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Lipid treatment guidelines and cardiovascular risk for
Aboriginal people in Central Australia
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A

ustralian Aboriginal people have
survived and continue to adapt to
rapid changes imposed on them by
a dominant mainstream culture. A legacy of
this disruption is a high incidence of cardiovascular disease (CVD).1-3 For Aboriginal
populations in Central Australia, CVD is the
1,4
leading
cause
of morbidity
mortality.
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stem
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history of systemic social disadvantage.3
Dyslipidaemia (disruption of blood lipid
concentrations) is a biological determinant that is known to accelerate atheroscl erosi s an d CVD d evelopment. 5- 7
Aboriginal people in Central Australia
have a propensity to atherosclerosis,
owing to an atherogenic lipid profile characterised by low high-density lipoprotein
cholesterol (HDL-C) concentration and
small low-density lipoprotein cholesterol
(LDL-C) particle size.6
Clinical management of dyslipidaemia
using lipid-modifying therapy, such as statins (HMG-CoA [hydroxymethylglutarylcoenzyme A] reductase inhibitors), is a common approach to primary and secondary
prevention.8,9 Under the Australian Pharmaceutical Benefits Scheme (PBS), access to
subsidised lipid-modifying therapy depends
on individuals meeting eligibility criteria.
These criteria were amended in 2006 and
now include Aboriginal-specific criteria
guided by different lipid thresholds and
diabetes status (Box 1).8 The revised treatment eligibility criteria were developed
using an evidence-based review of the Heart
Protection Study, the United Kingdom Prospective Diabetes Study (UKPDS) and the
Australian National Diabetes Information
Audit (ANDIAB), as well as expert consultation.10 The studies informing the criteria are
based largely on results from relatively privileged populations of European origin. Traditional absolute CVD risk calculators such as
the Framingham equation have previously
demonstrated poor translation in Aboriginal
contexts.11
We aimed to examine the extent to which
the current PBS guidelines are applicable to
Aboriginal populations in Central Australia.
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ABSTRACT
Objective: To evaluate the extent to which the current Pharmaceutical Benefits Scheme
(PBS) guidelines for patient eligibility for lipid-lowering medication are applicable to
Aboriginal people in Central Australia.
Design, setting and participants: A 10-year cohort study of 659 Aboriginal people
who participated in population-based cardiovascular disease (CVD) risk factor surveys
in 1995 and who were free of CVD at baseline, for the period from 1995 to 2004–2005
or until first CVD event. Evidence of atherosclerotic CVD (ischaemic heart disease,
ischaemic stroke, and peripheral vascular disease) was sought from hospital, primary
health care and death records. PBS eligibility was assigned according to the current PBS
criteria, which were amended in 2006 to include Aboriginal-specific criteria, using
participants’ baseline (1995) and 10-year follow-up data.
Main outcome measures: Proportions of PBS-eligible and PBS-ineligible participants
who had CVD events during the study period; sensitivity and specificity of the criteria.
Results: Of 42 participants who had CVD events during the study period, 35 were
PBS-eligible (incidence, 1130/100 000 person-years; relative risk compared with
PBS-ineligible population, 4.87 [95% CI, 2.19–10.80]) and seven were PBS-ineligible.
PBS eligibility was associated with older mean age (37 v 32 years) and male sex (48% v
37%), with 50.7% of participants (334/659) meeting eligibility criteria. The mean highdensity lipoprotein cholesterol level at baseline was very low in both groups (0.81 v
0.87 mmol/L). The current PBS guidelines have low specificity (52%) in this population,
which was found to improve (to 71%–82%) by incorporating additional non-lipid criteria
(age and multiple non-lipid risk factors).
Conclusion: The current PBS lipid treatment criteria, which include any Aboriginal
person with diabetes and less stringent cholesterol thresholds than the previous version,
identify a group at very high risk of CVD. Global risk assessment may better identify
those at risk.
MJA 2009; 190: 552–556

