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Abstract
Background: Globally, the provision of equitable outcomes for women with breast cancer is a priority for governments.
However, there is growing evidence that a socioeconomic status (SES) gradient exists in outcomes across the breast
cancer continuum – namely incidence, diagnosis, treatment, survival and mortality. This systematic review describes this
evidence and, because of the importance of place in defining SES, findings are limited to the Australian experience.
Methods: An on-line search of PubMed and the Web of Science identified 44 studies published since 1995 which
examined the influence of SES along the continuum. The critique of studies included the study design, the types and
scales of SES variable measured, and the results in terms of direction and significance of the relationships found. To aid
in the interpretation of results, the findings were discussed in the context of a systems dynamic feedback diagram.
Results: We found 67 findings which reported 107 relationships between SES within outcomes along the continuum.
Results suggest no differences in the participation in screening by SES. Higher incidence was reported in women with
higher SES whereas a negative association was reported between SES and diagnosis. Associations with treatment choice
were specific to the treatment choice undertaken. Some evidence was found towards greater survival for women with
higher SES, however, the evidence for a SES relationship with mortality was less conclusive.
Conclusions: In a universal health system such as that in Australia, evidence of an SES gradient exists, however, the
strength and direction of this relationship varies along the continuum. This is a complex relationship and the
heterogeneity in study design, the SES indicator selected and its representative scale further complicates our
understanding of its influence. More complex multilevel studies are needed to better understand these relationships,
the interactions between predictors and to reduce biases introduced by methodological issues.
Keywords: Breast cancer continuum, Socioeconomic status, Feedback diagram, Australia

Introduction
Addressing the delivery of equitable health services for
the identification and treatment of cancer is a priority
for high income nations. In Australia, like many other
industrialised countries, breast cancer is the most common cancer affecting women [1]. A considerable amount
of resources are directed to address issues relating to
breast cancer along a continuum; i.e. the prevention, incidence/risk, detection/diagnosis, treatment, survivorship,
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survival and mortality [2]. However, there is growing evidence of socioeconomic status (SES) gradients along the
stages of the breast cancer continuum [3–7]. The personal
impacts such as reduced quality of life and premature
deaths; societal impacts such as lost productivity; direct
and indirect health care costs of these disparities are substantial and need to be addressed.
Past reviews [5, 8] have highlighted methodological issues which need to be considered to interpret the literature. The definition and measurement of SES is variable
between studies, however, SES is usually measured
through the socioeconomic triad, a mixture of single or
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composite indicators of employment, income and education. These indicators have been found to have varying
associations depending on the type of cancer investigated [9]. The scale at which these SES indicators are
collected has been found to influence these relationships.
SES data collected through surveys from individuals represent what are seen as compositional factors which either promote or impede an individual’s health [10, 11].
For example, individuals reporting higher levels of education [12] and income [13] have been found to have
higher incidence of breast cancer but a lower risk of
mortality. Where individual level data is not available,
area level SES measures collected from national surveys
or statistics have been used to represent two different
perspectives. One is to mimic, at an aggregated level, the
compositional individual level SES factors. Several
studies have found mixed findings as to how well these
area based statistics reflect individual circumstances
[14–17]. The second has been to embody the contextual
factors in which the individual resides [11], providing
additional information on living circumstances not captured by individual level variables [14]. These represent
differences in the physical environment, service provision,
as well as political and cultural characteristics which, independent of personal circumstances, can influence health
behaviour and health status [2, 10, 18]. Recent reviews
have shown modest positive associations between the SES
of women’s residential area and breast cancer incidence
and screening but not mortality [4, 19]. However, methodological differences relating to the scale of analysis used
and the type of SES indicator used have led to mixed findings. For example, SES derived in smaller geographic units
compared to larger units has produced stronger relationships in breast cancer survival [20] and incidence [21].
While the choice of indicator used and how it was defined
(single versus a composite indicator) have also impacted
the direction and magnitude of associations with survival
[22]. Where individual and area level SES data are available, several studies have undertaken investigations into
each characteristics’ effects, reporting a higher incidence
[23] and survival [24] from breast cancer in individuals
with higher levels of education or woman living in areas
of higher SES. To further evaluate the interactive effects
between individual and area level characteristics, multilevel analysis has been used to disentangle the compositional and contextual level influences for specific points
along the continuum. Several studies have reported a positive relationship between area level SES and incidence of
breast cancer [23, 25] while others report no association
[26, 27] citing individual SES as the major determinant
[27]. These analyses overcome several methodological limitations present in looking at individual and area level SES
associations independently, namely, individual and ecological fallacies and the Simpsons Paradox [28, 29].
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Differences in the way SES is conceptualised, operationalised and analysed make comparisons between studies,
and coming to a consensus, difficult. However, these
must be taken into account so that the evidence base
can inform future research in these areas and government policy. The aim of this study was to conduct a systematic review of literature to gather a weight of
evidence to determine the strength and direction of the
SES relationships across the breast cancer continuum.
Given that the concept of place is fundamental to understanding these relationships, we will restrict this review
to the Australian experience. This removes issues which
relate to studies based in different countries where there
are differences in the delivery of health services (universal versus private) and differences in the racial and ethnic structure of the population. Furthermore, by limiting
these studies to one geographic area, we can investigate
the effect of methodological issues on the relationships
and highlight any gaps in our understanding. In our review we also restrict the definition of the breast cancer
continuum to incidence, detection, diagnosis, treatment,
survival and mortality. This allows us to focus on specific areas of outcomes and care. To tie the evidence
base across the continuum together we discuss the
findings through a simple systems dynamics feedback
diagram to provide a deeper understanding of the interacting processes involved in incidence, detection, diagnosis, treatment and their effect on the outcomes of
survival and mortality. Gathering evidence at each stage,
determining the direction of significant trends, highlighting evidence gaps for researchers, and understanding potential feedbacks between and within the stages will help
to guide delivery of care and improve equity in outcomes
which remains a considerable challenge for policy
makers.

Methods
Search strategy

A list of search terms and keywords was developed and
refined to reflect a focus on the socioeconomic inequalities across the breast cancer continuum among Australian women. Search terms lists were comprehensive and
inclusive, combined under the following headings: socioeconomic status, breast cancer and Australia. Search
terms were combined as follows:
1. Socio-economic status: e.g. SES, socio-economic,
socioeconomic, disadvantage, deprivation, income,
poverty, education, and employment; AND.
2. Breast cancer; AND.
3. Australia
The search was conducted at the end of July 2016 and
included PubMed and the Web of Science databases.
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Studies were included if they met the inclusion criteria
(described below). Unpublished work or published protocols without results were not included in the search.
Grey literature were not included in the review as not all
are indexed in scientific databases, however the relevant
government reports we could access were included in
the discussion. Finally, reference lists of identified articles were searched for additional relevant studies.
Study inclusion criteria
Types of participants

Australian female adults were the primary interest group
for this review; therefore studies of adult (aged 18+
years) female members of the general Australian population were included.
Types of studies

Studies that examined the influence of SES (predictor)
on breast cancer (outcome) were included. SES could be
measured at the individual level (such as income or education), at an area level (such as indicators of socioeconomic status) or a combination of both. Studies of any
design were included such as secondary analysis of
population cancer registries, cross sectional retrospective
telephone surveys and other cohort studies.

