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The identification of risk factors helps radiologists assess the risk of breast cancer.  Quantitative factors 
such as age and mammographic density are established risk factors for breast cancer.  Asymmetric breast 
findings are frequently encountered during diagnostic mammography.  The asymmetric area may indicate a 
developing mass in the early stage, causing a difference in mammographic density between the left and 
right sides.  Therefore, this paper aims to propose a quantitative parameter named bilateral mammographic 
density difference (BMDD) for the quantification of breast asymmetry and to verify BMDD as a risk factor 
for breast cancer.  To quantitatively evaluate breast asymmetry, we developed a semi-automatic method to 
estimate mammographic densities and calculate BMDD as the absolute difference between the left and 
right mammographic densities.  And then, a retrospective case−control study, covering the period from July 
2006 to October 2014, was conducted to analyse breast cancer risk in association with BMDD.  The study 
included 364 women diagnosed with breast cancer and 364 matched control patients.  As a result, a 
significant difference in BMDD was found between cases and controls (P < 0.001) and the case−control 
study demonstrated that women with BMDD > 10% had a 2.4-fold higher risk of breast cancer (odds ratio, 
2.4; 95% confidence interval, 1.3-4.5) than women with BMDD ≤ 10%.  In addition, we also demonstrated 
the positive association between BMDD and breast cancer risk among the subgroups with different ages 
and the Breast Imaging Reporting and Data System (BI-RADS) mammographic density categories.  This 
study demonstrated that BMDD could be a potential risk factor for breast cancer.
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Introduction
Risk factors are used in the prediction of breast cancer 

risk and jointly contribute to breast cancer diagnosis, man-

agement, and treatment.  Some of them are genetic and 
related to family history, whereas others are based on indi-
vidual situations (Barlow et al. 2006; Lee et al. 2019).  
Quantitative risk factors such as mammographic density 
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and breast asymmetry have also been described to affect the 
interpretation of screening mammography (Scutt et al. 
1997; Rosenberg et al. 1998; McCormack and dos Santos 
Silva 2006; Zheng et al. 2012; Fieselmann et al. 2019; 
Kashyap et al. 2022).

Increased mammographic density has been reported to 
be a risk factor for breast cancer in women.  Mammographic 
density is defined as the relative amount of fibroglandular 
tissue in the entire breast (Nayeem et al. 2014).  The pres-
ence of fibroglandular tissue in the breast on mammograms 
is known to indicate an increased risk of breast cancer 
(Whitehead et al. 1985; Wolfe et al. 1987; Amir et al. 2010).  
McCormack and dos Santos Silva (2006) reported that 
women with high mammographic density have a 2- to 
6-fold greater risk of developing breast cancer than women 
with low mammographic density.  In addition, Sartor et al. 
(2020) conducted a case−control study and found that 
women with breast cancer showed increasing mammo-
graphic density over time.

Humans show bilateral symmetry in paired morpho-
logical traits, including ear size, digit length, and breast 
volume (Scutt et al. 2006).  Nevertheless, even in healthy 
women, absolute symmetry of the left and right breasts is 
rarely observed (Youk et al. 2009).  Breast symmetry may 
be disturbed by several intrinsic and extrinsic factors, 
including the secretion of hormones such as estrogen 
(Manning et al. 1996, 1997).  The breasts rapidly develop 
just before and during puberty, and the importance of estro-
gen in the development, growth, and carcinogenesis of the 
mammary gland is well established (McGuire et al. 1975).  
The role of local estrogen production is more apparent in 
breast cancer (Tekmal and Santen 1999).  Therefore, the 
relationship between breast asymmetry and breast cancer 
warrants attention.

