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Preface 

This thesis explored characteristics of mammographic density for women in China. The work 

consists of six chapters and includes the candidate’s publications, accepted articles and those 

under consideration for publication along with bridging sections, as stated in the University of 

Sydney guidelines for thesis containing publications. Each chapter is able to be read 

independently and the layout of the thesis is shown as follows.  

 Chapter one is an introduction to the thesis, providing an overview of background of 

mammographic density in China, an outline of the deficiencies around the topic and 

aims and objectives of the thesis in the context of these deficiencies.  

 Chapter two is a literature review of the literature on epidemiology of breast cancer in 

China as well as risk factors. This paper is presented as published in the Breast Cancer 

Research and Treatment. 

 Chapter three presents a cross-sectional study which established mammographic 

density distribution for women without breast cancer and identified factors associated 

with density using Breast Imaging Reporting and Data System (BI-RADS) breast 

composition classifications, based on data from a national screening cancer program. 

This paper is accepted for publication by The Breast Journal. 

 Chapter four is a study identified prospective factors for mammographic density in 

Chinese women using a quantitative algorithm named AutoDensity. The study aims to 

establish statistical models of mammographic density prediction for Chinese females 

both with and without breast cancer. This work was submitted to The Oncologist.  

 Chapter five is a cross-sectional study which examined the potential relationship 

between mammographic density and breast cancer for females in China with density 

being measured by the AutoDensity algorithm. This study was accepted for publication 
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in The Breast Journal.   

 Chapter six is a discussion which described the overview of thesis, implications, 

limitations, future works and conclusion. 

Each chapter contains its own reference list. Ethic approval has been obtained for this work 

prior to any data collection. The appendices at the end of the thesis contain a copyright 

permission letter, title slides for conference presentations and ethical approval letters. 
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Abstract 

Objectives 

Mammographic density is considered an important risk factor for breast cancer but the 

characteristics of density for Chinese women are under-studied. The purpose of this study is to 

understand the characteristics of mammographic density for women in China using both 

qualitative and quantitative assessment approaches.  

Methods 

This work consists of three studies. The first one was a cross-sectional study using 

mammographic cases of 4,867 women without breast cancer and mammographic density was 

assessed using the BI-RADS density classification (4th edition). Spearman correlations 

examined the relationship between BI-RADS values and continuous variables, whilst Mann-

Whitney Tests and Kruskal-Wallis Tests were conducted to assess categorical variables. The 

BI-RADS density was then recoded into a dichotomous variable: low density (BI-RADS 1&2) 

and high density (BI-RADS 3&4).  Factors that were found to be statistically significant based 

on the above tests were entered into binary logistic regression to produce odds ratios for the 

dichotomous density values. The second study identified factors associated with 

mammographic density with density being measured by a quantitative algorithm. A total of 

1071 (84 with and 987 without breast cancer) women were recruited and density was measured 

using an automatic algorithm AutoDensity and expressed in both percentage density and area 

(area of dense tissue) format. Pearson tests were performed to examine relationships between 

density and continuous variables and t-tests were conducted to compare differences of mean 

density values between groupings of categorical variables. Multivariate models were built 

using variables that were found to be statistically significant with the Pearson and t-tests. The 

third study examined the potential relationship between mammographic density and breast 
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cancer using the same data from the second study. Baseline differences in the characteristics 

of the two groups of women with and without breast cancer were examined by using t-tests and 

chi-square tests, and odds ratios were produced by binary logistic regression. A statistical 

model was built using multiple logistic regression. These tests were repeated after separating 

the data sets based on menopause status.  

Results 

The first (BI-RADS) study showed negative associations (p < 0.001) between BI-RADS 

density and age (rho = -0.23), Body Mass Index (BMI) (rho = -0.18) and weight (rho = -0.16). 

Density was statistically significantly different (p < 0.05) across educational, province of 

residence and occupation groups. Women with a history of early age of menarche, pre-

menopausal status, nulliparity, no breastfeeding and benign breast disease demonstrated 

increased mammographic density compared with women without such histories (p < 0.05). The 

second (AutoDensity) study found that for women without breast cancer, weight and BMI (p 

< 0.01) were found to be negatively associated (r = -0.24, r = -0.27) with percentage density 

(PD) whereas positively associated (r = 0.11, r = 0.10) with dense area (DA); lower PD was 

found within women with secondary education background or below compared to women with 

tertiary education. There is no associations (p > 0.05) for smoking history, alcohol consumption 

and family history of breast cancer. For women with breast cancer, PD demonstrated similar 

relationships with those of cancer-free women whilst breast area was the only factor associated 

with DA (r = 0.74, p < 0.001). The third study did not find any association between PD or DA 

and breast cancer amongst all (p = 0.23; p = 0.34), pre-menopausal (p = 0.24; p = 0.48) and 

post-menopausal women (p = 0.12; p = 0.26). 
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Conclusions 

For the first time in China, this work has shown distribution of Chinese mammographic density 

and demonstrated important associations between mammographic density and demographic, 

lifestyle, menstrual, reproductive and familial factors with density being assessed using both 

qualitative and quantitative methods. Differences between the two quantitative density metrics 

(PD and DA) emphasise the importance of better understanding what each metric represents 

for both women with and without breast cancer and ensuring that approaches are standardised 

for both types of women. The findings should be useful to policy makers responsible for breast 

cancer preventative strategies so that the impact of this increasingly important health policy 

issue is minimised. 
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1.1 Breast anatomy and composition 

The breast is situated between the superficial and deep layers of the superficial fascia on the 

anterior chest wall (Figure 1.1). It extends longitudinally over the pectoralis major muscle from 

the 2nd rib to the 6th intercostal cartilage and is positioned transversely from the edge of the 

sternum to the anterior axillary line [1]. The axillary tail extends beyond the outer border of 

the pectoralis major. The breast is firmly attached to the skin by suspensory or Cooper’s 

ligaments, which connect the anterior and posterior fascial plans. These ligaments represent 

the supporting structurers of the breast and provide the shape of the parenchyma.  

