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Abstract 23 

Background. Women with higher breast density are at higher risk of developing breast cancer. 24 

Breast density is known to affect sensitivity to mammography and to decrease with age. 25 

However, the age change and associated factors involved are still unknown. This study aimed to 26 

investigate changes in breast density and the associated factors over a 10-year period. 27 

Materials and Methods. The study included 221 women who had undergone 8 or more 28 

mammograms for 10 years (2011-2020), were between 25 and 65 years of age, and had no 29 

abnormalities as of 2011. Breast density on mammographic images was classified into four 30 

categories: fatty, scattered, heterogeneously dense, and extremely dense. Breast density was 31 

determined using an image classification program with a Microsoft Lobe's machine-learning 32 

model. The temporal changes in breast density over a 10-year period were classified into three 33 

categories: no change, decrease, and increase. An ordinal logistic analysis was performed with 34 

the three groups of temporal changes in breast density categories as the objective variable and 35 

the four items of breast density at the start, BMI, age, and changes in BMI as explanatory 36 

variables.   37 
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Results. As of 2011, the mean age of the 221 patients was 47 ± 7.3 years, and breast density 38 

category 3 scattered was the most common (67.0%). The 10-year change in breast density was 39 

64.7% unchanged, 25.3% decreased, and 10% increased. BMI was increased by 64.7% of 40 

women. Breast density decreased in 76.6% of initiation category 4. Breast density at the start was 41 

correlated with body mass index (BMI). The results of the ordinal logistic analysis indicated that 42 

contributing factors to breast density classification were higher breast density at the start (odds 43 

ratio= 0.044; 95%CI, 0.025 - 0.076), higher BMI at the start (odds ratio=0.76; 95%CI, 0.70 – 44 

0.83), increased BMI (odds ratio=0.57; 95%CI, 0.36 – 0.92), and age in the 40s at the start (odds 45 

ratio=0.49; 95%CI, 0.24 - 0.99). No statistically significant differences were found for medical 46 

history. 47 

Conclusion. Breast density decreased in approximately 25% of women over a 10-year period. 48 

Women with decreased breast density tended to have higher breast density or higher BMI at the 49 

start. This effect was more pronounced among women in their 40s at the start. Women with these 50 

conditions may experience changes in breast density over time. The present study would be 51 

useful to consider effective screening mammography based on breast density. 52 

 53 

 54 

Introduction 55 

  In Japan, the incidence rate of breast cancer has increased year by year (Katanoda et al., 2021), 56 

whereas the mortality rate has tended to level off since 2010. This contrasts with Western 57 

countries, where the mortality rate has leveled off or decreased since 2000(Henley et al., 2020; 58 

Huang et al., 2021). Effective prevention of breast cancer is to identify women at increased risk. 59 

Although age, family history, reproductive factors, estrogen, and lifestyle are established risk 60 

factors for breast cancer (Britt, Cuzick & Phillips, 2020), breast density has especially attracted 61 

attention. Globally, research on dense breasts began in the 1970s (Wolfe, 1976; Wolfe, 1977), 62 

and numerous studies have been reported since the 1990s (Boyd et al, 1998; Warner et al, 1992; 63 

Saftals et al, 1991). In Japan, there has been a high level of interest in dense breasts since around 64 

2016 with the enactment of the Breast Density Notification Law in the U.S. (Kasahara, 2019).  65 

  Breast densities fall into four categories by the ratio of mammary glands to fat in the breast 66 

tissue. The definition of a dense breast in Japan is a breast that is classified as Category 3 67 

(heterogeneously dense) or Category 4 (extremely dense) according to the four breast density 68 

categories defined by the Breast Imaging Reporting and Data System (BI-RADS®) (American 69 

College of Radiology: ACR, 2003; Japan Radiological Society & Japanese Society of 70 

Radiological Technology, 2021). Dense breast is known to increase the risk of breast cancer and 71 

decrease the detection rate of lesions on mammographic images (Boyd et al, 2007; Kerlikowske 72 

et al., 2007; Wong et al., 2011). The case-control studies on dense breasts have been conducted 73 

in Japan, and a trend toward an increased risk of developing the disease has been reported 74 

