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Comorbidities in Australian women with
hormone-dependent breast cancer:
a population-based analysis
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Abstract
The known Despite growing recognition of the impact of
comorbidities on the care and health outcomes of cancer
survivors, data on comorbidities in Australian patients that
could inform better policy and practice are limited.

Objective: To compare how frequently selected chronic
diseases developed in women with breast cancer receiving
endocrine therapy, and in women without cancer.
Design, setting and participants: Retrospective, rolling cohort
study, analysing a random 10% sample of Pharmaceutical
Beneﬁts Scheme (PBS) data for the period 1 January 2003 e
31 December 2014. Women with breast cancer who ﬁrst
commenced endocrine therapy between January 2004 and
December 2011 were identiﬁed, and age- and sex-matched (1:10)
by comorbidity with control groups of women who did not have a
dispensing record for antineoplastic agents during the study
period or the comorbidity of interest at baseline.

The new The incidence rates of depression, pain/paine
inﬂammation, osteoporosis, diabetes, cardiovascular
disorders, and gastric acid disorders were mildly higher among
hormone-dependent breast cancer survivors receiving
endocrine therapy than in control groups of age-matched
women. The increased risk for cardiovascular conditions,
depression and osteoporosis declined after the ﬁrst year of
treatment.
The implications Appropriate models of care are needed to
manage the multiple comorbidities of breast cancer survivors.

Main outcome measures: Development of any of eight preselected comorbidities, identiﬁed in PBS claims data with the
RxRisk-V model.
Results: Women with hormone-dependent breast cancer
were signiﬁcantly more likely than women in the control group
to develop depression (overall hazard ratio [HR], 1.36; 95% CI,
1.26e1.46), pain or paineinﬂammation (HR, 1.30; 95% CI,
1.23e1.38), osteoporosis (overall HR, 1.27; 95% CI, 1.17e1.39),
diabetes (HR, 1.24; 95% CI, 1.10e1.41), cardiovascular disorders
(overall HR, 1.22; 95% CI, 1.13e1.32), and gastric acid disorders
(HR, 1.20; 95% CI, 1.13e1.28). The hazard ratios for developing
cardiovascular disorders, depression and osteoporosis were
highest during the ﬁrst year of endocrine therapy. The risk of
hyperlipidaemia was lower among women with breast cancer
than in the control group (HR, 0.88; 95% CI, 0.81e0.96). There
was no signiﬁcant difference between the two groups in the
risk of reactive airway diseases (HR, 1.05; 95% CI, 0.98e1.13).

B

reast cancer is the most frequently diagnosed cancer in
Australian women. The declining mortality among
patients with breast cancer is attributed to screening
programs and improved therapies.1 Most breast cancers require
additional treatment after surgery, including chemotherapy,
radiation therapy, or endocrine therapy.2 About 70% of breast
cancers are hormone receptor-positive and beneﬁt from
endocrine therapy, and the recommended duration of treatment
was recently increased from 5 to 10 years.3 Breast cancer treatments may, however, predispose women to developing chronic
illnesses.4-6 As the duration of hormonal cancer treatment increases, managing coexisting chronic conditions will be increasingly important: a greater burden of comorbidities is associated
with an increased risk of adverse events and of non-adherence to
endocrine therapy, which may reduce survival time.7,8

Conclusion: Comorbid conditions are more likely to develop in
women who have been diagnosed with hormone-dependent
breast cancer than in women without cancer. Our results further
support the need to develop appropriate models of care to
manage the multiple chronic disorders of breast cancer
survivors.
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Improving our knowledge of the pattern of chronic conditions in
patients with breast cancer and survivors is therefore important
for ensuring effective care. Information about the burden of
comorbidities among Australians living with cancer, however, is
limited; data on chronic conditions over time is not systematically
collected in Australia.

24

chronic diseases developed in women with breast cancer receiving
endocrine therapy and in women without cancer.