Radiologists examine the asymmetry patterns of left 
and right breast tissues on mammography for making clini-
cal decisions (Blanks et al. 1999).  The Breast Imaging 
Reporting and Data System (BI-RADS) defines four types 
of asymmetric breast findings: asymmetry, global asymme-
try, focal asymmetry, and developing asymmetry (Youk et 
al. 2009).  These asymmetric breast findings are important 
signs in making a breast cancer diagnosis.  Asymmetric 
breast findings are frequently encountered during screening 
mammography and are relevant because they may indicate 
a lesion, especially if an associated mass is present 
(Samardar et al. 2002).  Manning et al. (1997) conducted a 
multiple regression analysis and found significant associa-
tions between breast asymmetry and existing risk factors 
such as body mass, breast volume, breast density, and age.  
Radiologists routinely assess the asymmetry of fibroglandu-
lar tissue in bilateral mammograms and use the findings to 
identify women at a risk of having or developing abnormal-
ities (Wang et al. 2010).  Breast asymmetry is usually 
benign and common in women; however, it may occasion-
ally be a secondary sign of malignancy (Kopans 2007).  
Several studies have also shown that asymmetric areas in 

the breasts may indicate a developing mass or an underly-
ing cancer in the early stage (Kopans et al. 1989; Samardar 
et al. 2002; Youk et al. 2009).

Breast cancer risk assessment models have been devel-
oped to assess the risk of breast cancer.  Several models are 
available for estimating individual breast cancer risk based 
on risk factors (Wood et al. 2019).  However, current breast 
cancer risk assessment models, such as the Gail model (Gail 
et al. 1989), do not include breast asymmetry despite its 
potential to indicate an additional risk of breast cancer.  The 
risk assessment models can be improved through the addi-
tion of identified risk factors (Barlow et al. 2006) such as 
breast asymmetry.  It is important that the risk factors could 
be conveniently incorporated into routine breast cancer 
screening and used to calculate the breast cancer risk in 
individual women (Tice et al. 2008).

In this study, we proposed a quantitative parameter 
named bilateral mammographic density difference 
(BMDD), the absolute difference between left and right 
mammographic densities, to assess breast asymmetry.  We 
aimed to assess breast asymmetry using BMDD through a 
case−control study and to verify BMDD as a potential risk 
factor for breast cancer.

Materials and Methods
As a quantitative parameter of breast asymmetry, 

BMDD assessed the difference between left and right mam-
mographic densities, so the estimation of mammographic 
densities was important.  Therefore, firstly, we developed a 
semi-automatic method to estimate mammographic densi-
ties and calculate BMDD.  The performance of the pro-
posed estimator was subsequently evaluated.  And then, we 
conducted a hypothetical test and a case−control study to 
analyze the association of BMDD with the risk of breast 
cancer.

Development and evaluation of a mammographic density 
estimator

In this study, mediolateral oblique (MLO)-view mam-
mograms were used to perform the estimation.  The estima-
tor employs digital image processing techniques that help 
radiologists easily segment a mammogram into the breast 
region, pectoral muscle area, and fibroglandular tissue area.  
Fig. 1 shows a screenshot of the proposed estimator.  The 
mammographic density can be estimated as the ratio of the 
fibroglandular tissue area to the breast area (Byng et al. 
1998).  

The procedures for mammographic density estimation 
were as follows: First, given an input mammogram, the area 
of the pectoralis major muscle was manually trimmed (Fig. 
2a).  Second, we used an automatic algorithm to segment 
the breast region from the trimmed image as shown in Fig. 
2b.  Then, as shown in Fig. 2c, the fibroglandular tissue 
area was segmented from the breast area using histogram-
based thresholding (Otsu’s method) (Otsu 1979).  Finally, 
visual confirmation of the segmentation results was per-
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formed by a radiologist with 6 years of experience in read-
ing mammograms.  If the segmentation result was not rea-
sonable, the radiologist performed manual adjustments 
based on visual observations.  Major adjusted instances 
were women with a very low proportion of fibroglandular 
tissue in breasts.  The mammographic density was calcu-
lated by dividing the number of pixels in the fibroglandular 

tissue area by the total pixel numbers of the breast area.
To evaluate the performance of the proposed estimator, 

we calculated the correlation coefficients between the mam-
mographic density estimations and the BI-RADS density 
categories (Martin et al. 2006; Wang et al. 2020).  The 
BI-RADS categories were assessed by three radiologists.  
The assessment was performed blinded by the first two 

Fig. 1.  Screenshot of the proposed estimator for mammographic density estimation.  
	 MLO, mediolateral oblique view.

