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Abstract

Background: In spite of the increasing incidence of in situ breast cancer, the information about the risk factors of
in situ breast cancer (DCIS) is scarce as compared to the information available for invasive ductal breast cancer (IDC)
, with inconsistent findings regarding the difference in risk factors between DCIS and IDC.

Methods: We enrolled 472 women with IDC and 90 women with DCIS and 1088 controls matching for age and
menopausal status. Information on risk factors was collected through self-administered questionnaire. Percent
mammographic dense area (PDA), absolute mammographic dense area (ADA), and nondense area were assessed
using a computer-assisted thresholding technique. Odds ratio (OR) and 95% confidence intervals (CI) were
estimated by conditional logistic regression model with adjustment for covariates.

Results: Later age at menarche and regular physical exercise were associated with decreased risk of IDC, whereas
alcohol consumption, previous benign breast disease, and family history of breast cancer were associated with
increased risk of IDC. For DCIS, previous benign breast disease and alcohol consumption were associated with the
increased risk, and regular physical exercise was associated with decreased risk. Increase of ADA by 1-quartile level
and PDA increase by 10% were associated with 1.10 (95% CI: 1.01, 1.21) and 1.10 (95% CI: 1.01, 1.19) times greater
risk of IDC, respectively. The increase of ADA by 1-quartile level and PDA increase by 10% were associated with 1.17
(95% CI: 0.91, 1.50) times and 1.11 (95% CI:0.90,1.37) times greater risk of DCIS, respectively, but the associations
were not statistically significant. There was no significant difference in the association with risk factors and
mammographic density measures between IDC and DCIS (P > 0.1).

Conclusions: Differential associations of DCIS with mammographic density and risk factors as compared with the
associations of IDC were not evident. This finding suggests that IDC and DCIS develop through the shared causal
pathways.
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Background
Over the past several decades, the incidence rate of in
situ breast cancer has increased worldwide, probably due
to the widespread use of mammograms for breast cancer
screening [1–3].
Ductal carcinoma in situ (DCIS), the most common

type of in situ breast cancer, is the proliferation of pre-
sumably malignant epithelial cells confined to the mam-
mary ducts and lobules without evident stromal invasion
through the basement membrane [4]. DCIS is consid-
ered as a precursor lesion of invasive ductal cancer
(IDC) in the middle of progressive changes in nuclear
features from normal breast tissue to invasive breast
cancer [5]. Approximately four-fold higher risk of IDC
was reported in women diagnosed with DCIS [6]. Long-
term studies on women with DCIS treated by diagnostic
biopsy alone revealed that not all but substantially large
proportion of the women were diagnosed with IDC over
the course of follow up [7]. Expression of biological
markers such as estrogen receptor (ER), progesterone
receptor (PgR), and human epidermal growth factor
receptor-2 (HER2) was found to be similar between in
situ component and invasive component in breast sam-
ples with both DCIS and IDC [8, 9]. In addition, the
same tumor suppressor gene in chromosome 11 was
mutated or missing in both invasive and in situ breast
cancer [10], and a study that compared 12 susceptibility
loci found no strong evidence of presence of a different
association between DCIS and IDC [11].
However, findings regarding the difference in risk fac-

tors between DCIS and IDC were inconsistent, and the
information about the risk factors of DCIS was less
available than for IDC, especially for Asian women.
Some studies reported similar associations with risk fac-
tors such as family history of breast cancer, previous
breast biopsy, or parity between DCIS and IDC [11–14],
whereas other studies reported differential association
[15, 16]. Mammographic density (MD) reflects the rela-
tive amount of fat, connective tissue, and epithelial tissue
in breast. Studies have consistently reported MD as a
significant strong risk factor for breast cancer independ-
ent of other breast cancer risk factors, for western as
well as for Asian women population [17, 18]. However,
it is also controversial whether MD differentially affects
the risk of developing breast cancer between DCIS and
IDC. Yaghjyan L et al. [19] found that in situ breast
cancer had a stronger association with MD measured by
percent breast density than invasive breast cancer,
whereas other reported no differential association with
respect to MD between DCIS and IDC [20, 21].
We therefore conducted a case-control study in

Korean women to evaluate the associations of breast
cancer with risk factors including MD, separately for
DCIS and IDC. Considering that most of the previous

studies have been conducted on Western population and
information on the risk factors of breast cancer by inva-
siveness for Asian women population was scarce, it is
hypothesized that the findings from this study on the ex-
tent to which DCIS and IDC share the risk factors may
provide awareness regarding the natural history of breast
cancer in Asian women.