Page 3 of 15

given the complex interaction of personal, social, and
cultural factors affecting Indigenous women, and the
generalisability of findings, the studies addressing this
subgroup specifically were excluded from this review.
We limited our search to incidence, detection,
diagnosis, treatment, survival and mortality along the
breast cancer continuum. Studies that focused on the
behavioural risk factors of cancer such as diet and lifestyle were excluded, as were those focused on the psychosocial predictors, such as knowledge and attitudes,
towards cancer related behaviours or treatment. Studies
retrieved in the search that controlled for socioeconomic
factors as a covariate within their analysis but did not include it as an independent variable were also excluded.
Studies were limited to those published in English in
the last 20 years (1995 onwards), to ensure that the
findings of this review are relevant to the current healthcare context in Australia. One reviewer screened titles
against inclusion criteria for eligible articles, then two
reviewers screened abstracts and full text against the inclusion criteria with the final decision for inclusion made
by the first author (Fig. 1). A total of 44 papers were
identified through the search terms and from the reference lists of the studies collected.
Study quality assessment

Types of outcomes

From the selected studies we extracted evidence of the
types of findings which related to whether individual,
area, individual and area or multilevel analyses were
used and the significance of the relationships found
(positive, negative, non-significant or non-reported) of
SES gradients across the breast cancer continuum. This
methodology took into account the hierarchical nature
of the studies undertaken. Here, a study could potentially have multiple types of findings using a variety of
individual and area level SES indicators and then report
numerous significant results of varying directions. Direction of significance was determined using higher socioeconomic position/least disadvantage as the reference
position. Therefore a positive relationship described
when a higher socioeconomic position was associated
with a higher incidence, higher likelihood of screening
or treatment, or greater survival.
Study exclusion criteria

To limit the focus to socioeconomic inequalities in the
general Australian adult population, studies that examined specific subgroups of the population such as Indigenous groups, children, individual case studies, people
in specific workplaces, or males were excluded. We
recognise that Indigenous women are a specific subgroup of the population who are more likely to be lower
SES and experience poorer health outcomes. However,

We have assessed the body of evidence in relation to a
socioeconomic gradient in breast cancer across the continuum in Australian women. Some of the protocols for
assessing the quality of evidence are directed more towards biomedical literature reviews (e.g. PRIMSA [30])
or clinical intervention (e.g. EPHPP [31]) which are not
appropriate for this review. The National Health and
Medical Research Council of Australia suggests five key
components for rating the ‘body of evidence’: the evidence base, consistency of results, clinical impact, generalisability of results, and applicability of results [32]. The
depth of the evidence base and consistency of its results
will form the basis of the quality assessment for this review as these provide a picture of the internal validity of
the study data that will support the development of
policy. The other components of generalisability and application to the Australian Healthcare context are not
really applicable here given this review is limited to
studies of Australian women, and therefore highly generalisable and relevant to the target population. As part of
this review we provide comment on the quantity of evidence for each stage across the continuum, that is the
number of studies and consistency of findings, and the
type of analysis undertaken in order to control for bias,
for example where univariate or multivariate analysis
was conducted. Relevant details were extracted from the
papers as part of the data extraction process, checked by
two reviewers and discrepancies resolved through
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Fig. 1 Quorum statement flow diagram: Studies examining the influence of SES across the breast cancer continuum in Australian women

discussion. Interpretation of the study quality was integrated into the description of results and agreed to by all
authors. The majority (81%) of studies analysed population based datasets of state or the whole Australian population meaning that sample sizes were large and results
representative of the Australian population more generally. When the evidence was from cross sectional studies,
such as telephone surveys, the number of such studies
was articulated within the stage of the continuum. While
the quality of these studies could be deemed inferior to
population studies of larger samples, a trade-off exists because these studies provide valuable information about individual level SES, which is not usually collected in larger
population studies. Therefore, the study findings were not
weighted, but their results discussed within the body of
evidence for each stage along the continuum.
Data extraction strategy

Using a standardised Excel spreadsheet, one reviewer extracted data from papers including details of the study

population, study design, dataset analysed i.e. name of
the cancer or screening registry, used, stage across the
continuum, types of socioeconomic variables used at individual and area levels and the scale at which the socioeconomic variable was measured (individual, area, individual
and area, multilevel), statistical analysis, results and summary of findings. A second reviewer checked all data extracted, and the few discrepancies were resolved through
discussion. Given the heterogeneity in measurement of
SES, cancer outcomes and statistical analysis conducted,
meta-analysis was not possible. Instead the data synthesised using frequency counts and described as a narrative
of findings.

Results
Overview

A total of 44 studies were included in this review.
Around a third of the studies were conducted in cohorts
from the New South Wales Cancer Registry. Seven
studies were from Western Australia and an additional
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seven studies analysed national datasets. From these 44
studies, 67 findings were extracted describing the impact
of SES across the continuum – incidence, diagnosis,
treatment, survival and mortality. Twelve findings (18%)
measured SES using individual level indicators thereby
highlighting compositional factors only, 31 (46%) measured SES with area level indicators highlighting a mix
of either compositional or contextual factors. Twentyone findings (31%) measured SES at individual and area
levels separately while three studies (4%) conducted
multilevel analysis. From these types of findings we
found a total of 51 individual level and 56 area based
SES indicators were used to quantify 107 relationships
between SES and outcomes along the continuum. To
quantify individual level SES, private health insurance
membership (n = 21, 41%) was most commonly used,
followed by level of education (n = 12, 24%), employment status (n = 12, 24%) and income (n = 6, 12%).
Across the continuum, individual level associations were
dominated by non-significant results particularly for employment and education status. However, there was a
weak positive association between private health insurance membership and higher income and more positive
breast cancer outcomes (results not shown). For area
level SES, the most commonly used indicator (n = 42,
76% of area level studies) was the Index of Relative Socioeconomic Disadvantage (IRSD). The index relates to
the degree of area based social disadvantage based on
low levels of income and education and high unemployment [33]. This composite indicator is provided nationally by the Australian Bureau of Statistics under their
Socio-Economic Indexes for Areas indicator program.
Income, education and employment information as separate single indicators were less frequently used. The
scale of area based analysis varied from fine through to
coarse levels. In terms of size and how many times used,
these varied by population from lowest to highest: the
Collector District (CD) (n = 15, 25%), postcode (n = 11,
20%), Local Government Area (LGA) (n = 11, 20%),
Statistical Local Area (SLA) (n = 10, 18%). Eight findings
(15%) were from an area which was not defined and one
used a municipality boundary.
At an aggregated level, the directions of relationships
between SES and outcomes in the continuum were similar but this depended on how the research question was
phrased and its effect within each stage of the continuum. A more detailed investigation at each stage is
provided in the next sections.
Screening

Fifteen findings described the impact of SES on breast
cancer screening (Table 1). The majority of studies were
telephone interviews or surveys which were cross sectional in nature. Given these study design characteristics,
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individual factors of SES such as education, income, employment and private health insurance and its impact on
attendance at screening were mainly investigated. From
these 15 findings, 32 SES relationships were identified
(Table 1), half the relationships showed non-significant
relationships between SES and screening, but this was
dependent on what specific type of screening participation was investigated. Therefore we have described the
results separately as those that have never participated
in screening, recent participation and overdue screening.
Several studies reported on combinations of these
situations.
Never screened

Three findings produced eight relationships between individual SES and the likelihood of never having had a
mammogram. The weight of evidence, four relationships, was suggestive of a non-significant relationship
between never screened and education and private insurance status [34], and, income and employment [35].
Negative relationships were also shown, with women
who had lower education levels [36], without private
health insurance [35] and who resided in more disadvantaged areas [36] being more likely to never have had a
mammogram. Conversely, those with higher individual
income (> $40,000) [34] were more likely to never attend
screening.
Recent screening

Six findings described the relationship between individual level indicators of SES and attending recent screening with the weight of evidence, nine relationships,
suggesting non-significance. The majority of studies focussed on employment [37–40] and education [37, 38, 41]
as indicators of SES. There was limited evidence found for
positive associations between recent screenings and higher
income [42] and having private insurance [39]. A similar
number of relationships were found for a negative association between recent screenings and higher educated
women [39, 40]. In one study, the positive associations
found between the two indicators were reported to be
non-significant [38]. No area or multilevel studies were
undertaken.
Overdue

Five findings examined overdue screening, again with
mixed results. One study reported that higher education
status and income level (≥$40,000) as well as having private health insurance were positively associated with
overdue screening [34]. Whereas negative associations
were reported for indicators of lower education [36],
having no private health insurance and a low income
(less than $20,000) [35]. One area level study found
women residing in more disadvantaged areas had greater
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Table 1 The types of findings and number and direction of significance of SES relationships across the breast cancer continuum
Types of findings