Fig. 2.  Example of the proposed method for estimating mammographic density.  
	 (a) The original mediolateral oblique view mammogram.  The area of the pectoralis major muscle was manually 

identified.  (b) The entire breast area after manually removing the muscles.  (c) Fibroglandular tissues in the breast 
region (green) and segmented using the proposed method (red).
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radiologists.  Any disagreement was resolved through a dis-
cussion.  The third radiologist was responsible for the final 
confirmation, which was performed without blinding.  The 
Pearson’s and Spearman’s correlation coefficients between 
the mammographic density estimations and BI-RADS cate-
gories were calculated to perform the evaluation.

To demonstrate the accuracy of the mammographic 
density estimator, we compared the performance of the pro-
posed estimator with that of Laboratory for Individualized 
Breast Radiodensity Assessment (LIBRA) (Keller et al. 
2012), a publicly available automated software.  LIBRA 
can be used for analyzing digital mammography images 
from machines manufactured by two vendors: GE 
Healthcare (Chicago, IL, USA) and Hologic Inc.  
(Marlborough, MA, USA).  Since our mammography 
images were obtained using machines from three vendors: 
GE Healthcare, Fujifilm (Tokyo, Japan), and Konica 
Minolta Inc.  (Tokyo, Japan), 13% of mammograms in our 
database could not be assessed by LIBRA.  The Pearson’s 
and Spearman’s correlation coefficients between the LIBRA 
estimations and BI-RADS categories were also calculated.  
Bland−Altman plots were used to clarify the agreement 
between the proposed method and LIBRA.

Study design and data acquisition
Women who underwent screening mammography at 

Tohoku University Hospital and Miyagi Cancer Society 
between July 2006 and October 2014 were included in this 
study.  The inclusion criterion was available bilateral mam-
mograms.  The exclusion criterion was the presence of 
markers identifying the position of abnormalities on mam-
mograms.  These markers may result in high-intensity areas 
and affect the segmentation results.  All mammograms used 
in this study were obtained at the time of screening.  
Informed consent was obtained from patients before the 
mammographic examination.  Ethical approval for this 
study was obtained from the Ethics Committee Tohoku 
University Graduate School of Medicine (Ethical number: 
2022-1-530).

The eligible cases comprised 364 women who under-
went screening mammography at Tohoku University 
Hospital and Miyagi Cancer Society and subsequently 
received a diagnosis of breast cancer verified with a biopsy.  
All controls were selected on the basis of matching to 
ensure similar age and mammographic density distribution 
to cancer patients.  For each case patient, a corresponding 
control was selected on the basis of matching according to 
age (± 5 years) and BI-RADS density categories (± 1).  As 
control patients, 364 women who did not develop breast 
cancer during the observation period were selected from the 
same institutions.  Control women were not diagnosed with 
cancer within 2 years.  A few healthy women with benign 
findings were included in this study.

Statistical analysis
We conducted hypothesis testing to verify the signifi-

cant differences between the two groups and subsequently 
conducted a case−control study for risk analysis.  P values 
of < 0.001 were referred as statistically highly significant.  
Statistical analyses were performed using SPSS software 
(version 21.0; SPSS Inc., Chicago, IL, USA).  

