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Abstract
Purpose  Mammographic density is an established breast cancer risk factor within many ethnically different populations. The 
distribution of mammographic density has been shown to be significantly lower in Western Australian Aboriginal women 
compared to age- and screening location-matched non-Aboriginal women. Whether mammographic density is a predictor 
of breast cancer risk in Aboriginal women is unknown.
Methods  We measured mammographic density from 103 Aboriginal breast cancer cases and 327 Aboriginal controls, 341 
non-Aboriginal cases, and 333 non-Aboriginal controls selected from the BreastScreen Western Australia database using the 
Cumulus software program. Logistic regression was used to examine the associations of percentage dense area and absolute 
dense area with breast cancer risk for Aboriginal and non-Aboriginal women separately, adjusting for covariates.
Results  Both percentage density and absolute dense area were strongly predictive of risk in Aboriginal women with odds 
per adjusted standard deviation (OPERAS) of 1.36 (95% CI 1.09, 1.69) and 1.36 (95% CI 1.08, 1.71), respectively. For non-
Aboriginal women, the OPERAS were 1.22 (95% CI 1.03, 1.46) and 1.26 (95% CI 1.05, 1.50), respectively.
Conclusions  Whilst mean mammographic density for Aboriginal women is lower than non-Aboriginal women, density 
measures are still higher in Aboriginal women with breast cancer compared to Aboriginal women without breast cancer. 
Thus, mammographic density strongly predicts breast cancer risk in Aboriginal women. Future efforts to predict breast 
cancer risk using mammographic density or standardize risk-associated mammographic density measures should take into 
account Aboriginal status when applicable.
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SD	� Standard deviation
SE	� Standard error
SEIFA	� Socio-economic indexes for areas
SES	� Socio-economic status
TA	� Total area (of the breast)
WA	� Western Australia

Introduction

Breast cancer is the most common cancer and the second 
leading cause of cancer-related death in Australian women. 
Population-based mammographic screening provides the 
best chances of early detection; however, not all women 
have an equal opportunity to achieve an earlier diagnosis. 
Women differ both in terms of their underlying risk and also 
the sensitivity of their mammogram to detect abnormalities. 
Mammographic density, the white appearance of parenchy-
mal tissue on a mammogram, is one of the strongest predic-
tors of breast cancer risk—on par with carrying a mutation 
in the BRCA1 or BRCA2 genes [1, 2]. The adverse impacts 
of increased mammographic density are twofold: (i) through 
increased propensity for tumours to develop and (ii) decreas-
ing sensitivity of mammography by making the detection of 
tumours more challenging, referred to as “masking”, leading 
to higher rates of false-positive and false-negative screening 
outcomes.

Increasing evidence suggests that tailored screening pro-
grams—where women at different levels of risk are recom-
mended different screening intervals or supplemental screen-
ing modalities—may be a more efficient and cost-effective 
way of detecting breast cancer [3–5]. Routine measurement 
of mammographic density at the time of screening could 
help determine a woman’s risk of disease and her risk of 
“masking”, the risk of a cancer going undetected. Ethnic 
differences in the distribution of mammographic density are 
consistent with breast cancer incidence rates [6]. These dif-
ferences may impact prediction models to assess individual 
risk and inform tailored screening recommendations.

Aboriginal and Torres Strait Islander people repre-
sent ~ 2.5% of the Australian population and ~ 2% of women 
who participate in free mammographic screening provided 
by BreastScreen Western Australia identify themselves as 
Aboriginal and Torres Strait Islander. Within this report, 
Aboriginal and Torres Strait Islander is used in the national 
context. Within Western Australia (WA), the term Aborig-
inal is used in preference to Aboriginal and Torres Strait 
Islander, in recognition that Aboriginal people are the origi-
nal inhabitants of WA. No disrespect is intended to our Tor-
res Strait Islander colleagues and community.

Previous work has shown that the means and the distribu-
tions of mammographic density measures are significantly 
lower in Western Australian Aboriginal women compared to 

age-, screening year-, and screening location-matched non-
Aboriginal women [7]. This is consistent with lower breast 
cancer incidence in Aboriginal and Torres Strait Islander 
women compared to other Australian women [8]. The asso-
ciation between mammographic density and breast cancer 
risk in Aboriginal and Torres Strait Islander women has not 
been studied.