The skin of the nipple is pigmented and extended radially 1-2 cm to form the areola, on which 

small sebaceous glands (named Glands of Montgomery) present. Approximately 15-20 

lactiferous ducts open into the epidermis of the nipple, and as they approach the nipple these 

ducts become wider to form lactiferous sinuses [1]. There is no fat immediately beneath the 

nipple areola.  

The arterial supplies to the breast arise from the internal thoracic, lateral thoracic and intercostal 

arteries, and the venous drainage is to the axillary, internal thoracic and posterior intercostal 

veins [1]. The lymphatic drainage of the breast is mostly (>75%) provided by axillary lymph 

nodes with a relatively less amount provided by internal mammary, pectoral and subcutaneous 

nodes [2]. 

Two layers of pectoral fascia present within the breast, superficial and deep layers, which are 

connected by Cooper’s ligaments. Three types of tissue, fibrous, glandular or secretory and 

adipose or fatty tissue, exist between superficial and deep fascia. The fibrous and glandular 

(commonly referred to as fibroglandular) tissue contains higher concentration of epithelial cell, 

stromal cell and collagen than adipose tissue [3, 4].  
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Figure 1.1: Appearance of the breast (reproduced with minor modification with permission 

from the medical illustrator Patrick J. Lynch (Appendix 1)).  

1.2 Radiographic appearances of breast tissue and mammographic 

density 

The mammographic appearance of the breast is determined by the relative composition of fatty 

and fibroglandular tissue since fatty tissue is relatively radio-lucent whereas fibroglandular 

tissue is relatively radio-opaque [6]. Fatty tissue therefore attenuates very little of the X-ray 

beam (depicts as dark on an image) whilst the fibroglandular tissue attenuates a great amount 

and allows very little of the X-ray beam to reach the image (shows as white) (Figure 1.2). It is 
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the difference in attenuation between these two types of tissue and all the varying degrees of 

‘greyness’ in between which provides the contrast of mammogram. Therefore, the greater the 

density of the breast tissue in terms of quantity and extent of the fibroglandular tissue, the 

greater is the area of radio-opacity demonstrated on the image. Another component of visible 

mammographic density on an image are ducts, which is commonly seen as white and thin linear 

structures emanating from the nipple. Mammographic density therefore refers to the proportion 

of the breast that is composed of radio-opaque (white) area in a mammogram.  
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Figure 1.2: Mammographic appearance of the breast (left cranio-caudal view). 

1.3 Mammographic density and breast cancer risk in westernised 

countries 

Mammographic density represents the amount of fibroglandular tissue and it is consistently 

demonstrated as an important risk factor for breast cancer in westernised countries [6-9].  It 
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was suggested that women with highest density were shown to have 2 to 6 times higher risk in 

developing breast cancer compared to those with the lowest [6, 7, 9-11] and mammographic 

density is also shown to be associated with approximately 50% of interval breast cancer [6, 11]. 

The positive association between mammographic density and breast cancer was demonstrated 

in many epidemiological studies using both qualitative and quantitative methods. The most 

commonly used qualitative method worldwide in both clinical and screening settings is Breast 

Imaging Reporting and Data System (BI-RADS) breast composition classifications, which was 

developed by the American College of Radiology in 2000 [12]. The BI-RADS classifications 

describes implications of the assigned mammographic density category and areas on the image 

where cancer is likely to be missed [13]. The association between mammographic density and 

breast cancer risk was consistently demonstrated by this measure in previous studies, 

particularly for post-menopausal women [9]. However, the BI-RADS classification has been 

shown to suffer limited reproducibility with wide inter- (kappa = 0.02-0.77) and intra-reader 

(kappa = 0.32-0.88) variations largely due to the variations in image appearance/quality and 

perception of radiographic features [14-19]. This subjectivity has the potential to result in 

inconsistent breast cancer risk prediction and unnecessary discrepancies in decision-making 

for density assessment [12]. 

1.4 Factors associated with mammographic density in westernised 

countries 

Many epidemiological studies have shown well confirmed associations between 

mammographic density and causal agents predominantly focusing on demographic and 

reproductive agents [20-23]. Younger age, lower BMI and reduced weight have been shown to 

be associated with higher mammographic density for several decades [8, 22, 24, 25]. Younger 

women and women with high BMI were commonly reported to have almost fatty to scattered 
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fibroglandular breast features on mammography [26, 27]. Education-dependent density 

differences were also reported with women with higher education experiencing denser breasts 

compared to individuals with lower level of education [23, 28, 29]. The effect of level of 

education in the mammographic density was predominately apparent in the highest education 

category. There was little evidence that reproductive factors explained this association but the 

area of residence possibly and partially impacted on this association since mammographic 

density was shown to be greatest among women living in the most affluent areas compared to 

those living in the deprived regions [28]. Pre-menopausal status, nulliparity, late age at first 

delivery, a smaller number of live births and family history of breast cancer were also shown 

to be positively associated with higher mammographic density in studies conducted in North 

America focusing on Caucasian women [21-23]. These density related factors were reported to 

link to age and hormonal influences on the epithelial, stromal and adipose tissues in the breast 

[21, 30].   

