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Review

Objectives: The established theory that breast density is an independent predictor of breast cancer risk is based on studies targeting 

white women in the West. More Asian women than Western women have dense breasts, but the incidence of breast cancer is lower 

among Asian women. This meta-analysis investigated the association between breast density in mammography and breast cancer 

risk in Asian women. 

Methods: PubMed and Scopus were searched, and the final date of publication was set as December 31, 2015. The effect size in each 

article was calculated using the interval-collapse method. Summary effect sizes (sESs) and 95% confidence intervals (CIs) were calcu-

lated by conducting a meta-analysis applying a random effect model. To investigate the dose-response relationship, random effect 

dose-response meta-regression (RE-DRMR) was conducted. 

Results: Six analytical epidemiology studies in total were selected, including one cohort study and five case-control studies. A total of 

17 datasets were constructed by type of breast density index and menopausal status. In analyzing the subgroups of premenopausal 

vs. postmenopausal women, the percent density (PD) index was confirmed to be associated with a significantly elevated risk for 

breast cancer (sES, 2.21; 95% CI, 1.52 to 3.21; I2=50.0%). The RE-DRMR results showed that the risk of breast cancer increased 1.73 

times for each 25% increase in PD in postmenopausal women (95% CI, 1.20 to 2.47).

Conclusions: In Asian women, breast cancer risk increased with breast density measured using the PD index, regardless of menopausal 

status. We propose the further development of a breast cancer risk prediction model based on the application of PD in Asian women.
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INTRODUCTION 

Breast cancer, which has the highest incidence and mortali-
ty rate of women cancers globally, imposes a significant dis-
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ease burden in developing countries [1]. Among breast cancer 
risk factors, dense breasts found on mammography due to 
breast epithelium and stroma are known to be a potent risk 
factor, raising breast cancer risk by four to six times [2-4] ac-
cording to previous systematic reviews (SRs) [5-9]. However, 
these SRs have mostly been performed on studies of white 
women in the West [8,10]. 

Asian women, whose breast cancer incidence rate is lower 
than that of Western white women, have been reported to 
have dense breasts on mammography more frequently [11-
14]. That is, Asian women have denser breasts on mammogra-
phy, but lower breast cancer incidence than white women 
[15]. These facts make us doubt the proposal that breast den-
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sity may be a risk factor in Asian women [16,17]. In particular, 
the incidence curves of breast cancer in accordance with age 
are significantly different in Asian women, including Koreans, 
than in Western women [18-20]. Thus, we can infer that the 
risk factor of breast density works differently in Asian women 
than in Western women [17].

Some studies have reported that breast density on mam-
mography was a risk factor for breast cancer in Asian women 
[21-23]. However, the risks varied depending on the density 
measurement index, statistical significance varied for each 
density interval, and a dose-response relationship has not 
been shown. As of the end of December 2015, no SR was 
found that evaluated the association between breast density 
on mammography and breast cancer risk in Asian women. 
Thus, the aim of this study was to conduct such an SR.

METHODS 

Search and Selection of Related Articles 
The final selection criteria for the meta-analysis included an-

alytical epidemiology studies that evaluated the association 
between breast density levels determined using mammogra-
phy and breast cancer risk in Asian women. Article selection 
was conducted in accordance with the preferred reporting 
items proposed for SRs and meta-analyses, including three 
stages: searching, screening using titles and abstracts, and 
evaluating articles [24].

The databases searched in the first stage were PubMed 
(http://www.ncbi.nlm.nih.gov/pubmed) and Scopus (www.
scopus.com) [25], and the following search formula was ap-
plied: [(breast) OR (mammary)] AND [(cancer) OR (neoplasm)] 
AND [(density) OR (index)] AND [(Asia) OR (women)]. The final 
date of publication was set at December 31, 2015. Further-
more, a list was made while performing a hand search to in-
vestigate whether an SR had already been published evaluat-
ing the same hypothesis. The lists from the three search sourc-
es were combined to remove duplicates.