Lower average mammographic density in Western Aus-
tralian Aboriginal women [7] and lower breast cancer inci-
dence in Aboriginal and Torres Strait Islander women [8] 
suggests that the sensitivity of mammography would be 
high and that absolute risk would be relatively low com-
pared to non-Aboriginal women. However, breast cancer 
mortality rates are twice as high in Aboriginal and Torres 
Strait Islander women compared to other Australian women 
due, at least in part, to less screening, later presentation, 
increased risk factors for more aggressive tumours and, con-
sequently, more advanced disease and higher risk of relapse 
[8]. There is potential to improve knowledge and awareness 
about mammographic density within Aboriginal and Tor-
res Strait Islander communities which could help increase 
screening participation rates by promoting that mammog-
raphy is a very good test for Aboriginal and Torres Strait 
Islander women due to lower average mammographic den-
sity. Increased understanding of the association between 
mammographic density and breast cancer risk in Aboriginal 
and Torres Strait Islander women will be pivotal to dissemi-
nating a clear and productive message specific to Aboriginal 
and Torres Strait Islander women and will also help inform 
mammographic screening policy in Australia.

We conducted a retrospective “double” case–control 
study nested within a population-based mammographic 
screening program. Through identity-protected data linkage, 
we selected all Aboriginal women diagnosed with breast 
cancer within the BreastScreen WA program between 1994 
and 2015 and three times as many Aboriginal controls, non-
Aboriginal cases, and non-Aboriginal controls. The aim was 
to determine whether absolute and percentage dense area are 
associated with risk of breast cancer in Aboriginal women 
and whether the associations differ between Aboriginal and 
non-Aboriginal women.

Methods

Participants

The participants in this study were selected from Breast-
Screen WA, a population-based screening program which 
targets and provides free screening mammograms to 
women aged 50 to 74 years. Ethical approval was obtained 
by the WA Department of Health Human Research Ethics 
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Committee (Project #2014/50) and the WA Aboriginal 
Health Ethics Committee (Project 581).

We identified 119 self-reported Aboriginal women in the 
screened population who were diagnosed with breast can-
cer (Aboriginal cases) between 1994 and 2015. For each 
Aboriginal case, we attempted to identify (i) three Aborigi-
nal women not diagnosed with breast cancer (Aboriginal 
controls) and (ii) three non-Aboriginal women with breast 
cancer (non-Aboriginal cases). For each non-Aboriginal 
breast cancer case, we then selected one non-Aboriginal not 
diagnosed with breast cancer (non-Aboriginal controls). We 
attempted to match on age at screening, screening year and 
screening location and we selected partial matches using age 
at screening and screening year when a full match could not 
be found. Aboriginal status was acquired using both self-
reported status at BreastScreen WA and from the Indigenous 
Status Flag derived by the WA Department of Health [9]. 
Breast cancer status (invasive and in situ) was taken from 
information recorded at BreastScreen WA and was later 
verified using linkage with the WA Cancer Registry (via the 
Department of Health Data Linkage Branch). The verifica-
tion resulted in two Aboriginal women originally identified 

as cases being reclassified as controls (Aboriginal women 
without breast cancer) and 17 non-Aboriginal controls being 
reclassified as women with a history of breast cancer (non-
Aboriginal cases). See Fig. 1 for details.

Epidemiological data

Epidemiological data collected by BreastScreen WA 
included age at screening, family history of breast cancer 
(first degree relative) and hormone therapy (HT) use in the 
12 months before date of mammogram, Socio-Economic 
Indexes for Areas (SEIFA) [10] and Accessibility/Remote-
ness Index of Australia (ARIA) [11] scores for each par-
ticipant. SEIFA is made up of four different indices: Index 
of Relative Socio-economic Advantage and Disadvantage 
(henceforth the Advantage and disadvantage index), Index 
of Relative Socio-economic Disadvantage (henceforth the 
Disadvantage index), Index of Economic Resources and 
Index of Education and Occupation. The distribution of 
scores were divided into deciles with lowest 10% areas hav-
ing the least advantage, most disadvantage, least economic 
resource and least education and occupation, respectively. 

