, pres-
ence or absence of breastfeeding history, age at menarche, age at first birth, and familial history of breast cancer) on breast 
cancer risk in all patients was calculated as an age-adjusted odds ratio (OR). Multivariate logistic regression analyses were 
then performed in all patients and in pre- and postmenopausal and BMI-stratified groups using factors with a significant 
age-adjusted OR as adjustment factors.
Results  Age-adjusted ORs for breast cancer were significant for breast density, BMI, parity, and breast feeding, but not for 
age at menarche, age at first birth, or family history of breast cancer. In multivariate analysis, there was a significant correla-
tion between breast density and breast cancer in postmenopausal women (OR for C1 vs. C2 1.90 [95% CI 1.34–2.70]; C1 
vs. C4 2.85 [95% CI 1.10–7.16]). This correlation was also significant in patients in the third BMI quartile (22.3–24.5 kg/
m2) (OR for C1 vs. C4 8.76 [95% CI 2.38–42.47]); and fourth BMI quartile (>24.5 kg/m2) (OR for C1 vs. C2 1.92 [95% CI 
1.17–3.15]; C1 vs. C4 11.89 [95% CI 1.56–245.17]).
Conclusion  Breast density on mammography is a risk factor for breast cancer after adjustment for other risk factors. This 
risk is particularly high in postmenopausal women and those with a high BMI.
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Introduction

Mammography is the first-choice method for breast cancer 
screening and the only method with evidence for an effect 
on reduction of mortality for women aged ≥ 40 years [1]. 
In mammography, breast density is evaluated based on the 
Breast Imaging Reporting and Data System (BI-RADS) 
[2], as well as mass, calcification, architectural distortion, 
and other findings. High breast density indicates a high 
percentage of mammary gland parenchyma in the breast. 

The parenchyma is comprised of interstitium and mammary 
gland epithelium and has lower radiolucency than that of 
adipose tissue.

There are two problems with breast density on mammog-
raphy. First, an increase in breast density limits detection of 
tumors in dense tissue, which decreases the sensitivity of 
mammography. This is referred to as a masking effect. In a 
study of 329,495 women screened by mammography in the 
US between 1996 and 1998, Carney et al. found sensitivities 
and specificities of 87% and 97%, respectively, in women 
with fatty breast (BI-RADS class 1, C1), but only 63% and 
89%, respectively, in those with a high-density mammary 
gland (BI-RADS class 4, C4) [3]. The second problem is 
that an increase in breast density increases the risk of breast 
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cancer. In a meta-analysis of 42 studies, McCormack et al. 
found that the relative risk of breast cancer in all women was 
1.79 (95% CI 1.48–2.16) at 5–24%, 2.11 (95% CI 1.7–2.63) 
at 25–49%, 2.92 (95% CI 2.49–3.42) at 50–74%, and 4.64 
(95% CI 3.64–5.91) at ≥ 75% breast density, indicating a 
strong association [4]. Similar findings were obtained in 
three case–control studies in Japanese subjects [5–7].

Age, delivery, and breastfeeding decrease breast density 
and breast cancer risk, whereas female hormone replace-
ment therapy increases breast density and breast cancer risk 
[8]. In contrast, body mass index (BMI) decreases breast 
density, but increases breast cancer risk [9–11]. The effects 
of BMI on breast density and breast cancer risk are seem-
ingly contradictory. However, there have been no reports on 
the confounding effects of BMI and breast density on breast 
cancer risk. Therefore, there are many unclear aspects of 
patient background that influence the association between 
high breast density and breast cancer risk, and risk stratifica-
tion of patients with high breast density has not been estab-
lished. In this study, we examined the association between 
breast density on mammography and breast cancer risk, and 
investigated factors that may influence this relationship.