The relationships between mammographic density and lifestyle factors have not been 

consistently established and are sometimes contradictory. The available data around 

associations between density and smoking history and alcohol consumption are inconsistent. 

Some studies found a positive association with alcohol consumption [31-36] and a negative 

association with smoking history [37-39], whereas others showed no associations [40-43]. The 

relationship between physical activity and mammographic density was summarised in a 

literature review published in Integrative Cancer Therapies in 2016, which found that more 

than 80% of the studies reported no association, yet other studies found physical activity was 

negatively associated with mammographic density in peri-menopausal and post-menopausal 

women [44].    
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1.5 Mammographic density and associated factors in China 

Characteristics of mammographic density have been under-studied in China. From the limited 

data that are available regarding Chinese mammographic density, the findings are not 

necessarily consistent. One large observational study (with over 6,000 women) involving 4 

large Chinese cities reported that Chinese women predominantly (80%) experienced scattered 

fibroglandular and heterogeneous mammographic density compared to a minority of women 

(20%) having almost extremely fatty or extremely dense breasts, however the density values 

were almost equally distributed between the lower (BI-RADS 1&2) and upper (BI-RADS 3&4) 

groupings [45], a finding consistent with studies involving Asian women living in western 

countries [46, 47]. Another single-city based study which recruited more than 3,000 women, 

in contrast, reported that the number of women with high dense tissue are nearly 10% higher 

than individuals with low dense breasts [48], which is similar to the distribution of 

mammographic density in women in North America [49, 50]. The disparity of density 

distributions might highlight the variation in breast tissue composition due to population 

difference and geographic locations.  

The findings regarding the relationship between mammographic density and breast cancer risk 

were also inconsistent in these two studies: the former study found no association between 

density and cancer risk [45] whereas the latter study reported that compared to women without 

breast cancer, mammographic density was lower and higher for cancer women within the 40-

49 and 55-71 age groups, respectively, and there was no association for women aged 50-54 

[48].   

From the paucity of data that are available, studies examining determinants of mammographic 

density mainly focused on reproductive and hormonal factors. It appears that women with pre-

menopausal status, earlier age at menarche, nulliparity, younger age at first delivery and history 
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of benign breast disease were more likely to have dense breasts [45]. Longer breastfeeding 

duration and larger breast size were also found to be negatively associated with mammographic 

density in pre-menopausal women [51]. 

1.6 Knowledge deficiencies in the literature 

These are the deficiencies: 

 Factors associated with mammographic density are under-studied for Chinese females. 

In previous studies which examined determinants of mammographic density in Chinese 

women, the associations predominantly focused on reproductive agents and these 

assocations were not consistently demonstrated. Besides, the demographic (e.g. age, 

BMI and ethnicity) and lifestyle factors (e.g. smoking history, alcohol comsumption 

and physical activity) are not fully understood, which requires research and will be 

explored in this thesis.  

 All previous studies regarding Chinese mammographic density used the qualitative 

method of Breast Imaging Reporting and Data System (BI-RADS) breast composition 

classifications, which is the most commonly used assessment approach of 

mammographic density in both clinical settings and screening programs in China and 

many other countries [52, 53]. However, of all the available methods, the BI-RADS 

classification appears to be the least reliable due to strong subjectivity and limited 

reproducibility [8]. Therefore the density measurements using quantitative methods is 

in urgent demand.  

 Only two peer-reviewed articles have examined the relationship between 

mammographic density and breast cancer for women in China. The findings from these 

two papers are inconsistent: one study which recruited 86 and 28,302 women with and 

without breast cancer, respectively, from a screening trial across 4 large Chinese cities 



10 

 

showed no association between density and cancer [45]; in contrast another large cross-

sectional study, involving 2,527 cancer and 3,394 cancer-free women, reported that, 

compared to women without breast cancer, mammographic density was lower and 

higher for cancer women within the 40-49 and 55-71 age groups, respectively, however 

there was no association for women aged 50-54 [48]. These inconsistent findings 

therefore require further investigation and refinement.  

In view of these deficiencies, the focus of this thesis is to identify the casual agents associated 

with mammographic density for women in China using both qualitative and quantitative 

methods and to examine the potential association between mammographic density and breast 

cancer risk. Without this knowledge, researchers, clinicians and policy makers cannot 

confidently apply scientific conclusions from westernised countries directly to Chinese women 

nor can they make appropriate decisions on breast cancer preventative strategies. 

1.7 Aims and objectives of this thesis 

The aim of this thesis is to investigate mammographic density in women in China. 

The objectives are: 

 To identify demographic, lifestyle, reproductive and familial factors associated with 

mammographic density for Chinese women without breast cancer, based on data from 

a national screening program, using the BI-RADS breast composition classification.  

 To identify factors associated with mammographic density using a recently developed 

algorithm, and based on the data to establish statistical models of mammographic 

density prediction for Chinese females both with and without breast cancer.  
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 To initially examine the possibility of mammographic density being a potential risk 

factor for breast cancer for Chinese females.  

1.8 Thesis structure 

The scope of this work involves investigating the variations of mammographic density for 

Chinese females. The thesis is structured in the following manner: 

 Chapter two provides a detailed literature review on the descriptive epidemiology of 

breast cancer in China, in terms of incidence, mortality, survival and prevalence, and 

explores relevant factors such as age of manifestation, geographic locations and recent 

and long-term trends. To benchmark the data presented, regular comparisons are made 

with westernised values, particularly those arising from the United States and Australia, 

the former being the largest of typical westernised countries and the latter being the 

closest to China.   