We used the Mann−Whitney U test to confirm the 
existence of a significant difference in BMDD between 
cases and controls (McKnight and Najab 2010).  We 
designed a case−control study to investigate the association 
between quantitatively estimated breast asymmetry and the 
risk of breast cancer based on BMDD assessed using mam-
mograms.  Unconditional logistic regression models were 
applied to compute odds ratios (ORs) and 95% confidence 
intervals (CIs) for analyzing the association of BMDD with 
the risk of breast cancer.  Potential confounders including 
age, BI-RADS density category, left mammographic den-
sity and right mammographic density were adjusted.  In the 
case−control study, the exposure status of breast asymmetry 
was defined as BMDD > 10%.  According to the experi-
mental results, 10% had better confidence intervals for odds 
ratios than the other cut-off points.  According to a previous 
study conducted by the Japan Cancer Surveillance Research 
Group (Hori et al. 2015), the incidence rate of breast cancer 
differs among three major age groups.  For Japanese women 
aged ≤ 45 years, the incidence rate of breast cancer is 
increasing.  For Japanese women aged 46-65 years, the 
incidence rate remains at the peak value.  For Japanese 
women aged > 65 years, the incidence rate is beginning to 
slowly decrease.  To examine the association of BMDD 
with the risk of breast cancer in different age groups, the 
participants were divided into three age subgroups (≤ 45, 
46-65, and > 65 years).  To investigate the relationship 
between BMDD and breast cancer risk in women with dif-
ferent mammographic densities, the participants were 
divided into a low mammographic density subgroup 
(BI-RADS 1 & 2) and a high mammographic density sub-
group (BI-RADS 3 & 4).  In addition, we conducted the 
same case−control study by calculating BMDD using 
LIBRA.  Some mammograms were not supported by 
LIBRA because of the machine vendor.  Therefore, 321 
cases and 307 controls were included in this case−control 
study with an exposure status defined as BMDD (LIBRA) > 
10%.

Results
Characteristics of the case−control study 

A total of 728 patients were recruited for the case−
control study between July 2006 and October 2014.  Of 
them, 364 eligible patients diagnosed with breast cancer 
(age, 57 ± 12 years; mean ± standard deviation) formed the 
case group, whereas 364 healthy women without breast 
cancer (age, 55 ± 11 years) were selected as the control 
group.  The characteristics of the women with breast cancer 
and the control population are shown in Table 1.
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Significant difference
Since dense side and less-dense side might be changed 

in the results of different estimators, we compared the esti-
mation performance in left and right sides separately.  A 
total of 1,456 mediolateral oblique (MLO)-view mammo-
grams were used to estimate mammographic density with 
the proposed estimator.  Fig. 3 shows scatter plots describ-
ing the relationship of the estimated values and the 
BI-RADS categories.  The horizontal and vertical axes rep-
resent the BI-RADS categories and the estimated mammo-
graphic densities, respectively.  A Pearson’s correlation 

coefficient of 0.74 was obtained for the left side, indicating 
that the estimated left breast mammographic densities and 
BI-RADS categories were correlated.  Similarly, the right 
side showed a Pearson’s correlation coefficient of 0.74.  
Meanwhile, a Spearman’s correlation coefficient of 0.64 
was obtained for the left side, indicating that the estimated 
left breast mammographic densities and BI-RADS catego-
ries were correlated.  Similarly, the right side showed a 
Spearman’s correlation coefficient of 0.64.  Thus, there was 
a close correlation between the proposed estimator and the 
BI-RADS categories.  Mammography density estimation 

Table 1.  Demographic characteristics of cases and controls.

Variables Patients with breast cancer Control patients

No. of women 364 364
BMDD (%)a 3.7 (1.8, 6.7) 2.6 (1.2, 4.6)
Age (years) 57 ± 12 55 ± 11
Age group (years)b

≤ 40 32 (8.8) 28 (7.7)
41-50 96 (26.4) 107 (29.4)
51-60 95 (26.1) 118 (32.4)
61-70 79 (21.2) 78 (21.4)
> 70 62 (17.0) 33 (9.1)

BI-RADS (mammographic density)b

1 50 (13.7) 42 (11.5)
2 221 (60.7) 246 (67.6)
3 69 (19.0) 58 (15.9)
4  24 (6.6) 18 (4.9)

aData are medians of BMDD with 25th and 75th percentiles in parentheses.
bData are numbers of women, with percentages in parentheses.
  Age is shown as means ± standard deviations. 
  BMDD, bilateral mammographic density difference; BI-RADS, Breast Imaging Reporting and Data System.

Fig. 3.  Plots used to clarify the relationship between the estimated mammographic densities and Breast Imaging Reporting 
and Data System (BI-RADS) categories.  