Methods
Study design and study subjects
We included a total of 562 breast cancer patients (472
IDC and 90 DCIS), who received curative surgery at
Samsung Medical Center between February 2006 and
August 2013 and had available data for MD and patho-
logic status. Of the 562 cases, 186 cases were recruited
retrospectively from the Health Promotion Center of the
Samsung Medical Center, while 376 cases were prospect-
ively recruited from the department of surgery. Controls
were randomly selected from 6863 women who had
repeatedly (at least three times) received a periodic
health checkup at the Health Promotion Center in the
Samsung Medical Center and had no evidence of malig-
nant breast disease for at least 1 year after the time at
which mammogram for the present study was taken. We
selected two controls for each breast cancer case
through individual matching for menopausal status and
age (within one year) at which mammogram was taken,
except for 36 cases for whom only one control could be
selected because of the limited control pool within
matching strata. Thus, 1088 controls (912 for IDC cases
and 176 for DCIS cases) were included in the final
analysis. This study was approved by the Institutional
Review Board of Samsung Medical Center (SMC 2011–
06–052-022). The Board waived informed consent for
the retrospectively recruited subjects, and all prospect-
ively recruited subjects provided written informed
consent.

Mammographic density measurements
Mammograms were taken at the same institution using
a full-field digital mammography system such as
Senograph 2000D/DMR/DS (General Electric Company,
Milwaukee, WI, USA) or Selenia (Hologic, Inc. Bedford,
MA, USA). For breast cancer cases, MD of the breast
contralateral to the breast involved in the cancer diagno-
sis was measured in the mammograms taken 1.0 (stand-
ard deviation: 2.1) months prior to the diagnosis. For
controls, MD of the right breast was measured. Single
observer who was blinded to all identifying information
completed the measurement of total breast area (cm2) and
area of mammographically dense tissue (ADA, cm2)
directly from the cranio-caudal view using the computer-
assisted thresholding technique (Cumulus: Imaging
Research Program, Sunnybrook Health Sciences Centre,
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University of Toronto, Toronto, Canada). Subsequently,
we calculated nondense area (cm2) of breast by subtract-
ing ADA from total breast area and percentage dense area
(PDA) as ADA divided by total breast area. MD measure-
ment by Cumulus was reported to be highly reproducible
[18]. Estimates of intraclass correlation coefficients for re-
peatedly measured MD were 0.99 for total breast area and
0.98 for ADA [19]. We categorized total breast area, non-
dense area, and ADA into four levels based on the quartile
distribution of mammographic measures in the control
group. PDA was categorized into five levels by 10%
interval.

Other measurements
We obtained information about pathological examinations
and hormone receptor status by reviewing electronic med-
ical records of the breast cancer cases. Expression of ER,
PgR, and HER2 was assessed by immunohistochemistry
staining kits: ER by 6F11 (Novocastra Laboratories,
Newcastle upon Tyne, UK), PgR by IA6 (Novocastra
Laboratories, Newcastle upon Tyne, UK), and HER2 by
CB11 (Novocastra Laboratories, Newcastle upon Tyne,
UK). ER and PgR positivity was defined as an Allred score
of 3 to 8. Allred scoring semi-quantitatively measures the
proportion of positive cells on 0 to 5 scales and staining in-
tensity on a 0 to 3 scale. Positivity for HER2 overexpression
was defined as a score of 3+ (strong, complete membrane
immunoreactivity in >10% of tumor cells) on immunohisto-
chemistry or as a gene amplification ratio ≥ 2.0 by fluores-
cence in situ hybridization using PathVysion HER2 DNA
Probe kits (Abbott Molecular Inc., Des Plaines, IL, USA).
Family history of breast cancer among first-degree

relatives (mother, daughter, or sister), previous benign
breast disease; menstrual and reproductive history (age
at menarche, menopausal status, use of estrogen re-
placement therapy, and number of live birth); and
health-related behaviors (smoking, alcohol consump-
tion, and physical activity) were collected using a self-
administered questionnaire. All control subjects and
retrospectively recruited 186 cases completed the ques-
tionnaire on the same day when they received a mam-
mogram, and prospectively recruited cases completed
the questionnaire when they were admitted to the hos-
pital for surgical treatment. We defined a woman post-
menopausal if she had no menstrual period for at least
one year, has ever received hormone replacement
therapy, or aged over 55 years. Study participants were
divided into two or three categories for each of the
following variables: alcohol consumption (ever, never),
smoking (ever, never), frequency of regular physical
exercise (≥ 1/week, < 1/ week), and use of hormone re-
placement therapy (ever, never). Body mass index (BMI,
kg/m2) was calculated using measured height (cm) and
weight (kg).