METHODS
Study protocols were approved by the Central Australian Human Research Ethics
Committee and the University of Melbourne
Human Research Ethics Committee, and
were conducted under the terms of written
project agreements between researchers and
participating communities.
Participants and follow-up
In 1995, CVD risk factor surveys were conducted in three Central Australian Aboriginal communities, with 68%–85% of the
eligible population screened.6,12,13 Participants’ ages at baseline ranged from 15 to 82
years (mean, 36 years), and 42% of participants were male. Results were returned to
communities, and individual participants
were informed of their risk factor status after
the baseline survey.
CVD events in these participants were
documented during the subsequent 10-year
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follow-up period (from the baseline survey
in 1995 to 31 December 2004 for two
communities and to 31 December 2005 for
one community). Participants were identified for follow-up on the basis of name (first
and surname, Aboriginal name and known
aliases), date of birth, next-of-kin details,
and primary and secondary community
locale. Local clinical staff provided confirmation of identity where required. Followup data pertaining to CVD were collected
from primary health care (PHC) records (for
89.6% of participants), hospital records
(96.1%) and death records (death certificates, autopsy findings and the National
Death Index; cause of death was determined
for 63 of 66 deceased participants). At least
one follow-up record was available for
99.1% of the cohort.
The communities were serviced by Alice
Springs Hospital, Tennant Creek Hospital
and specialist services in South Australia.
Community PHC clinics provided electronic
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and archived patient information, including
follow-up pathology results (lipid levels and
risk factors) from “Well Persons Health
Checks” and information on medication
use. Of 739 participants at baseline, 80.8%
had lipid and/or risk factor data noted in
PHC records at some time over the 10-year
period to 2004–2005. Participants’ status
regarding use of aspirin, antihypertensive

medication or lipid-modifying therapy was
available for 80.6% of the population.
Determination of outcomes
Collection of clinical data (anthropometry;
plasma glucose, lipid and fibrinogen concentrations; LDL-C particle size; urinary
albumin–creatinine ratio [ACR]; blood pres-

1 PBS eligibility criteria for lipid-lowering treatment,8 and cardiovascular disease
(CVD) outcomes in 659 participants, stratified by their eligibility status
Eligibility criteria

General criteria

Aboriginal-specific criteria

History of prior CVD

Symptomatic coronary heart
disease (CHD),
cerebrovascular disease or
peripheral vascular disease
(PVD)

Symptomatic CHD,
cerebrovascular disease or
PVD

Diabetes

With microalbuminuria
or aged over 60 years
or total-C > 5.5 mmol/L

All people with diabetes
eligible

High-risk family history:
All people eligible
symptomatic CHD before age
55 years in ⭓ 2 first-degree
relatives or before 45 years in
⭓ 1 first-degree relatives

All people eligible

Low-risk family history:
symptomatic CHD before age
60 years in ⭓ 1 first-degree
relatives or before age 50 years
in ⭓ 1 second-degree relatives
or familial
hypercholesterolaemia

LDL-C > 4 mmol/L if aged
⭐ 18 years
or LDL-C > 5 mmol/L
or total-C > 6.5 mmol/L
or total-C > 5.5 mmol/L with
HDL-C < 1.0 mmol/L

LDL-C > 4 mmol/L if aged
⭐ 18 years
or LDL-C > 5 mmol/L
or total-C > 6.5 mmol/L
or total-C > 5.5 mmol/L with
HDL-C < 1.0 mmol/L

Total cholesterol

Total-C > 9 mmol/L
or total-C > 7.5 mmol/L in
men aged 35–75 years and
postmenopausal women
aged ⭐ 75 years
or total-C > 6.5 mmol/L with
HDL-C < 1.0 mmol/L

Total-C > 6.5 mmol/L
or total-C > 5.5 mmol/L with
HDL-C < 1.0 mmol/L

Triglycerides

Triglycerides > 8 mmol/L
or triglycerides > 4 mmol/L in
men aged 35–75 years and
postmenopausal women
aged ⭐ 75 years

Triglycerides > 8 mmol/L
or triglycerides > 4mmol/L in
men aged 35–75 years and
postmenopausal women
aged ⭐ 75 years