N ~ 1,500,000 women screened through BreastScreen WA 

All Aboriginal women diagnosed with breast cancer between 1994 
and 2013 via BreastScreen WA and WA Cancer Registry

n=119

~ 3x Aboriginal controls

Frequency matched on age, 
screening year and screening 

loca�on

n=357

~ 3x Non-Aboriginal cases

Frequency matched on age, 
screening year and screening 

loca�on

n=357

~ 1x Non-Aboriginal controls

Frequency matched on age, 
screening year and screening 

loca�on

n=357

• -2 mammograms not 
obtained

• -2 cancers not 
verified by cancer 
registry

• -12 date of 
mammogram a�er 
date of diagnosis

Final Aboriginal 
cases = 103

83 digi�zed film
20 digital

• -27 duplicate 
individuals

• -5 mammograms not 
obtained

• +2 cancers not 
verified by cancer 
registry

Final Aboriginal 
controls = 327

273 digi�zed film
54 digital

• -2 duplicate 
individuals

• -9 mammograms not 
obtained

• +17 addi�onal 
cancers iden�fied by 
cancer registry

• -22 date of 
mammogram a�er 
date of diagnosis

Final non-Aboriginal 
cases = 341

255 digi�zed film
86 digital

• -4 duplicate 
individuals

• -3 mammograms not 
obtained

• -17 addi�onal 
cancers iden�fied by 
cancer registry

Final non-Aboriginal 
controls = 333

230 digi�zed film
103 digital

Fig. 1   Study participant selection, participant exclusions and final sample
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We classified each index score into four groups: lowest 
10%, next 10–40%, next 40–70%, top 70–100%. The ARIA 
categories were reclassified into four groups as follows: 
Major city (major city), Regional (inner regional and outer 
regional), Remote and Very remote.

SEIFA and ARIA rankings were estimated using full 
residential address. When complete residential information 
was missing, residential postcode at time of the index mam-
mogram was used to generate SEIFA (n = 324) and ARIA 
(n = 307) scores using data from the Australian Bureau of 
Statistics [10, 11].

Mammographic data

For each woman, cranio-caudal film mammograms or full-
field digital mammograms (FFDM) were extracted from 
BreastScreen WA with pre-diagnosis mammograms used for 
women diagnosed with breast cancer. Film mammograms 
were digitized using a high powered scanner and all FFDM 
were produced by the same vendor (Siemens). For breast 
cancer cases, the contralateral breast was measured, and for 
controls, a randomly selected breast side was measured for 
each woman. Images were measured by JS using Cumulus 
software [12] in batches of approximately 100 plus a 10% 
random repeated sample to check reliability. Measures of 
percentage dense area, absolute dense area and non-dense 
area were used in the analysis. Non-dense area was used as a 
pseudo-measure of body mass index (BMI) in the absence of 
height and weight data [13]. We excluded duplicates (n = 33) 
where the same control was matched to two different cases 
and participants where either their mammogram could not 
be obtained (n = 19) or the date of their mammogram was 
after their breast cancer diagnosis (n = 34). A flow diagram 
outlining the study participant selection, participant exclu-
sions and final sample is presented in Fig. 1.

Statistical methods

Correlation coefficients were used to estimate the reliability 
of the repeated mammographic measurements. Reliabil-
ity was found to be high (intraclass correlation > 97%) for 
both dense area and percentage dense area. Descriptive data 
were generated for all variables by Aboriginal status and 
case–control status. T tests and χ2 tests were used to iden-
tify differences between characteristics of cases and con-
trols separately for Aboriginal and non-Aboriginal women. 
Logistic regression was used to examine the associations 
between mammographic density measures and breast can-
cer risk. Additionally, we calculated the odds per adjusted 
standard deviation (OPERAS) for the investigation of mam-
mographic density measures associated with breast cancer 
risk [1]. We analysed Aboriginal and non-Aboriginal women 
separately for all regressions except for models investigating 