Statistical analysis
For some variables with missing data (i.e., age at menar-
che), we imputed data using the average value for the vari-
able among controls in the same age group. We compared
demographic and clinical characteristics between cases
and controls by paired t test and Cochran-Mantel-
Haenszel chi-square test. We also compared demographic
and clinical characteristics between IDC and DCIS cases
by t test and chi-square test.
We estimated odds ratio (OR) with 95% confidence in-

tervals (95% CI) for DCIS and IDC associated with MD
and clinical risk factors by fitting a conditional logistic
regression model for matched case-control study data.
For estimating the association between MD and breast
cancer, we adjusted covariates including age, menopausal
status, height, BMI, age at menarche, number of live
birth, smoking status, alcohol consumption, regular
physical exercise, family history of breast cancer, previ-
ous benign breast disease, and use of estrogen replace-
ment therapy. Furthermore, to reduce he probable
confounding by the different recruitment method, we
adjusted the recruitment method in addition.
We evaluated whether the association of breast cancer

and clinical risk factors with MD differs between IDC
and DCIS by adding interaction terms (invasiveness x
each variable) to the analytic model.
In addition, we did stratified analysis according to the

method of case recruitment and checked whether there
is influence of recruitment method by examining inter-
actions between the recruitment center and the variables
on the breast cancer risk, separately for DCIS and IDC.
We also did stratified analysis to examine whether the
association of BMI with DCIS and IDC differed accord-
ing to the menopausal status, and checked interaction
between menopausal status and BMI, separately for
DCIS and IDC.
All statistical analyses used the SAS statistical package

(SAS Institute, Cary, NC, USA) with the level of statis-
tical significance set as P = 0.05.

Results
DCIS cases occupied 16.0% (90 cases) of all the breast
cancer cases. Clinical and lifestyle characteristics and
mammographic measures were compared between cases
and controls, and between IDC and DCIS (Table 1).
There was significant difference in BMI, age at menar-
che, number of live birth, use of estrogen replacement,
alcohol consumption, smoking, physical exercise, previ-
ous benign breast disease, family history of breast can-
cer, and all MD measures between breast cancer cases
and controls. Compared to IDC, DCIS cases had lower
mean BMI and were less likely to be involved in frequent
(≥3/week) regular physical exercise. Although IDC cases
had greater total and nondense breast area, ADA and
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PDA did not differ between IDC and DCIS cases. There
was no difference in ER and PgR positive status between
IDC and DCIS cases, whereas DCIS cases were more
likely to be HER2 positive than IDC cases were.
Table 2 shows the associations of DCIS and IDC with

clinical characteristics after adjusting for other variables
as compared to the matched controls. Later age at me-
narche (OR (95%CI): 0.94(0.88, 0.99)) and regular phys-
ical exercise for ≥1/week (OR (95%CI) were 0.45(0.37,
0.54) were associated with decreased risk of IDC,
whereas alcohol consumption (OR (95%CI): 1.19(0.99,
1.44)), previous benign breast disease (OR (95%CI): 2.31
(1.86,2.86)), and history of breast cancer among first de-
gree relatives (OR (95% CI):1.43(1.05, 1.95)) were associ-
ated with increased risk of IDC. For DCIS, alcohol
consumption (OR (95% CI): 1.81 (1.14, 2.89)) and previ-
ous history of benign breast disease (OR (95%CI): 2.04
(1.23, 3.39)) showed a significantly increased risk. Regu-
lar physical exercise for ≥1/week (OR (95%CI): 0.52(0.31,
0.87)) was associated with decreased risk of DCIS. When

we examined that the associations between candidate
risk factors and breast cancer were modified by patho-
logic type of invasiveness, there was no significant differ-
ence in the association between IDC and DCIS (P > 0.1).
We checked the influence by the method of case re-

cruitment (Additional file 1: Table S1). A significant
interaction by the method of case recruitment was found
on the association of IDC with ever-use of estrogen re-
placement and regular physical exercise, with different
direction of association. Although there was a significant
interaction between recruitment method and the history
of previous benign disease on the risk of DCIS, the dir-
ection of the association was same with much higher
OR in prospectively recruited subjects than retrospect-
ively recruited subjects.
Table 3 shows the association of IDC and DCIS with

each MD measure after adjusting for covariates. Total
breast area and nondense area were not associated with
the risk of both IDC and DCIS. ADA and PDA were
positively associated with the IDC. Increase in ADA by