Australia has a universal health care funding system administered
by the Department of Human Services, and analysis of routinely
collected health claims data, particularly from the Pharmaceutical
Beneﬁts Scheme (PBS), is being undertaken with increasing
frequency by health care investigators.9 With medication
dispensing records serving as surrogates for the presence of
comorbidities, analysis of PBS data may offer insights into the
epidemiology of chronic conditions.10

Methods
Data source and study design
We undertook a retrospective, rolling cohort study that allowed
secondary analysis of de-identiﬁed PBS dispensing claims data for a
random 10% sample of Australians across all age groups for the
period 1 January 2003 e 31 December 2014. The data covered all
medicines subsidised by the PBS for community use, inpatient and
outpatient use in private hospitals, and outpatient use in public
hospitals, as well as Section 100 medicines (the Highly Specialised

The objective of our study was to assess the patterns of comorbidities among Australian women with hormone-dependent
breast cancer. Speciﬁcally, we compared how frequently selected
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Drugs Program). Medicines are coded according to
the World Health Organization Anatomical Therapeutic Chemical code and PBS schedule item codes.

1 The numbers of women with hormone-dependent breast cancer in
each comorbidity group, and of women in the corresponding control
groups

Dispensing of endocrine therapy was employed as
Women with breast cancer
the proxy measure for identifying individuals
Excluded
Included in
Women in
with hormone-dependent subtypes of breast cancer.
Total
(pre-existing time-to-event
control
11
This approach has been validated in Australia.
Comorbidity
number
morbidity)
analysis
group (10:1)
Endocrine medications subsidised by the PBS
Cardiovascular disorder
4278
2756 (64%)
1522 (36%)
15 220
include tamoxifen, anastrozole, letrozole and
Depression
4278
934
(22%)
3344
(78%)
33
440
exemestane. Women for whom endocrine therapy
medication was dispensed at least once between
Diabetes
4278
479 (11%)
3799 (89%)
37 990
January 2004 and December 2011 were identiﬁed. We
Gastric acid disorder
4278
1735 (41%)
2543 (59%)
25 430
selected incident users to determine when therapy
Hyperlipidaemia
4278
1521 (36%)
2757 (64%)
27 570
started (the index date). Incident users were deﬁned
Osteoporosis
4278
413
(10%)
3865
(90%)
38
650
as women for whom endocrine therapy was ﬁrst
dispensed on or after 1 January 2004, for whom
Reactive airway disease
4278
817 (19%)
3461 (81%)
34 610
endocrine therapy had not been dispensed during the
Pain/paineinﬂammation
4278
2193 (51%)
2085 (49%)
20 850
previous year (1 January e 31 December 2003). We
excluded prevalent users (women who had received
endocrine therapy during 2003) because we were not
able to ascertain when they commenced endocrine therapy. We assigned to the control group of women that matched the year of
also excluded women treated with exemestane as the initial endocrine therapy initiation for the corresponding case. To be
endocrine therapy, as this agent is only subsidised for the treatment included in the control group, a woman must have had at least
of metastatic breast cancer, while our study focused on women one medication dispensing record during the year in which the
treated with curative intent. The study population for cases and index date was assigned (for any PBS-subsidised medicine,
controls was restricted to concessional beneﬁciaries, as complete including medicines indicated for one of the comorbidities in the
ascertainment of medicine use in this group could be assumed; RxRisk-V model). This ensured that the women in the control
dispensing of medicines with prices below the general co-payment group resided in Australia and had had at least one active health
service during the index year.
level was not captured in the PBS dataset before April 2012.
Patients were followed up until a comorbidity of interest
developed or until censored at the date of the last available
dispensing record (end of study period: 31 December 2014). The
date of the last dispensing record served as the end date of
follow-up, as dates of death were not available.
Outcome measures
The RxRisk-V model12 was employed as the comorbidity index.
The RxRisk-V model is generated from drug dispensing records
and includes up to 40 general drug categories (online Appendix,
table 1). The predictive validity of the RxRisk-V model for one-year
mortality is similar in the Australian setting to that of the Charlson
Comorbidity Index.10,13
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Ethics approval
Ethics approval was not required for the analysis of de-identiﬁed
PBS data.