For the 2-stage screening process, the following exclusion 
criteria were applied based on the titles and abstracts to the 
summarized list: (1) studies not related to breast cancer, (2) 
laboratory studies, (3) expert or systematic reviews, and (4) 
descriptive epidemiological studies including cross-sectional 
prevalence studies. After the 2-stage screening process and 
exclusion, the third-stage evaluation was conducted for the 
remaining articles. For this purpose, the content was evaluat-

ed using the full text of each article, and articles that fell into 
the following categories were excluded sequentially: (5) ana-
lytical epidemiology studies that did not provide the informa-
tion necessary for a meta-analysis, and (6) duplicate studies. 
Judgment of duplicates was made when the study subjects 
were selected from the same institution during the same re-
cruiting period. Among duplicates, the article with the largest 
sample size was selected. The remaining analytical epidemiol-
ogy studies were ultimately selected for the meta-analysis.

Statistical Analysis
The following information was extracted from each article: 

the nationality of the subjects, the recruiting institution, data 
sources for cohort construction, menopausal status, number of 
cancer cases and controls, type of breast density measurement 
index, and adjusted odds ratios (aORs) or relative risks and 
their 95% confidence intervals (CIs) for potential confounders 
at each density level. The measurement indices included the 
Wolfe classification (Wolfe), percent density (PD, %), volumet-
ric density grade (%), density area (cm2), total breast area (TBA, 
cm2), absolute dense area (cm2), and mean dense area (MDA, 
cm2). An article showing aORs divided according to meno-
pausal status and several measurement indices was consid-
ered to provide independent datasets for each stratum.

The effect size (ES) of each dataset to be used in the meta-
analysis was calculated using the interval collapsing method 
(ICM) rather than highest vs. lowest intake method (HLM), be-
cause the ICM increases the statistical precision more than the 
HLM [26]. ICM application adopts the ES and its 95% CI calcu-
lated by performing a meta-analysis with a random effect 
model (REM) on the aOR and its 95% CI presented for each 
density level within a dataset as the ES for each dataset. After 
dividing the data into subgroups according to menopausal 
status and measurement indices, a REM meta-analysis was 
performed again using the ES for each dataset to calculate a 
summary effect size (sES) and its 95% CI. Meta-analysis was 
performed only in cases in which two or more datasets were 
found in the subgroup analyses. In the meta-analysis, hetero-
geneity was assessed by I-squared values (%).

Furthermore, to investigate the dose-response relationship 
in breast cancer risk in accordance with the density level pre-
sented in breast density indices, a random effects dose-re-
sponse meta-regression (DRMR) was conducted [27]. The me-
dian values within the interval were used for dosage determi-
nation, and the lower limit was set at zero when the lowest in-
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terval was open. When the highest interval was open, the me-
dian interval of the adjacent interval was used. If the density 
index was PD, the dosage unit was determined to be 25%. The 
statistical significance level was set at 5%, and Stata version 
14.0 (StataCorp, College Station, TX, USA) was used. 

RESULTS

Figure 1 shows a flow diagram illustrating a series of pro-
cesses from the searching, screening, and evaluation stages to 
the final selection of articles to include in the analysis. From 
the two databases, PubMed and Scopus, a list of 1563 articles 
was obtained by applying the search formula. Eight articles ac-
quired from the hand-searching process were added to the list, 
and then 197 duplicates were removed, leaving a list of 1374 
articles. From this list, 1321 articles were eliminated based on 
abstracts and titles. The texts of the 53 remaining articles were 
obtained and the content was evaluated to remove 47 articles, 
leaving the final six articles for meta-analysis [20-22,28-30].

The exclusion criteria during the selection process were the 
following: (1) 766 studies were not related to breast cancer; (2) 
48 articles were laboratory studies; (3) 97 studies were expert 
or SRs; (4) 410 articles were descriptive epidemiological stud-
ies, including cross-sectional prevalence studies; (5) 40 analyti-

cal epidemiology studies did not provide sufficient informa-
tion for a meta-analysis; and (6) seven articles were duplicate 
studies. The study subjects of Nagata et al. [21] were patients 
at Gifu City Hospital, and four duplicates were removed [31-
34]. The study subjects of Lee et al. [30] were participants of 
the Singapore Breast Cancer Screening Programme (SBCSP), 
and two duplicates were removed [23,35]. The study subjects 
of Kim et al. [20] were patients at the Samsung Medical Cancer 
in Korea, and one duplicate was removed [36].    