Significance

Stage

Individual

Area

Individual and area

SCREENING: TOTAL

11

2

2

15

1

3

Screening - Never
Individual

2

Individual
Screening - Overdue
Individual

Total

2

Area - Not defined
Screening - Recent

Multilevel

Positive

Negative

6

10

16

1

3

4

1

2

4

2

2

2

2

9

3

4

3

3

3

2

1
6

6
1

1

5

3

Postcode

1

Area - Not defined

1

1

CD

1

1

1

INCIDENCE: TOTAL

1

5

5

5

CD

1

2

LGA

3

2

SLA

1
5

4

1

10

Stage of diagnosis

5

1

1

7

2

Individual
2

Postcode

1

LGA

1

SLA

1

Diagnostic procedure

1

1

1

DIAGNOSIS: TOTAL

CD

1

8

4

7

3

1

1

2

2

1
1
1
1

2
1

1

1

Individual

1

Area - Not defined

1

Diagnostic results

2

Postcode
TREATMENT CHOICE: TOTAL

9

1
1

Screening - access to services

1
2

2
1

6

Provider characteristics

11

18

2

2

1

1

1

1

15

10

3

2

2

Postcode

2
1

1

1

1

2
2

2

1

Individual
Postcode

1

No Surgery

1

2
1

1

Individual
1
1

2

Individual

Area - Not defined

1
3

5
2

CD
Postcode

1
1

Area - Not defined
Surgery - Breast Conserving

3
2

Individual

Non-surgical Treatment

NR#

1

6

3

NS^

1
1

1
1

1

1
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Table 1 The types of findings and number and direction of significance of SES relationships across the breast cancer continuum
(Continued)
Types of findings
Stage

Individual

Surgery - Mastectomy

Significance

Area

Individual and area

2

2

Multilevel

Total

Positive

4

Individual
1

Postcode

1

Municipality

1

Area - Not defined

Individual

NR#

1
1
1

1
1

1

3

4

1

8
5

CD

1

1

Postcode

1

1

Area - Not defined

1

Post-treatment Surgery

1

1

CD

1

1

1

Treatment Intensity before death

1

1

1

1

Individual

1
1

CD

1

SURVIVAL: TOTAL

6

1
2

1

9

Individual
CD

2

LGA

2

SLA

2

1

1

7

2

1

MORTALITY: TOTAL

7

5

2

1

1

3
2
3
10

Individual

2
1

CD

1

LGA

5

SLA

1

Area - Not defined
GRAND TOTAL

NS^

2

CD

Surgery - Reconstructive

Negative
6

31

5

1

1

1

1

1

21

3

1
12

1
6

3

2

1

2

35

32

1
67

37

3

Note: NS^ Non-significant finding reported by authors, NR# Findings not reported by authors

likelihood of being overdue in screening [36]. Nonsignificant relationships were also reported for employment status [35, 43] and area based disadvantage after
adjusting for Indigenous and ethnic status at the postcode scale [44].

Access to services

We found only one study [45] which reported that
women living in disadvantaged areas (measured at the
fine area level scale) had greater access to mammography facilities than their advantaged counterparts. However, the magnitude of the difference was not tested for
significance.

Incidence

Five area-based findings examined the relationship of
SES (the majority using IRSD) and incidence of breast
cancer using state based cancer registries. Four utilised
the same cancer registry (New South Wales Cancer
Registry) and reported higher incidence of cancer for
women who lived in high SES areas when compared to
low SES areas [46–49]. This was apparent in major city
populations [46, 47], in inner regional areas [46] and
using two different area indicators of SES [49]. This
positive relationship also held across different scales of
analysis, from CD to SLA at the area level (Table 1).
One study, however, found an increased risk of metastatic breast cancer was associated with living in areas of
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lower SES [50]. While data was not shown, difference in
incidence by SES measurement type was slightly greater
for quintiles defined by the IRSD in comparison to the
unemployment rate [49].
Diagnosis

Ten findings highlighted the individual and area level relationships between SES and diagnosis of breast cancer.
Overall, the weight of evidence was towards a negative
relationship but this varied within three classifications:
stage, procedures and results.
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areas (ordinal) but were non-significant as nominal variables [56].
Treatment choice

Eleven findings described SES in relation to different
types of treatment received for breast cancer. The majority
of studies [56–62] utilised finer area scales of analysis
(CD, postcode) (Table 1) and the IRSD as the indicator of
SES. The weight of evidence leaned slightly towards a
positive association, but significance of these findings differed across the eight areas of treatment classified by the
treatment literature (Table 1).

Stage

Seven findings found a negative association between SES
and the stage of diagnosis. The majority were area based
studies where women in living in low SES areas were
more likely to be diagnosed with large, advanced staged
(distant) tumours [51, 52] compared to those in higher
SES areas, who were more likely to be diagnosed with
smaller, less advanced staged (localised and regional) tumours [49, 53]. However, non-significance was found between SES and advanced disease stage at the area level
[49]. Controlling for the effect of individual SES characteristics (occupation), a multilevel study [54] showed
that individual level employment type (blue collar in
reference to professionals) and women who lived in the
most disadvantaged areas were more likely to be diagnosed with advanced breast cancer. These findings were
consistent across different scales of area level analysis
(Table 1). One study reported a non-significant relationship between individual level education (after adjustment) and area based disadvantage in distant
reoccurrence [49].

Provider characteristics

Two findings investigated individual and area level indicators of SES and provider characteristics in the treatment
of early invasive breast cancers [56]. Disadvantaged
women had greater odds of being treated in inner regional
and remote centres. This interaction between SES and remoteness highlighted that they were 20% less likely to be
treated by more experienced high annual case load surgeons. Women living in disadvantaged areas had lower
odds (around 20%) of being referred for clinical surveillance (asymptomatic referrals). The significance of these
relationships with insurance status was not reported.
Non-surgical treatments

Women living in the highest socioeconomic areas with
early invasive cancers were more likely to receive ovarian
ablation [56] and post-operative radiotherapy following
breast conserving surgery [59] when compared to those
living in the lowest SES areas. The significance of the relationship with insurance status and ovarian ablation
was not reported [56].

Diagnostic procedure

One finding reported the significance of individual and
area based differences in diagnostic procedures by SES.
Women living in low SES areas (scale of area was not
defined) were twice as likely to receive open biopsy for a
diagnostic procedure as opposed to fine needle aspiration (which was more likely in higher SES areas) and
core biopsy [55]. No trend was found when comparing
health insurance status.
Diagnostic results

Two findings showed mixed results between pathologic
test results to identify early invasive cancers and area
(postcode) level SES. Significance was dependent on
whether the variable analysed was in nominal or ordinal
forms. A triple negative result was less common for
oestrogen, progesterone and HER2 receptors in women
residing in higher SES areas (nominal) but was insignificant as an ordinal variable [56]. Bilateral synchronous lesions were less common in women residing in lower SES

No surgery

No surgery was the most common outcome for women
without private health insurance or those living in low
SES areas for early breast cancer [55].
Surgery – breast conserving

Breast conserving surgery was the most likely procedure
for those with private health insurance [55, 63] and
those living in high SES areas [55, 59, 63]. This result
did not vary across the individual and finer area levels of
SES indicators analysed.
Surgery – mastectomy

All findings investigating mastectomy showed that this
was the most likely procedure for women without private health insurance [55, 63] and living in low SES areas
[59, 64]. This relationship was consistent across individual
and area level indicators of SES, differences in area scales
and variations in indicators definitions. Here, education
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[64] and a composite indicator of average education, employment and income [59] were used instead of the IRSD.
Surgery – reconstructive

Reconstructive surgery following mastectomy was more
likely for higher educated women [65] or those with private health insurance [55, 57, 60, 65]. Reconstruction
following mastectomy was also higher in women residing in high SES areas [55, 57, 60]. This result was consistent across finer scales of area SES analysis.
Post-treatment surgery

Fine scale area based SES was not associated with further breast conserving or mastectomy surgery [62].
Treatment intensity before death

Women living in highly disadvantaged areas had a significantly increased rate of hospitalisation in the last year
of life while having private health insurance was found
to be non-significant [61]. No significant differences
were shown in the second and third year prior to death.
Survival

Nine findings described the effect of SES on survival.
The majority of these used area level SES indicators with
two studies [66, 67] using individual and area level indicators and one undertaking multilevel analysis [68].
Women in professional occupations [67, 68] and those
living in the most advantaged areas [68–72] had higher
survival. Two studies also reported this trend but reported
non-significance at the individual [66] and area level
[66, 73] after statistical attenuation. Non-significance
was also reported at the area level [67, 74]. However,
this result was apparent for 5-year unadjusted survival
estimates but changed for 10 year estimates where survival was lower for more women living in disadvantaged
areas [67].
Comparison of the scale of area analysis used showed
that the significant results found were based on coarser
scale of analysis. Non-significant relationships were
found at the finer scales. Comparison of differences in
area level definitions of SES at similar scales showed no
difference in the results found, for example, the comparison of IRSD to the index of education and occupation [70, 71] and the unemployment rate [74].
Mortality