interactions. All multivariate analyses were adjusted for 
age at screening and non-dense area (as surrogate for BMI; 
scaled to 10 cm2) as they are important predictors for both 
mammographic density and breast cancer risk. The effects 
of other potentially important factors (e.g. family history, 
HT use, ARIA and SEIFA) were examined in multivariate 
regression models and were included in the model if the 
factors had large effects on model coefficients. To determine 
whether there are differences in the strength of associations 
of mammographic density measures with breast cancer risk 
between Aboriginal and non-Aboriginal women, a com-
bined analysis was undertaken which included an interac-
tion between Aboriginal status and density measures. All 
data management and analysis were carried out using Stata, 
version 14.2. Model testing using residuals and link func-
tion testing on multivariate logistic regression models were 
undertaken to ensure model assumptions were upheld.

The results presented below are for participants with digi-
tized film mammograms only; results for analysis with all 
participants (both FFDM and digitized film mammograms) 
can be found in Supplementary Material.

Results

The characteristics of the study participants with digitized 
film mammograms are presented in Table 1. The study par-
ticipants consisted of 356 Aboriginal women (83 cases and 
273 controls) and 485 non-Aboriginal women (255 cases and 
230 controls). Among Aboriginal women, cases and controls 
were similar in terms of age at mammogram, HT use in the 
last 12 months, family history of breast cancer, ARIA and 
all SEIFA indices. Among non-Aboriginal women, cases 
were more advantaged and less disadvantaged than con-
trols but were similar in terms of age at mammogram, HT 
use in the last 12 months, family history of breast cancer, 
ARIA and other SEIFA indices. In terms of mammogram 
measurements, Aboriginal women without breast cancer 
had similar non-dense breast area compared with Aborigi-
nal women with breast cancer. However, percentage density 
and absolute dense area were higher in the breast cancer 
cases (percentage density mean = 13.7%, absolute density 
mean = 19.2 cm2) than the controls (percentage density 
mean = 9.1%, absolute density mean = 12.0  cm2). Non-
dense area was similar between cases and controls among 
non-Aboriginal women but there was no evidence of differ-
ences between percentage dense area and absolute dense 
area (percentage dense area: P = 0.559; absolute dense area: 
P = 0.278).

The logistic regression results for breast cancer for 
absolute and percentage density among Aboriginal and 
non-Aboriginal women are presented in Table 2. For each 
10 cm2 increase in absolute dense area, odds of breast cancer 
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increased by 19% (OR 1.19, 95% CI 1.05, 1.36) among Abo-
riginal women (adjusted for age at mammogram and non-
dense area) and by 14% (OR 1.14, 95% CI 1.02, 1.27) among 

non-Aboriginal women (adjusted for age at mammogram, 
non-dense area and advantage and disadvantage index). For 
each 10% increase in percentage density, odds of developing 

Table 1   Characteristics of the Aboriginal (n = 356) and non-Aboriginal (n = 485) women with digitized film images by case–control status

SD standard deviation, HT hormone therapy
a P value for t test when mean and standard deviation is presented or Chi-squared test when percentage is presented
b Two individuals missing information on HT use. One in each of cases and controls for non-Aboriginal women
c Accessibility/Remoteness Index of Australia (ARIA) scores
d SEIFA scores are on a scale from 1 to 4, where 1 indicates the lowest 10% of the population in the state (least advantaged and most disadvan-
taged, most disadvantaged, least economic resources and least education and occupation opportunities) and 4 indicates the highest 30% of the 
population in the state (most advantage and least disadvantaged, least disadvantaged, most economic resources and most education/occupation 
opportunities)
e Index of Relative Socio-Economic Advantage and Disadvantage based on Western Australian state rankings
f Index of Relative Socio-Economic Disadvantage based on Western Australian state rankings
g Index of Economic Resources based on Western Australian state rankings
h Index of Education and Occupation based on Western Australian state rankings

Characteristics Aboriginal (n = 356) Non-Aboriginal (n = 485)

Case (n = 83) Control (n = 273) P valuea Case (n = 255) Control (n = 230) P valuea

