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Mortality rates from acute myocardial infarction (AMI) 
have been declining since the 1980s in Australia and 

other Western countries, driven both by declines in event 
rates and case fatality rates.1,2 However, these declines may 
not have benefitted all population groups equally. Australia’s 
Aboriginal and Torres Strait Islander peoples experience a 
significant health gap compared with other Australians and 
ischemic heart disease is a leading contributor to this gap.3 
Age-adjusted case fatality after AMI has been estimated to be 
1.5 times higher for Aboriginal people compared with other 
Australians.4 To improve case fatality and mortality rates 
and improve the gap in burden of disease it is important that 
Aboriginal patients receive the best possible treatment in hos-
pital after admission for AMI.
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Racial, ethnic, and socioeconomic disparities in revas-
cularization rates after AMI have been demonstrated 
in a number of studies in the United States of America 
(USA), Europe, and Australia.5–13 In Australia, despite the 
universal health care system, Aboriginal people have fewer 
cardiovascular procedures than other Australians14 and lower 
adjusted rates of revascularization after AMI.12 However, the 
population distribution of Aboriginal people means that they 
are more likely than non-Aboriginal people to be admitted 
to smaller, regional hospitals that may not have the facilities 
to perform revascularization, so it is important to properly 
account for this in an analysis of revascularization rates.

Few studies in this area have used modelling techniques to 
adjust for hospital-level effects6 or clustering of patients within 
hospitals,8 and this is the first Australian study to account for 
such clustering and examine the influence of hospitals on the 

Background—This study examined revascularization rates after acute myocardial infarction (AMI) for Aboriginal and non-
Aboriginal patients sequentially controlling for admitting hospital and risk factors.

Methods and Results—Hospital data from the state of New South Wales, Australia (July 2000 through December 2008) 
were linked to mortality data (July 2000 through December 2009). The study sample were all people aged 25 to 84 years 
admitted to public hospitals with a diagnosis of AMI (n=59 282). Single level and multilevel Cox regression was 
used to estimate rates of revascularization within 30 days of admission. A third (32.9%) of Aboriginal AMI patients 
had a revascularization within 30 days compared with 39.7% non-Aboriginal patients. Aboriginal patients had a 
revascularization rate 37% lower than non-Aboriginal patients of the same age, sex, year of admission, and AMI type 
(adjusted hazard ratio, 0.63; 95% confidence interval, 0.57–0.70). Within the same hospital, however, Aboriginal patients 
had a revascularization rate 18% lower (adjusted hazard ratio, 0.82; 95% confidence interval, 0.74–0.91). Accounting 
for comorbidities, substance use and private health insurance further explained the disparity (adjusted hazard ratio, 0.96; 
95% confidence interval, 0.87–1.07). Hospitals varied markedly in procedure rates, and this variation was associated with 
hospital size, remoteness, and catheterization laboratory facilities.

Conclusions—Aboriginal Australians were less likely to have revascularization procedures after AMI than non-Aboriginal 
Australians, and this was largely explained by lower revascularization rates at the hospital of first admission for all 
patients admitted to smaller regional and rural hospitals, a higher comorbidity burden for Aboriginal people, and to a 
lesser extent a lower rate of private health insurance among Aboriginal patients. (Circulation. 2013;127:811-819.)

Key words: acute myocardial infarction ◼ ethnic groups ◼ health care disparities ◼ health services accessibility  
◼ myocardial revascularization

© 2013 American Heart Association, Inc.

Circulation is available at http://circ.ahajournals.org DOI: 10.1161/CIRCULATIONAHA.112.000566

Received July 17, 2012; accepted December 27, 2012.
From the Centre for Health Research (D.A.R., L.R.J., S.L.) and the School of Medicine (A.J.O.), University of Western Sydney, Sydney, Australia; The 

Sax Institute, Sydney, Australia (L.R.J.); Baker IDI Heart and Diabetes Institute, Melbourne, Australia (S.J.E.); School of Public Health, University of 
Sydney, Sydney, Australia (S.J.E.); and MRC/CSO Social and Public Health Sciences Unit, Glasgow, UK (A.H.L.).

Correspondence to Deborah A. Randall, MBiostat, BSc (Hons), Centre for Health Research, Building 3, Campbelltown Campus, University of Western 
Sydney, Locked Bag 1797 Penrith NSW 2751, Australia. E-mail d.randall@uws.edu.au

Disparities in Revascularization Rates After Acute 
Myocardial Infarction Between Aboriginal and  

Non-Aboriginal People in Australia
Deborah A. Randall, MBiostat, BSc (Hons); Louisa R. Jorm, PhD, MSc, BVSc(Hons);  

Sanja Lujic, MBiostat, MStat, BSc (Hons); Aiden J. O’Loughlin, MBBS BSc (Med) (Hons), MBiostat, FRACP; 
Sandra J. Eades, PhD, BMed; Alastair H. Leyland, FFPH, PhD, CStat

36,100

Health Services and Outcomes Research

 by guest on M
arch 6, 2018

http://circ.ahajournals.org/
D

ow
nloaded from

 



812  Circulation  February 19, 2013

disparity in revascularization rates for Aboriginal and non-
Aboriginal patients.