 Chapter three determines the distribution of mammographic density in Chinese females 

using BI-RADS classification and explores the associations with a large number of 

demographic, environmental, lifestyle, menstrual, reproductive and familial factors.  

 Chapter four identified predictors of mammographic density for both Chinese women 

with and without breast cancer using a quantitative algorithm AutoDensity. 

 Chapter five explored the possibility of mammographic density being a potential risk 

factor for breast cancer for Chinese females.  

 Chapter six presents a discussion which describes the overview, implications, limitation 

and future directions of the thesis. 

 A bridging section is inserted at the beginning of each chapter. 
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 The papers contained within Chapters three and five were contracted to meet the journal 

requirements. However additional information was contained in the original manuscript 

and therefore the full manuscript for these chapters are shown in Appendix 2. 
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Chapter Two 

 

 

 

Descriptive epidemiology of breast cancer in China: Incidence, 

mortality, survival and prevalence 

 

 

 

 

 

 

 

Chapter two is published as: 

Li T, Mello-Thoms C, and Brennan PC, Descriptive epidemiology of breast cancer in China: 

incidence, mortality, survival and prevalence. Breast Cancer Research and Treatment, 2016. 

159(3): p. 395-406. 

Presentations on this paper was made at the following meeting:  

Lab meeting, Brain and Mind Centre, Sydney, Australia, April 2015 (Appendix 3.1) 
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2.1 Bridging section for chapter two 

From the Knowledge Deficiencies in the Introduction, it was stated that limited studies are 

available regarding mammographic density for women in China. Therefore, it was necessary 

in the first instance to conduct a literature review focusing on the descriptive epidemiology of 

breast cancer in China, in terms of incidence, mortality, survival and prevalence, including 

issues around mammographic density wherever possible. Relevant factors of breast cancer 

epidemiology such as age of manifestation, geographic locations and recent and long-term 

trends were also explored. The purpose of this literature review was to provide readers with a 

detailed understanding of the status of breast cancer in China, thus providing a platform and 

context on which our future investigations could be based. 
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2.2 Statement from author confirming authorship contribution of the 

PhD candidate 

As a co-author of the paper “Descriptive epidemiology of breast cancer in China: incidence, 

mortality, survival and prevalence”, we confirm that Tong Li has made the following 
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 Conception and design of the literature review 

 Guarantor of the integrity of the entire study 
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 Manuscript preparation 

 Manuscript editing and critical appraisal of content 
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Chapter Three  

 

 

 

 

 

 

Mammographic density and associated predictive factors for Chinese 

women: Using BI-RADS density classification 
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Chapter three is accepted for publication (In Press) as: 

Li T, Li J, Dai M, Ren J, Zhang H, Mi Z, Heard R, Mello-Thoms C, He J, Brennan PC. 

Mammographic density and associated predictive factors for Chinese women. The Breast 

Journal. 2017. 

The full original (non-contracted) manuscript is contained in Appendix 2.1. 

Presentations on this paper was made at the following conferences:  
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 4th International “Why Study Mammographic Density?” Meeting: The Measurement 

Challenge, Kingscliff, Australia, August 2016 (Appendix 3.3) 
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3.1 Bridging section for chapter three 

Based on the literature review, we found that the incidence of breast cancer in China has 

increased rapidly in the last decades and this disease has become a significant public health 

issue amongst Chinese women. The common risk factors include lifestyle and environmental 

factors and reproductive activities, but information regarding other significant risk factors is 

missing, for example, mammographic density. Mammographic density is well-documented to 

be an important risk factor of breast cancer for westernised women and knowledge around 

factors associated with density are well-studied. It is a major determinant of imaging modality 

selection for any screening program because the efficacy of these imaging solutions depends 

on the presentation of the breast. However features of mammographic density is very poorly 

understood in the Chinese context. Therefore, this chapter characterises the distribution of 

mammographic density and identified factors associated with density for Chinese women 

without breast cancer, based on data from a national screening program. The mammographic 

density in this chapter will be assessed using BI-RADS breast composition classification, the 

most commonly used method in density assessment in both screening and clinical settings in 

China. 

The study “Mammographic density and associated predictive factors for Chinese women” was 

submitted to and accepted by The Breast Journal. This study examined the factors, including 

demographic, environmental, lifestyle, menstrual, reproductive and familial agents, associated 

with mammographic density for women in China. In this chapter, we include the paper 

accepted by The Breast Journal (in manuscript format), which is accompanied by nine 

supplementary tables (will be available online only in the journal website after being published). 

The full work which, due to word limits, could not be contained within the accepted article, but 

it is shown in Appendix 2.1. 
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3.2 Statement from author confirming authorship contribution of the 

PhD candidate 

As a co-author of the paper “Mammographic density and associated predictive factors for 

Chinese women”, we confirm that Tong Li has made the following contributions: 

 Conception and design of the research 

 Data collection 

 Analysis and interpretation of the findings 

 Manuscript preparation, editing and critical appraisal of content 
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Chapter Four 

 

 

 

 

Using AutoDensity percentage and area measures to characterise 

mammographic density and associated factors for women in China 

 

 

 

 

 

Chapter four is submitted to The Oncologist as: 

Li T, Tang L, Gandomkar Z, Heard R, Mello-Thoms C, Di G, Gu Y, Xiao Q, Shao Z, Nickson 

C, Brennan PC. Using AutoDensity percentage and area measures to characterise 

mammographic density and associated factors for women in China. The Oncologist. 2017. 