Table 1 Comparisons of demographic and clinical characteristics between cases and controls and between invasive ductal
carcinoma and ductal carcinoma in situ

Variables All cases
(n = 562)

Invasive Ductal
carcinoma (n = 472)

Ductal carcinoma
in situ (n = 90)

Control
(n = 1088)

Pdifference* Pdifference†

Age at mammogram, years, mean (SD) 48.7(7.5) 48.9(7.6) 48.1(7.1) 49.3(7.1) <0.001 0.358

Premenopausal, N (%) 389 (69.2) 323 (68.4) 66 (73.3) 742 (65.6) – 0.356

Body mass index, kg/m2, mean (SD) 22.9(2.9) 23.1(3.0) 21.8(2.4) 22.5(2.8) 0.002 <0.001

Age at menarche, years, mean (SD) 14.7(1.7) 14.6(1.7) 14.8(1.7) 14.9(1.6) 0.003 0.357

Number of live birth, mean (SD) 1.9(0.9) 1.9(0.9) 1.8(1.0) 2.0(1.0) 0.001 0.714

Ever-use of estrogen replacement, N (%) 40 (7.1) 36 (7.6) 4 (4.4) 107 (9.8) 0.066 0.489

Ever alcohol consumption, N (%) 271 (48.2) 223 (47.3) 48 (53.3) 413 (38.0) <0.001 0.290

Ever smoking, N (%) 46 (8.2) 40 (8.5) 6 (6.7) 54 (5.0) 0.009 0.566

Doing physical exercise ≥3/week, N (%) 185 (32.9) 164 (34.8) 21 (23.3) 280 (25.8) 0.001 0.035

Doing physical exercise, ≥ 1/week, N (%) 299(53.2) 248(52.5) 51(56.7) 902(82.9) <0.001 0.472

Previous benign breast disease, N (%) 155 (27.6) 127 (26.9) 28 (31.1) 71 (6.5) <0.001 0.413

Breast cancer among first degree relatives, N (%) 56 (10.0) 49 (10.4) 7 (7.8) 42 (3.9) <0.001 0.450

Tumor marker status, N (%)

Estrogen receptor (+) 444 (79.1) 373 (79.0) 71 (79.8) 0.873

Progesterone receptor (+) 401 (71.5) 334 (70.8) 67 (75.3) 0.387

Human epidermal growth factor receptor-2 (+) 134 (25.2) 103 (23.0) 31 (36.5) 0.009

Mammographic density measures

Total breast area, cm2, mean (SD) 101.9(37.2) 103.9(38.0) 91.3(31.1) 94.9(33.6) <0.001 0.001

Dense area, cm2, mean (SD) 20.4(14.5) 20.7(14.8) 19.1(13.0) 17.0(12.6) <0.001 0.355

Nondense area, cm2, mean (SD) 81.5(36.3) 83.2(36.6) 72.1(33.2) 78.0(33.5) 0.033 0.008

Percent density, %, mean (SD) 21.4(13.5) 21.1(13.2) 22.8(14.9) 18.8(12.2) <0.001 0.287

SD standard deviation, N number
*P value for the difference between cases and matched controls was assessed by paired t test for continuous variables or Cochran-Mantel-Haenszel chi-square test
for categorical variables
†P value for the difference between the cases with invasive ductal carcinoma and the cases with ductal carcinoma in situ was assessed by student t test for
continuous variables or Chi-square test for categorical variables
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1-quartile level was associated with 1.10 (95% CI: 1.01,
1.21) times greater risk of IDC and 1.17 (95% CI: 0.91,
1.50) times greater risk of DCIS. Increase in PDA by
10% was associated with 1.10 (95% CI: 1.01, 1.19) times
greater risk of IDC and 1.11 (95% CI: 0.90, 1.37) times
greater risk of DCIS. Although the associations between
DCIS and ADA, PDA were not statistically significant,
there was no difference in the association with MD
between IDC and DCIS: the P for interactions by inva-
siveness of breast cancer was 0.426 and 0.666 for the
association of breast cancer with ADA and PDA,
respectively.