Using linked data and multilevel modelling, this study 
aimed to (1) compare rates of revascularization procedures 
between Aboriginal and non-Aboriginal patients admitted 
with AMI, (2) quantify the influence of the admitting hospital 
on differences in revascularization rates; and (3) explore the 
role of patient and hospital factors in any disparities.

Methods
Study Design
The study was an observational cohort study using linked population-
based administrative data sets.

Setting
Australia has a universal health care system with free public acute 
hospital services and a large private sector including private hospi-
tals and private care within the public hospitals.15 New South Wales 
(NSW) is the most populous state in Australia with 6.8 million resi-
dents in 2006, 2.2% of whom identified as Aboriginal or Torres Strait 
Islander.16 Approximately 30% of Australia’s Aboriginal peoples 
live in NSW, the largest percentage of the States and Territories in 
Australia.16 In 2006, 73% of the total NSW population lived in a ma-
jor city17 compared with 42% of the Aboriginal population.18

Data Sources
The NSW Admitted Patient Data Collection from July 1, 2000 to 
December 31, 2008 was linked to mortality data for the same period. 
The Admitted Patient Data Collection includes all public and private 
hospital admissions ending in a discharge, transfer, type-change, or 
death. Diagnoses were coded according to the Australian modifica-
tion of the International Statistical Classification of Diseases and 
Related Problems 10th Revision (ICD-10-AM, introduced in July 
1998) and procedures according to the Australian Classification of 
Health Interventions.19 The datasets were linked probabilistically us-
ing identifying fields by an independent third party organization, the 
Center for Health Record Linkage,20 and researchers were supplied 
with deidentified records including a project-specific person number.

Study Sample
The study sample subjects were all NSW residents aged 25 to 84 years 
who were first admitted to a public hospital in NSW with an admis-
sion classified as both acute care and emergency and with a primary 
diagnosis of AMI (ICD-10-AM I21) or an AMI recorded in the second 
or third diagnosis field along with a primary diagnosis of ischemic 
heart disease (ICD-10-AM I20–I25). The first such admission in the 
period July 2001 to November 2008 was chosen as the index admis-
sion for analysis, leaving a clearance period of at least 12 months and 
follow-up of 30 days. It was not possible to exclude all prevalent cases 
of AMI, because of the limited years of linked data available, and thus 
the cohort consisted of patients with their first ever AMI admission 
and those who may have had an AMI admission before July 2000. 
Patients were excluded if they had missing data for key variables 
(n=241), inconsistent date of death or procedure (n=17), or appeared 
to be duplicate admissions (n=5). The final data set included a total 
of 59 282 patients (n=1165 Aboriginal and n=58 117 non-Aboriginal) 
who were first admitted to 174 public hospitals.

Variables
Patients were followed in the dataset after their index AMI admission 
to determine whether they received a revascularization procedure (ie, 
a percutaneous coronary intervention [PCI] or a coronary artery by-
pass graft [CABG]) within 30 days, at any hospital (public or private) 
in NSW. The time to first angiography procedure was also recorded, 
with the assumption that all those with a revascularization recorded 

had an angiography procedure at the same time, if not separately 
recorded. The main explanatory variable of interest was whether 
the patient was Aboriginal or Torres Strait Islander (referred to as 
Aboriginal), which is routinely recorded in the hospital data. A recent 
audit of the Australian hospital data estimated that Aboriginal people 
are correctly identified on 88% of admissions in NSW public hospi-
tals.21 To enhance identification, we defined a person as Aboriginal 
based on their most recent admission. This enhanced the number of 
admissions identified as Aboriginal by 10% in the total hospital data.

Other variables of interest were as follows: age, sex, AMI type, 
comorbidities, private health insurance, substance use, remoteness, 
socio-economic status (SES), and hospital characteristics. AMI type 
was divided into ST-elevated myocardial infarction (ICD-10-AM 
I21.0–I21.3), non–ST-elevated myocardial infarction (I21.4), and 
unspecified (I21.9). The comorbidities included in the models were 
those that may impact on provision of revascularization procedures 
or outcomes after AMI, as determined by a literature search: shock, 
diabetes mellitus with complications, congestive heart failure, can-
cer, cerebrovascular disease, pulmonary edema, acute renal failure, 
chronic renal failure, cardiac dysrhythmias;22 and chronic obstructive 
pulmonary disease, diabetes mellitus without complications, and de-
pression.8 Comorbidities and substance use (current smoking status 
[ICD-10-AM F17.1, F17.2, Z72.0] and alcohol and drug abuse)23 
were collated from all secondary diagnosis codes recorded at the in-
dex admission and from any diagnosis field in linked hospital admis-
sions up to 12 months prior. Patients were identified as having private 
health insurance if they had private payment status or private insur-
ance status recorded on the index AMI admission or any admission 
up to 12 months prior.