Presentations on this paper was made at the following conferences:  

 5th World Congress on Breast Cancer, London, U.K., June 2017 (Appendix 3.8) 

 34th Annual Miami Breast Cancer Conference. Miami Beach, U.S. March 2017 

(Appendix 3.9) 
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4.1 Bridging section for chapter four 

BI-RADS classification is the most commonly used approach in mammographic density 

assessment across the world. It provides a description of possible implications of the assigned 

density categories on images of the likelihood that cancers will be obscured [1]. Similarly in 

China, BI-RADS approach is the standard assessment in both diagnosis and screening process 

with each case being read by at least two radiologists. However, the reproducibility of this 

classification is questionable because of the subjectivity of radiologists involved in the 

assessment process. 

The accuracy and reliability of this visual approach is highly dependent on image quality (e.g. 

resolution and image contrast). In reality, there are many different manufacturers of 

mammographic equipment with various image acquisition parameters (e.g. Kilovolt Peak, 

Milliampere-second [mAs], anode/filter [targe/filter] combinations and calibration of 

Automatic Exposure Control [AEC] systems) which could result in variations in image 

appearance and perception of radiographic features [2]. Therefore it has been shown that the 

BI-RADS approach is likely to suffer reduced reproductively with wide inter-reader (kappa = 

0.02-0.77) and intra-reader (kappa = 0.32-0.88) levels of agreement [3, 4]. This subjective 

variability has the potential to lead to inconsistency and excessive discrepancies in decision-

making for mammographic density assessment and breast cancer risk prediction. Besides, 

visual approaches like BI-RADS is relatively time-consuming and labour-intensive compared 

to quantitative computer aided methods [5-7]. Therefore, quantitative approaches employing 

mathematical, statistical and physical principles are designed to offer more standardised 

assessment of mammographic density and they have the potential to be the future for density 

assessment.  



66 

 

The study “Using AutoDensity percentage and area measures to characterise mammographic 

density and associated factors for women in China” was submitted to The Oncologist and is 

under the process of peer-review. This study identified predictive factors of mammographic 

density for both Chinese women with and without breast cancer using a quantitative algorithm 

AutoDensity (BI-RADS was used to assess mammographic density in last chapter). 

AutoDensity is a fully automatic algorithm designed by the University of Melbourne in 2013 

and verified with data collected from BreastScreen Victoria [8]. This algorithm uses interactive 

thresholding technique to segment and highlight the breast from the background within a 

mammogram, and then assesses the number of pixels over the intensity threshold providing a 

measure of breast area (Pixels of Breast Area). Simultaneously, an optimal threshold outlines 

and highlights the dense tissue within the breast and sums the pixels in this area (Pixels of 

Dense Area). The resultant percentage mammographic density is calculated by dividing Pixels 

of Dense Area by Pixels of Breast Area and multiplied by 100% (A detailed explanation of the 

algorithm is presented under Mammographic Density Measurement in the submitted paper). 

In the previous chapter, we used the more traditional BI-RADS approach to assess 

mammographic density. In this section of the thesis, by using an automated algorithm to 

measure density, we can examine if these newer quantifiable measurements offer any 

additional or complimentary information. 
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4.2 Submitted paper of ‘Using AutoDensity percentage and area 

measures to characterise mammographic density and associated 

factors for women in China’ 
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Chapter Five 

 

 

 

 

 

Mammographic density and other risk factors for breast cancer 

amongst women in China 

 

 

 

 

Chapter five is accepted for publication (In Press) as: 

Li T, Tang L, Gandomkar Z, Heard R, Mello-Thoms C, Shao Z, Brennan PC. Mammographic 

density and other risk factors for breast cancer amongst women in China. The Breast Journal. 

2017. 

The full original (non-contracted) manuscript is contained in Appendix 2.2. 

Presentations on this paper was made at the following conference:  

15th ST. Gallen International Breast Cancer Conference, Vienna, Austria, March 2017 
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5.1 Bridging section for chapter five 

The previous two chapters examined characteristics of mammographic density, including 

density distribution by BI-RADS classification, factors associated with BI-RADS density for 

women without breast cancer in national screening context, and predictive factors of percentage 

density and dense area for women with and without breast cancer. However the potential 

relationship between mammographic density and breast cancer was not covered in the previous 

two studies. Even though there are a large number of studies examined the relationship between 

density and cancer in westernised countries, limited studies are available on this topic for 

women in China (discussed in the deficiencies in Chapter one). Therefore we decided to further 

examine the potential risk factors of breast cancer to check whether this relationship in Chinese 

women is the same and as important as that in females from westernised countries.  