Ten findings, the majority using area level indicators, examined the effect of SES on mortality. Conflicting results
were found at the individual level. Relative risk of mortality was higher (in descending order) for blue and white
collar and professional occupations when compared to
not in the labour forces [67] while a multilevel study
found that professionally employed woman had a higher
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rate of mortality [75]. Alternatively, having private health
insurance had no relationship with mortality [58].
Mixed results were also found at the area level, with
five findings reporting negative associations indicating
that those living in the most disadvantaged areas had a
greater risk of dying following diagnosis of breast cancer
than those in less disadvantage areas [53, 58, 69–71].
However, four findings reported non-significant relationships [47, 67], one of which was undertook multilevel
analysis [75] and one after statistical adjustment for degree of spread of diagnosis [76]. These findings used
similar coarse levels of area scale for their analyses with
only one using a finer level of analysis [58]. One finding
with area scale not defined reported contradictory evidence, with 10% higher mortality in women living in
high SES areas compared to those in low SES areas [77].
This study used a different definition of area based SES
than the IRSD which was more commonly used. Three
other findings also used different definitions showing
negative [70, 71] and also non-significant results [76].

Discussion
To illustrate the interrelatedness of the SES findings, a
feedback diagram (Fig. 2) is proposed. The diagram enables us to contextualise the findings of this review as
interrelated components and elements within a larger,
complex system. The model consists of three components: Component 1 represents the interaction of the
mammography, diagnosis and incidence elements, Component 2 embodies the treatment interactions once
women have been diagnosed, and Component 3 signifies
survival and mortality relationships.
Component 1: mammography, diagnosis and incidence

The outcomes of Component 1 are diagnosis and incidence, and the findings for Australia were similar to
international studies showing a higher cancer incidence
for women who live in high SES areas [9, 19] and a
greater likelihood of late stage diagnosis for more disadvantaged women [78, 79].
Figure 2 shows two potential paths from the population to diagnosis with returning arrows from Screening
participation, Diagnostic investigation and Diagnostic results elements indicating no cancer diagnosed. The paths
illustrate either the choice to participate in the national
screening program (Loop 1) or the use of mammography
as a diagnostic tool for women who present with symptoms (Loop 2). Loop 2 can either relate to those women
who present with symptoms within the 2 year period between screenings or those who present with symptoms
and do not participate in screening. Internationally, the
higher participation of advantaged women in Loop 1
(screening) [5, 80] has been identified as a possible explanation for the SES differences in diagnosis and
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Fig. 2 Feedback diagram highlighting the interaction of elements along the breast cancer continuum both within and across the three components

incidence even in countries where financial barriers are
absent [81]. We found little evidence of this with never
having had a mammogram, participating in a recent
screening or being overdue for a screening having relatively small associations between individual level SES.
However, there are a number of methodological issues
that should be considered. Firstly, the individual fallacy
bias may be apparent as the majority of studies are based
on individually defined SES (compositional) indicators.
This means that the contribution of area-based SES contextual factors have not been incorporated into the majority of the evidence base. Secondly, the study years
examined also varied with the majority of studies published in the early – mid 2000’s. It is possible that the results of past literature do not reflect the current trends,
particularly since recent evidence has suggested that the
concerted effort to reach disadvantaged groups has been
effective [67]. Accessibility to screening facilities has also
been a factor in the equitable delivery of services. We
found only one year 2000 metropolitan based study [45]
that reported that low SES women had greater access to
mammographic screening. The lack of published research of potential trends within Australia represents a
significant gap in our understanding of equitable service
provision, particularly as access is regularly cited as a
major barrier to influence participation [82].
Loop 2 reflects the underlying pattern of differences in
health and health service utilisation between women
with low and high SES characteristics. Evidence suggests poorer health is experienced by those in lower
SES areas [83] leading to higher general practitioners
visits [84]. However, this increased visitation does not

lead to increased clinical surveillance for breast cancer
by asymptomatic referrals [56]. This may partially explain why our findings showed that incidence was lower
and stage of diagnosis was more advanced in women
with low SES. No studies included in this review examined the influence of SES on the early phase of cancer
investigation for women who present with symptoms
and use mammography as a diagnostic investigation
tool. Alternatively, the utilisation of medical specialists
more generally has been found to be higher in high SES
areas [85] after initial investigations have been carried
out. This difference in utilisation may point to why, we
found that incidence was higher but the stage of diagnosis was lower in high SES compared to low SES
women.
Relating the diagnosis outcome to the diagnostic procedures element through Loop 3 may also explain some
of the SES differences found in the choice of procedures
used. Here, the more advanced stage of cancer found in
women from low SES areas meant that the diagnostic
procedures administered were more invasive and certain
diagnoses results (triple negative result) were more
prevalent. Similar findings have been reported internationally [79, 86, 87].
Component 2: treatment choice

Australian treatment choice results were similar to international findings, with women living in deprived areas
having reduced odds of surgery and radiotherapy [86],
breast reconstruction surgery [88, 89] and higher rates
of non-conservative surgery [90] and mastectomies [86].
Fig. 2 illustrates within Component 2 that treatment
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choice is a result of the interaction between patient and
provider characteristics which are presented as two reinforcing loops. Loop 4 highlights the interaction between provider characteristics such as type and quality
of care received and geographic location. Australia has a
vast land area, therefore geographic location is particularly influential in terms of SES and equitable service
provision. For example, one national study [56] reported
that patients from lower SES areas were more likely to
live in more remote areas and as such were more likely
to be subject to the treatment choices available in regional than major city hospitals. Additionally, in more remote areas, there is a greater odds of receiving
treatment from lower caseload surgeons which has implications for the choices made for initial patient management, treatment [91, 92] and outcomes [91, 93].
Loop 5 incorporates the outcome of treatment choice
which is predicated on the complex interaction between
the outcomes of Loop 4’s provider characteristics in
terms of what treatment choices are available and the
interaction with patient characteristics such as age and
the diagnosis inherited from Component 1 (Fig. 2). This
inheritance may explain SES differences in the treatment
choices undertaken. For surgery choices, we found that
mastectomies were more likely conducted in women
with low SES who were found with more advanced
stages of the disease. Alternatively, women with high
SES were more likely to have breast conserving surgery
possibly reflecting the less advanced stage of diagnosis,
or standard practice that tumours less than 20 mm in
diameter are treated with breast conserving surgery [94].
Patient characteristics incorporated into Loop 5 may
also explain SES differences across different stages of
treatment. For example, the most common initial
treatment for women with low SES and with early
stage cancer was no surgery rather than breast conserving therapy and ovarian ablation procedures. Furthermore, those women with low SES and receiving
end stage treatments were less likely to have postoperative radiotherapy and breast reconstruction surgery. Some possible explanations for the choice for less
conservative treatments may reflect their difficulty in
weighing up a range of potential options and side effects because of their lower education levels. Additionally, the potential additional indirect costs and
disruptions to family and work life associated with
additional treatments may also be unpalatable especially to those on lower incomes or in certain types of
employment.
One major limitation in the Component 2 subsystem
is that the initial establishment of association between
geographic location (remoteness) and SES has had limited exploration specifically in relation to women diagnosed with breast cancer. Apart from the national study
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advocating SES differences in remote areas, two state
based studies using the same cancer registry reported no
association between remoteness and SES [54, 68]. Our
review also identified several other papers [59, 73] that
focussed on hospital factors and remoteness as key influencers of outcomes but none investigated remoteness as
a relationship with SES. The small evidence base and
conflicting results demonstrates a much needed future
direction to investigate if SES gradients exist across each
region’s urban, rural and remoteness classification [54]
in reference to the treatments chosen.
No studies were found on the relationships between
SES and surgical outcomes, post-surgical complications,
length of stay and waiting times in diagnosis and treatment stages which are used as surrogates for the quality
of treatment received. These issues have been reported
internationally [3, 86, 95] and need to be explored
further.