Results
Data for 4278 women with hormone-dependent breast cancer who
received endocrine therapy for the ﬁrst time during 2004e2011
were analysed (Box 1). At least one dispensing record for a
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For each of the eight comorbidities, the women with breast
cancer were matched 1:10 by age and sex with a control group of
women without cancer (that is, women for whom dispensing of
targeted cancer therapy or chemotherapy was not recorded, or
women who did not receive endocrine therapy during the study
period) and without the comorbidity of interest at baseline
(Box 1). An index date (last dispensing record for the year) was

Statistical analysis
The development of individual comorbidities over time in the
cancer and control groups was compared in a Cox regression
analysis, adjusted for the number of baseline comorbidities (up to
one year prior to the assigned index date identiﬁed with the
RxRisk-V model) and selected baseline comorbidities (ie, adjusted
for diabetes at baseline for cardiovascular disorder; adjusted for
cardiovascular disorder at baseline for diabetes and
hyperlipidaemia). Stratiﬁed Cox regression was performed, with
matched pairs as strata (to account for the confounding effect of age
on comorbidities, as matching between cancer and control groups
was undertaken with respect to age at index date). The proportional hazard assumption was assessed by examining whether
the hazard ratio varied over time; for this purpose, interaction
between study groups and follow-up time was included in
the model. For ﬁve comorbidities (diabetes, gastric acid
disorders, hyperlipidaemia, reactive airway diseases, pain or
paineinﬂammation), the hazard ratio did not vary with time. For
three comorbidities (cardiovascular disorders, depression,
osteoporosis), it varied with time, and separate hazard ratios were
computed for each year since cohort entry. All analyses were
performed in SAS 9.4 (SAS Institute).
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Comorbidities were identiﬁed by the medication groupings in the
RxRisk-V model. We assessed the development of eight individual
comorbidities that contribute to a high burden of disease in
Australia:14 cardiovascular disorders (identiﬁed by medications
indicated for arrhythmias, heart failure, hypertension, ischaemic
heart disease, and angina, and anticoagulant and antiplatelet
medicines), depression, diabetes, hyperlipidaemia, gastric acid
disorders, osteoporosis, reactive airway diseases, and pain or
paineinﬂammation. The event was deﬁned as the development of
the comorbidity of interest in the time-to-event analysis. Women
who already had a comorbidity of interest at or prior to the
initiation of endocrine therapy were excluded from the relevant
time-to-event analysis.

Baseline comorbidities up to one year prior to the assigned index
date were determined and scored with the RxRisk-V model.
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2 Ten-year incidence rates for comorbidities in women with hormone-dependent breast cancer and in women without cancer,
with crude and adjusted hazard ratios
Incidence rate, per 100 person-years (95% CI)*
Comorbidity

Cancer group (cases)

Control group

Hazard ratio, cases v controls (95% CI)
Adjustedy

Crude
‡

Depression

5.56 (5.20e5.94)

4.10 (4.01e4.20)

1.39 (1.29e1.49)

Pain/paineinﬂammation

23.1 (22.0e24.4)

17.9 (17.6e18.2)

1.29 (1.22e1.37)

Osteoporosis
Diabetes

‡

3.03 (2.80e3.29)

2.41 (2.35e2.48)

1.28 (1.17e1.40)

1.46 (1.30e1.64)

1.17 (1.12e1.21)

1.26 (1.11e1.42)
‡

1.36 (1.26e1.46)‡
1.30 (1.23e1.38)
1.27 (1.17e1.39)‡
1.24 (1.10e1.41)

Cardiovascular disorder

13.2 (12.3e14.2)

10.9 (10.6e11.1)

1.23 (1.14e1.33)

1.22 (1.13e1.32)‡

Gastric acid disorder

10.8 (10.2e11.4)

8.86 (8.69e9.04)

1.21 (1.13e1.29)

1.20 (1.13e1.28)

Reactive airway disease

5.88 (5.52e6.27)

5.43 (5.32e5.54)

1.09 (1.02e1.17)

1.05 (0.98e1.13)

Hyperlipidaemia

5.13 (4.76e5.54)