The study “Mammographic density and other risk factors for breast cancer amongst women in 

China” was submitted and accepted as a paper in The Breast Journal. The study examined the 

relationships between potential risk factors and breast cancer, with a particular focus on 

mammographic density. The sample in this study included women in China only and came 

from a localised (on city level) screening program in Shanghai, China. The work was shortened 

to accommodate the Journal’s requirements and therefore in this chapter we include the 

publication (in accepted manuscript format) accompanied by two supplementary tables (will 

only be available online in the journal website after being published). The full work which, due 

to word limits, could not be contained within the accepted article, but it is shown in Appendix 

2.2. 
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5.2 Statement from author confirming authorship contribution of the 

PhD candidate 

As a co-author of the accepted paper “Mammographic density and other risk factors for breast 

cancer amongst women in China”, we confirm that Tong Li has made the following 

contributions: 

 Conception and design of the research 

 Data collection 

 Analysis and interpretation of the findings 

 Manuscript preparation, editing and critical appraisal of content 
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6.1 An overview of the thesis  

Within the breast, fibroglandular tissue attenuates more of the X-ray beam (shows as radio-

opaque on an X-ray image) than fatty tissue and mammographic density describes the extent 

of radio-opaque tissue (dense area) [1]. Increased mammographic density has been shown to 

be associated with increased (2-6 times) risk of breast cancer [2]. Also, the two dimensional 

images produced by mammography are characterised by breast tissue overlap, particularly 

when dense tissue is involved, thereby leading to concealment or a masking effect which may 

obscure breast cancer [3, 4]. Many factors have been shown to be associated with lower density 

including aging, increased BMI, early age at menarche, post-menopause, parity, early age at 

first delivery, a large number of children, no family history of breast cancer, no history of 

hormone replace therapy, physical activity, no smoking history, lack of alcohol consumption 

and intake of calcium and vitamin D as well as high intake of vegetables [5-9]. However these 

associations are largely based on studies relevant to women from westernised countries and 

cannot be applied directly to Chinese women since the characteristics of mammographic 

density for this oriental population is under-studied.  

This PhD thesis, to our knowledge, is the first study that was specifically designed to 

investigate the features of mammographic density for women in China and the objectives are:  

 To identify demographic, lifestyle, reproductive and familial factors associated with 

mammographic density for Chinese women without breast cancer, based on data from 

a national screening program, using the BI-RADS breast composition classification.  

 To identify factors associated with mammographic density using a recently developed 

algorithm, and based on the data to establish statistical models of mammographic 

density prediction for Chinese females both with and without breast cancer.  
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 To initially examine the possibility of mammographic density being a potential risk 

factor for breast cancer for Chinese females.  

This thesis provides new knowledge around the distribution of mammographic density in 

Chinese women and the factors associated with density for women in China. Mammographic 

density was assessed by a qualitative (i.e. BI-RADS classification) method (Chapter three). 

Some previous studies showed that Chinese women living in western countries had more dense 

breasts (BI-RADS 3&4) compared to fatty breasts (BI-RADS 1&2) [10, 11]. However our 

study found that density values were almost equally distributed between the lower (BI-RADS 

1&2) and upper (BI-RADS 3&4) groupings. An array of demographic, environmental and 

lifestyle, and menstrual, reproductive and familial factors were explored and assessed to 

identify possible associations with mammographic density. This examination provided a 

comprehensive understanding of characteristics of mammographic density amongst women in 

China.   

This thesis also provides insights on the predictors of density on Chinese women by designing 

a study involving women with and without breast cancer using a quantitative and fully-

automatic (i.e. AutoDensity algorithm) assessment approach (Chapter four). We explored the 

predictors of density using both percentage and dense area measures to establish the level of 

agreement between these two commonly used measures and establish recommendations for 

future studies. 

6.2 Significant findings  

The objectives were achieved through three studies. The first study recruited a large number of 

women (4,867 women without breast cancer) from the National Cancer Screening Program in 

China, and mammographic density was assessed using the BI-RADS density classification (4th 
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edition). This part of the work determined density distribution amongst Chinese women and 

identified factors associated with density. The second study was a cross-sectional study 

employing a total of 1071 (84 with and 987 without breast cancer) women. This study’s 

purpose was to identify associated factors with mammographic density using a fully automatic 

algorithm. In addition, it sought to establish statistical models of mammographic density 

prediction for Chinese females both with and without breast cancer. Finally, the impact on 

density associations arising from two different but commonly used metrics from quantitative 

approaches was explored. The third study examined the relationship between breast cancer and 

quantitative measured mammographic density, based on screening data from China. The three 

complementary studies provide a better understanding of the characteristics of mammographic 

density within the Chinese female population in the screening context.  

The work showed that most women in China had scattered fibroglandular and heterogeneous 

mammographic density compared to a minority of women who had almost extremely fatty or 

extremely dense breasts, however the density values were almost equally distributed between 

the lower (BI-RADS 1&2) and upper (BI-RADS 3&4) groupings. This finding is consistent 

with one previous China-based study [12], however, another study reported that women had 

more dense breasts (BI-RADS 3&4) compared to fatty breasts (BI-RADS 1&2) [13]. 

Nonetheless it is important to point out that these previous studies were based on a local 

screening program, which covered limited areas in China. Also, the BI-RADS density values 

in our work appeared to be higher than that of western women [14, 15]. This difference 

suggested that breast tissue composition may vary according to geographic location or ethnicity.  

Based on our BI-RADS (Chapter three) and AutoDensity (Chapter four) studies, we presented 

results that sometimes agreed and sometimes did not agreed with previous studies. Those that 

agreed include: younger age, earlier age at menarche and pre-menopausal status were 

associated with higher mammographic density, which agree with what is known about density 
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for several decades across many non-Chinese populations [8, 16-21]; education-dependent 

density differences have also been previously reported in Europe and America [9, 22, 23], with 

our work specifically showing that women with a background of tertiary education having 

densest breasts compared with those having none or only primary education. Whilst this 

association, does not specifically identify causal agents, this finding is important to China, 

particularly since the number of undergraduate and graduate students has risen by more than 

three times (8 million in 1998 and 26 million in 2017) over last 20 years [24]. Conversely, less 

agreement was shown between ours and previous work in the following factors; age at 

menopause, smoking history and alcohol consumption which were not related to density in 

either of the approaches we used (particularly the positive association with alcohol intake [25-

30] and negative association with smoking [31-33] that were found in other populations do not 

appear to be pertinent in our studies); positive association between density and family history 

of breast cancer, which was demonstrated for western women [34], was not found in Chinese 

women in either of our methods; ethnic variation in Chinese mammographic density was also 

not found between women of Han origin and non-Han origin in both of our studies, which was 

different from what was seen for ethnic variations in other populations [35, 36].  