Discussion
In the present case-control study on Korean women, the
direction and the size of estimates for the association of
DCIS with reproductive factors and MD were similar to
those of IDC, and no significant heterogeneity in the as-
sociation between DCIS and IDC was found.
Mammographic density is a well-established strong

risk factor for invasive breast cancer [17]. Epidemiologic
studies have revealed significant association between
breast in situ cancer and MD [21–23]. Interestingly,
some study findings suggested the possibility of exist-
ence of stronger association between MD and DCIS than
that between MD and IDC. A case study found that
most of the DCIS lesions (21 of 22) occurred from areas
of dense tissue [24]. In a study of Canadian cohort, the
relative risk for detecting breast atypia or DCIS in biopsy
specimens from women with more than 75% density
was estimated to be 9.7 times higher when compared
with that from women showing no mammographic

density [25]. A possible explanation for the probably
stronger association of MD with DCIS than that with
IDC was that radiographic appearance of in situ cancer
might result in higher sensitivity of screening mammog-
raphy for detection of DCIS as compared with IDC de-
tection [26]. In accordance with this suggestion, in a
nested case-control study, the OR (6.58, 95% CI = 3.47,
12.48) for in situ breast cancer associated with the high-
est category of PDA (≥50%) as compared with the lowest
PDA (<10%) was significantly higher than the OR (3.00,
95% CI: 2.13, 4.23) for invasive breast cancer (P for het-
erogeneity <0.01) [19]. However, other studies showed
that the association of MD did not differ between in situ
cancer and invasive cancer. A case only study by Ghosh
et al. [27], revealed no difference in the ADA and PDA
between IDC, DCIS, invasive lobular cancer, and lobular
carcinoma in situ after adjusting for covariates. In a
nested case-control study within the multiethnic cohort,
for the highest category of PDA (≥50%) and ADA
(≥45cm2) as compared with the lowest (<10%, <15cm2),
the ORs were 3.58 (95% CI: 2.26, 5.66) and 2.92 (95% CI:
2.01, 4.25) for IDC, and 2.86 (95% CI: 1.38, 5.94) and
2.59 (95% CI: 1.39, 4.82) for DCIS [20] without statisti-
cally significant difference between IDC and DCIS [20].
A large study including 3414 cases and 7199 controls
also found 2.21(95% CI: 1.92, 2.55) and 1.87 (95% CI:
1.42, 2.48) times higher risk of IDC and DCIS, respect-
ively for high (>51%) versus average (11–25%) density
group, also without significant heterogeneity [28]. A
British case-control study reported that the OR of IDC
(1.3) associated with denser breast as compared with less
dense breast was similar to the OR of DCIS (1.3) [23]. In

Table 2 Multivariable adjusted associations of clinical and reproductive characteristics with invasive ductal carcinoma and ductal
carcinoma in situ

Invasive ductal cancer Ductal carcinoma in situ P‡ for
interactionMeasurement* Association Measurement* Association

Variables Cases
(n = 472)

Controls
(n = 912)

OR (95% CI)† P value Cases
(n = 90)

Controls
(n = 176)

OR (95% CI)† P value

Body mass index, increase by 1 kg/m2 23.1 (3.0) 22.5 (2.8) 1.01 (0.98,1.04) 0.581 21.8 (2.4) 22.1 (2.8) 0.94 (0.86,1.03) 0.210 0.259

Age at menarche, increase by 1- year 14.6 (1.7) 14.9 (1.6) 0.94 (0.88,0.99) 0.030 14.8 (1.7) 14.8 (1.5) 1.08 (0.92,1.26) 0.370 0.320

Number of live birth, increase by 1-person 1.9 (0.9) 2.1 (1.0) 0.94 (0.85,1.03) 0.180 1.8 (1.0) 2.0 (1.0) 0.89 (0.71,1.11) 0.304 0.781

Ever-use of estrogen replacement 36 (7.6) 96 (10.5) 0.88 (0.59,1.30) 0.515 4 (4.4) 11 (6.3) 1.04 (0.31,3.41) 0.955 0.901

Ever alcohol consumption 223(47.3) 349(38.3) 1.19(0.99,1.44) 0.068 48(53.3) 64(36.4) 1.81(1.14,2.89) 0.013 0.105