Mean age at mammogram (SD) 58.1 (8.9) 58.0 (9.3) 0.933 58.6 (9.4) 56.9 (9.7) 0.057
HT use in the last 12 monthsb (%) 6 (7.2) 19 (7.0) 0.933 62 (24.4) 51 (22.3) 0.579
Family history of breast cancer (%) 5 (6.0) 16 (5.9) 0.956 30 (11.8) 23 (10.0) 0.534
ARIAc (%) 0.970 0.611
 Major city 17 (20.5) 56 (20.5) 186 (72.9) 166 (72.2)
 Inner and outer regional 15 (18.1) 44 (16.1) 51 (20.0) 43 (18.7)
 Remote 15 (18.1) 54 (19.8) 16 (6.3) 16 (7.0)
 Very remote 36 (43.4) 119 (43.6) 2 (0.8) 5 (2.2)

Advantage and disadvantage indexd,e (%) 0.689 0.001
 1 (lowest) 34 (50.0) 123 (45.0) 46 (18.0) 15 (6.5)
 2 32 (38.6) 87 (31.9) 84 (32.9) 93 (40.4)
 3 11 (13.2) 37 (13.6) 71 (27.8) 58 (25.2)
 4 (highest) 6 (7.2) 26 (9.5) 54 (21.2) 64 (27.8)

Disadvantage indexd,f (%) 0.212 0.002
 1 (lowest) 38 (45.8) 127 (46.5) 48 (18.8) 22 (9.6)
 2 32 (38.6) 79 (28.9) 80 (31.4) 93 (40.4)
 3 6 (7.2) 38 (13.9) 74 (29.0) 51 (22.2)
 4 (highest) 7 (8.4) 29 (10.6) 53 (20.8) 64 (27.8)

Economic resources indexd,g (%) 0.656 0.233
 1 (lowest) 35 (42.2) 133 (48.7) 27 (10.6) 15 (6.5)
 2 32 (38.6) 88 (32.2) 80 (31.4) 87 (37.8)
 3 13 (15.7) 39 (14.3) 83 (32.5) 67 (29.1)
 4 (highest) 3 (3.6) 13 (4.8) 65 (25.5) 61 (26.5)

Education and occupation indexd,h (%) 0.686 0.803
 1 (lowest) 21 (25.3) 77 (28.2) 30 (11.8) 22 (9.6)
 2 41 (49.4) 118 (43.2) 85 (33.3) 81 (35.2)
 3 15 (18.1) 49 (18.0) 61 (23.9) 51 (22.2)
 4 (highest) 6 (7.2) 29 (10.6) 79 (31.0) 76 (33.0)

Mean total area in cm2 (SD) 152.9 (49.0) 153.7 (49.5) 0.896 132.0 (47.7) 123.8 (43.7) 0.048
Mean absolute dense area in cm2 (SD) 19.2 (20.8) 12.0 (18.9) 0.003 21.6 (20.3) 19.6 (19.4) 0.278
Mean non-dense area in cm2 (SD) 133.7 (49.4) 141.7 (54.0) 0.228 110.5 (52.1) 104.2 (48.5) 0.170
Mean percentage dense area in  % (SD) 13.7 (14.0) 9.1 (13.3) 0.007 19.0 (17.9) 18.1 (16.9) 0.559
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breast cancer increased by 32% and 24% for Aboriginal (OR 
1.32, 95% CI 1.06, 1.66) and non-Aboriginal (OR 1.24, 95% 
CI 1.06, 1.44) women, respectively.

Calculated odds per adjusted standard deviation (OPE-
RAS) for both absolute dense area and percentage dense 
area are found in Table 3. For absolute dense area, there 
was an 36% and 22% increase in odds per adjusted stand-
ard deviation for developing breast cancer for Aboriginal 
(OPERAS = 1.36, 95% CI 1.09, 1.69) and non-Aboriginal 
women (OPERAS = 1.22, 95% CI 1.03, 1.46), respectively. 
Similar results were observed for increases in percentage 
density, with the OPERAS for Aboriginal women and non-
Aboriginal women 1.36 (95% CI 1.08, 1.71) and 1.26 (95% 
CI 1.05, 1.50), respectively.