	 The horizontal axis represents the BI-RADS categories, whereas the vertical axis represents the estimated 
mammographic densities by the proposed estimator.  (a) and (b) show the mammographic densities on the left and right 
sides, respectively.
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with LIBRA was further performed using 1,256 MLO-view 
mammograms.  Fig. 4 shows the scatter plots of the LIBRA 
estimation distribution according to the BI-RADS catego-
ries.  A Pearson’s correlation coefficient of 0.62 was 
obtained for the left side, indicating that the estimated left 
breast mammographic densities and BI-RADS categories 
were correlated.  The right side showed a Pearson’s correla-
tion coefficient of 0.64.  Meanwhile, a Spearman’s correla-
tion coefficient of 0.58 was obtained for the left side, indi-
cating that the estimated left breast mammographic 
densities and BI-RADS categories were correlated.  The 
right side showed a Spearman’s correlation coefficient of 

0.60.  According to the results, the proposed estimator 
obtained higher correlation with BI-RADS categories, so it 
performed more effectively than LIBRA in this study.

An example comparing LIBRA and the proposed esti-
mator is shown in Fig. 5.  Fig. 5a shows the original MLO-
view mammogram.  Fig. 5b shows the estimations by the 
proposed estimator.  The area of the pectoralis major mus-
cle (Fig. 5b) was manually identified.  Fig. 5c shows the 
estimations by LIBRA.  The area of the pectoralis major 
muscle (Fig. 5c) was automatically identified and there was 
a segmentation error.  We could find such segmentation 
errors in dense mammograms, in which the edges of muscle 

Fig. 4.  Plots used to clarify the relationship between the Laboratory for Individualised Breast Radiodensity Assessment 
(LIBRA) estimations and Breast Imaging Reporting and Data System (BI-RADS) categories.  

	 The horizontal axis represents the BI-RADS categories, whereas the vertical axis represents the estimated mammographic 
densities by LIBRA.  (a) and (b) show the mammographic densities on the left and right sides, respectively.

Fig. 5.  An example comparing the proposed estimator and the Laboratory for Individualised Breast Radiodensity Assessment 
(LIBRA) software (Keller et al. 2012).  

	 (a) The original mediolateral oblique view mammogram.  (b) The estimated result of the proposed estimator.  The area 
of the pectoralis major muscle in the image was manually identified.  (c) The estimated result of LIBRA.  The area of 
the pectoralis major muscle in the image was automatically identified.  Manual identification can ensure the accuracy of 
the estimation by correctly removing the muscle area.
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were not clear and thus the muscle could be hard to seg-
ment.  Manual identification may be more costly but has 
better estimation accuracy than the automatic method.  The 
Bland−Altman plots in Fig. 6 were used to clarify the 
agreement in mammographic density estimations between 
the proposed method and LIBRA.  The difference between 
the two methods was calculated as the estimated values 
with the proposed method minus the estimated values with 
LIBRA.  The dotted lines represent the mean differences 
and limits of agreement.  For both sides of the breasts, the 
Bland−Altman plots indicated the differences between the 
two methods.  The LIBRA estimation results were higher 
than the standard levels in BI-RADS 2 & 3, caused by the 

segmentation error (Fig. 4).  Thus, the proposed method 
showed better performance in estimating mammographic 
density than LIBRA.

To clarify the difference between the estimated mam-
mographic densities and BMDD according to age, two box 
plots were generated (Fig. 7).  The horizontal axis represents 
the age categories, whereas the vertical axis represents the 
variables.  BMDD was relatively stable in different age 
groups, whereas mammographic density decreased with age.

Association of BMDD with breast cancer
The Mann−Whitney U test was performed to confirm 

the existence of a significant difference in BMDD between 

Fig. 6.  Bland−Altman plots used to clarify the agreement between the proposed method and the Laboratory for Individualised 
Breast Radiodensity Assessment (LIBRA).  

	 The horizontal axis represents the average of the two methods, whereas the vertical axis represents the difference 
between the two methods.  (a) and (b) show the Bland−Altman plots for the left and right sides, respectively.  The lines 
represent the mean difference, median difference, interquartile range, and limits of agreement.