Hypertension

Total-C > 6.5 mmol/L
or total-C > 5.5 mmol/L with
HDL-C < 1 mmol/L

Participant outcomes
Eligible participants, no. (%)
Individuals with CVD events*
Incidence of CVD

247 (37.5%)

334 (50.7%)

31

35

1359/100 000 person-years

1130/100 000 person-years

Sensitivity (95% CI)

0.738 (0.605–0.871)

0.833 (0.721–0.946)

Specificity (95% CI)

0.650 (0.612–0.688)

0.515 (0.476–0.555)

4.70 (2.14–9.18)

4.87 (2.19–10.80)

Relative risk (95% CI)†

PBS = Pharmaceutical Benefits Scheme. Total-C = total cholesterol. LDL-C = low-density lipoprotein
cholesterol. HDL-C = high-density lipoprotein cholesterol. Bold type highlights differences between general
and Aboriginal-specific criteria.
◆
* CHD, ischaemic stroke and PVD. † Compared with the PBS-ineligible population.
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sure) has been described elsewhere.5,6,12
Routine immunonephelometry (Boehringer
Mannheim, Germany) was used for measuring levels of apolipoprotein B. LDL-C concentrations were estimated using the
Friedewald equation in subjects with triglyceride levels < 4 mmol/L.14
Outcomes were defined as follows, based
on information in hospital, PHC or death
records:
• Atherosclerotic CVD: clinically diagnosed ischaemic heart disease, ischaemic
stroke or peripheral vascular disease (International classification of diseases, 10th revision [ICD-10] codes I20–I25, I63–I69, I70–
I89; or ICD-9 codes 410–414, 433–438,
440–459). Hospital admissions and emergency presentations coded as cardiovascular
signs and symptoms were investigated further, as was evidence of CVD provided from
pathology test results, angiograms, stress
tests and other radiology reports.
• Diabetes: ICD-10 codes E10–E15 or
ICD-9 code 250, two or more blood glucose
readings ⭓ 11.1 mmol/L, or prescription of
hypoglycaemic medication.
• Hypertension: ICD-10 codes I10–I15 or
ICD-9 codes 401–405, three or more blood
pressure readings ⭓ 140/90 mmHg, or prescription of antihypertensive medication.
• Chronic kidney disease: ICD-10 code
N18 or ICD-9 code 585, two or more
glomerular filtration rate estimates < 60 mL/
min/1.73 m2, or three or more ACR measurements ⭓ 3.4 mg/mmol.
• Smoking: self-reported from baseline
survey and subsequent PHC records.
Statistical analysis
Participants were stratified by their eligibility for lipid therapy according to the 2006
PBS criteria (Box 1), on the basis of baseline
data and subsequent diagnoses in medical
records during follow-up (preceding any
first CVD event). As familial hypercholesterolaemia, family history of CVD and
postmenopausal status were not known, the
proportions eligible may be underestimated.
For simplicity, 50 years was used as a surrogate age for menopause.
Pregnant women, people aged less than
15 years, non-Aboriginal community members, and participants with previous known
CVD were excluded from analysis unless
otherwise stated. CVD incidence was calculated from time to first CVD event. Sensitivity was defined as CVD events in the PBSeligible population as a proportion of total
CVD events, and specificity as the proportion of PBS-ineligible people among those
553
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Lipid variables and PBS eligibility
PBS eligibility was associated with older
age and male sex (Box 2). Glycaemic status
and lipid characteristics at baseline reflect
the PBS criteria, which selected for individuals with diabetes and dyslipidaemia. Total
cholesterol, triglyceride, and apolipoprotein B (LDL-C particle number) concentrations were elevated in the eligible
group, while HDL-C concentration was
lower and LDL-C particle size smaller.
HDL-C concentrations were characteristically low across both groups, with 86.2%
of all participants free of CVD at baseline
recording a concentration below 1 mmol/L.
Prescription of lipid, antihypertensive
and aspirin medications was higher in PBSeligible individuals. By 2004–2005, 15.3%
of the cohort were taking lipid-modifying
medication (eligible, 27.5%; ineligible,
2.8%), 27.6% were taking antihypertensives (eligible, 45.5%; ineligible, 9.2%) and
15.6% were taking aspirin (eligible, 26.7%;
ineligible, 4.3%).