Ever smoking 40(8.5) 43(4.7) 1.16(0.83,1.63) 0.381 6(6.7) 11(6.3) 0.96(0.37,2.53) 0.934 0.910

Regular physical exercise(≥1/week) 248(52.5) 754(82.8) 0.45(0.37,0.54) <0.001 51(56.7) 148(84.1) 0.52(0.31,0.87) 0.013 0.434

Previous benign breast disease 49 (10.4) 39 (4.3) 2.31 (1.86,2.86) <0.001 28 (31.1) 16 (9.1) 2.04 (1.23,3.39) 0.006 0.484

Breast cancer among first degree relatives 127 (26.9) 55 (6.0) 1.43 (1.05,1.95) 0.025 7 (7.8) 3 (1.7) 2.14 (0.84,5.44) 0.109 0.701

*Presented by mean (standard deviation) for continuous variables or number (%) for categorical variables
†Odd ratio (OR) and 95% confidence intervals (CI) were estimated by conditional logistic regression analysis after adjusting for age, menopausal status, height,
body mass index, age at menarche, number of children, ever smoking status, alcohol consumption, regular physical exercise, family history of breast cancer
among first degree relatives, past history of benign breast disease, use of estrogen replacement, and the method of recruiting subjects
‡Estimated by putting interaction term (each variable X invasiveness) in the conditional logistic regression model with adjustment for covariates
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our study, although the association between MD and
DCIS did not reach statistical significance, the risk esti-
mates for the association of DCIS with both ADA and
PDA were almost similar with those for IDC, and they
did not significantly differ from the risk estimate for
IDC, as found in the British study [23].
Interestingly, the estimates (OR (95% CI) for the asso-

ciation between MD and breast cancer in our study tend
to be weaker than the magnitude of association observed

in the above mentioned studies in Western population:
the risk associated PDA ≥ 40% was 1.54 (1.02, 2.31) for
IDC and 1.90 (0.72, 5.06) for DCIS in our study. Differ-
ent strength of association between MD and breast can-
cer has been frequently reported across different ethnic
groups [29, 30], and the association observed in Asian
women tended to be weaker than the association in
women from Western populations [31, 32]. In a previous
meta-analysis, the relative risk ratio of developing breast

Table 3 Multivariable adjusted association of mammographic density measures with invasive ductal carcinoma and ductal
carcinoma in situ

Invasive ductal cancer Ductal carcinoma in situ

Number, Cases/controls OR (95% CI)* P value Number, Cases/controls OR (95% CI)* P value