Remoteness of residence was classified according the Accessibility/
Remoteness Index of Australia (ARIA+) score for each person’s 
Statistical Local Area of residence at the time of index admission. 
ARIA+ measures remoteness based on the road distance to 5 catego-
ries of service centers that are classified according to their popula-
tion size as a proxy for availability of services.24 SES was determined 
using the Australian Bureau of Statistics Socio-Economic Index for 
Areas Index of Relative Socioeconomic Disadvantage (SEIFA IRSD, 
divided into population quintiles) assigned to the Statistical Local 
Area of residence at the time of admission.25 Three hospital-level 
variables were hospital remoteness (ARIA+ of the hospital based on 
postcode area), hospital size (average number of total acute admis-
sions per year from 2001–2008 divided into 5 groups at the 50th, 75th, 
85th and 95th percentiles for hospitals), and the level of catheterization 
facilities available (24/7 catheterization laboratory, catheterization 
laboratory but not 24/7, or no catheterization laboratory). Finally, a 
flag for those hospitals transferring >10% of their AMI patients to an 
interstate hospital (ie, smaller hospitals near the State border) was 
included to correct for any bias resulting from differential rates of 
interstate transfer, and also to better quantify the variation in revascu-
larization rates between NSW hospitals.

Statistical Analysis
Characteristics of Aboriginal and non-Aboriginal AMI patients, 
and of the admission and hospital, were compared using χ2 tests. 
Because of the differences in the demographic profile of Aboriginal 
and non-Aboriginal people, particularly by age, the prevalence of 
comorbidities among Aboriginal and non-Aboriginal patients as 
determined from the admission record and any admission in the 
previous year was compared using age-, sex-, and year-adjusted 
prevalence ratios calculated using a Poisson model with robust 
error variances.26 The relationship between comorbidities and the 
likelihood of revascularization was examined using age-, sex-, 
and year-adjusted hazard ratios from single-level Cox regression 
models with time to revascularization within 30 days of the index 
AMI admission as the outcome. Single-level and multilevel Cox 
regression models examined factors that were associated with time to 
procedure within 30 days of index AMI admission. Models were run 
for the following procedures: all revascularization, PCI and CABG 
separately, and angiography. The single-level models compared 
procedure rates among covariate-adjusted Aboriginal and non-
Aboriginal people, whereas the random intercept multilevel models 
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compared rates for covariate-adjusted Aboriginal and non-Aboriginal 
people admitted to the same hospital, by including a random intercept 
for hospital of admission. Cox regression was used to censor patients 
who died before receiving a procedure or were lost to follow-up as 
a result of transfers. Cox regression produces a hazard ratio which 
is similar to a relative risk, describing the relative likelihood of 
receiving a procedure at any point in time in the first 30 days after 
the index admission. The multilevel Cox regression models also 
examined between-hospital variation in the outcome to assess the 
impact of hospital of admission on time to procedure. The between-
hospital variation, or hospital-level variance (τ2), was also expressed 
as a median hazard ratio, which was the median of the hazard ratios 
of pair-wise comparisons of patients with identical characteristics 
taken from randomly chosen hospitals. This was an extension of the 
technique described by Merlo et al27 for calculating median odds 
ratios for multilevel logistic regression models and was calculated 
using the formula, median hazard ratio = exp(0.95√τ2). Data analyses 
were carried out in SAS 9.228 and MLwiN 2.24.29

Ethics
Ethics approval for the study was given by the Population Health 
Services Research Ethics Committee, the Aboriginal Health and 
Medical Research Council Ethics Committee, and the University of 
Western Sydney Ethics Committee.

Results
Patient Characteristics
Among those admitted for AMI, Aboriginal patients were 
more likely than non-Aboriginal patients to be younger, 
female, current smokers, have alcohol or drug abuse recorded 
in hospital, be without private health insurance, living in more 
disadvantaged areas, and living in regional and remote areas 
of NSW (Table 1). Aboriginal patients were also more likely 
to be first admitted to hospitals outside of major cities, with a 
lower volume of acute admissions per year and without any 
catheterization laboratory. Before any adjustments, about 
one-third (32.9%) of Aboriginal patients with AMI had a 
revascularization procedure, and 48.5% had an angiography 
procedure, within 30 days, compared with 39.7% and 54.3% 
of non-Aboriginal patients, respectively. Overall, there were 
≈3× as many PCI procedures as CABG procedures. Aborigi-
nal patients had a significantly lower rate of PCI procedures 
than non-Aboriginal people but there was no significant dif-
ference in the rate of CABG procedures.

Aboriginal patients had significantly higher age-, sex-, and 
year-adjusted prevalence of a number of conditions associated 
with lower revascularization rates (Figure), including diabetes 
mellitus with and without complications, chronic obstructive 
pulmonary disease, chronic and acute renal failure, congestive 
heart failure, and cerebrovascular disease.