Table 1 shows a summary of the final six articles with 17 da-
tasets based on type of breast density index and menopausal 
status. Categorized by country, the six articles included three 
Japanese studies, two Korean studies, and one Singaporean 
study. One was a cohort study and five were case-control 
studies. Seven datasets were of premenopausal women and 
eight were of postmenopausal women. In terms of the breast 
density index, five used PD, four used TBA, and two or fewer 
datasets used the remaining indices.

Since the findings varied in accordance with the index type 
and menopausal status, subgroup analysis was performed 
rather than calculating the sES values of the 17 datasets in or-
der to control for potential heterogeneity. In other words, the 
datasets were divided according to menopausal status, and 
meta-analysis was performed only in cases with two or more 

Figure 1. The flow chart of article selection for systematic review.
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Table 1. Summary of the articles selected for the meta-analysis1

Dataset

First author (year 
of publication) 

[reference  
number]

Region Source of subjects Menopausal 
status

Ratio of 
cases to 
controls

Index Intervals aOR 95% CI

1 Nagao (2003) [28] Japan Gihoku General Hospital 237:742 Wolfe P1 1.03 0.69, 1.55

P2 0.68 0.36, 1.31

DY 2.20 1.02, 4.77

2 Nagata (2005) [21] Japan Gifu Hospital PreM 71:370 PD 1-24 2.27 0.64, 8.08

25-49 4.01 1.16, 13.9

50-75 4.37 1.24, 15.4

75+ 1.36 0.31, 6.60

3 DA 0.1-12.0 1.58 0.41, 6.23

12.1-26.3 4.03 1.14, 14.2

26.4-44.4 5.14 1.45, 18.3

44.5+ 2.78 0.77, 10.1

4 TBA 52.3-66.0 0.66 0.28, 1.56

66.1-83.8 0.85 0.36, 2.04

83.9+ 1.53 0.64, 3.65

5 PostM 75:289 PD 1-24 1.17 0.55, 2.49

25-49 3.00 1.20, 7.48

50+ 4.19 1.33, 13.2

6 DA 0.1-9.5 0.83 0.33, 2.12

9.6-21.3 1.07 0.41, 2.80

21.4+ 4.02 1.80, 8.94

7 TBA 57.7-73.7 1.89 0.61, 5.91

73.8-97.0 4.15 1.39, 12.4

97.1+ 4.65 1.50, 14.4

8 Kotsuma (2008) [22] Japan Osaka University 1999-2003 PostM 205:223 PD 3.4-8.8 0.98 0.51, 1.91

8.9-16.5 0.94 0.48, 1.84

16.6-28.7 1.36 0.70, 2.65

28.8- 3.02 1.58, 5.77

9 Park (2014) [29] Korea National Cancer Center PostM 302:774 VDG 8.0-15.0 2.64 1.85, 3.78

15.1+ 3.07 1.89, 4.99

10 PreM 374:435 8.0-15.0 1.87 0.91, 3.86

15.1+ 2.05 0.99, 4.23

11 Kim (2015) [20] Korea Samsung Medical Center PreM 134:395 PD 5-9 2.46 0.52, 11.52

10-24 3.04 0.71, 12.96

25-49 4.08 0.93, 17.82

50+ 5.73 0.93, 35.40

12 TBA Q2 0.70 0.43, 1.14

Q3 1.07 0.67, 1.73

Q4 0.97 0.57, 1.67

13 ADA Q2 1.50 0.72, 3.12

Q3 1.56 0.77, 3.17

Q4 1.99 1.00, 3.97

14 PostM 79:235 PD 5-9 1.11 0.58, 2.10

10-24 1.05 0.54, 2.06

(Continued to the next page)
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datasets for each density index (Table 2, Figure 2). In premeno-
pausal women, the PD index was significantly associated with 
elevated breast cancer risk (sES, 3.23; 95% CI, 2.23 to 4.66; 
I2=0.0%), whereas the TBA index did not show a statistically 
significant association. In the group of postmenopausal wom-

Table 2. Summary effect sizes (sES) of subgroup analyses ac-
cording to menopausal status and indices of breast density 