5.54 (5.42e5.67)

0.91 (0.83e0.98)

0.88 (0.81e0.96)

* Case numbers are available in the online Appendix, table 3. † Adjusted for the number of comorbidities at baseline; for diabetes and hyperlipidaemia, also adjusted for
cardiovascular conditions at baseline; for cardiovascular disorder, also adjusted for diabetes at baseline. ‡ Overall hazard ratio (hazard ratio varied over time: Box 3, Box 4, Box 5). u

cardiovascular condition up to 12 months prior to initiation of
endocrine therapy was present for 2756 women (64%); medications
for pain or paineinﬂammation (51%), gastric acid disorders (41%),
hyperlipidaemia (36%) and depression (22%) were also frequently
dispensed. Most women with hormone-dependent breast cancer
were aged 55 years or more (range, 76e89%, depending on
comorbidity; online Appendix, table 2).
Development of comorbidities
Therapies for six of the eight comorbidities of interest were
initiated more frequently for women in the breast cancer group
than for those in the control group: depression (overall hazard
ratio [HR], 1.36), pain or paineinﬂammation (HR, 1.30),
osteoporosis (overall HR, 1.27), diabetes (HR, 1.24), cardiovascular disorders (overall HR, 1.22), and gastric acid disorders
(HR, 1.20) (Box 2, Box 3, Box 4, Box 5). The exceptions were
hyperlipidaemia (more frequent in the control group: HR, 0.88)
and reactive airway diseases (no signiﬁcant difference between
the two groups: HR, 1.05) (Box 2).
The risks of developing cardiovascular disorders (Box 3),
depression (Box 4), or osteoporosis (Box 5) in the breast cancer
cohort were all highest during the ﬁrst year of therapy.
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This is the ﬁrst Australian study to examine in a real world setting
the relationship between a diagnosis of hormone-dependent breast
cancer and the risk of developing a chronic disease. We investigated the comorbidity burden in women with hormone-dependent
breast cancer at the commencement of endocrine therapy and its
evolution over ten years. Cardiovascular disorders, depression,
diabetes, gastric acid disorders, osteoporosis and pain or
paineinﬂammation developed more frequently in women with
hormone-dependent cancer than in control groups of age-matched
women. The relative risks for cardiovascular disorders, depression
and osteoporosis in the cancer group were highest during the ﬁrst
year of endocrine therapy.
Our results are consistent with those of a study in the United
Kingdom in which the development of common comorbidities
by patients with breast cancer over a 7-year period were analysed; the authors found a higher prevalence of circulatory
morbidities among patients with breast cancer than in the comparison population.15 Nonetheless, the ability to compare our

ﬁndings with those of the UK study is limited by differences in
the types and severity of conditions included; for example, the
UK study included morbidities that resulted in admission to
hospital, whereas we used medication dispensing records. In
contrast to the UK study, we found that the incidence of
digestive morbidities was signiﬁcantly higher among women
with hormone-dependent breast cancer than in women in the
control group. The need for a medication to treat gastric acid
symptoms may be related to previous exposure to corticosteroids
as part of cancer chemotherapy or to another chemotherapy that
predisposes women with breast cancer to gastrointestinal
disorders.16 Our results are also consistent with other studies
which found that depressive symptoms are more prevalent
during the ﬁrst 6e12 months after the diagnosis and initiation of
treatment of cancer; the level of distress declined as women
adjusted to the initial shock of their diagnosis and the acute
adverse effects of therapy.17,18
There are several potential explanations for women with
hormone-dependent breast cancer having an elevated risk of
developing comorbidities. Cancer medications may contribute
to the development of chronic conditions, including cardiovascular diseases (linked with anthracyclines, trastuzumab and

3 Adjusted hazard ratios (with 95% conﬁdence intervals)
for incidence of cardiovascular disorder, women with
hormone-dependent breast cancer v women
without cancer*

* Adjusted for diabetes and number of comorbidities at baseline. u
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4 Adjusted hazard ratios (with 95% conﬁdence intervals) for
incidence of depression, women with hormone-dependent
breast cancer v women without cancer*