Disparity in Revascularization Rates
Cox regression models examining the hazard of receiving a 
revascularization within 30 days of admission were built up 
with sequential addition of covariates and a random intercept 
for hospital (Table 2). After adjusting for age, sex, year, and 
AMI type in a single-level model, there was a large disparity 
for Aboriginal patients in the likelihood of revascularization 
(0.63; 95% confidence interval [CI], 0.57–0.70; Table 2, Model 
1). After adding a random intercept, and therefore account-
ing for the hospital of admission, revascularization rates were 
still significantly lower for Aboriginal patients (0.82; 95% 

CI, 0.74–0.91; Table 2, Model 2) but the ratio moved closer 
to parity. Adjusting for comorbidities (0.90; 95% CI, 0.81–
1.00; Table 2, Model 3), then substance use (0.92; 95% CI, 
0.83–1.02; Table 2, Model 4) reduced the disparity further, 
as did adding private health insurance status (0.96; 95% CI, 
0.87–1.07; Table 2, Model 5). The addition of SES, area of 
residence, and the indicator for those hospitals that transferred 
a high proportion (>10%) of their AMI patients to interstate 
hospitals did not change the Aboriginal to non-Aboriginal 
hazard ratio (Table 2, Models 6–8).

When the final adjusted model (Model 8) was rerun for PCI 
and CABG separately it showed that, although not significant, 
Aboriginal patients had higher hazard of a CABG procedure 
than non-Aboriginal patients (adjusted hazard ratio, 1.19; 
95% CI, 0.96–1.47; P=0.11), and lower hazard of a PCI revas-
cularization (adjusted hazard ratio, 0.93; 95% CI, 0.82–1.05; 
P=0.21).

A sequential analysis was run for angiography within the 
first 30 days after AMI. These results were similar to the 
revascularization results: there was a large disparity between 
Aboriginal and non-Aboriginal people after adjusting for 
age, sex, year, and AMI type (0.62; 95% CI, 0.57–0.67); a 
reduction once accounting for admitting hospital (0.81; 95% 
CI, 0.74–0.88); and no significant disparity remaining after 
adjusting for comorbidities, substance use, and private health 
insurance (0.94; 95% CI, 0.87–1.03).

Individual Characteristics Associated With  
30-Day Revascularization
Table 3 shows the hazard ratios for selected covariates from 
the final adjusted model for revascularization within 30 days 
(Model 8). Revascularization was less likely for females, 
younger (25–34 years) and older (75–84 years) age groups, 
those classified as non–ST-elevated myocardial infarction or 
unspecified AMI type, those with alcohol abuse recorded, and 
those with any of the comorbid conditions apart from shock, 
particularly dementia. Patients with shock, current smokers, 
and those with private health insurance were more likely to 
be revascularized within 30 days. There was no significant 
variation in revascularization rates by quintiles of SES based 
on area of residence. However, area of residence was closely 
associated with hospital of first admission, which was already 
being accounted for in the multilevel model. Comparing 
patients within hospitals, those living in inner regional areas 
were slightly more likely to be revascularized than those liv-
ing in a major city.

Influence of Hospital on 30-Day Revascularization
Significant variance at the hospital level remained after 
adjusting for individual covariates and the interstate transfer 
of patients (τ2=0.264, P<0.01; Model 8). This equated to a 
median hazard ratio of 1.63, meaning that an AMI patient had 
a (median) 63% greater rate of being revascularized within 30 
days than a patient with identical characteristics who went to 
a hospital with a lower revascularization rate. To determine 
what factors were influencing this hospital-level variation, 3 
hospital-level covariates (hospital remoteness, hospital size, 
and presence of a catheterization laboratory) were added to 
the fully adjusted model (Model 8) one at a time (because they 
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were highly associated). Revascularization within 30 days was 
significantly less likely for patients admitted to nonmajor city 
hospitals (Model 9, Table 4), smaller hospitals with <18 400 
acute admissions per year (Model 10, Table 4), or hospitals 
without catheterization laboratories (Model 11, Table 4). Even 
those admitted to a hospital with catheterization, but not a 
24/7 laboratory, were significantly less likely to be revascular-
ized within 30 days than those admitted to a hospital with 24/7 
catheterization. When all of the above hospital-level covari-
ates were included in the model at once, they accounted for 
51% of the residual variation between hospitals.

Table 1. Continued

Aboriginal 
(n=1165)

Non-Aboriginal 
(n=58 117)

n % n %
P  

Value*

Remoteness of residence‡

 Major city 304 26.1 34 290 59.0 <0.01

 Inner regional 357 30.6 16 090 27.7

 Outer regional 358 30.7 7202 12.4

 Remote/very remote 146 12.5 535 0.9

Hospital characteristic

Remoteness of hospital‡

 Major city 384 33.0 38 964 67.0 <0.01

 Inner regional 245 21.0 11 244 19.3

 Outer regional 407 34.9 7196 12.4

 Remote/very remote 129 11.1 712 1.2

Average acute admissions per year

 <1200 86 7.4 1225 2.1 <0.01

 1200–3899 181 15.5 3687 6.3

 3900–7084 136 11.7 3799 6.5

 7085–18 399 434 37.3 19 707 33.9

 18 400 + 328 28.2 29 699 51.1

Catheterization laboratory

 No 856 73.5 32 784 56.4 <0.01

 Yes, not 24/7 98 8.4 4315 7.4

 Yes, 24/7 211 18.1 21 018 36.2

Outcome

Revascularization within 30 days§

 Any PCI or CABG 383 32.9 23 076 39.7 <0.01

  PCI 290 24.9 17 800 30.6 <0.01

 CABG 95 8.2 5567 9.6 0.10

Angiography within 30 days 565 48.5 31 567 54.3 <0.01

24/7 indicates 24 h a day, 7 days a week; AMI type, acute myocardial infarction 
type; CABG, coronary artery bypass graft; COPD, chronic obstructive pulmonary 
disease; NSTEMI, non–ST-elevated myocardial infarction; PCI, percutaneous 
coronary intervention; and STEMI, ST-elevated myocardial infarction.