2 Baseline characteristics of PBS-eligible* and PBS-ineligible populations
PBS-eligible (n = 334)†
Age, years

PBS-ineligible (n = 325)†

P

32 (30–34)

< 0.001

37 (36–39)

Male, %

48.2 (42.8–53.6)

Diabetes, %

61.4 (56.2–66.6)

Total cholesterol, mmol/L

5.56 (5.42–5.71)

4.55 (4.48–4.63)

HDL-C, mmol/L

0.81 (0.77–0.82)

0.87 (0.84–0.89)

< 0.001

LDL-C, mmol/L

3.50 (3.39–3.62)

2.91 (2.85–2.98)

< 0.001

25.73 (25.67–25.79)

26.05 (26.00–26.10)

< 0.001

LDL-C particle size, nm
Apolipoprotein B, mg/dL

102 (97–107)

Triglycerides, mmol/L

3.07 (2.82–3.32)

36.9 (31.7–42.2)
0

82 (80–84)
1.73 (1.64–1.82)

0.003
—
< 0.001

< 0.001
< 0.001

Age and lipid data are mean (95% CI); categorical data are prevalence (95% CI).
PBS = Pharmaceutical Benefits Scheme. HDL-C = high-density lipoprotein cholesterol. LDL-C = low-density
lipoprotein cholesterol. * According to the 2006 Aboriginal-specific PBS criteria (see Box 1).8 † Free of known
◆
cardiovascular disease at baseline (1995).

RESULTS
Of the total baseline population of 739, 65
individuals (8.8%) experienced CVD
events during the 10 years of the study.
Participants with prior history of
cardiovascular disease at baseline
At baseline, 80 of 739 participants had a
prior history of CVD, of whom 23 (28.8%)
experienced subsequent events. All 80
were eligible for lipid treatment under the
2006 PBS criteria. If these individuals were
included in the total PBS-eligible group,
CVD incidence was 1569 per 100 000 person-years, with a relative risk compared
with the PBS-ineligible population of 6.50
(95% CI, 3.01–14.06), sensitivity of 0.892
(95% CI, 0.817–0.968), and specificity of
0.472 (95% CI, 0.434–0.509).
Participants with no prior history of
cardiovascular disease at baseline
All results that follow exclude the 80 participants with prior CVD and relate only to the
659 participants who were free of CVD at
baseline (mean age, 35 years; range, 15–82
554

years; 42.6% male). CVD events described
refer to the first atherosclerotic event that
occurred during the 10-year follow-up.
According to the 2006 PBS criteria, 334
of the 659 Aboriginal participants without
CVD at baseline (50.7%) were eligible for
PBS-subsidised lipid therapy by the end of
follow-up in 2004–2005 (Box 1). Those
who fit the PBS criteria were almost five
times more likely to have a CVD event than
those who did not (relative risk, 4.87; 95%
CI, 2.19–10.80), with 35 PBS-eligible and
seven ineligible individuals experiencing
an event. Sensitivity of the Aboriginalspecific criteria was high, while specificity
was moderate. Compared with the general
PBS criteria (under which 37.5% of Aboriginal participants would be eligible), inclusion of Aboriginal-specific criteria made the
guidelines more sensitive (83% v 74%) but
less specific (52% v 65%) (Box 1).