Total area (cm2) †

Q1 (< 71.2985) 95/220 1 23/52 1

Q2 (71.2985–89.9320) 94/225 0.99(0.74,1.33) 0.957 23/47 1.42(0.75,2.72) 0.285

Q3 (89.9321–111.8983) 121/235 0.98(0.73,1.31) 0.981 28/37 1.93(0.96,3.90) 0.067

Q4 (111.8984 ≤) 162/232 1.17(0.86,1.58) 0.319 16/40 1.79(0.78,4.11) 0.171

1-quartile increase 472/912 1.05(0.95,1.16) 0.323 90/176 1.24(0.96,1.61) 0.095

P for Interaction§ = 0.998

Absolute dense area (cm2) †

Q1 (< 8.09656) 82/230 1 19/42 1

Q2 (8.09656–14.46536) 107/217 1.27(0.94,1.72) 0.116 14/55 0.59(0.27,1.28) 0.184

Q3 (14.46537–22.46433) 113/225 1.23(0.91,1.68) 0.176 32/47 1.11(0.54,2.27) 0.780

Q4 (22.46434 ≤) 170/240 1.41(1.05,1.90) 0.022 25/32 1.35(0.64,2.83) 0.434

1-quartile increase 472/912 1.10(1.01,1.21) 0.039 90/176 1.17(0.91,1.50) 0.218

P for Interaction§ = 0.426

Non-dense area (cm2)†

Q1 (< 54.8846) 109/219 1 31/53 1

Q2 (54.8846–70.4895) 92/231 0.87(0.65,1.16) 0.330 20/41 1.41(0.73,2.72) 0.306

Q3 (70.4896–93.2822) 120/236 0.93(0.70,1.24) 0.618 22/36 1.74(0.84,3.61) 0.134

Q4 (93.2823 ≤) 151/226 1.03(0.75,1.41) 0.849 17/46 1.48(0.62,3.49) 0.376

1-quartile increase 472/912 1.02(0.92,1.13) 0.747 90/176 1.17(0.90,1.53) 0.251

P for Interaction§ = 0.693

Percentage dense area ‡

< 10% 98/248 1 21/48 1

10–19% 151/285 1.29(0.97,1.70) 0.076 17/60 0.68(0.33,1.43) 0.310

20–29% 116/219 1.37(1.01,1.85) 0.044 32/42 1.19(0.58,2.45) 0.641

30–39% 62/98 1.36(0.95,1.95) 0.095 7/24 0.55(0.19,1.58) 0.267

≥ 40% 45/62 1.54(1.02,2.31) 0.039 13/2 1.90(0.72,5.06) 0.197

10% increase 472/912 1.10(1.01,1.19) 0.029 90/176 1.11(0.90,1.37) 0.348

P for Interaction§ = 0.666

*Odd ratio (OR) and 95% confidence intervals (CI) were estimated by conditional logistic regression analysis after adjusting for age, menopausal status, height,
body mass index, age at menarche, number of children, ever smoking status, alcohol consumption, regular physical exercise, family history of breast cancer
among first degree relatives, past history of benign breast disease, use of estrogen replacement, and the method of recruiting subjects
†Quartiles (Q) were determined based on the distribution of mammographic measures of control group. Q1 is the lowest quartile level and Q4 is the highest
quartile level
‡Calculated as the dense area divided by total breast area
§Estimated by putting interaction term (unit of increase in each mammographic density measure X invasiveness) in the conditional logistic regression model after
adjusting for covariates
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cancer for women in Wolfe’s most-dense category (DY)
compared with those in the least-dense category (N1)
was 3.98 (95% CI: 2.53, 6.27) from an incidence study,
and 2.42 (95% CI: 1.98, 2.97) from a prevalence study
[32]. In comparison, from a Japanese case-control study,
the relative risk was 2.20 (95% CI: 1.02, 4.77) for DY
group compared with N1 groups [31]. However, because
of the lack of Asian studies on MD and different patho-
logic type of breast cancer, we could not directly com-
pare the difference in the strengths of association of IDC
and DCIS between Western and Asian population.
The association between age at menarche and in situ

cancer was controversial with either null [12, 13, 16] or
inverse association [33]. In our study, age at menarche
had an inverse association with IDC, but not with DCIS.
However, no heterogeneity regarding the association
with the age at menarche existed between IDC and
DCIS. We assume that this conflicting finding might
have been caused by the inadequate sample size of DCIS
in our study. However, given that some studies with
large enough sample size have reported no association
[12, 13], the association between age at menarche and
DCIS in Asian population needs further evaluation in a
study with large enough sample size.
In the present study, we found no significant associ-

ation of BMI with IDC as well as DCIS. In studies that
did not differentiate premenopausal and postmenopausal
breast cancer, no association between BMI and in situ
cancer and a positive association between BMI and inva-
sive cancer have been reported. [13, 16] Most of the pre-
vious studies have reported presence of significant
inverse association between BMI and DCIS in premeno-
pausal women [12, 33–36]. The relation between BMI
and postmenopausal DCIS has not been clarified yet
with conflicting findings with null [11, 13, 16, 21, 34],
positive [33], or inverse [37] association. A study on
premenopausal women reported a stronger inverse asso-
ciation for in situ cancer than the association for inva-
sive cancer (<45). [12] We suppose the findings in
studies of mixed premenopausal and postmenopausal
women could have been influenced by the proportion of
postmenopausal women among IDC and DCIS cases.
Although interaction by menopausal status on the asso-
ciation of both IDC and DCIS with BMI was not evident
in our study (Additional file 1: Table S2), the association
of obesity with breast cancer needs to be further evalu-
ated with consideration of pathologic type and meno-
pausal status.
It has been suggested that the risk factors operating

early in life such as family history might be involved in
the initial stages of carcinogenesis, resulting in in situ
cancer, and other factors needed to continue promoting
the tumor to invasive cancer [13]. A study that found
stronger association of a family history of breast cancer