Component 3: survival or mortality

Component 3’s elements of survival and mortality represent the outcomes from the treatment choice undertaken
in Component 2. Two feedback loops are proposed, Loop
6 which represents a movement of a women, surviving
cancer, back to the population. Loop 7 represents a path to
diagnostic investigation for recurrences. Non-significant
relationships for individual (after adjustment) or area level
SES relationships were reported for distant recurrences
[49] while no evidence was available for SES relationships
with other recurrences.
Survival and mortality elements combined with Component 1’s element of incidence are essential population
based indicators for public health and cancer control
[96]. Just over half the findings reported higher rates of
survival for women in high SES areas with others
reporting non-significance. Less evidence of an SES
gradient was found for mortality, with six findings
reporting negative relationships, four reporting nonsignificant associations and two positive relationships.
Similar findings have been reported internationally for
survival [79, 97–99] and mortality [4, 19]. Interactions
within the components of the model may suggest a
greater influence of SES than the current evidence suggests. For example, with a higher incidence of small
localised breast tumours in women with high SES we
may expect a greater likelihood of survival and less
mortality while a lower incidence of more advanced
stage of cancer in low SES women should point to a
lesser likelihood of survival and greater mortality.
However, this isn’t supported by the survival and
mortality literature. It is possible that the influence of
SES across the components is moderated by the
choice of treatments in Component 2 which in one
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study was found, in general, to be similar across the
SES gradient [56]. Additionally, even with different
types of surgery which was also predicated by SES i.e.
breast conserving surgery versus mastectomy, survival
has been shown to be similar across different diagnosis stages [100, 101].

Methodological issues and limitations

This review focused on Australian women as the target
population, which includes some women with Indigenous
heritage and other ethnicities as part of the general population, however, our exclusion of papers that focused only
on this population, may have influenced our findings. Indigenous women living in Australia are more likely to be
of lower SES, have greater remoteness, and experience
worse outcomes at all stages of the cancer trajectory than
women of non-Indigenous heritage [102]. Across the
breast cancer continuum, comparison of Indigenous to
non-Indigenous women have found that they are more
likely to be disadvantaged [103], are less likely to participate in breast cancer screening and rescreening [104],
have more advanced stages of diagnosis and more likely to
die prematurely [103–105]. Interestingly, the evidence for
uptake of treatment is mixed. One study finding has reported no difference in treatment patterns [103] while another found Indigenous women were less likely to receive
surgical treatment [105]. When surgery was undertaken
the choice of treatment also differed with mastectomy a
more common procedure than complete local excision
[104]. While Indigenous women make up a small proportion of the total Australian population, they experience
poorer cancer outcomes. Future research needs to improve our understanding of this inequity across the cancer
continuum.
Across the range of studies we found that issues of indicator type and composition, and to a lesser extent the
modifiable areal unit problem (MAUP), were not significant across the majority of evidence. For indicator types
and composition, this result was more to do with the
fact that the majority of studies used the Index of Relative Socio-economic Disadvantage (IRSD) to represent
area level SES. Where studies used different measures,
they were usually based on income, education or occupation and produced similar relationships to using the
IRSD. This suggests that differences in the selection and
composition of indicators were not an issue in result differences. We did find small evidence for the MAUP in
the evidence gleaned for survival where results at the
fine scale were non-significant compared to positive associations found at coarser scales. However, a recent
study [106] has provided statistical evidence that
changes in scales of analysis showed little difference in
survival rates.
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This study may have potential limitations that bias
the evidence reported through the databases which
were searched and the exclusion of the grey literature.
Inclusion of the grey literature may have provided
more evidence as our restriction to peer-reviewed
studies are more likely to report significant findings.
The evidence shown in this study does have a publication bias, with over a third of the evidence obtained
coming from studies investigating the New South
Wales’ population, 32% of the Australian population.
This bias was significant in the survival and mortality
evidence base where studies from this geographic area
made up the majority of results. Given the small number studies for some stages across the continuum the
strength and direction of the relationships reported
needs to be interpreted with caution. Further, a longitudinal view of the SES gradients experienced by
women across the continuum is needed. While the
number of studies found in each stage is a limitation it
also represents areas where more research should be
undertaken to create a larger sample size ideally across
other geographic areas thus decreasing the publication
bias found.
There was a lack of multilevel analysis studies, with
only three found across the continuum. Our evidence
does suffer from the methodological issues of individual
fallacy for screening studies and ecological fallacy in
other outcomes along the continuum. Given that the
results of the three multilevel studies corroborated with
the results found in other studies i.e. in the issues of
diagnosis [54], survival [68] and mortality [75], we can
have some confidence in the evidence base derived
from the alternative study designs. Undertaking multilevel analysis in the area of screening provides the
easiest opportunity as individual level data is already
collected and application of area level SES is quite arbitrary if residential location is available. These types of
studies are key to understanding the strength of the
compositional (individual) or contextual (area) effects of
SES providing evidence for what type of interventions can
be applied. This evidence can inform policy decisions with
individual level SES factors driving changes to broad
policies at the population level. Evidence of area level SES
interactions could mean a more targeted approach to resource allocation [107], applying different strategies for
the same groups in different areas [108] or the allocation
of resources across multiple levels [109] of the continuum.
We found disparities along the continuum. Our feedback diagram provides a way to summarise the evidence
base and examine relationships within a wider integrated
framework. Considering the associated economic costs
in future research will help quantify the impacts on
quality of life for people and their families, the health
care system and society.

Lyle et al. International Journal for Equity in Health (2017) 16:182

Page 13 of 15

Conclusion
In a universal health system such as that in Australia,
evidence of an SES gradient exists, however, the strength
and direction of this relationship varies along the breast
cancer continuum. This is a complex relationship and
the heterogeneity in study design, the SES indicator selected and the scale they represent further complicates
our understanding of its influence. More complex multilevel studies are needed to better understand these relationships, the interactions between predictors and to
reduce biases introduced by methodological issues.

3.

Acknowledgements
The first author wishes to recognise project funding support provided by
Lotterywest under the Western Australian Data Linkage Infrastructure Project
(Application number 421003516) to undertake this study. The publication of
the study results was not contingent on the sponsor’s approval.

8.

Funding
The first author was funded by the Western Australian Data Linkage Infrastructure
Project (Application number 421003516) provided by Lotterywest. The funding
body was not involved in the design of the study, collection, analysis, and
interpretation of data and in writing the manuscript.
Availability of data and materials
The data extraction spreadsheet used and analysed during the current study
are available from the corresponding author on reasonable request.
Authors’ contributions
GL and DH designed the scope of the review. GL and GH designed the
search strategy. GL and GH jointly conducted the search, screened citations,
read and appraised the literature, and summarised findings. GL wrote the
first draft of the manuscript and constructed the figures and Tables. DH helped
in interpretation of the results. DH and GH critically reviewed and revised
subsequent drafts. All authors read and approved the final manuscript.

4.

5.

6.

7.

9.

10.

11.
12.

13.

14.

15.
Ethics approval and consent to participate
Not Applicable.
16.
Consent for publication
Not Applicable.
Competing interests
D. Hendrie authored two of the articles included in the current review. The
authors declare that they have no competing interests.

17.

18.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

19.

Author details
1
Centre for Population Health Research, Curtin University, Perth, Australia.
2
CSIRO Health and Biosecurity, Adelaide, Australia. 3School of Public Health,
Curtin University, Perth, Australia.

21.

Received: 13 March 2017 Accepted: 3 October 2017

22.

References
1. AIHW. Health system expenditure on cancer and other neoplasms in
Australia 2008–09, cancer series 81. Cat. No. CAN 78. Canberra: AIHW; 2013.
2. Gomez SL, Shariff-Marco S, DeRouen M, Keegan THM, Yen IH, Mujahid M,
Satariano WA, Glaser SL. The impact of neighborhood social and built
environment factors across the cancer continuum: current research,
methodological considerations, and future directions. Cancer. 2015;121:
2314–30.

23.

20.

24.