Patients and methods

Subjects

A multicenter population-based case–control study was per-
formed in women aged ≥ 20 years who were histologically 
diagnosed with non-invasive or invasive breast cancer and 
treated at Okayama University Hospital, Okayama Rousai 
Hospital, and Mizushima Kyodo Hospital (Okayama, Japan) 
and Kagawa Prefecture Central Hospital (Kagawa, Japan) 
between December 2010 and November 2011. The controls 
were women aged ≥ 20 years with no history of breast cancer 
who were screened for breast cancer at Mizushima Kyodo 
Hospital and Okayama Saiseikai Hospital (Okayama Japan), 
Kagawa Prefectural Cancer Detection Center (Kagawa, 
Japan), and Yakage Hospital. All subjects and controls gave 
written informed consent. This study was approved by the 
Institutional Ethics Committee on Human Research of Okay-
ama University.

Mammography

Evaluation of breast density on mammography (mammo-
graphic density) was performed using a bilateral mediolat-
eral oblique view for patients and controls. Based on the 
BI-RADS of the American College of Radiology, the mam-
mographic density was classified as follows: C1, almost fatty 
(<25% glandular); C2, scattered fibroglandular densities 
(25–50% glandular); C3, heterogeneously dense (51–75% 

glandular); and C4, extremely dense (>75% glandular) [2]. 
The healthy side was evaluated in patients, and the bilateral 
sides were evaluated in controls. Independent judgments 
were made by two physicians and the concordance rate was 
determined. When the density differed between the bilateral 
sides in a control subject, the average was used for the den-
sity. If the judgments did not match, the final decision was 
made by discussion between the two physicians.

Lifestyle survey

Self-administered questionnaires were directly handed to the 
subjects. These were completed at home and sent back to 
Okayama University Hospital by mail. Data for the follow-
ing items were extracted from the questionnaires and from 
medical records: age, menopausal status, height and body 
weight (at the times of diagnosis in patients and screening in 
controls), parity, breastfeeding, lactation, age at menarche, 
age at first birth, family history of breast cancer, and body 
mass index (BMI) calculated as body weight (kg)/square of 
height (m2). For familial history of breast cancer, the history 
of breast cancer was surveyed in mothers, daughters, and 
sisters (first-degree family history).

statistical analysis

The primary outcome was risk of breast cancer. Quartiles of 
BMI were determined and the subjects were classified into 4 
groups. BMI, parity (0, 1, 2, ≥ 3), breastfeeding experience, 
family history of breast cancer, and mammographic den-
sity were analyzed as categorical variables; and age, age at 
menarche, and age at first birth were analyzed as continuous 
variables. In univariate analysis, categorical variables were 
analyzed by Chi-squared test or Fisher test, and continu-
ous variables by Wilcoxon test. The influence of each factor 
(breast density, menopausal status, BMI, parity, presence or 
absence of breastfeeding history, age at menarche, age at first 
birth, and familial history of breast cancer) on the breast can-
cer risk in all patients was calculated as an age-adjusted odds 
ratio (OR). Following these calculations, multivariate analy-
sis of breast cancer risk was performed in all patients and in 
pre- and postmenopausal patients using logistic regression 
analysis. In this model, analysis was performed using factors 
with a significant age-adjusted OR in all patients and age as 
adjustment factors. Similar multivariate analysis of breast 
cancer risk was performed in groups stratified by BMI quar-
tiles, again using factors with a significant age-adjusted OR 
in all patients and age as adjustment factors. Patients with 
missing data were excluded from analyses. All statistical 
analyses were performed with JMP ver. 9.0.3 (SAS Insti-
tute). A P value below 0.05 was regarded as significant in 
all analyses.



279Breast Cancer (2020) 27:277–283	

1 3

Results

Consent was obtained from 654 patients and 1602 con-
trols, and 614 patients (93.9%) and 1542 controls (96.3%) 
returned the self-administered questionnaires. Finally, both 
questionnaires with complete data and readable mammo-
grams acquired at the time of diagnosis or screening were 
available in 530 patients and 1043 controls, and analysis 
was performed using this data set.