One important finding from this work was related to the dependency of findings based on the 

method used to assess breast density. Whilst body weight and BMI were shown to be important 

associated factors for density with both the BI-RADS and AutoDensity approaches, the 

relationship was in opposite directions for the two quantitative metrics (percentage and dense 

area) provided by AutoDensity. This latter finding suggests that predictive factors of 

mammographic density are highly reliant on the different metrics used to describe density. 

Likewise, nulliparity and lack of breastfeeding history were found to be associated with BI-

RADS density and dense area but not percentage density; geography-dependent differences 

and association with age at first delivery were only reported for BI-RADS density but not for 
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either metric from AutoDensity. These inconsistent findings might highlight the requirement 

for a standardised, reproducible and predictive unit of density, otherwise it is very difficult to 

paint a true picture of the causal associations and the predictive factors of mammographic 

density. In addition, there were also some associations shown within our BI-RADS but not our 

AutoDensity chapter since these factors were unavailable in the latter study, for example, 

occupation and personal history of benign breast disease.   

Both the BI-RADS and quantitative approaches provided statistical models for mammographic 

density prediction for women in China based on factors mentioned in the last two paragraphs. 

Even though the elements of the models were not completely consistent across the two methods, 

the results provide preliminary and effective models for mammographic density assessment to 

inform breast cancer prevention and diagnostic strategies.  

The AutoDensity study also provided extra information on mammographic density in Chinese 

females with breast cancer, in that higher percentage density was associated with younger age, 

lower BMI and body weight, pre-menopausal status and earlier age at menopause, whilst higher 

dense area was associated with larger breast area. These results suggested that factors 

associated with percentage density of women with breast cancer were similar to those of 

women without cancer, but this was not the case using dense area. This discrepancy was 

explained in the AutoDensity study as being possibly linked to the fact that cancer lesions 

depending on tumour size, have a greater impact on the measurement of dense area (even 

though the dense area strictly should not be influenced by the presence of a cancer) than the 

percentage value. This presents a unique understanding of the impact of different matrices on 

Chinese mammographic density and might encourage the practice of percentage density as 

opposed to dense area for at least breasts with cancer, when true associations are being sought. 

This is discussed more in the Implications section below.  
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Additionally, even though we did not find any statistically significant association between 

mammographic density and breast cancer for women in Shanghai, China (Chapter five), we 

cannot rule out the potential relationship between these two factors due to limitations in our 

study:  

 Unmatched group size for women with and without cancer (at a ratio of 1:10) resulting 

in decreased statistical power;  

 Different sources of selection for the two groups of women might have resulted in 

selection bias (due to limited accessibility of FUSCC data for international 

collaborators), which possibly could limit the internal validity of the study.  

However, since our finding that mammographic density was not associated with breast cancer 

was consistent with one previous study and inconsistent with another [12, 13], we suggested 

that the relationship between mammographic density and breast cancer for women in China 

may not be as strong as, or at least could be different from that demonstrated in other 

populations, particularly those involving westernised women. This is however a very important 

assumption with major implications, and therefore further testing of this hypothesis is required. 

Therefore, it would be very unwise to eliminate a link between mammographic density and 

breast cancer for now. 

6.3 Implications 

Mammographic density is a significant risk factor of breast cancer and it is also a major 

determinant of the type of imaging modality we should use on a screening program. The recent 

wholescale migration towards digital screening environments offers the potential to optimise 

cancer detection using novel and established algorithms, however the assumption that breast 

compositions are consistent between global regions underestimates the complexity of the 
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subject. Until the differences are evaluated comprehensively, methods of enhancing image 

details and improving cancer detection cannot be optimised since current algorithms are based 

on what we understand regarding the breast cancer profile in westernised countries. 

Our new findings coupled with the previous evidence suggest that the mammographic density 

amongst Chinese women is distributed almost evenly between low and high dense breasts and 

overall density appears to be higher than that of westernised women. This finding should 

provide insights on the recommendation of the type of imaging modality that should be used 

for breast cancer screening in China. For example, should mammography be used as the main 

technique and ultrasonography be a supplementary procedure, particularly since it appears in 

China currently that the latter technique is often the first line modality in the early detection of 

cancer and our current findings would suggest that we could re-consider the current paradigm.  

Mammography followed by supplementary ultrasound approach may offer a potential solution 

to the fact that density is possibly higher in China than in westernised countries, yet still a large 

proportion of women have low dense breasts. Ultrasonography has been shown to improve 

cancer detection in women with medium to high dense breasts compared with mammography 

alone and some studies based on Asian women suggested that the addition of ultrasonography 

to mammography increases screening sensitivity and detection rates [37-40]. This could have 

an important impact on the output of screening programs, but requires further investigation.  