with DCIS than with invasive cancer, especially in youn-
ger women than in older women suggested greater gen-
etic influence on DCIS [34]. On the other hand, the
increased risk associated with the breast cancer of at
least one first degree relative has been consistently simi-
lar between IDC and DCIS in many studies [21, 34, 37],
suggesting an inherited predisposition to both types of
breast cancer. Our study also confirmed family history
of breast cancer is an important risk factor of IDC as
well as DCIS. Although the association was borderline
significant for DCIS, the estimate for DCIS (OR = 2.14)
was greater in strength than that for IDC (OR = 1.43).
Given that a woman with a family history of breast
cancer is more likely to volunteer to health check-up,
the risk of breast cancer associated with family history
of breast cancer might have been underestimated in our
study. Thus, the positive association of family history
with DCIS and IDC in our study seems to provide
strong evidence supporting the role of genetic effect on
breast cancer. Although differential association with
DICS versus IDC has been found for some breast cancer
predisposition loci, most (76%) of breast cancer pre-
disposition loci previously reported for IDC were as-
sociated with DCIS in the same direction in several
studies [11, 38, 39], which support strong shared gen-
etic susceptibility of DCIS and IDC.
The risks of IDC and DCIS have been consistently

found to increase in women with a history of benign
breast disease [12, 16, 33]. Our study also found that be-
nign breast disease is associated with increased risk of
breast IDC as well as DCIS and the risk estimates for
DCIS (OR: 2.04) were similar to that for IDC (OR: 2.31).
Regular physical activity has been proposed as an inde-

pendent protective factor of breast cancer [40, 41],
which we confirmed in our study. It has been scarcely
evaluated whether the association with physical activity
differs between IDC and DCIS. In a case-control study
by Trentham-Dietz et al. [16], increasing frequency of
physical activity in early adulthood was inversely associ-
ated with the risk of invasive cancer (OR(95% CI) per
frequency/week: 0.96(0.93,0.99)), and it did not signifi-
cantly differ from the association between in situ cancer
and physical activity (OR(95% CI): 0.99(0.92,1.07)). We
also found that regular physical activity was inversely
associated with the risk of IDC as well as DCIS and the
estimates were not different each other. Studies have
consistently reported that alcohol consumption had a
positive association with breast cancer [42, 43]. In the
present study, we found that DCIS have a stronger
association with alcohol consumption than IDC had,
although the difference was not statistically different
(P = 0.105). Trentham-Dietz et al. also reported that
ORs (95% CI) for ≥183 g/week of alcohol intake were
2.34(1.32, 4.16) for DCIS and 1.76(1.37, 2.25) for IDC
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but without statistical difference between them [16],
which is very consistent with the findings of our
study.
The present study had some limitations. First, our

study may have weakness with respect to representa-
tiveness that is commonly innate in a hospital-based
case-control study. As controls were recruited from
participants in a health checkup program, selection bias
may exist. We tried to overcome this bias by consider-
ing a wide range of covariates including health behav-
iors such as physical exercise, alcohol consumption,
and smoking habit. Second, we recruited cases in two
ways (retrospectively or prospectively), and this might
have incurred bias in the study findings due to the
health behavior modification or recall bias. To reduce
the probable confounding by the heterogeneous recruit-
ment method, we adjusted for the recruitment method.
However, the significant interaction by the recruitment
method on the association of IDC with physical exer-
cise and ever-use of estrogen replacement with different
direction of the estimates for the association between
the retrospectively (positive) recruited subjects and
prospectively (inverse) recruited subjects suggests that
careful interpretation is necessary, especially for the as-
sociation of IDC and those two factors. Third, we could
not consider the mode of breast cancer detection and
could not examine the association of age at menopause,
age at first birth, lactation, and oral pill with IDC and
DCIS because of the lack of information. Fourth, be-
cause of the low proportion of DCIS among breast can-
cer, we may have included relatively small number of
DCIS cases in this study and, thus study power could
have been inadequate. Finally, given that ‘benign breast
disease’ constitutes a heterogeneous group of breast le-
sions, evaluation of breast cancer risk associated with
the benign breast disease could have been too vague to
give useful clinical information.
On other hand, our study has some strength. First, the

influence of age and menopausal status was strictly con-
trolled through individual case-control matching and
statistical adjustment. Second, a wide range of covariates
was considered: BMI, age at menarche, number of
children, use of estrogen replacement therapy, lifestyle
factors, previous benign breast disease, and family his-
tory of breast cancer among first-degree relatives. Third,
we measured MD quantitatively using a computer-
assisted thresholding technique.

Conclusions
In conclusion, differential associations of DCIS with
mammographic density and risk factors as compared
with the associations of IDC were not evident. This find-
ing suggests that IDC and DCIS develop through the
shared causal pathways.
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Additional file 1: Table S1. Influence of the method of subjects
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