Akinyemiju TF, Vin-Raviv N, Chavez-Yenter D, Zhao XY, Budhwani H. Race/
ethnicity and socio-economic differences in breast cancer surgery
outcomes. Cancer Epidemiol. 2015;39:745–51.
Klassen AC, Smith KC. The enduring and evolving relationship between
social class and breast cancer burden: a review of the literature. Cancer
Epidemiol. 2011;35:217–34.
Pruitt SL, Shim MJ, Mullen PD, Vernon SW, Amick BC. Association of area
socioeconomic status and breast, cervical, and colorectal cancer screening:
a systematic review. Cancer Epidemiol Biomark Prev. 2009;18:2579–99.
Wheeler SB, Reeder-Hayes KE, Carey LA. Disparities in breast cancer
treatment and outcomes: biological, social, and health system determinants
and opportunities for research. Oncologist. 2013;18:986–93.
Roberts MC, Wheeler SB, Reeder-Hayes K. Racial/ethnic and socioeconomic
disparities in endocrine therapy adherence in breast cancer: a systematic
review. Am J Public Health. 2015;105:E4–E15.
Quaglia A, Lillini R, Mamo C, Ivaldi E, Vercelli M. SEIH (Socio-Econonic
Indicators, Health) Working Group. Socio-economic inequalities: a review of
methodological issues and the relationships with cancer survival. Crit Rev
Oncol Hematol. 2013;85:266–77.
Garcia-Gil M, Elorza JM, Banque M, Comas-Cufi M, Blanch J, Ramos R,
Mendez-Boo L, Hermosilla E, Bolibar B, Prieto-Alhambra D. Linking of
primary care records to census data to study the association between
socioeconomic status and cancer incidence in southern Europe: a nationwide ecological study. PLoS One. 2014;9:7.
Meijer M, Rohl J, Bloomfield K, Grittner U. Do neighborhoods affect
individual mortality? A systematic review and meta-analysis of multilevel
studies. Soc Sci Med. 2012;74:1204–12.
Macintyre S, Ellaway A, Cummins S. Place effects on health: how can we
conceptualise, operationalise and measure them? Soc Sci Med. 2002;55:125–39.
Spadea T, Zengarini N, Kunst A, Zanetti R, Rosso S, Costa G. Cancer risk in
relationship to different indicators of adult socioeconomic position in Turin,
Italy. Cancer Causes Control. 2010;21:1117–30.
Dalton SO, Ross L, Duering M, Carlsen K, Mortensen PB, Lynch J, Johansen
C. Influence of socioeconomic factors on survival after breast cancer - a
nationwide cohort study of women diagnosed with breast cancer in
Denmark 1983-1999. Int J Cancer. 2007;121:2524–31.
Roux AVD, Kiefe CI, Jacobs DR, Haan M, Jackson SA, Nieto FJ, Paton CC, Schulz R.
Area characteristics and individual-level socioeconomic position indicators in
three population-based epidemiologic studies. Ann Epidemiol. 2001;11:395–405.
Geronimus AT, Bound J. Use of census-based aggregate variables to proxy
for socioeconomic group: evidence from national samples. Am J Epidemiol.
1998;148:475–86.
Krieger N, Chen JT, Waterman PD, Soobader MJ, Subramanian SV, Carson R.
Geocoding and monitoring of US socioeconomic inequalities in mortality
and cancer incidence: does the choice of area-based measure and
geographic level matter? The public health disparities Geocoding project.
Am J Epidemiol. 2002;156:471–82.
Hofer TP, Wolfe RA, Tedeschi PJ, McMahon LF, Griffith JR. Use of community
versus individual socioeconomic data in predicting variation in hospital use.
Health Serv Res. 1998;33:243–59.
Coughlin SS, Smith SA. The impact of the natural, social, built, and policy
environments on breast cancer. J Environ Health Sci. 2015;1:10.15436/
12378–16841.15415.15020.
Akinyemiju TF, Genkinger JM, Farhat M, Wilson A, Gary-Webb TL, Tehranifar
P. Residential environment and breast cancer incidence and mortality: a
systematic review and meta-analysis. BMC Cancer. 2015a;15:22.
Woods LM, Rachet B, Coleman MP. Choice of geographic unit influences
socioeconomic inequalities in breast cancer survival. Br J Cancer. 2005;92:1279–82.
Donnelly DW, Gavin A. Socio-economic inequalities in cancer incidence - the
choice of deprivation measure matters. Cancer Epidemiol. 2011;35:E55–61.
Zhang-Salomons J, Qian H, Holowaty E, Mackillop WJ. Associations between
socioeconomic status and cancer survival: choice of SES indicator may
affect results. Ann Epidemiol. 2006;16:521–8.
Webster TF, Hoffman K, Weinberg J, Vieira V, Aschengrau A. Community- and
individual-level socioeconomic status and breast cancer risk: multilevel modeling
on cape cod, Massachusetts. Environ Health Perspect. 2008;116:1125–9.
Shariff-Marco S, Yang J, John EM, Sangaramoorthy M, Hertz A, Koo J, Nelson
DO, Schupp CW, Shema SJ, Cockburn M, et al. Impact of neighborhood and
individual socioeconomic status on survival after breast cancer varies by
race/ethnicity: the neighborhood and breast cancer study. Cancer
Epidemiol Biomark Prev. 2014;23:793–811.

Lyle et al. International Journal for Equity in Health (2017) 16:182

25. Robert SA, Strombom I, Trentham-Dietz A, Hampton JM, McElroy JA,
Newcomb PA, Remington PL. Socioeconomic risk factors for breast cancer distinguishing individual- and community-level effects. Epidemiology. 2004;
15:442–50.
26. Hastert TA, Beresford SAA, Sheppard L, White E. Disparities in cancer
incidence and mortality by area-level socioeconomic status: a multilevel
analysis. J Epidemiol Comm Health. 2015;69:168–76.
27. Meijer M, Bloomfield K, Engholm G. Neighbourhoods matter too: the
association between neighbourhood socioeconomic position, population
density and breast, prostate and lung cancer incidence in Denmark
between 2004 and 2008. J Epidemiol Comm Health. 2013;67:6–13.
28. Subramanian SV, Jones K, Kaddour A, Krieger N. Revisiting Robinson: the
perils of individualistic and ecologic fallacy. Int J Epidemiol. 2009;38:342–60.
29. Pollet TV, Stulp G, Henzi SP, Barrett L. Taking the aggravation out of data
aggregation: a conceptual guide to dealing with statistical issues related to the
pooling of individual-level observational data. Am J Primatol. 2015;77:727–40.
30. Moher D, Shamseer L, Clarke M, Ghersi D, Liberati A, Petticrew M, Shekelle P,
Stewart LA. Preferred reporting items for systematic review and metaanalysis protocols (PRISMA-P) 2015 statement. Syst Rev. 2015;4:1.
31. Thomas BH, Ciliska D, Dobbins M, Micucci S. A process for systematically
reviewing the literature: providing the research evidence for public health
nursing interventions. Worldviews Evid-Based Nurs. 2004;1:176–84.
32. NHMRC. How to review the evidence: systematic identification and review
of the scientific literature. National Health and Medical Research Council:
Canberra; 2000.
33. Adhikari P. Socio-economic indexes for areas: introduction, use and future
directions. Australian Bureau of Statistics: Canberra; 2006.
34. Taylor R, Ivanov O, Page A, Brotherton J, Achat H, Close G. Predictors of
non-attendance from BreastScreen NSW in women who report current
mammography screening. Aust N Z J Public Health. 2003;27:581–7.
35. Achat H, Close G, Taylor R. Who has regular mammograms? Effects of
knowledge, beliefs, socioeconomic status, and health-related factors. Prev
Med. 2005;41:312–20.
36. Siahpush M, Singh GK. Sociodemographic variations in breast cancer
screening behavior among Australian women: results from the 1995
national health survey. Prev Med. 2002;35:174–80.
37. Meiser B, Butow P, Barratt A, Friedlander M, Kirk J, Gaff C, Haan E, Aittomaki K,
Tucker K. Breast cancer screening uptake in women at increased risk of
developing hereditary breast cancer. Breast Cancer Res Treat. 2000;59:101–11.
38. Weber MF, Cunich M, Smith DP, Salkeld G, Sitas F, O'Connell D.
Sociodemographic and health-related predictors of self-reported
mammogram, faecal occult blood test and prostate specific antigen test
use in a large Australian study. BMC Public Health. 2013;13
39. Byles J, Leigh L, Chojenta C, Loxton D. Adherence to recommended health
checks by women in mid-life: data from a prospective study of women
across Australia. Aust N Z J Public Health. 2014;38:39–43.
40. Cockburn J, Sutherland M, Cappiello M, Hevern M. Predictors of attendance
at a relocatable mammography service for rural women. Aust N Z J Public
Health. 1997;21:739–42.
41. Barratt AL, Cockburn J, Redman S, Paul C, Perkins J. Mammographic
screening: results from the 1996 National Breast Health Survey. Med J Aust.
1997;167:521–4.
42. Birch S, Haas M, Savage E, Van Gool K. Targeting services to reduce social
inequalities in utilisation: an analysis of breast cancer screening in New
South Wales. Aust N Z Health Policy. 2007;4:12.
43. Cockburn J, Schofield P, White V, Hill D, Russell I. Predictors of returning for
second round screening at a population based mammographic screening
programme in Melbourne, Australia. J Epidemiol Community Health. 1997a;
51:62–6.
44. O'Bryne AM, Kavanagh AM, Ugoni A, Diver F. Predictors of non-attendance
for second round mammography in an Australian mammorgraphic
screening programme. J Med Screen. 2000;7:190–4.
45. Hyndman JC, Holman CD. Differential effects on socioeconomic groups of
modelling the location of mammography screening clinics using
geographic information systems. Aust N Z J Public Health. 2000;24:281–6.
46. Cramb SM, Mengersen KL, Baade PD. Identification of area-level influences
on regions of high cancer incidence in Queensland, Australia: a classification
tree approach. BMC Cancer. 2011;11:311.
47. Smith D, Taylor R, Coates M. Socioeconomic differentials in cancer
incidence and mortality in urban New South Wales, 1987–1991. Aust N Z J
Public Health. 1996;20:129–37.