*P value from a 2-tailed χ2 test.
†Socio-Economic Indices for Areas (SEIFA) Index of Relative Socio-Economic 

Disadvantage population quintiles based on statistical local area of residence.
‡Accessibility/Remoteness Index of Australia (ARIA+) based on statistical 

local area of residence or postcode of hospital.
§The number of PCI and CABG procedures will not add to the total revascularization 

procedures, as a person could have had >1 procedure within 30 days.

Table 1. Distribution of Characteristics and Outcomes by 
Aboriginal and Non-Aboriginal People Admitted With Acute 
Myocardial Infarction

Aboriginal 
(n=1165)

Non-Aboriginal 
(n=58 117)

n % n %
P  

Value*

Individual characteristic

Age, y

 25–34 46 3.9 417 0.7 <0.01

 35–44 254 21.8 2795 4.8

 45–54 357 30.6 8480 14.6

 55–64 260 22.3 12 954 22.3

 65–74 176 15.1 15 196 26.1

 75–84 72 6.2 18 275 31.4

Sex

 Male 717 61.5 39 448 67.9 <0.01

 Female 448 38.5 18 669 32.1

AMI type

 STEMI 475 40.8 22 330 38.4 0.03

 NSTEMI 439 37.7 24 150 41.6

 Unspecified 251 21.5 11 637 20.0

Comorbidities

  Diabetes mellitus without  
complications

278 23.9 8045 13.8 <0.01

  Diabetes mellitus with  
complications

98 8.4 3201 5.5 <0.01

 Congestive heart failure 159 13.6 8564 14.7 0.30

 COPD 105 9.0 4168 7.2 0.02

 Chronic renal failure 95 8.2 4120 7.1 0.16

 Acute renal failure 46 3.9 2740 4.7 0.22

 Cerebrovascular disease 44 3.8 2848 4.9 0.08

 Pulmonary edema 14 1.2 752 1.3 0.78

 Depression 22 1.9 1349 2.3 0.33

 Cancer 18 1.5 2433 4.2 <0.01

 Peripheral vascular disease 10 0.9 1173 2.0 <0.01

 Dementia 5 0.4 511 0.9 0.10

 Cardiac dysrhythmias 185 15.9 12 616 21.7 <0.01

 Shock 10 0.9 1193 2.1 <0.01

Substance use

 Current smoking 599 51.4 15 437 26.6 <0.01

 Alcohol abuse 123 10.6 1260 2.2 <0.01

 Drug abuse 42 3.6 336 0.6 <0.01

Private health insurance

 No 982 84.3 31 756 54.6 <0.01

 Yes 183 15.7 26 361 45.4

Socio-economic status†

 1st quintile- least disadvantaged 23 2.0 7727 13.3 <0.01

 2nd quintile 108 9.3 9819 16.9

 3rd quintile 182 15.6 12 578 21.6

 4th quintile 297 25.5 12 906 22.2

 5th quintile - most disadvantaged 555 47.6 15 087 26.0

(Continued)
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Discussion
Our results showed that Aboriginal patients had a 37% 
(30%-43%) lower rate of revascularization at any point in the 
first 30 days after admission with AMI compared with non-
Aboriginal people of the same age, sex, year of admission, 
and AMI type. However, this did not account for the fact 
that Aboriginal people were more likely to be first admit-
ted to smaller hospitals without specialist cardiac facilities. 
This is attributable to proportionately fewer Aboriginal peo-
ple living in major cities near the larger hospitals.18 After 
additional adjustment for hospital of admission, Aboriginal 
patients had an 18% (9%-26%) lower rate of revascular-
ization compared with covariate-adjusted non-Aboriginal 
patients first admitted to the same hospital. Thus, much of 
the observed population-level disparity was driven by the 
hospital of admission.

These results contrast with those reported in racial dispari-
ties research from the USA: when the hospital of admission 
was accounted for in an analysis of Medicare patients, the 

disparity in the rate of revascularization procedures between 
black and white Americans increased.6 This may be because 
black Americans are more likely than white Americans to live 
in cities and closer to larger hospitals.30 Unlike in the US, the 
disparity in revascularization rates for Aboriginal Australians 
is related to rural disparities in cardiac care.