Fig. 7.  Box plots used to clarify the difference between the estimated mammographic densities and bilateral mammographic 
density (BMDD) according to age.  

	 The horizontal axis represents the age categories, whereas the vertical axis represents the variables.  (a) and (b) show the 
mammographic densities and BMDD, respectively.  BMDD was relatively stable in different age groups, whereas mam-
mographic density decreased with age.  The line and whiskers indicate the median and interquartile range.
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cases and controls.  Fig. 8 shows the comparison of BMDD 
values between the case and control groups.  A significant 
difference in BMDD was found between cases and controls 
(P < 0.001).  This result indicates that cancer patients and 
healthy women have significantly different BMDD.

A case−control study was conducted to clarify whether 
BMDD is a specific risk factor for breast cancer.  Table 2 
summarizes the results of this case−control study.  Using 
BMDD ≤ 10% as the reference, a 2.4-fold (95% CI, 1.3-4.5) 
increased risk of breast cancer was found in women with 
BMDD > 10%.  The positive association between BMDD 
and breast cancer risk differed among the subgroups with 
different age and BI-RADS mammographic density catego-
ries.  Women aged ≤ 45 years with BMDD > 10% may have 
no additional risk of breast cancer (OR, 1.0; 95% CI, 0.3-
3.6).  Women aged > 45 and < 65 years had an increased 
risk of breast cancer (OR, 3.0; 95% CI, 1.2-7.6), whereas 
women aged > 65 years had an OR of 4.2 (95% CI, 0.9-
21.0).  Women with BMDD > 10% and BI-RADS 1 & 2 
mammographic density had an increased risk of breast can-
cer (OR, 2.7; 95% CI, 1.4-5.3).  This result indicated that 
BMDD could show cancer risk even for cases with low 
mammographic densities.  Women with BMDD > 10% and 
BI-RADS 3 & 4 mammographic density also had an 
increased risk of breast cancer (OR, 2.2; 95% CI, 0.6-8.4).  
The results demonstrated positive associations between 

Fig. 8.  Distribution of breast asymmetry based on bilateral 
mammographic density difference (BMDD) in cases 
(blue) and controls (green).  

	 BMDD was statistically different between cases 
and controls (P < 0.001, Mann−Whitney U test).  
The vertical axis represents BMDD, whereas the 
horizontal axis represents the number of participants.  
The data distribution of BMDD in the healthy group 
was more compact and had a shorter distribution tail 
than that in the cancer group.

Table 2.  Odds ratios for the risk of breast cancer associated with bilateral mammographic density difference 
(BMDD) by age and mammographic density.

Risk factor Controls Cases Odds ratio† CI

Overall
BMDD ≤ 10% 347 321   1.0* NA
BMDD > 10% 17 43 2.4 1.3-4.5

Age (years)
≤ 45
BMDD ≤ 10% 81 64   1.0* NA
BMDD > 10% 8 7 1.0 0.3-3.6
46–65
BMDD ≤ 10% 206 175   1.0* NA
BMDD > 10% 7 23 3 1.2-7.6
> 65
BMDD ≤ 10% 60 82  1.0* NA
BMDD > 10% 2 13 4.2 0.9-21.0

BI-RADS 
1 & 2
BMDD ≤ 10% 275 236   1.0* NA
BMDD > 10% 13 35 2.7 1.4-5.3
3 & 4
BMDD ≤ 10% 72 85   1.0* NA
BMDD > 10% 4 8 2.2 0.6-8.4