Results from the combined analysis found for each 10 cm2 
increase in absolute dense area, Aboriginal women had a 
23% increase in odds of breast cancer (OR 1.23, 95% CI 
1.09, 1.39) compared with an 10% increase for non-Abo-
riginal women (OR 1.10, 95% CI 0.998, 1.22). However, 
there was no evidence to suggest a difference between odds 
of developing breast cancer between Aboriginal and non-
Aboriginal women with differences in absolute dense area 
(pinteraction = 0.15). There was marginal evidence suggesting 

differences in odds for developing breast cancer for increases 
in percentage dense area between Aboriginal and non-Abo-
riginal women (pinteraction = 0.04). Aboriginal women were 
found to have a 43% increase in odds of breast cancer (OR 
1.43, 95% CI 1.18, 1.73) for each 10% increase in percent-
age dense area compared to non-Aboriginal who had an 16% 
increase (OR 1.16, 95% CI 1.02, 1.33).

Model testing revealed data collected on two Aboriginal 
women and three non-Aboriginal women had undue influ-
ence on the model resulting in violations to model assump-
tions. The analysis was repeated without these influential 
observations, resulting in increases in estimates for odds 
ratios and OPERAS for absolute dense area on odds of devel-
oping breast cancer among Aboriginal women (OR 1.31, 
95% CI 1.12, 1.52; OPERAS = 1.46, 95% CI 1.19, 1.80) 
and non-Aboriginal women (OR 1.17, 95% CI 1.04, 1.31; 
OPERAS = 1.24, 95% CI 1.05, 1.48), as well as increases to 
odds ratios and OPERAS for percentage dense area on odds 
of developing breast cancer among Aboriginal (OR 1.44, 
95% CI 1.13, 1.83; OPERAS = 1.43, 95% CI 1.14, 1.80) and 
non-Aboriginal women (OR 1.26, 95% CI 1.08, 1.48; OPE-
RAS = 1.27, 95% CI 1.06, 1.52). In the combined analysis, 
after the exclusion of the influential observations, there was 
evidence of a difference in the odds of developing breast 
cancer between Aboriginal and non-Aboriginal women for 
increases in absolute dense area (pinteraction = 0.034) and per-
centage dense area (pinteraction = 0.012).

Discussion

This study was the first to show that Aboriginal women with 
increased mammographic density are at higher risk of devel-
oping breast cancer relative to other Aboriginal women of 
similar age and non-dense area (a pseudo-measure of BMI). 
We found evidence that the magnitude and the strength of 
the associations between the mammographic measures 
and breast cancer risk were stronger in Aboriginal women 
compared to non-Aboriginal women. Based on these find-
ings and given the lower mean mammographic density in 

Table 2   Odds ratios (95% 
confidence interval) for the 
association between breast 
cancer risk and absolute 
and percentage dense area 
among Aboriginal (n = 356) 
and non-Aboriginal (n = 485) 
women with digitized film 
mammograms

a Adjusted for age and non-dense area
b Adjusted for age, non-dense area and advantage and disadvantage index

Characteristics Univariate Multivariable

Odds ratio (95% CI) P value Odds ratio (95% CI) P value

Absolute dense area (per 10 cm2)
 Aboriginal (n = 356) 1.18 (1.05, 1.33) 0.006 1.19 (1.05, 1.36) 0.009a

 Non-Aboriginal (n = 485) 1.05 (0.960, 1.15) 0.278 1.14 (1.02, 1.27) 0.018b

Percentage dense area (per 10%)
 Aboriginal (n = 356) 1.25 (1.06, 1.48) 0.009 1.32 (1.06, 1.66) 0.014a

 Non-Aboriginal (n = 485) 1.03 (0.931, 1.14) 0.558 1.24 (1.06, 1.44) 0.006b

Table 3   OPERAS (95% confidence interval) for the association 
between breast cancer risk and absolute and percentage dense area 
among Aboriginal (n = 356) and non-Aboriginal (n = 485) women 
with digitized film mammograms

OPERAS odds PER adjusted standard deviation
a Adjusted for age and non-dense area

Characteristics Multivariablea

OPERA (95% CI) P value

Absolute dense area (per adjusted SD)
 Aboriginal (n = 356) 1.36 (1.09, 1.69) 0.007
 Non-Aboriginal (n = 485) 1.22 (1.03, 1.46) 0.024

Percentage Dense area (per adjusted SD)
 Aboriginal (n = 356) 1.36 (1.08, 1.71) 0.010
 Non-Aboriginal (n = 485) 1.26 (1.05, 1.50) 0.011
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Aboriginal women compared to non-Aboriginal women, we 
recommend taking Aboriginal status into account when pre-
dicting breast cancer risk using mammographic density or 
standardizing risk-associated mammographic density meas-
ures (if applicable).