Additional risk factors to identify
people at risk of cardiovascular
disease events
We examined other risk factors to identify
clinical characteristics that might better
recognise people at risk of primary CVD.
The number of coexisting non-lipid risk
factors (hypertension, microalbuminuria or
macroalbuminuria, smoking, and elevated
fibrinogen concentration) that were diagnosed in individuals at baseline or any time
prior to first CVD event was examined. Of
the PBS-eligible population who experienced CVD events, 74% had two or more
of these risk factors, whereas of the eligible

3 Prevalence of coexisting non-lipid risk factors,* by participants’ PBS eligibility
and cardiovascular disease (CVD) event status

Prevalence

not experiencing CVD. Confidence intervals
were calculated assuming binomial distribution. Analysis of variance was used to compare continuous variables for PBS-eligible
and PBS-ineligible populations. For categorical data, a χ2 test was used to assess trends
in prevalence.
Analysis was performed using SPSS, version 16 (SPSS Inc, Chicago, Ill, USA) and,
for relative risk, EpiInfo, version 6 (Centers
for Disease Control and Prevention, Atlanta,
Ga, USA).

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%
0

No risk factors
1 risk factor
⭓ 2 risk factors

CVD+

CVD-

PBS-eligible participants (n = 334)

CVD+

CVD-

PBS-ineligible participants (n = 325)

PBS = Pharmaceutical Benefits Scheme. CVD+ = participants who experienced CVD events during the 10-year
study period. CVD− = participants who did not experience CVD events during the 10-year study period.
* Smoking, hypertension (systolic blood pressure ⭓ 140 mmHg, diastolic blood pressure ⭓ 90 mmHg),
fibrinogen > 3.5 mg/L, microalbuminuria or macroalbuminuria (albumin–creatinine ratio ⭓ 3.4 mg/mmol),
◆
diagnosed any time from baseline to first CVD event.
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4 Modelling of alternative eligibility criteria for lipid-lowering therapy

Variable
Eligible participants, no. (%)
Individuals with CVD events

Age >35 years and
⭓ 2 risk factors*
Age > 35 years
⭓ 2 risk factors* and
and PBS-eligible
and PBS-eligible
PBS-eligible or total
or total cholesterol or total cholesterol
cholesterol > 6.5 mmol/L
> 6.5 mmol/L
> 6.5 mmol/L
188 (28.5%)

210 (31.9%)

140 (21.2%)

31

30

28

Sensitivity (95% CI)

0.738 (0.605–0.871)

0.714 (0.577–0.851)

0.667 (0.524–0.810)

Specificity (95% CI)

0.746 (0.712–0.780)

0.708 (0.672–0.744)

0.818 (0.788–0.848)

CVD incidence/100 000
person-years (95% CI)

1872 (1324–2377)

1576 (1072–2046)

2306 (1548–2992)

Relative risk (95% CI)†

7.06 (3.62–13.75)

5.35 (2.79–10.23)

7.41 (4.01–13.70)

PBS = Pharmaceutical Benefits Scheme. CVD = cardiovascular disease. * Non-lipid risk factors: fibrinogen
> 3.5 mg/L, smoking, hypertension, and microalbuminuria or macroalbuminuria. † Compared with the
population who did not meet these criteria.

population who did not have a CVD event,
47% had two or more risk factors (Box 3).
We investigated the effect of adding further conditions to improve the specificity
of the PBS criteria. These conditions were:
i) age > 35 years; ii) two or more coexisting
non-lipid risk factors; and iii) age > 35
years and two or more coexisting non-lipid
risk factors. Individuals with total cholesterol > 6.5 mmol/L (suggestive of familial
hypercholesterolaemia) were included
regardless of whether they satisfied the
other conditions, as the benefit of statins is
uncontested in these people. All three sets
of conditions improved the specificity of
the current guidelines, with sensitivity
reduced but not significantly so (Box 4).
The incidence of CVD events and the relative risk of the eligible population experiencing CVD using any of the three
proposed criteria are greater than those
found when using the original guidelines
because of exclusion of those at least risk.
DISCUSSION
Lipid-lowering therapy is important in
primary and secondary prevention of CVD.
For secondary prevention, it plays an
uncontested role in reducing CVD irrespective of lipid characteristics. In this study,
the inclusion of people with previous CVD
in the analysis revealed a higher incidence,
increased relative risk and greater sensitivity for the PBS-eligible population. This
reiterates the notion that those with a prior
history of CVD have a higher absolute risk
of subsequent CVD and will benefit most
from statin therapy.7,15 Our results demonstrate that current PBS lipid treatment
guidelines identify a group of Central Aus-