Even so, in the current study, a disparity between 
Aboriginal and non-Aboriginal people remained after adjust-
ment for hospital of admission. This was further reduced once 
comorbidities were accounted for, with Aboriginal patients 
now having a 10% (0%-19%) lower rate of revascularization 
than covariate-adjusted non-Aboriginal patients. For some 
of these comorbidities, revascularization may be contraindi-
cated: deterioration in renal function in patients with chronic 
renal failure is a risk after contrast administration for angi-
ography or the use of cardiopulmonary bypass.31 However, 
one study found survival benefits after revascularization for 
high-risk non-ST elevated acute coronary syndrome patients, 
who were more likely to have diabetes mellitus and previ-
ous heart failure, and did not find the same benefits for the 

Figure. Adjusted hazard ratios 
for likelihood of being revascu-
larized by selected comorbidi-
ties,* and adjusted Aboriginal to 
non-Aboriginal prevalence rate 
ratios for the same comorbidi-
ties, adjusted by age, sex, and 
year of admission. CI indicates 
confidence interval; COPD, 
chronic obstructive pulmonary 
disease; HR, hazard ratio; and 
RR, rate ratio. *Comorbidities 
that could impact on revascu-
larization rates or outcomes 
after AMI, chosen from litera-
ture search.

Table 2. Sequentially Adjusted Aboriginal to Non-Aboriginal Hazard Ratio for Receiving a Revascularization Procedure Within  
30 Days of AMI Admission

Model Sequentially Adjusted For: Variables and Random Effects Added to the Model: AHR 95% CI P Value

1 Demographics + Age, sex, year, AMI type* 0.63 0.57, 0.70 <0.01

2 Hospital of admission + random intercept† 0.82 0.74, 0.91 <0.01

3 Comorbidities + Selected comorbidities‡ 0.90 0.81, 1.00 0.05

4 Substance use + Current smoking, alcohol and drug abuse 0.92 0.83, 1.02 0.12

5 Private health insurance + Private health insurance 0.96 0.87, 1.07 0.50

6 Socioeconomic status + Socio-economic status§ 0.97 0.87, 1.08 0.55

7 Remoteness + Remoteness of residence¶ 0.97 0.87, 1.07 0.52

8 Border hospital + Hospital transfers patients interstate# 0.96 0.87, 1.07 0.50

AHR indicates adjusted hazard ratio; AMI, acute myocardial infarction; and CI, confidence interval.
*Single-level model.
†Multilevel model accounting for clustering of patients within hospitals with a random intercept.
‡Comorbidities: diabetes mellitus without complications, diabetes mellitus with complications, congestive heart failure, chronic obstructive pulmonary disease, 

chronic renal failure, acute renal failure, cerebrovascular disease, pulmonary edema, depression, cancer, peripheral vascular disease, dementia, cardiac dysrhythmias, 
and shock.

§Socio-Economic Indices for Areas (SEIFA) Index of Relative Socio-Economic Disadvantage population quintiles based on statistical local area of residence.
¶Accessibility/Remoteness Index of Australia (ARIA+) based on statistical local area of residence.
#Hospital has transferred 10% or more of their AMI patients to an interstate hospital where they are lost to follow-up in our study.
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lower risk groups.32 Updated research is needed on whether 
revascularization confers an overall benefit for those with a 
high comorbidity burden, given recent improvements in sur-
gical techniques.33 Our finding that those with shock had a 
higher likelihood of receiving a revascularization procedure 
than those without may be attributable to the SHOCK trial34 
showing evidence for the benefit of revascularization for this 
high-risk patient group.

In our study, much of the remaining disparity in revascular-
ization rates was accounted for when substance use and private 
health insurance were added to the model, leaving a nonsig-
nificant 4% (−7% to 13%) disparity. Because of the universal 
health system in Australia, one would not necessarily expect 
differences in revascularization rates by health insurance sta-
tus, however higher rates of revascularization procedures par-
ticularly for privately insured patients in private hospitals has 
been shown previously in Australia.35 The reasons for this are 
complex. Those with private health insurance may be more 
likely to get discretionary procedures and may be overtreated. 
Also, in the Australian context, private health insurance may 
be a proxy for individual SES. The reduction in racial dis-
parities once private health insurance was accounted for in the 
current study differs from results on racial disparities in the 
USA, where racial disparities persisted after controlling for 
insurance status.8

Other studies in Australia have found disparities in revas-
cularization rates for Aboriginal compared to non-Aborigi-
nal patients of between 7% and 40%.4,12,13,36 It is difficult to 
directly compare these findings with ours, because of differ-
ences in methods, study populations, and the level of adjust-
ment in models. Overall, it appears that Aboriginal people 
receive fewer revascularization procedures than age-adjusted 
non-Aboriginal people, but once factors such as area of resi-
dence, hospital of admission, comorbidity burden, or private 
health insurance are taken into account, the disparity reduces.