Page 14 of 15

48. Tjokrowidjaja A, Lee CK, Houssami N, Lord S. Metastatic breast cancer in
young women: a population-based cohort study to describe risk and
prognosis. Intern Med J. 2014;44:764–70.
49. Woods LM, Rachet B, O’Connell DL, Lawrence G, Tracey E, Willmore A,
Coleman MP. Differences in breast cancer incidence in Australia and
England by age, extent of disease and deprivation status: women
diagnosed 1980-2002. Aust N Z J Public Health. 2010;34:206–13.
50. Lord SJ, Marinovich ML, Patterson JA, Wilcken N, Kiely BE, Gebski V, Crossing
S, Roder DM, Gattellari M, Houssami N. Incidence of metastatic breast
cancer in an Australian population-based cohort of women with nonmetastatic breast cancer at diagnosis. Med J Aust. 2012;196:688–92.
51. Luke C, Nguyen AM, Priest K, Roder D. Female breast cancers are getting
smaller, but socio-demographic differences remain. Aust N Z J Public
Health. 2004;28:312–6.
52. Tervonen HE, Walton R, Roder D, You H, Morrell S, Baker D, Aranda S. Sociodemographic disadvantage and distant summary stage of cancer at
diagnosis-a population-based study in New South Wales. Cancer Epidemiol.
2016;40:87–94.
53. Tracey E, Roder D, Zorbas H, Villanueva E, Jelfs P, Bishop J. Survival and
degree of spread for female breast cancers in New South Wales from 1980
to 2003: implications for cancer control. Cancer Causes Control. 2008;19:
1121–30.
54. Baade PD, Turrell G, Aitken JF. Geographic remoteness, area-level socioeconomic disadvantage and advanced breast cancer: a cross-sectional,
multilevel study. J Epidemiol Community Health. 2011;65:1037–43.
55. Azzopardi J, Walsh D, Chong C, Taylor C. Surgical treatment for women
with breast cancer in relation to socioeconomic and insurance status. Breast
J. 2014;20:3–8.
56. Roder D, Zorbas HM, Kollias J, Pyke CM, Walters D, Campbell ID, Taylor C,
Webster F. Analysing risk factors for poorer breast cancer outcomes in
residents of lower socioeconomic areas of Australia. Aust Health Rev. 2014;
38:134–41.
57. Hall SE, Holman CDJ. Inequalities in breast cancer reconstructive surgery
according to social and locational status in Western Australia. Eur J Surg
Oncol. 2003;29:519–25.
58. Hall S, Holman CD, Sheiner H, Hendrie D. The influence of socio-economic
and locational disadvantage on survival after a diagnosis of lung or breast
cancer in Western Australia. J Health Serv Res Pol. 2004;9(Suppl 2):10–6.
59. Kok DL, Chang JH, Erbas B, Fletcher A, Kavanagh AM, Henderson MA, Gertig
DM. Urban-rural differences in the management of screen-detected invasive
breast cancer and ductal carcinoma in situ in Victoria. ANZ J Surg. 2006;76:
996–1001.
60. Roder D, Zorbas H, Kollias J, Pyke C, Walters D, Campbell I, Taylor C, Webster
F. Factors predictive of immediate breast reconstruction following
mastectomy for invasive breast cancer in Australia. Breast. 2013;22:1220–5.
61. Moorin RE, Holman CD. The effects of socioeconomic status, accessibility to
services and patient type on hospital use in Western Australia: a
retrospective cohort study of patients with homogenous health status. BMC
Health Serv Res. 2006;6:74.
62. Spilsbury K, Semmens JB, Saunders CM, Hall SE, Holman CD. Subsequent
surgery after initial breast conserving surgery: a population based study.
ANZ J Surg. 2005;75:260–4.
63. Hall SE, Holman CD, Hendrie DV, Spilsbury K. Unequal access to breastconserving surgery in Western Australia 1982-2000. ANZ J Surg. 2004a;74:413–9.
64. Taylor R, Stubbs JM, Langlands AO, Boyages J. Predictors of mastectomy for
women with breast cancer in the greater western region of Sydney. Breast
J. 1999;5:116–21.
65. Bell RJ, Robinson PJ, Fradkin P, Schwarz M, Davis SR. Breast reconstruction
following mastectomy for invasive breast cancer is strongly influenced
by demographic factors in women in Victoria, Australia. Breast. 2012;21:
394–400.
66. Morley KI, Milne RL, Giles GG, Southey MC, Apicella C, Hopper JL, Phillips KA.
Socio-economic status and survival from breast cancer for young, Australian,
urban women. Aust N Z J Public Health. 2010;34:200–5.
67. Hsieh JCF, Cramb SM, McGree JM, Dunn NAM, Baade PD, Mengersen KL.
Does geographic location impact the survival differential between screenand interval-detected breast cancers? Stochastic Environ Res Risk Asses.
2016;30:155–65.
68. Dasgupta P, Baade PD, Aitken JF, Turrell G. Multilevel determinants of breast
cancer survival: association with geographic remoteness and area-level
socioeconomic disadvantage. Breast Cancer Res Treat. 2012;132:701–10.