*Reference.
 †Adjusted for age, BI-RADS density category, left mammographic density and right mammographic density.
  BI-RADS, Breast Imaging Reporting and Data System; CI, 95% confidence interval; NA, not applicable.
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BMDD and breast cancer risk.
The case−control study based on BMDD calculated 

using LIBRA showed a similar tendency in the breast can-
cer risk assessment.  Table 3 summarizes the results of this 
case−control study.  Using BMDD (LIBRA) ≤ 10% as the 
reference, a 1.4-fold (95% CI, 0.9-1.9) increased risk of 
breast cancer was found in women with BMDD > 10%.  
Women aged ≤ 45 years with BMDD (LIBRA) > 10% had 
an increased risk of breast cancer (OR, 2.1; 95% CI, 0.9-
4.7).  Women aged > 45 and < 65 years had a minor risk of 
breast cancer (OR, 1.3; 95% CI, 0.8-2.1), whereas women 
aged ≥ 65 years had an OR of 0.9 (95% CI, 0.4-2.3).  
Women with BMDD (LIBRA) > 10% and BI-RADS 1 & 2 
mammographic density had an increased risk of breast can-
cer (OR, 1.5; 95% CI, 1.0-2.2).  Women with BMDD 
(LIBRA) > 10% and BI-RADS 3 & 4 mammographic den-
sity had a minor risk of breast cancer (OR, 1.1; 95% CI, 
0.5-2.4).  The results demonstrated positive associations 
between BMDD (LIBRA) and breast cancer risk.

Discussion
In this study, we performed quantitative estimation of 

breast asymmetry using BMDD.  We found that BMDD 
was positively associated with breast cancer risk.  BMDD > 
10% may be a risk factor for breast cancer.  With BMDD ≤ 

10% as the reference, a 2.7-fold increased risk of breast 
cancer was found in women with BMDD > 10%.  
Importantly, the subgroup analyses according to different 
age and BI-RADS mammographic density categories indi-
cated different positive associations between BMDD and 
breast cancer risk.  In addition, BMDD may provide a 
robust estimation of breast asymmetry.  Although LIBRA 
was not as good as the proposed method in processing the 
mammograms from our database, the case−control study 
based on BMDD (LIBRA) indicated a similar tendency in 
breast cancer risk assessment.  

This study contributes to the growing evidence that 
quantitative estimation of breast asymmetry is an efficient 
method of breast cancer risk assessment (Scutt et al. 1997; 
Wang et al. 2010; Zheng et al. 2012).  Our results indicated a 
positive association between BMDD and breast cancer risk 
in a matched case−control study.  The data distribution of 
BMDD was consistent with the breast volume asymmetry 
distribution in a previous study (Scutt et al. 1997).  The dis-
tribution of BMDD in healthy women was more compact 
and had a shorter distribution tail than the BMDD distribu-
tion in cancer patients.  Many mammographic density studies 
have suggested that women with low mammographic density 
have a lower risk of breast cancer than women with high 
mammographic density (Martin et al. 2006; Amir et al. 2010; 

Table 3.  Odds ratios for the risk of breast cancer associated with bilateral mammographic density difference 
(BMDD) (Laboratory for Individualised Breast Radiodensity Assessment, LIBRA) by age and 
mammographic density.

Risk factor Controls Cases Odds ratio† CI

Overall
BMDD ≤ 10% 220 125   1.0* NA
BMDD > 10% 87 196 1.4 0.9-1.9

Age (years)
≤ 45
BMDD ≤ 10% 55 16   1.0* NA
BMDD > 10% 26 40 2.1 0.9-4.7
46-65
BMDD ≤ 10% 120 68   1.0* NA
BMDD > 10% 53 110 1.3 0.8-2.1
> 65
BMDD ≤ 10% 45 41   1.0* NA
BMDD > 10% 8 46 0.9 0.4-2.3

BI-RADS 
1 & 2
BMDD ≤ 10% 191 105   1.0* NA
BMDD > 10% 61 142 1.5 1.0-2.2
3 & 4
BMDD ≤ 10% 29 20   1.0* NA
BMDD > 10% 26 54 1.1 0.5-2.4

*Reference.
 †Adjusted for age, BI-RADS density category, left mammographic density and right mammographic density.
  BI-RADS, Breast Imaging Reporting and Data System; CI, 95% confidence interval; NA, not applicable.
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Jeffers et al. 2017).  Our study indicated that even in women 
with low mammographic density, BMDD may indicate an 
additional risk of breast cancer.  Thus, BMDD may be a 
marker of breast cancer susceptibility, regardless of age or 
BI-RADS mammographic density category.