(Nagata et al., 2005; Kotsuma et al., 2008; Nishiyama et al., 2020). Nishiyama et al. showed that 75 

the age-adjusted odds ratio (OR) for breast cancer was higher for category 4 (OR=2.12; 95％ CI 76 

1.28-3.49) than for category 1 among Japanese women. Lam et al. and Atakpa et al. also 77 



 

 

revealed that breast density was a risk factor for breast cancer in postmenopausal women and 78 

those with a high body mass index (BMI) (Lam et al., 2000; Atakpa et al., 2021).    79 

  The cross-sectional study found the percentages of breast density categories depended on the 80 

woman's age group.  It has been thought that the mammary glands may shrink with age. Warren 81 

et al. reported that the average volume breast density (VBD) decreased by approximately 11％ 82 

over six years but remained unchanged in 80％ of women (Warren et al., 2019). In addition, 83 

another study showed a decrease in mammary density of approximately 11％ over 10 years 84 

(Lokate et al., 2013). Both studies examined breast density over time for each woman, 85 

suggesting that breast density changes as women age. However, there is no sufficient evidence 86 

on change of breast density with age. Regarding the association between breast cancer risk 87 

factors and breast density, age, BMI, and physical activity have been reported as determinants of 88 

breast density changes (Azam, 2019). In a longitudinal study of the effect of menopause on 89 

mammographic density, menopause reduced the area of dense tissue (Boyd, 2002) 90 

  Women with dense breasts should continue to undergo breast cancer screening because of their 91 

high risk of developing breast cancer. However, mammography of dense breasts is known to 92 

have a low lesion detection rate (Carney et al., 2003; McCormack & dos Santos Silva, 2006). 93 

Therefore, a combination of mammography has been considered with other imaging techniques, 94 

such as breast ultrasonography or MRI (Mariscotti et al., 2014; Ohuchi et al., 2016). It would be 95 

necessary to consider the time and financial burden on women if multiple examinations are to be 96 

undergone.   97 

  Even in women with high breast density, the breast density can decrease over time. Suppose the 98 

rate and duration of decline in breast density, or the factors that predispose to a decline in breast 99 

density, can be determined. Estimating the age at which the dense breast changes to a fatty breast 100 

due to a decline in mammary gland density will be possible. Such estimate would help select the 101 

type of screening according to the subjects' risk factors. 102 

  The present study aimed to clarify the proportion of four breast density categories, investigate 103 

the changes in breast density over time, and understand which factors may cause those changes 104 

among Japanese women in a single health-screening facility. 105 

 106 

Materials & Methods 107 

Data description and study population 108 

  This is a retrospective cohort study in Japan. A total of 22,034 women who had mammography 109 

between April 2011 and March 2020 in Tenjin Clinic and Station Clinic, Medical Corporation 110 

Shin-ai were included. Only women who had undergone 8 or more mammograms and measured 111 

BMI over a 10-year period were eligible for the study. Also, the women were limited to "no 112 

abnormality" (including apparently benign disease) on all examinations to avoid mammography 113 

findings' influence on breast density. We categorized women to the presence or absence of a 114 

history of benign breast or gynecological diseases. None of the women had a history of breast 115 

cancer. In addition, the women were limited to between the ages of 25 and 65 years in 2011. 857 116 

women had undergone 8 or more mammograms over a 10-year period. 669 women were "no 117 



 

 

abnormality" (including apparently benign disease) on all examinations. Of these, 221 women 118 

with 8 or more BMI results, medical histories, and digital mammography data recorded since 119 

2011 were included in the final study population. (Figure 1)  120 

  Data on mammography images, year of examination, age, BMI, and medical history were 121 

collected on the subjects. JPEG images of mammography examinations were obtained from the 122 

image server among the subjects' 10 years of examination data. Women’s age, BMI, and medical 123 

histories were obtained from electronic medical records.  124 

  This study was approved by Medical Corporation Shin-ai Ethics Committee (Acceptance 125 

Number: 5). Women obtained written consent to anonymize the data and use it for research. 126 

Mammographic images were provided in Jpeg format with personal information removed. 127 