Lyle et al. International Journal for Equity in Health (2017) 16:182

69. Cramb SM, Mengersen KL, Turrell G, Baade PD. Spatial inequalities in
colorectal and breast cancer survival: premature deaths and associated
factors. Health Place. 2012;18:1412–21.
70. Stanbury JF, Baade PD, Yu Y, Yu XQ. Cancer survival in New South Wales,
Australia: socioeconomic disparities remain despite overall improvements.
BMC Cancer. 2016;16:9.
71. Yu XQ, O'Connell DL, Gibberd RW, Armstrong BK. Assessing the impact of
socio-economic status on cancer survival in New South Wales, Australia
1996-2001. Cancer Causes Control. 2008;19:1383–90.
72. Hsieh JCF, Cramb SM, McGree JM, Baade PD, Dunn NAM, Mengersen KL.
Bayesian spatial analysis for the evaluation of breast cancer detection
methods. Aust N Z J Stat. 2014;55:351–67.
73. Spilsbury K, Semmens JB, Saunders CM, Holman CD. Long-term survival
outcomes following breast cancer surgery in Western Australia. ANZ J Surg.
2005a;75:625–30.
74. Woods LM, Rachet B, O'Connell D, Lawrence G, Coleman MP. Impact of
deprivation on breast cancer survival among women eligible for
mammographic screening in the west midlands (UK) and New South Wales
(Australia): women diagnosed 1997-2006. Int J Cancer. 2016;138:2396–403.
75. Bentley R, Kavanagh AM, Subramanian SV, Turrell G. Area disadvantage,
individual socio-economic position, and premature cancer mortality in Australia
1998 to 2000: a multilevel analysis. Cancer Causes Control. 2008;19:183–93.
76. Taylor R. Breast cancer five-year survival, by New South Wales regions, 1980
to 1991. Aust N Z J Public Health. 1997;21:206–10.
77. Lawson JS. The link between socioeconomic status and breast cancer - a
possible explanation. Scand J Public Health. 1999;27:203–5.
78. Aarts MJ, Lemmens V, Louwman MWJ, Kunst AE, Coebergh JWW.
Socioeconomic status and changing inequalities in colorectal cancer? A
review of the associations with risk, treatment and outcome. Eur J Cancer.
2010;46:2681–95.
79. Dialla PO, Arveux P, Ouedraogo S, Pornet C, Bertaut A, Roignot P, Janoray P,
Poillot ML, Quipourt V, Dabakuyo-Yonli TS. Age-related socio-economic and
geographic disparities in breast cancer stage at diagnosis: a populationbased study. Eur J Pub Health. 2015;25:966–72.
80. Anderson RT, Yang TC, Matthews SA, Camacho F, Kern T, Mackley HB,
Kimmick G, Louis C, Lengerich E, Yao NL. Breast cancer screening, area
deprivation, and later-stage breast cancer in Appalachia: does geography
matter? Health Serv Res. 2014;49:546–67.
81. Aarts MJ, Voogd AC, Duijm LEM, Coebergh JWW, Louwman WJ.
Socioeconomic inequalities in attending the mass screening for breast
cancer in the south of the Netherlands-associations with stage at diagnosis
and survival. Breast Cancer Res and Treat. 2011;128:517–25.
82. Sundaresan P, Stockler MR, Milross CG. What is access to radiation therapy?
A conceptual framework and review of influencing factors. Aust Health Rev.
2016;40:11–8.
83. Badland H, Turrell G, Giles-Corti B. Who does well where? Exploring how
self-rated health differs across diverse people and neighborhoods. Health
Place. 2013;22:82–9.
84. Turrell G, Oldenburg BF, Harris E, Jolley D. Utilisation of general practitioner
services by socio-economic disadvantage and geographic remoteness. Aust
N Z J Public Health. 2004;28:152–8.
85. Korda RJ, Banks E, Clements MS, Young AF. Is inequity undermining
Australia’s ‘universal’ health care system? Socio-economic inequalities in the
use of specialist medical and non-medical ambulatory health care. Aust N Z
J Public Health. 2009;33:458–65.
86. Downing A, Prakash K, Gilthorpe MS, Mikeljevic JS, Forman D.
Socioeconomic background in relation to stage at diagnosis, treatment and
survival in women with breast cancer. Br J Cancer. 2007;96:836–40.
87. Lyratzopoulos G, Abel GA, Barbiere JM, Brown CH, Rous BA, Greenberg DC.
Variation in advanced stage at diagnosis of lung and female breast cancer
in an English region 2006-2009. Br J Cancer. 2012;106:1068–75.
88. Bodilsen A, Christensen S, Christiansen P, Damsgaard TE, Zachariae R, Jensen
AB. Socio-demographic, clinical, and health-related factors associated with
breast reconstruction - a nationwide cohort study. Breast. 2015;24:560–7.
89. Hvilsom GB, Holmich LR, Frederiksen K, Steding-Jessen M, Friis S, Dalton SO.
Socioeconomic position and breast reconstruction in Danish women. Acta
Oncol. 2011;50:265–73.
90. Ridao-Lopez M, Garcia-Armesto S, Abadia-Taira B, Peiro-Moreno S, BernalDelgado E. Income level and regional policies, underlying factors associated
with unwarranted variations in conservative breast cancer surgery in Spain.
BMC Cancer. 2011;11

Page 15 of 15

91. Gentil J, Dabakuyo TS, Ouedraogo S, Poillot ML, Dejardin O, Arveux P. For
patients with breast cancer, geographic and social disparities are
independent determinants of access to specialized surgeons. A eleven-year
population-based multilevel analysis. BMC Cancer. 2012;12:8.
92. McDermott AM, Wall DM, Waters PS, Cheung S, Sibbering M, Horgan K,
Kearins O, Lawrence G, Patnick J, Kerin MJ, Comm ABSA. Surgeon and
breast unit volume-outcome relationships in breast cancer surgery and
treatment. Ann Surg. 2013;258:808–14.
93. Chang CM, Yin WY, Wei CK, Lin CH, Huang KY, Lin SP, Lee CH, Chou P, Lee
CC. The association of socioeconomic status and access to low-volume
service providers in breast cancer. PLoS One. 2013;8:7.
94. Martin MA, Meyricke R, O'Neill T, Roberts S. Mastectomy or breast
conserving surgery? Factors affecting type of surgical treatment for breast
cancer–a classification tree approach. BMC Cancer. 2006;6:98.
95. Moriceau G, Bourmaud A, Tinquaut F, Oriol M, Jacquin JP, Fournel P, Magne
N, Chauvin F. Social inequalities and cancer: can the European deprivation
index predict patients' difficulties in health care access? A pilot study.
Oncotarget. 2016;7:1055–65.
96. Ellis L, Woods LM, Esteve J, Eloranta S, Coleman MP, Rachet B. Cancer
incidence, survival and mortality: explaining the concepts. Int J Cancer.
2014;135:1774–82.
97. Carlsen K, Hoybye MT, Dalton SO, Tjonneland A. Social inequality and
incidence of and survival from breast cancer in a population-based study in
Denmark, 1994-2003. Eur J Cancer. 2008;44:1996–2002.
98. Hussain SK, Altieri A, Sundquist J, Hemminki K. Influence of education level
on breast cancer risk and survival in Sweden between 1990 and 2004. Int J
Cancer. 2008;122:165–9.
99. Quaglia A, Lillini R, Casella C, Giachero G, Izzotti A, Vercelli M. The combined
effect of age and socio-economic status on breast cancer survival. Critl Rev
Oncol/Hematol. 2011;77:210–20.
100. Bleicher RJ, Ruth K, Sigurdson ER, Daly JM, Boraas M, Anderson PR, Egleston
BL. Breast conservation versus mastectomy for patients with T3 primary
tumors (>5 cm): a review of 5685 medicare patients. Cancer. 2016;122:42–9.
101. Chen K, Liu J, Zhu L, Su F, Song E, Jacobs LK. Comparative effectiveness
study of breast-conserving surgery and mastectomy in the general
population: a NCDB analysis. Oncotarget. 2015;6:40127–40.
102. Tervonen HE, Aranda S, Roder D, Walton R, Baker D, You H, Currow D.
Differences in impact of aboriginal and Torres Strait islander status on
cancer stage and survival by level of socio-economic disadvantage and
remoteness of residence-a population-based cohort study in Australia.
Cancer Epidemiol. 2016;41:132–8.
103. Moore SP, Soerjomataram I, Green AC, Garvey G, Martin J, Valery PC. Breast
cancer diagnosis, patterns of care and burden of disease in Queensland,
Australia (1998-2004): does being indigenous make a difference? Int J Public
Health. 2016;61:435–42.
104. Roder D, Webster F, Zorbas H, Sinclair S. Breast screening and breast cancer
survival in Aboriginal and Torres Strait Islander women of Australia. Asian
Pacific J Cancer Prev. 2012;13:147–55.
105. Supramaniam R, Gibberd A, Dillon A, Goldsbury DE, O'Connell DL.
Increasing rates of surgical treatment and preventing comorbidities may
increase breast cancer survival for Aboriginal women. BMC Cancer. 2014;14
106. Stanbury JF, Baade PD, Yu Y, Yu XQ. Impact of geographic area level on
measuring socioeconomic disparities in cancer survival in New South Wales,
Australia: a period analysis. Cancer Epidemiol. 2016;43:56–62.
107. Gardner MP, Adams A, Jeffreys M. Interventions to increase the uptake of
mammography amongst low income women: a systematic review and
meta-analysis. PLoS One. 2013;8:13.
108. Kuo T-M, Mobley LR, Anselin L. Geographic disparities in late-stage breast
cancer diagnosis in California. Health Place. 2011;17:327–34.
109. Clauser SB, Taplin SH, Foster MK, Fagan P, Kaluzny AD. Multilevel
intervention research: lessons learned and pathways forward. JNCI
Monographs. 2012;2012:127–33.