The examination of factors associated with mammographic density provide statistical models 

with density predictors of age, BMI, education, menopausal status being the key predictive 

agents. However it is important to note that not all the important predictors were included in 

our models, for example, breastfeeding. This might be because the contributions of other 

elements within the models had a much greater impact than that of breastfeeding and therefore 

any weak relationships were eliminated from the model. The relationship (even though it may 

be weak) between breastfeeding and mammographic density is interesting since breastfeeding 
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is a potentially modifiable behaviour and accurate knowledge about potential protective effects 

could be of practical importance to Chinese women aiming to reduce breast cancer risks and 

of value to policy makers focusing on breast cancer preventative strategies. A clearer picture 

in the relationship between breastfeeding and density is therefore required.  

These models provide preliminary and effective modelling strategy for mammographic density 

assessment in breast cancer prevention and early detection, which may be applied in initial risk 

assessment in both the screening environment and clinical settings. For example, the National 

Cancer Screening Program in Urban China (see BI-RADS chapter) employed an initial 

assessment through a questionnaire prior to the mammography examination. However, 

mammographic density, as an important risk factor, was not considered during the initial 

assessment phase, partially due to the lack of a predictive model that included density, but also 

due to the lack of information available on women’s mammographic density from typical 

radiological readings. However, it should be acknowledged that for density to be included in a 

risk prediction strategy, a solid and well-confirmed link between density and cancer should be 

demonstrated.  Our study failed to identify such an association for mammographic density, 

which as previously discussed may be linked to the methodological approach used or may be 

possibly due to unique ethnic dependencies. In order to establish the definite relationship 

between density and cancer, we must further explore this part of this research program so that 

we have larger sample sizes for both cancer and cancer-free women, use a case-control 

approach and have more representative populations from urban and rural areas as well as across 

ethnic minority populations. This density cancer relationship is extremely important to breast 

cancer screening programs and will be the focus of further investigations.  

The difference in conclusions that can be derived from the two commonly used metrics 

(percentage density and dense area) provided by the fully automatic and quantitative algorithm 

is highlighted in our study (Chapter four). This has major implications for future work when 
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trying to understand the implications of varying densities, as shown in this work. For example, 

the density predictors were similar for cancer and cancer-free women when percentage density 

was used but this was not the case when using dense area. This discrepancy might result from 

the fact that cancer lesions actually contribute to the dense area measurement but not to the 

percentage value. To illustrate, the overall breast size may increase to accommodate the cancer 

lesion when the lesion or associated inflammation is evident [41-43] and this therefore will 

contribute to both the numerator (dense area) and denominator (overall breast area) of the 

calculation of percentage. Therefore any change in the measurement because of the existence 

of cancer will be eliminated or at least minimised. However, the metric using the area of dense 

tissue will include the cancer without any normal tissue compensation. Also, as the size of 

cancer will not be related to the preventative factors, any possible association is expected to be 

irrelevant and therefore this finding to some extent supports the use of percentage density in 

the screening context.  

Finally, the current work has raised a number of issues around mammographic density for 

Chinese women which are different from that for women in western countries. These issues 

should now be addressed so that the level of data available to Chinese policy makers and 

government, who are responsible for breast cancer prevention and screening strategies, is 

increased, potentially impacting on screening policies and practise. Such strategies should 

benefit from the new knowledge provided here on a number of factors associated with Chinese 

mammographic density and thus should impact favourably the health of women in China. 

6.4 Limitations and future directions 

This research had several limitations. Due to the data that was available from our Chinese 

collaborators, women in our studies were mainly from urban locations and rural women were 

generally not included. Given the substantial disparities in breast cancer incidence between 
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these two regions, the mammographic density profile of Chinese women may differ 

significantly in urban and rural areas. This subject will be addressed in further research which 

will allow for a much more expansive investigation involving a more generalised Chinese 

population.  

The candidate also acknowledges the number of women with breast cancer was relatively lower 

than that of females without cancer, a ratio of 1:10, respectively. These numbers could have 

resulted in a failure to demonstrate important associations of potential predictive factors of 

mammographic density and may have been responsible for the absence of a significant 

relationship between mammographic density and breast cancer. Due to data unavailability from 

our international collaborators, this limitation could not be addressed in the current work. 

6.5 Conclusions 

This work has provided important and new knowledge on the distribution and characteristics 

of mammographic density for women in China and has shown that there is an approximately 

even distribution of mammographic density between high and low dense breasts.  Key factors 

associated with high mammographic density include increasing age, increasing BMI/body 

weight, level of education, earlier age at menarche, pre-menopausal status, nulliparity, later age 

at first delivery, lack of breastfeeding, shorter duration of lactation and personal history of 

benign breast disease. The data provided should improve our understanding on the usage of 

mammographic density in the Chinese screening context.  

Our work failed to show a substantive link between breast cancer and mammographic density. 

The candidate acknowledges that this failure may be due to methodological limitations 

however until further work is conducted, we cannot rule out the possibility that the well-

established relationship between density and cancer amongst western women, may be less 

relevant in China.  
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In addition to the most commonly used assessment method BI-RADS, Chinese mammographic 

density was measured for the first time by a fully automatic and quantitative method using two 

metrics (percentage density and dense area). Predictive factors of density using each metric 

were shown which should help optimise the assessment methods in both screening and clinical 

environments.  

This thesis and its associated outputs should question the assumption that breast compositions 

are consistent between global regions and should recommend to researchers, clinicians and 

policy makers in China that western paradigms may not be entirely relevant to other 

populations and should be adjusted to suit the specific circumstances in China.    
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Appendix 2.1 The full original (non-contracted) manuscript for the 
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