Mammograms were imaged on Fujifilm AMULET and Canon (Toshiba) Peru. 128 

Breast density assessment  129 

  The ratio of mammary glands and fat in the breast tissue can divide breast density into four 130 

types; fatty, scattered, heterogeneously dense, and extremely dense. This study used a machine-131 

learning-based decision model to classify the following categories. 132 

Category 1: Fatty 133 

Category 2: Scattered 134 

Category 3: Heterogeneously dense 135 

Category 4: Extremely dense 136 

  The image data provided for this study were JPEG images for personal information protection. 137 

Commercially available BD quantification products could not be used for the study. Therefore, 138 

in order to consistently and objectively estimate the breast density of mammography from 2011 139 

to 2020, a machine-learning model of image classification was developed. Since there is 140 

relatively little training data developing machine-learning models in the medical field, the 141 

training data can be augmented by data augmentation and transfer learning (Ragab et al., 2019). 142 

We used Lobe (Microsoft (2020)), a machine-learning model development software developed 143 

by Microsoft, which allows users to create their own judgment model by training arbitrary 144 

images on a model that has already trained a large number of images. 695 normal images from 145 

the Digital Database for Screening Mammography (DDSM) database (Heath et al., 1998, 2001), 146 

which contains four breast composition categories with ACR image evaluation, were used to 147 

train the model.  148 

Images loaded into Lobe are randomly divided into training and test images. These training 149 

images were used to create a machine-learning decision model. The accuracy of the decision 150 

model was able to be verified by the test images. Since the DDSM images were captured by 151 

scanning analog film, there would be images including those in which markers indicating the 152 

direction of capture were superimposed on the breast, or images that were partially filled in to 153 

hide personal information. Using the Lobe operation screen, we could identify images that may 154 

be confusing to create the decision model from among the training images that have been 155 

registered by dividing them into breast configuration categories. These identified images were 156 

manually improved by trimming an improper part or removed if it would bring an inappropriate 157 



 

 

learning. The modified image was replaced with the initial image. Even after the images were 158 

improved, the images were removed if Lobe might indicate a wrong category. By repeating these 159 

operations step by step, the accuracy of the model trained with DDSM images improved to 97%. 160 

This machine-learning model determined the category with the highest probability of being the 161 

most applicable of the four breast density categories. The trained model was exported and 162 

incorporated into our developed program. Using this program, JPEG mammographic images 163 

retrieved from the image server were classified into one of four breast-density categories (Figure 164 

2).  165 

  Mammographic images were determined individually for each of the right and left breasts. The 166 

results of breast density categories were output in csv files. The results of determination of breast 167 

density categories were recorded separately for the left and right breasts. Based on whether 168 

breast density categories changed, the changes in breast density were classified into three 169 

categories: Decrease, No change, and Increase. Similarly, based on whether BMI changed over 170 

time, the changes in BMI were classified into three categories: Decrease, No change, and 171 

Increase.  172 

Statistical Analysis 173 

  Breast density category, BMI, age, and history were tabulated by women on each examination. 174 

Fisher's probability test was performed on the relationship between age at the beginning and 175 

breast density. Similarly, Fisher's probability test was performed for the changes in breast density 176 

categories. Finally, an ordinal logistic analysis was performed with the three groups of temporal 177 

changes in breast density categories as the objective variable and the five items of breast density 178 

at the start, BMI, age, changes in BMI, and the presence or absence of a history of benign breast 179 

or gynecological diseases as explanatory variables. Only BMI at the start was used as a 180 

continuous variable. Since this study's objective variable was ordinal, we conducted an ordinal 181 

logistic analysis to analyze the factors associated with changes in breast density. Statistical 182 

analysis was performed using the statistical analysis free software R (R Core Team (2022)). 183 

 184 

Results 185 

  Table 1 summarizes the results of BMI, history of the disease, and breast density determination 186 

at the starting age.  There were 221 subjects with age of 47±7.3 years and BMI of 21.3±3.0 in 187 

2011. The largest group of subjects were women in their 40s (120 women). The results showed 188 

that category 3: heterogeneously dense, was the most common (67.0%, 269 cases), followed by 189 

category 2: scattered (21.9%, 97 cases), category 4: extremely dense (10.6%, 47 cases), and 190 

category 1: fatty (0.5%, 2 cases). 191 

Figure 3 shows the proportion of breast density categories by age at the start.  The horizontal axis 192 

is the starting age, and the vertical axis is the percentage of each breast density.  The proportion 193 

of category 4, classified as dense breast, is the highest among those under the 40s (p=0.001).  194 