Similar to our study, another Australian study has shown 
higher rates of CABG procedures among Aboriginal com-
pared with non-Aboriginal patients.36 Explanations for this 
might include the following: more extensive coronary artery 
disease and diabetes mellitus in Aboriginal patients, for which 
CABG may be the clinically preferred therapy37 or clinician 
concern about rates of stent thrombosis (a rare but dangerous 
complication of PCI) for Aboriginal patients. Clinicians may 
be concerned about compliance with antiplatelet therapy,38 
particularly if the patient is returning to a rural or remote 

Table 3. Hazard Ratios for Selected Individual Covariates 
From the Fully Adjusted Multilevel Model

AHR 95% CI P Value

Sex

 Male (ref) 1.00 <0.01

 Female 0.70 0.68, 0.72

Age group

 25–34 0.62 0.53, 0.73 <0.01

 35–44 0.93 0.88, 0.98

 45–54 1.01 0.97, 1.05

 55–64 (ref) 1.00

 65–74 0.92 0.89, 0.95

 75–84 0.60 0.57, 0.62

AMI type

 STEMI (ref) 1.00 <0.01

 NSTEMI 0.58 0.56, 0.60

 Unspecified 0.64 0.62, 0.67

Comorbid conditions

 Dementia 0.20 0.14, 0.28 <0.01

 COPD 0.60 0.56, 0.65 <0.01

 Cancer 0.64 0.59, 0.70 <0.01

 Congestive heart failure 0.66 0.63, 0.70 <0.01

 Cerebrovascular disease 0.66 0.61, 0.71 <0.01

 Chronic renal failure 0.69 0.64, 0.74 <0.01

 Depression 0.73 0.66, 0.82 <0.01

 Pulmonary edema 0.74 0.63, 0.87 <0.01

 Acute renal failure 0.74 0.68, 0.81 <0.01

  Diabetes mellitus with 
complications

0.81 0.75, 0.88 <0.01

 Cardiac dysrhythmia 0.86 0.83, 0.89 <0.01

  Diabetes mellitus 
without complications

0.95 0.91, 0.99 <0.01

 Shock 1.42 1.28, 1.58 <0.01

Substance use

 Current smoker 1.05 1.02, 1.08 <0.01

 Alcohol abuse 0.70 0.64, 0.78 <0.01

 Drug abuse 0.89 0.75, 1.06 0.20

Private health insurance

 No (ref) 1.00 <0.01

 Yes 1.27 1.24, 1.31

Socioeconomic status*

  1st quintile- least  
disadvantaged (ref)

1.00 0.05

 2nd quintile 1.01 0.96, 1.07

 3rd quintile 1.01 0.95, 1.07

 4th quintile 1.03 0.97, 1.10

  5th quintile - most  
disadvantaged

0.95 0.89, 1.01

Remoteness of residence†

 Major city (ref) 1.00 0.06

 Inner regional 1.06 1.02, 1.11

(Continued)

Table 3. Continued

AHR 95% CI P Value

 Outer regional 1.02 0.95, 1.10

 Remote/very remote 1.05 0.88, 1.25

AHR indicates adjusted hazard ratio; AMI type, acute myocardial infarction 
type; CI, confidence interval; COPD, chronic obstructive pulmonary disease; 
NSTEMI, non–ST-elevated myocardial infarction; Ref, referent group in the 
analysis; and STEMI, ST-elevated myocardial infarction.

*Socio-Economic Indices for Areas (SEIFA) Index of Relative Socio-Economic 
Disadvantage population quintiles based on statistical local area of residence.

†Accessibility/Remoteness Index of Australia (ARIA+) based on statistical 
local area of residence.
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community where follow-up is less certain; however we could 
find no research on differential rates of antiplatelet therapy 
compliance or rates of stent thrombosis for Aboriginal and 
non-Aboriginal patients.

We repeated the revascularization analysis using the time 
to first angiography, which showed very similar results con-
firming that the disparities in revascularization rates were not 
attributable to differences in angiography results but rather 
that Aboriginal people with AMI were not getting the same 
rate of angiography or revascularization as non-Aboriginal 
people.

After adjusting for all individual covariates and trans-
fer of patients interstate, hospitals varied markedly in the 
30-day revascularization rates, with a median 63% higher 
rate of a revascularization for patients first admitted to hos-
pitals with a higher rates of revascularization. This level of 
influence of admitting hospital is on par with the influence 
of individual characteristics such as age, sex, AMI type, 
and some comorbidities, and was stronger than the hospi-
tal-level impact on 30-day mortality after AMI admission 
where a median odds ratio of 1.34 was found.39 This reflects 
the direct influence of the practices of a hospital and its cli-
nicians on procedure rates.

In the current study, half of the hospital-level variation 
in revascularization rates after AMI was explained by hos-
pital size, presence, and level of on-site cardiac facilities 
and remoteness of the hospital. However, these measured 
hospital-level factors might have been correlated with other 
unmeasured factors such as the time taken for the patient 
to get to hospital after AMI onset.40 Communication and 

coordination between those hospitals capable of performing 
revascularization and those not, electrocardiograms in ambu-
lances and activation of catheterization laboratories, have 
been shown to improve time to revascularization41,42 and are 
part of new models of care being rolled out in Australia.43 It 
will be important to monitor the impact of these new mod-
els of care to ensure that they contribute to a reduction in 
the overall state-wide disparity in revascularization rates for 
Aboriginal people.