The patient background is shown in Table  1. The 
median ages of the patients and controls were 56 and 

58 years, respectively. The mammographic density classes 
in the patients were C1 in 119 (22%), C2 in 227 (43%), 
C3 in 146 (28%), and C4 in 38 (7%); and those in the 
controls were C1 in 275 (26%), C2 in 370 (35%), C3 in 
339 (33%), and C4 in 59 (6%). The rate of postmenopau-
sal subjects was lower in patients than in control s(60% 
vs 69%), whereas the rates of subjects with parity and 
breastfeeding history were significantly higher in controls. 
The median BMI was 22.3 kg/m2 in patients and 22.1 kg/
m2 in controls. There was no significant difference in age 
at menarche, age at first birth, or familial history between 
the two groups (Table 1). Independent judgments were 

Table 1   Characteristics of 
patients and controls

IQR interquartile range
a Each mammogram was assessed for breast density according to the BI-RADS breast density categories: 
C1, almost fatty (<25%glandular); C2, scattered fibroglandular densities (25–50% glandular); C3, hetero-
geneously dense (51–75% glandular); C4, extremely dense (>75% glandular)
b Among first-degree relatives

Variables Patients (n = 530) Control (n = 1043) P value
N (%) N (%)

Age (years) median (IQR) 56 (45.8–65.1) 58 (48.4–66.0) 0.01
Range 22–91 25–85
Mammographic densitya

 C1 119 (22) 275 (26) 0.01
 C2 227 (43) 370 (35)
 C3 146 (28) 339 (33)
 C4 38 (7) 59 (6)

Menopausal status
 Pre 212 (40) 322 (31)  < 0.001
 Post 318 (60) 720 (69)
 Missing 1

Body mass index (kg/m2) [median (IQR)] 22.3 (20.3–24.8) 22.1 (20.3–24.4) 0.29
 <20.3 132 (25) 243 (23) 0.20
 20.3–22.2 123 (23) 286 (27)
 22.3–24.5 127 (24) 260 (25)

  >24.5 148 (28) 254 (24)
Parity [median (IQR)] 2 (1–2) 2 (2–3)  < 0.001
 0 116 (22) 113 (11)  < 0.001
 1 75 (14) 72 (7)
 2 206 (39) 561 (54)
 >3 110 (21) 268 (26)
 Missing 23 (4) 29 (3)

Breastfeeding
 No 152 (29) 208 (20)  < 0.001
 Yes 378 (71) 835 (80)

Age at menarche (years) [median (IQR)] 13 (12–14) 13 (12–14) 0.53
Age at first birth (years) [median (IQR)] 25 (23–28) 25 (23–27) 0.25
Family historyb of breast cancer
 No 436 (82) 897 (86) 0.07
 Yes 63 (12) 95 (9)
 Missing 31 (6) 51 (5)
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made by two physicians with over 20 years of experience 
and the concordance rate was determined (Table 2). The 
α coefficient and concordance rate were 0.99 and 0.98 in 
patients, and 0.99 and 0.97 in controls.

Age-adjusted ORs of the mammographic density, BMI, 
parity, and breastfeeding experience were significant, but age 
at menarche, age at first birth, and family history of breast 
cancer were not significant (Table 3). In multivariate analy-
ses in all patients and in pre- and postmenopausal groups 
performed using BMI, parity, breastfeeding experience, and 
age as adjustment factors, there was a significant correlation 
between breast cancer risk and mammographic density in 
the postmenopausal group, but not in all patients or in the 
premenopausal group (Table 4).

Multivariate analysis of breast cancer risk based on BMI 
quartiles was performed using parity, breastfeeding experi-
ence and age as adjustment factors. As shown in Table 5, 
there was a significant correlation between breast cancer 
risk and mammographic density in the two higher quartiles 
(BMI 22.3–24.5 and > 24.5 kg/m2), but not in the two lower 
quartiles (BMI < 20.3 and 20.3–22.2 kg/m2).