* Adjusted for number of baseline comorbidities. u

radiation therapy),4,5 osteoporosis (aromatase inhibitors and
cancer treatments that induce ovarian suppression),6,19
and musculoskeletal pain (aromatase inhibitors).20
Further, breast cancer shares risk factors with several chronic
conditions. A higher risk of cardiovascular disease and diabetes
among women with breast cancer, for instance, may be linked
to excessive alcohol consumption, obesity and physical
inactivity.21,22 The risk of breast cancer is increased by weight
gain,23 and this may further increase the risk of cardiovascular and
metabolic diseases.
The higher incidence of comorbidities may also reﬂect greater
awareness and increased health care use associated with the
treatment of breast cancer.15,24 This applies particularly to osteoporosis, as bone density testing is recommended before
commencing aromatase inhibitor therapy,19 perhaps revealing
previously undetected osteoporosis. The increased incidence of
cardiovascular diseases during the ﬁrst year of therapy may be
linked to more intense monitoring of cardiac function or the early
cardiotoxic effects of cancer treatment.4,5

comorbidities was not taken into account when assigning baseline comorbidity scores with the RxRisk-V model. We had no
data on breast cancer stages, family history, body mass index,
date of death, or other clinical factors or treatments, such as
radiotherapy and chemotherapy; these aspects may themselves
be associated with an increased risk of developing certain
comorbidities. Endocrine therapy is subsidised by the PBS for
both early and advanced hormone-dependent breast cancer
(with the same PBS codes), with the exception of exemestane
(indicated only for metastatic breast cancer); we were therefore
unable to ascertain breast cancer stages from dispensing records.
Our study population was restricted to concessional
beneﬁciaries, who tend to be older and on lower incomes than
general beneﬁciaries, but who also account for most medication
use in Australia.27 People who did not use the health system
(people who are healthy or did not consult prescribers and for
whom there were consequently no dispensing records in the
index year) were excluded from being selected in our control
groups, perhaps leading to our overestimating the prevalence of
comorbidities in the control groups.
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In conclusion, our results indicate that the six chronic conditions
we assessed are more likely to develop in women who have been
diagnosed with hormone-dependent breast cancer than in
women without cancer. As most women diagnosed with breast
cancer in Australia can now be cured, the burden of non-cancer
comorbidities is becoming the major health concern for these
patients, but this is still largely unrecognised. Future breast cancer
research should focus on strategies that effectively respond to the
burden imposed by these comorbidities. Given the limitations
of our single dataset study, promoting additional routine data
capture and linkage in Australia would be valuable for obtaining
a more comprehensive overview of the development of
comorbidities in women with hormone-dependent breast cancer.

j

Our study has several limitations. Firstly, we used medicine
dispensing as a surrogate measure for comorbidities, but there
may be a time lag between the development of disease and the
prescribing of medication. Chronic diseases such as diabetes and
hyperlipidaemia, which may be controlled by diet alone, might
be missed. Secondly, analgesics such as paracetamol and
nonsteroidal anti-inﬂammatory drugs purchased over the
counter are not captured in PBS data, and this may result in our
underestimating the use of analgesics. Thirdly, the severity of

* Adjusted for number of baseline comorbidities. u
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In contrast, the incidence of hyperlipidaemia was lower among
women with hormone-dependent breast cancer. This may reﬂect
the effects of hormonal therapy; tamoxifen, for example, is reported
to have favourable effects on the lipid proﬁle of treated women.25,26
Aromatase inhibitors do not share this positive effect, but the lipid
proﬁles of women receiving this agent are comparable with those
of control women.25,26 There was no signiﬁcant difference between
the two groups in our study in the incidence of reactive airway
diseases, which may indicate that breast cancer treatments are
unlikely to increase the risk of developing respiratory conditions.

5 Adjusted hazard ratios (with 95% conﬁdence intervals)
for incidence of osteoporosis, women with
hormone-dependent breast cancer v women
without cancer*

ª 2018 AMPCo Pty Ltd. Produced with Elsevier B.V. All rights reserved.
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