Current breast cancer risk models, such as the Gail 
model (Gail et al. 1989), do not include quantitative breast 
asymmetry.  The incorporation of BMDD into risk assess-
ment models might help better identify women at an 
increased risk of developing breast cancer.  Considering the 
incidence of breast cancer in women, BMDD evaluation 
may benefit women aged > 45 years during an individual 
risk assessment for breast cancer (Hori et al. 2015).  
Furthermore, our results showed that BMDD was relatively 
stable in different age groups.  High-density mammograms 
in younger women may decrease the effectiveness of mam-
mographic density in estimating breast cancer risk, whereas 
BMDD is unaffected in this situation.  Our study results 
indicated that the application of BMDD will help radiolo-
gists in creating an effective mammographic screening plan 
for patients (Schousboe et al. 2011).

The main strength of this study was the availability of 
raw mammographic images and corresponding clinical 
reports, which allowed us to evaluate the performance of 
quantitative mammographic densities on all study images.  
To support this study, a clinical BI-RADS density category 
assessment was performed and confirmed by at least three 
radiologists.  The proposed mammographic density estima-
tor was more effective than LIBRA (Keller et al. 2012) and 
obtained sufficiently reasonable correlations between the 
mammographic density estimations and BI-RADS catego-
ries.  The distribution of mammographic density estima-
tions was consistent with that in a previous study 
(Nicholson et al. 2006): the range of mammographic densi-
ties was relatively narrow for the fatty and extremely dense 
categories but rather broad for the scattered fibroglandular 
dense and heterogeneously dense BI-RADS categories (Fig. 
3).  The proposed estimator could make BMDD easy to 
understand and clinically apply.

A second important strength of this study was the use 
of the MLO view based on full-field digital mammography 
(FFDM).  FFDM has been reported to demonstrate 
improved image quality and superior detection performance 
compared with film-screen mammography (Fischmann et 
al. 2005).  The MLO view is recommended as the first-
choice view for screening as it allows observing the entire 
breast and has been predominantly used by radiologists to 
determine the mammographic density categories in the 
BI-RADS (Kwok et al. 2004; Mohamed et al. 2018).  For 
example, a lesion in the axillary tail of the breast may 
sometimes not be imaged in the standard craniocaudal view 
but can be seen in the MLO view (Brenner 2001).  Thus, 
high-quality MLO-view images based on FFDM include 
the entire breast and are suitable for evaluating breast asym-
metry (De Paredes 2007).  

Our study had several limitations.  First, the available 

sample limited the statistical significance for older patients 
and patients in the high BI-RADS categories.  Second, the 
patients’ clinical information in our database was limited.  
Some risk factors were not considered in this study, such as 
body weight, menopausal status, BRCA1/BRCA2 gene 
mutations, and use of hormone therapy.  Third, it would 
have been better to use mammograms taken before the 
development of cancer and to show differences in asymme-
try that preceded a breast cancer diagnosis.  Analyzing 
mammograms taken before cancer detection might clarify 
the effectiveness of BMDD in the early prediction of breast 
cancer risk.  We look forward to supplementing the data-
base and expanding the risk assessment using BMDD in 
future research.  Fourth, in a case with high BMDD, which 
breast will have cancer is still unknown.  Although there is 
a high possibility that cancer would occur in the breast with 
larger mammographic density, we have not demonstrated it 
in this study.

Fifth, since the mammographic densities were calcu-
lated as a ratio, the difference between the sizes of breast 
was not considered.  Finally, the proposed method is semi-
automatic and may be difficult to implement in a large 
screening population.  Nevertheless, the proposed semi-
automatic method was more reasonable and accurate than 
the automatic method (LIBRA), although the case−control 
study based on BMDD (LIBRA) showed a similar ten-
dency.  Our segmentation results will be useful for the 
development of an automatic estimation method based on 
deep learning to overcome this limitation in the future.

In conclusion, our results indicated that BMDD is pos-
itively associated with breast cancer risk and larger BMDD 
could be a potential risk factor for breast cancer in healthy 
women.
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