Multiple comparisons by Fisher's test for each age group showed significant differences between 195 

those under 40 and 40s (p=0.001) and 50s (p=0.001).  No significant difference was found 196 

because of the small number of subjects in the 60s. 197 



 

 

  Table 2 shows changes in breast density categories and BMI over the 10 years from 2011 to 198 

2020. To focus on the final breast density, the breast density at the start of screening and in the 199 

final year was compared without considering slight variation changes during the period. The 200 

breast density categories were tabulated separately for the left and right breasts.  For the entire 201 

subject population, 64.7% (286 cases) had no change in the breast density category, followed by 202 

a decrease of 25.3% (112 points) and an increase of 10% (44 patients).  BMI increased in 143 203 

(64.7%), decreased in 69 (31.2%), and showed no change in 18 (4.1%). 204 

  Figure 4 shows the category changes compared to breast density categories at the start of the 205 

screening. The largest proportion of breast density change was in category 4 at 76.6%.  The 206 

highest group with no change in the breast density category was in category 3 at 74.3%, and the 207 

lowest proportion was 23.4% in category 4.  Fisher's probability test on the data in Figure 4 208 

showed a statistically significant difference (p<0.005), indicating a difference in the distribution 209 

of each category (p=2.2E-16).  There was also a statistically significant difference between the 210 

two groups in categories 1 and 4 (p=0.0102). 211 

  Figure 5 shows the relationship between breast density category at the start and BMI at the 212 

start.  BMI at the start correlated with breast density category, with BMI in category 1 213 

(95%confidence intervals (CI): 26.7-28.9) being significantly higher than in category 2 (95%CI: 214 

23.4-23.8), category 3 (95%CI: 21.1-21.3), and category 4 (95%CI: 18.3-18.8). In addition, 215 

lower BMI at the start tended to be associated with the higher breast density category. 216 

  Based on the data obtained, an ordinal logistic analysis was performed using the change in 217 

breast density category (three classes: decrease, no change, and increase) as the objective 218 

variable (Table 3).  There was a statistically significant difference (p<0.005) for the breast 219 

density category at the start and BMI. The coefficients for these two items were negative, 220 

indicating that the breast density category was lower over time with higher breast density at the 221 

start or higher BMI at the start.  Odds ratios were 0.044 (95%CI: 0.025 - 0.076) for breast density 222 

categories at the start and 0.760 (95%CI: 0.696 - 0.829) for BMI. The odds ratio of BMI at the 223 

start was higher than the odds ratio of breast density at the start.  Since BMI at the start was a 224 

continuous variable in the ordinal logistic analysis, a higher value of BMI at the start was more 225 

likely to decrease breast density, on holding other explanatory variables.  There was also a 226 

statistically significant difference (p < 0.05) in the group with increased BMI and the group 40s 227 

at the start, and the coefficient was a negative value, suggesting that the increased BMI group 228 

and starting age in the 40s are also factors that cause the breast density category to lower.  No 229 

statistically significant difference was found for the presence or absence of a history of benign 230 

breast or gynecological diseases. 231 

 232 

Discussion 233 

  No change in breast density over the 10 years from the start of the survey accounted for the 234 

most significant percentage (64.7%), followed by a decrease (25.3%). The highest percentage of 235 

no change in breast density occurred in starting category 3, while the highest percentage of the 236 

decline occurred in starting category 4. Ordinal logistic analysis showed that breast density 237 



 

 

tended to decrease when the breast density category at the start was higher or the BMI value at 238 

the start was more elevated. The presence or absence of medical history did not affect the change 239 

in breast density. 240 

  In this study, breast density in category 3, the most common category, remained unchanged. 241 

The ordinal logistic analysis revealed that breast density tended to decrease in the 40s at the 242 

starting age. Warren et al. reported that around 80% of women had unchanged breast density 243 

over 6 years regardless of starting age (Warren et al., 2019). There was no change in mammary 244 

density in the majority of women of the study by Engmann et al. (Engmann et al., 2019). The 245 

study of Kerlikowske et al. (Kerlikowske et al., 2007) also reported no change was most 246 

common in category 2.   247 

  As shown in Figure 4, this study's most significant reduction in breast density occurred in 248 

women with a starting category 4.  In Table 1, Category 4 accounted for 10% of all women, and 249 

most were under their 40s at the start. In the study by Kim et al., the mean age of women with 250 

non-dense breasts was 47.2 years, and the mean age of women with dense breasts was 39.2 years 251 