Mammographic breast cancer screening is free for women 
over the age of 40 years in Australia and is largely acces-
sible. Participation rates within Aboriginal communities 
are substantially lower compared to non-Aboriginal women 
(33.44 vs. 54.89%). Knowledge that Aboriginal women have, 
on average, less mammographic density but that Aboriginal 
women who have increased mammographic density relative 
to other Aboriginal women are at higher risk of breast can-
cer has important clinical implications. Aboriginal women 
with dense breasts could potentially benefit from supplemen-
tal screening using a modality other than mammography. 
Unfortunately, due to the case–control study design (and 
therefore the absence of a baseline Aboriginal-associated 
risk of breast cancer), it is impossible to determine if an 
Aboriginal woman with a given mammographic density 
measure is at higher risk of breast cancer compared to a 
non-Aboriginal woman with the same mammographic den-
sity (adjusted for other risk factors).

For the main analysis, we presented results from digi-
tized film mammograms only and excluded subjects with 
FFDM images. Mammography machine manufacturers 
apply processing algorithms to digital images to improve 
detection which systematically affects density measurement 
[14]. Results from the combined film and FFDMs, provided 
in Supplementary Material, showed very similar OR esti-
mates with increased strength of association (likely due 
to increased sample size); however, there was evidence of 
interaction between absolute dense area and mammogram 
type (film vs FFDM) for both Aboriginal and non-Aborig-
inal women (see Supplementary Table 3). The strength of 
association between mammographic measures from FFDM 
images and breast cancer risk appears to be stronger than 
that from digitized film mammograms, which is encouraging 
for future studies as screening programs in Australia have 
transitioned completely to FFDM. However, due to the sys-
tematic differences in mammographic measures from film 
and FFDM images and the small number of cases/controls 
with FFDMs, women with FFDM images were excluded 
from the main results.

There was no evidence of association of remoteness of 
residence or any of the sociodemographic variables with 
breast cancer risk in Aboriginal women, likely due to the 
frequency matching of Aboriginal controls to Aboriginal 
cases by screening location. However, the attempted match-
ing of non-Aboriginal cases to Aboriginal cases by screening 
location did not result in similar ARIA and SEIFA distri-
butions, with very few non-Aboriginal women residing in 
remote or very remote regions and much higher proportions 

of non-Aboriginal women with higher SEIFA indices. Non-
Aboriginal controls were frequency matched to non-Aborig-
inal cases (not Aboriginal cases) and the resulting ARIA dis-
tributions were very similar between non-Aboriginal cases 
and controls. Despite the matching, there was evidence that 
being more socially advantaged was associated with higher 
breast cancer risk in non-Aboriginal women, consistent with 
the literature [15–17].

In summary, even with a relatively small number of 
Aboriginal breast cancer cases (n = 83), this study showed 
strong evidence of association between mammographic 
density measures and breast cancer risk in Western Austral-
ian Aboriginal women. Aboriginal women with increased 
mammographic density are at increased risk of breast can-
cer relative to other Aboriginal women of similar age and 
non-dense breast area (pseudo-BMI). Breast cancer risk pre-
diction models that incorporate mammographic density or 
efforts to standardize risk-associated mammographic density 
measures should take Aboriginal status into account where 
applicable.

Conclusion

BreastScreen WA is currently the only state-run Breast-
Screen program that notifies women if they have mammo-
graphically dense breasts. We have filled significant gaps 
in knowledge regarding the distribution and determinants 
of mammographic density in Aboriginal women and now 
its association with breast cancer risk. How this informa-
tion will be used and its impact is currently under consid-
eration in collaboration with the Aboriginal Women’s Ref-
erence Group of BreastScreen WA. It is hoped that these 
study results can be utilized to provide better information to 
Aboriginal women and to inform mammographic screening 
approaches and policy in Australia.
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