Menopausal 
status Index Dataset in 

Table 1 sES 95% CI I2

PreM PD 2, 11 3.23 2.23, 4.66 0.0

TBA 4, 12 0.93 0.65, 1.32 0.0

PD + VDG 2, 10, 11 2.74 1.95, 3.85 16.2

TBA + VDG 4, 10, 12 1.17 0.73, 1.87 58.8

PostM PD 5, 8, 14 1.62 1.13, 2.32 0.0

TBA 7, 15 1.96 0.76, 5.07 86.6

PD +VDG 5, 8, 9, 14 2.02 1.39, 2.95 52.3

TBA +VDG 7, 9, 15 2.19 1.16, 4.14 89.4

PreM and PostM PD 2, 5, 8, 11, 14 2.21 1.52, 3.21 50.0

TBA 4, 7, 12, 15 1.32 0.84, 2.08 74.1

DA 3, 6 2.49 1.30, 4.78 24.2

VDG 9, 10 2.52 1.84, 3.46 21.6

ADA 13, 16 1.24 0.72, 2.15 35.7

Not distinguished Wolf +MDA 1, 17 1.71 0.79, 3.68 83.7

CI, confidence interval; PreM, premenopausal; PostM, postmenopausal; PD, 
percent density (%); TBA, total breast area (cm2); VDG, volumetric density 
grade (%); DA, density area (cm2); ADA, absolute dense area (cm2); Wolfe, 
Wolfe classification; MDA, mean dense area (cm2).

en, the TBA index did not show a statistically significant asso-
ciation, whereas the PD index was associated with a significant 
increase in breast cancer risk (sES, 1.62; 95% CI, 1.13 to 2.32; 
I2=0.0%). For premenopausal and postmenopausal women, 
meta-analysis was performed if two or more datasets were 
present for each density index, and the results showed signifi-
cantly elevated breast cancer risks for the PD, density area, and 
volumetric density indices. 

Among the six articles selected, three provided the informa-
tion necessary for DRMR analysis [21,22,29]. Three datasets (2, 
5, and 8 in Table 1) were obtained using the PD index, and ho-
mogeneity was detected between two datasets (5 and 8 in Ta-
ble 1) of postmenopausal women (p=0.35), showing a risk in-
crease of 1.73 times for each 25% increase in PD in postmeno-
pausal women (95% CI, 1.20 to 2.47).

 

DISCUSSION

In this study, the first SR of breast density and breast cancer 
risk in Asian women, breast cancer risk was found to increase 
as the PD value increased. Although the TBA index did not 
show statistical significance, the risk increased by 73% for each 
25% increase in PD in postmenopausal women, which indi-
cates that higher breast cancer risk is associated with higher 
PD values in women in Asian countries. 

Dataset

First author (year 
of publication) 

[reference  
number]

Region Source of subjects Menopausal 
status

Ratio of 
cases to 
controls

Index Intervals aOR 95% CI

25-49 1.40 0.48, 4.08

50+ 3.96 1.38, 40.87

15 TBA Q2 1.20 0.53, 2.70

Q3 1.26 0.57, 2.79

Q4 1.52 0.64, 3.57

16 ADA Q2 0.88 0.47, 1.62

Q3 0.78 0.36, 1.67

Q4 1.55 0.78, 3.06

17 Lee (2015) [30] Singapore Singapore Breast Cancer 
Screening Programme

(17 y 
   follow-up)

680:23 481 MDA 11-20 1.60 1.22, 2.10

21-30 2.20 1.65, 2.92

31-40 2.33 1.71, 3.20

41-50 2.12 1.43, 3.14

51-60 3.27 2.24, 4.76

aOR, adjusted odds ratio; CI, confidence interval; PreM, premenopausal; PostM, postmenopausal; Wolfe, Wolfe classification; PD, percent density (%); DA, den-
sity area (cm2); MDA, mean dense area (cm2); TBA, total breast area (cm2); VDG, volumetric density grade (%); ADA, absolute dense area (cm2).
1A case-control study design was used for all results except the 17th dataset, which was obtained from a prospective cohort study. 