(Kim et al., 2020). The trend toward higher breast density in younger women and lower breast 252 

density with increasing age was age-related changes in breast volume density rather than breast 253 

density. Breast volume density is calculated by Volpara (Matakina Technology, Wellington, 254 

New Zealand), Quantra (Hologic, Bedford, Mass.), and other mammography analysis software. 255 

According to Warren et al., breast volume density decreased by approximately 11% over 6 years, 256 

and most women who experienced a decrease were dense breasts. The study of Engmann et al. 257 

compared pre-and postmenopausal women and found a more significant reduction in breast 258 

volume density in women with premenopausal breast volume density of 54.3 cm3 or greater 259 

(Engmann et al., 2019). Moshina et al. also reported a decrease in breast volume density of up to 260 

10% over 6 years of age (Moshina et al.). Breast density in the majority remained unchanged, 261 

although some women’s breast density decreased with age. Women with declining breast density 262 

had higher breast density at the start. It was consistent with our findings in this study. 263 

  Over 10 years of the current study, the breast density category tended to decline from category 264 

4, especially for women under the 40s. Burton et al. showed that breast area density, the ratio of 265 

the mammary gland area to the total breast area calculated from a mammogram, was lower in 266 

older women regardless of country or race (Burton et al., 2017). Therefore, the 40s women with 267 

dense breasts may lose their breast density over time and no longer have dense breasts. Although 268 

this study was conducted over 10 years, we believe that a 20-year study of women under 40s 269 

until they reach their 50s or older could provide a clearer picture of the effects of aging on 270 

changes in breast density. A longitudinal study in the UK demonstrated that BMI-adjusted 271 

density decreased with increasing age at screening (McCormack et al., 2008). 272 

  The impact of changes in breast density over time on breast cancer risk has been reported with 273 

different results. In Kerlikowske et al. study, which was a prospective cohort study of 274 

approximately 300,000 American women who had at least two mammograms between 1993 and 275 

2003, women whose category decreased within 3 years compared to women whose class did not 276 

change have a reduced risk of developing breast cancer (Kerlikowske et al., 2007). The study by 277 



 

 

Lokate et al. points out that the more significant the decrease in breast density may affect breast 278 

cancer risk (Lokate et al., 2013). The study by Azam et al. 2020 used the KARMA cohort data 279 

for Swedish women and compared changes in mammary tissue area within the breast; no 280 

significant difference in the hazard ratio for breast cancer risk was found for women with 281 

unchanged or increased mammary tissue area compared than women with decreased mammary 282 

tissue area (Azam et al., 2020).  Although different results have been reported on whether 283 

changes in mammary gland density over time affect breast cancer risk, it will be a point of 284 

interest in breast cancer screening. 285 

  During our study, 64.7% of women showed an increase in BMI. There was no age-related 286 

difference in BMI at the start, but the more significant the BMI at the start, the lower the breast 287 

density category. Results of the ordinal logistic analysis showed a strong trend toward lower 288 

breast density with higher BMI at the start (P < 0.005) and also a trend toward lower breast 289 

density categories with BMI increased over time (P < 0.05). Since percent breast density is 290 

determined by the ratio of adipose tissue to mammary tissue in the breast, it is assumed that 291 

women with higher BMI also have more adipose tissue in the breast, which would decrease 292 

breast density. This is consistent with the report by Emma et al. that breast volume density and 293 

BMI are inversely correlated. However, it has been pointed out that changes in BMI may change 294 

the apparent breast density (Atakpa et al., 2021). In contrast, the study by Lam et al. states that 295 

BMI and breast density independently affect breast cancer risk (Lam et al., 2000). In the study of 296 