Discussion

This study was performed to investigate the association 
between breast density on mammography and breast cancer 
risk, with inclusion of the influence of other risk factors 
on mammographic density. Breast density showed a strong 
association with breast cancer risk, and this association was 

stronger in postmenopausal women and in those with high 
BMI.

High BMI increases breast cancer risk, while increased 
body fat percentage decreases breast density. At first glance, 
these seem to be conflicting events regarding breast cancer 
risk. Our study revealed that high BMI and breast density 
have additive effects on breast cancer risk. Thus, breast can-
cer risk is extremely high in women with high BMI and 
high breast density. Therefore, it is particularly important 
to evaluate risk factors and breast density on mammogra-
phy, and use effective interventions, in this high risk group. 
Ultrasonography and MRI are useful auxiliary modalities 
for screening of women with high breast density, and these 
methods contribute to the sensitivity and rate of cancer 
detection, but the specificity is low and the false positive 
rate may be high [12]. Mammography is the only screening 
modality related to decreased breast cancer mortality, and 
care is required regarding introduction of countermeasure-
type breast cancer screening [9]. Thus, it may be ideal for 
cost-effectiveness to use ultrasonography and MRI as auxil-
iary modalities after identifying risk factors such as obesity 
and postmenopausal status.

Previous studies in European and American women 
have shown a strong association between high breast den-
sity and breast cancer risk [13–15]. Many case–control and 
cohort studies have been performed [8] since Wolfe et al. 
[16] initially reported the association in 1976. Three small 
case–control studies in Japanese subjects also all found that 
high breast density was a significant risk factor for breast 
cancer [5–7]. In 2014, Pettersson et al. [17] performed a 
meta-analysis of 13 case–control studies of high-density 

Table 2   Concordance rate for category of mammographic density between Dr. A and Dr. B

α coefficient = 0.99, concordance rate = 0.98, concordance rate = 0.97

Patients Dr. B

C1 C2 C3 C4 Total

Dr. A
 C1 117 2 0 0 119
 C2 5 221 1 0 227
 C3 0 3 143 0 146
 C4 0 0 0 38 38
 Total 122 226 144 38 530

Controls Dr. B

C1 C2 C3 C4 Total

Dr. A
 C1 597 7 0 0 604
 C2 7 724 24 0 755
 C3 0 9 613 2 624
 C4 0 0 6 97 103
 Total 604 740 643 99 2086
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mammary glands and breast cancer risk, and found that 
breast density was a risk regardless of the menopausal sta-
tus (before or after menopause). In contrast, in our study, 
a strong association was found only in postmenopausal 

women. In a study of the association of breast density and 
lifestyle in Japanese women, BMI was the only factor influ-
encing breast density before menopause, and BMI and par-
ity influenced breast density after menopause (age 50s and 
60s) [11].

Parity is tending to decrease in Japan, and the number 
of women with high breast density after menopause may 
increase and elevate the postmenopausal breast cancer risk. 
Obesity as a risk factor for breast cancer has been widely 
discussed. In a study of this relationship in Japanese women, 
8 cohort studies were pooled and analyzed, and breast cancer 
risk was found to increase in proportion to BMI, regard-
less of the menopausal status [18]. These results differ from 
those in World Cancer Research Fund (WCRF) /American 
Institute for Cancer Research (AICR) reports showing that 
obesity of premenopausal women decreases breast cancer 
risk [19], which might reflect differences between Japanese 
and western women.

In our analysis using BMI quartiles, an association 
between high breast density and breast cancer risk was found 
in the two higher quartiles (BMI 22.3–24.5 and > 24.5 kg/
m2), and the OR for C4 (vs. C1) was 12.14 in the most obese 
quartile (BMI > 24.5 kg/m2). These results show that high 
breast density in women with severe obesity increases the 
risk of breast cancer. A similar tendency was found in a 
case–control study in Asian subjects reported by Wong et al. 
in 2011, in which breast cancer risk due to high breast den-
sity was also higher in the high BMI group [20]. Normally, 
breast density on mammography decreases as BMI increases 
because the adipose component in the breast increases with 
an increase in BMI. A high breast density despite a high 
BMI indicates that mammary gland tissue is well developed, 
which theoretically suggests a high breast cancer risk, and 
our data also showed this tendency. Generally, associations 
of breast cancer with age at menarche, age at first birth, and 
family history of breast cancer have been pointed out, but 
these associations were not found in the current study.