Table 1. Continued from the previous page
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However, the risk calculated for PD in premenopausal and 
postmenopausal women was estimated to be 2.21 times that 
of baseline (95% CI, 1.52 to 3.21), which is lower than the risk 
elevation of four to six times that has been confirmed in West-
ern women (two to four). Four factors may account for this dis-
crepancy. First, breast density itself is not a risk factor, but a 
phenomenon determined by other risk factors [37-40]. Density 
can be affected by obesity, family history, genotype as well as 
obstetrical history [10]. Second, in Asian women, the positive 
predictive value in breast cancer diagnosis decreases with de-
creased sensitivity in mammography of denser breasts, result-
ing in underestimation of cancer occurrence [41,42]. Third, risk 
levels were found to change in accordance with the type of 
density measurement index [43-45], suggesting that different 
measurement indices have been used by different researchers 
[2,9], and that different indices may be appropriate depending 
on race [16]. Fourth, this study analyzed limited data, meaning 
that the conclusions may be tentative. Further studies evaluat-
ing breast density, as measured using several indices, and the 
risk of breast cancer in Asian women are needed.

The limitations of the meta-analysis conducted in this study 
include the following. First, an overall ES reflecting information 
from all 6 articles was not calculated, not only because the 
number of articles related to Asian women was small, but also 
because the breast density index varied across articles. Howev-
er, the study performed by Wong et al. [23], which was exclud-
ed because its participants overlapped with the SBCSP partici-
pants, presented breast cancer risks adjusted for menopausal 
status and the PD index. When this was added to the five data-
sets using PD in the meta-analysis, as shown in Table 2, the sES 
increased from 2.12 to 2.30 (95% CI, 1.67 to 3.16; I2=40.5%, not 
shown in Table 2). This fact underscores the necessity of further 
studies. Second, the subgroup analysis was performed imper-
fectly. When two groups (premenopausal and postmenopausal 
women) were differentiated in a single article, it was possible 
that the sES values were determined by calculations within the 
subgroup analysis. However, the studies of Nagao et al. [28] 
and Lee et al. [30] could not be used in the subgroup analysis 
because the results were not divided according to menopausal 
status. Furthermore, in cases where various indices were used 

Figure 2. The forest plot by menopausal status and kinds of density index. ES, effect size; PreM, premenopausal; PostM, post-
menopausal; PD, percent density (%); TBA, total breast area (cm2).  

0.6 1 6.37

Dataset in Table 1 ES (95% CI)
%
Weight

PreM & PD

PreM & TBA

PostM & PD 

PostM & TBA 
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for the same subjects, these results could not be incorporated 
without omission, resulting in a selective analysis within sub-
groups as well. Third, the analysis of premenopausal women 
was insufficient for DRMR. Applying DRMR to the density indi-
ces was possible because three datasets were established from 
the total of two articles on Japanese women, while only one 
was possible for premenopausal women. The aforementioned 
three limitations could be overcome by creating a single data-
base for a pooled analysis of the selected articles.

The limitations regarding breast density in mammography 
include the following. First, the subjects included only women 
who were born and lived in Asia. In other words, women who 
were born in Asia but emigrated overseas were excluded. This 
decision was based on studies reporting that immigration as 
an environmental change affects breast cancer risk [45]. In the 
future, studies will be needed to investigate how breast densi-
ty affects cancer risk among people of the same race depend-
ing on emigration [46]. Second, in the five case-control stud-
ies, the most recent mammography results before breast can-
cer diagnosis were used as breast density values. This design 
does not reflect the fact that breast density changes with age 
in individual women [46-48]. In the future, cohort studies that 
investigate breast cancer risk according to individual changes 
in breast density will be needed.

CONCLUSION

In conclusion, regardless of menopausal status, breast can-
cer risk in Asian women increased with breast density mea-
sured using PD. In particular, postmenopausal women with a 
high PD index had an elevated risk of breast cancer. As this SR 
suggests that the PD index represents breast cancer risks well 
in Asian women, we propose the further development of a 
breast-cancer risk prediction model involving PD for Asian 
women. To investigate the risks more precisely, a pooled anal-
ysis is proposed, along with the application of PD in breast 
cancer prediction models in Asian women. 
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