◆

tralian Aboriginal people at high risk of
primary and secondary CVD events, albeit
with low specificity.
A high proportion of individuals in this
community-based cohort had characteristically low HDL-C concentrations and small
LDL-C particle size, reflective of a strongly
pro-atherogenic dyslipidaemia. Low HDL-C
concentrations may be indicative of insulin
resistance, given that markers of the metabolic syndrome were also prevalent. Further investigation is required to establish
the relationship between HDL-C, insulin
resistance and CVD development in this
population. However, given that there is an
established link between high HDL-C levels
and reduced CVD risk, the importance of
treatment regardless of total cholesterol
levels is evident, as low HDL-C is presumably an element contributing to increased
absolute risk.16
Lipid treatment criteria need to be sensitive enough to cover high-risk individuals,
but also specific so those with low absolute
risk are not medicated unnecessarily. Primary prevention strategies need to account
for absolute risk rather than lipid threshold
criteria alone.17 The older PBS criteria for
Aboriginal people prior to the 2006
amendment were less sensitive, as known
risk factors required patients to have prerequisite threshold lipid levels, and the
presence of diabetes did not automatically
confer eligibility. Review of the UKPDS and
ANDIAB studies by the Pharmaceutical
Benefits Advisory Committee revealed that
older people with long-term diabetes are
considered a high-risk population.10 Diabetes is a major disease among Aboriginal
people, affecting nearly a third aged over
55 years, and with a lower age of onset —
MJA • Volume 190 Number 10 • 18 May 2009

Aboriginal people aged 25–34 years are 7.2
times more likely than other Australians to
have diabetes.18 Before 2006, there was not
strong evidence to support lipid therapy
for young Aboriginal people with diabetes.
The inclusion of all Aboriginal people with
diabetes in the 2006 PBS criteria identifies
a high-risk group, as do the different lipid
threshold criteria centred on low HDL-C
concentrations. Both these additional criteria have improved sensitivity, with 83%
of participants in our cohort who experienced CVD events for the first time during
the study period being PBS-eligible.
Given the economic, medical and social
implications of medicating such a large
proportion of people (50.7% of this population and about 20% of all Australians
aged 30–74 years19), consideration of additional eligibility criteria may be warranted.
Age of primary CVD event was dramatically
younger in this Aboriginal cohort than in
the general Australian population, and this
must be recognised in indentifying at-risk
individuals. In this cohort, 24% of people
who experienced atherosclerotic CVD
events were aged less than 35 years. Three
of these 10 individuals had baseline cholesterol levels higher than 7 mmol/L (the other
seven were above 5 mmol/L), suggesting
familial hypercholesterolaemia. Notwithstanding the possibility of familial hypercholesterolaemia in younger people,
limiting treatment on the basis of age > 35
years or number of non-lipid risk factors,
or both, would result in a two- to threefold
decrease in the number of eligible people
and improved specificity, with a non-significant reduction in sensitivity.
Medical intervention with lipid-modifying therapy is only one aspect of CVD
prevention. Both the National Heart Foundation of Australia and Cardiac Society of
Australia and New Zealand guidelines and
the PBS guidelines recommend lifestyle
interventions such as physical activity and
healthy eating before commencing lipid
therapy.16,18 It should be acknowledged
that social determinants are strong drivers
of health, and that socioeconomic restrictions and access to and supply of fresh
produce can make adherence to lifestyle
interventions difficult. Policies and structures need to be conducive to such changes
so CVD management and prevention do
not rely solely on pharmaceutical therapies.
In conclusion, the current PBS guidelines
for lipid-lowering treatment identify a
high-risk group when applied to Aboriginal
people in Central Australia, exhibiting
555
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good sensitivity but poor specificity. The
inclusion of other parameters (age and the
presence of multiple non-lipid risk factors,
including smoking) improves specificity of
the guidelines. Validation of these observations in other Indigenous populations is
required.
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