Several limitations of this study may have an influenced 
the above results. Examinees of breast cancer screening were 
selected as the control group, but many of them may have 
been aware of breast cancer risk because of the presence 

Table 3   Age-adjusted odds ratios and 95% confidence intervals for 
All (n = 1572)

a Each mammogram was assessed for breast density according to the 
BI-RADS breast density categories: C1, almost fatty (<25%glandu-
lar); C2, scattered fibroglandular densities (25–50% glandular); C3, 
heterogeneously dense (51–75% glandular); C4, extremely dense 
(>75% glandular)
b Among first-degree relatives
c Odds ratios for continuous variables denotes the risk difference for a 
1 unit increment

Variables Odds ratioc 95% CI P for trend

Mammograhic densitya

 C1 1.00 (Ref)
 C2 1.57 ( 1.20–2.07)
 C3 1.25 (0.93–1.71)
 C4 2.12 (1.28–3.49) 0.02

Body mass index (kg/m2)
 <20.3 1.23 (0.91–1.66)
 20.3–22.2 1.00 ( ref)
 22.3–24.5 1.18 (0.87–1.59)

  >24.5 1.43 (1.07–1.93) 0.18
Parity
 0 1.00 ( ref)
 1 1.01 ( 0.66–1.53)
 2 0.36 ( 0.26–0.49)

  >3 0.40 (0.28–0.57)  < 0.001
Breast feeding
 No 1.00 (Ref)
 Yes 0.64 (0.50–0.81)
 Age at menarche (per 

1 year)
0.99 (0.93–1.06)

 Age at first birth (per 
1 year)

1.03 (0.99–1.06)

Family historyb of breast cancer
 No 1.00 (Ref)
 Yes 1.40 (0.99–1.96)

Table 4   Odds ratios and 95% 
confidence intervals adjusted 
for age, body mass index, parity 
and breastfeeding for all patients 
and according to menopausal 
status

a Each mammogram was assessed for breast density according to the BI-RADS breast density categories: 
C1, almost fatty (<25%glandular); C2, scattered fibroglandular densities (25–50% glandular); C3, hetero-
geneously dense (51–75% glandular); C4, extremely dense (>75% glandular)

Mammographic 
densitya

All (n = 1572) Premenopausal (n = 534) Postmenopausal (n = 1038)

C1 1.00 (Ref) 1.00 (Ref) 1.00 ( ref)

C2 1.54 (1.15–2.06) 0.96 (0.53–1.72) 1.90 (1.34–2.70)
C3 1.08 (0.77–1.53) 0.65 (0.36–1.17) 1.31 (0.82–2.06)
C4 2.05 (1.17–3.58) 1.06 (0.49–2.31) 2.85 (1.10–7.16)
P for trend 0.17 0.37 0.03
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of a relative who had developed breast cancer. Moreover, 
many of the controls were examined in a workplace health 
check-up; i.e., many women in employment were included 
and this status may have been a cause of the absence of a 
significant association of breast cancer risk with age at first 
birth and familial history. In addition, breast density was 
qualitatively evaluated by experts in this study, but software 
that automatically measures breast density based on digital-
ized mammography data and conditions has recently become 
available and may provide more accurate results.

In conclusion, in this case–control study, breast density 
on mammography was found to be a risk factor for breast 
cancer after adjustment for other breast cancer risk factors, 
and this association was stronger in postmenopausal women 
and in those with higher BMI. However, high breast density 
also reduces the sensitivity of mammography, and screen-
ing using other modalities, such as US and MRI, may be 
more appropriate for postmenopausal obese women with 
high breast density.
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