Azam et al., BMI was one of the determinants of changes in breast density, women with BMI 297 

below 20 had lower breast density than those with BMI above 30(Azam et al., 2019). Of the 298 

women in our study whose BMI had not changed since the start of the study, 56% also had no 299 

change in breast density. In addition, multiple comparisons by the Fisher test for BMI change 300 

showed no statistically significant differences among the three groups. Therefore, it is thought 301 

that the BMI value at the time of initiation can affect breast density more strongly than the 302 

change in BMI. 303 

  In the present study, there was no effect of a history of benign breast or gynecological disease 304 

on changes in breast density. Women with benign breast or gynecological disease accounted for 305 

33.9% of the total. By age, the starting age of women with the medical history was 40 years or 306 

older; half in their 60s and older, but the number of subjects was small (14 cases). The facilities 307 

that cooperated in this study mainly provide medical examinations for workers. Therefore, we 308 

assume that the number of women in their 60s and older, which is the post-retirement age group, 309 

has decreased. In the study by Lokate et al., breast density decreased when hormone replacement 310 

therapy was given to women younger than 45 years (Lokate et al., 2013). Information on 311 

hormone replacement therapy was not collected in this study. 312 

  It is known that women with dense breasts who are at high risk for breast cancer have low 313 

detection rates on mammography, and other studies have been conducted in various countries 314 

using MRI and breast US as adjunctive tests (Mariscotti et al., 2014; Ohuchi et al., 2016). 315 

Multiple tests are expected to be time-consuming and financially burdensome for women. It 316 

should be noted that these tests were performed in high-density breasts because the stage of the 317 



 

 

disease is more likely to be advanced at the time of breast cancer detection. In treating breast 318 

cancer, L. Sun et al. reported that the average cost of treatment for breast cancer increases as 319 

FIGO staging increases (Sun et al., 2018). The present study suggests that women with dense 320 

breasts may also experience decreased breast density. Therefore, rather than recommending 321 

permanent multiple examinations for women with dense breasts, we believe that suggesting 322 

examinations based on breast changes will reduce the time and financial burden. 323 

  The present study was conducted on women who had continued examinations at a single 324 

facility. Since the facility conducted many workplace health examinations, the sample of women 325 

in their 60s and older was small, presumed to bias the target population. Future longer-term 326 

observations will need to consider differences in the birth year cohort. In addition, we used a 327 

self-developed program rather than commercially available software of mammogram analysis to 328 

adapt a retrospective study although a longitudinal study was conducted that followed the 329 

changes in individual women.  For breast density measurement, most of the mammography 330 

analysis tools currently available use the raw data from the imaging to calculate the density, and 331 

this method was used in the study by Asam et al. (2020). However, it was difficult to analyze 332 

past images stored in compressed format. In this retrospective study, we used an AI trained on 333 

images from the DDSM database to determine the breast's composition objectively. In practice 334 

of breast cancer screening, mammography image analysis software such as Volpara (Engmann et 335 

al., 2019; Moshina et al.) and AI are used to determine mammary gland density or breast density 336 

(Azam et al., 2020). Kling et al. found that image classification models using Lobe yielded 337 

results comparable to those obtained with conventional machine-learning models. (Kling et al., 338 

2022) The mammograms used in this study were taken by two different devices. But 339 

mammographic images were taken at the same facility and had adjusted so that there were no 340 

significant differences in image quality between the two devices. It has been reported that the 341 

effect of differences in mammography equipment on breast density determination was small 342 

(Damases, Brennan & McEntee, 2015). Therefore, there would be no significant impact on the 343 

breast density measurement. One limitation of this study is that the images registered in the 344 

DDSM are digital images created by reading mammograms taken on analog film with a 345 

dedicated device. Compared to images currently used in clinical practice, the degree of 346 

blackening is low, and contrast is poor. Therefore, there is a possibility that the composition of 347 

the breast will be judged low in the judgment of the model created in this study. 348 

 349 

Conclusions 350 

  This study was a retrospective, longitudinal study of breast density in women who had no 351 

abnormalities on mammography. Over the 10-year study period, breast density did not change in 352 

about 65% of the women, while breast density decreased by about 25%. Women with reduced 353 

breast density tended to have a higher breast density or a higher BMI at the start of screening. 354 

This effect was more pronounced in women with the 40s at the start. Women with these 355 

conditions may experience changes in breast density over time. 356 

 357 
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