Increasing revascularization rates is only part of the story 
in reducing the gap in mortality from AMI for Aboriginal 
Australians. International studies have estimated that 50% 
or more of the decrease in AMI mortality in Western coun-
tries since the 1980s has been a result of a reduction in event 
rates.1,2 Primary and secondary prevention are key factors to 
not only reducing the incidence of AMI for Aboriginal people 
in Australia but also decreasing the levels of comorbidity or 
better managing chronic conditions that may contribute to 
lower rates of revascularization.

The strengths of this study were in the comprehensive 
population coverage of the admitted patient data, as well as 
the linkage that allowed us to track patients from one hos-
pital to another and censor those who died. However, there 
were limitations to using administrative data. The data were 
not collected for research purposes and thus were missing 
information on some clinical indications such as extent of 
coronary artery disease. That said, we adjusted for the pres-
ence of comorbidities and risk factors associated with revas-
cularization in our models. Also, we were unable to identify 
which patients were given thrombolysis, and as a result, may 
not have needed a revascularization procedure. However, sys-
tematic hospital-level differences in the likelihood of admin-
istering thrombolysis as a result of size and remoteness would 
have been accounted for by the random hospital effect in 
the multilevel models that compared treatment rates within 
hospital. Additionally, the administrative data were missing 
information about patient preference, refusal, or physician 
attitudes or recommendations. The administrative data were 
for NSW hospitals only, and therefore, if someone was trans-
ferred to another hospital outside of NSW for their procedure 
they were lost to follow-up. We accounted for this when quan-
tifying the impact of hospital of admission on variation in 
procedure rates and also confirmed that there was no impact 
of this cross-border flow on the adjusted Aboriginal to non-
Aboriginal hazard ratio.

Conclusions
Our study shows that the overall disparity in revascular-
ization rates for Aboriginal compared with non-Aboriginal 
Australians was associated with lower revascularization 
rates for all patients admitted to smaller regional and 
rural hospitals and, among Aboriginal patients, a higher 
burden of chronic conditions such as diabetes mellitus, 
chronic obstructive pulmonary disease, and renal failure 
and lower levels of private health insurance. These find-
ings can potentially be generalized to minority populations 
worldwide that suffer the dual disadvantage of low SES, 
and residence in rural and remote areas with limited access 
to specialist services.

Table 4. Hazard Ratios for Hospital Covariates Added to the 
Adjusted* Multilevel Model One at a Time

AHR 95% CI P Value

Model 9  Remoteness of hospital†

 Major city (ref) 1.00 <0.01

 Inner regional 0.56 0.44, 0.70

 Outer regional 0.51 0.42, 0.64

 Remote/very remote 0.70 0.50, 0.97

Model 10  Average acute admissions per year

 <1200 0.43 0.33, 0.56 <0.01

 1200–3899 0.43 0.34, 0.55

 3900–7084 0.52 0.38, 0.71

 7085–18 399 0.71 0.56, 0.90

 18 400 + (ref) 1.00

Model 11  Catheterization laboratory

 No 0.46 0.35, 0.60 <0.01

 Yes, not 24/7 0.60 0.44, 0.80

 Yes, 24/7 (ref) 1.00

24/7 indicates 24 h a day, 7 days a week; AHR, adjusted hazard ratio; CI, 
confidence interval; and Ref, referent group in the analysis.

*Adjusted for Aboriginal status, sex, age group, year, acute myocardial 
infarction (AMI) type, comorbid conditions, substance use, private health 
insurance, socioeconomic status, remoteness, and whether the hospital 
transfers ≥10% of their AMI patients interstate.

†Accessibility/Remoteness Index of Australia (ARIA+) based on postcode of 
hospital.
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CLINICAL PERSPECTIVE
Ischaemic heart disease is a leading contributor to the health gap experienced by Aboriginal Australians. Despite Aus-
tralia’s universal health care system, Aboriginal people have lower rates of revascularization after acute myocardial 
infarction (AMI). However, because a greater proportion of Aboriginal people live in rural areas, they are more likely 
than other Australians to be admitted to smaller, regional hospitals without the facilities to perform revascularization. 
This study modelled Aboriginal and non-Aboriginal revascularization rates after AMI from July 2001 to December 
2008, using administrative hospital data. To better understand the reasons for the population-level disparity in revas-
cularization rates, we sequentially adjusted for demographic characteristics, hospital of admission, and individual risk 
factors. We found that among patients of the same age, sex, year of admission and AMI type, Aboriginal patients had 
an overall 37% lower rate of revascularization after AMI compared with non-Aboriginal patients, but an 18% lower 
rate of revascularization compared with non-Aboriginal patients admitted to the same hospital. The disparity was fur-
ther reduced after adjusting for the presence of comorbidities such as diabetes mellitus, chronic obstructive pulmonary 
disease and renal failure, as well as smoking, drug and alcohol use and private health insurance, leaving a nonsig-
nificant 4% disparity. In summary, we found the overall disparity in revascularization rates for Aboriginal compared 
with non-Aboriginal Australians was associated with lower revascularization rates for all patients admitted to smaller 
regional and rural hospitals and, among Aboriginal patients, higher levels of chronic conditions and risk behaviors, and 
lower levels of private health insurance. by guest on M
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