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ABSTRACT
Objectives  To examine long-term trends in acute 
myocardial infarction (AMI) incidence and survival among 
Aboriginal and non-Aboriginal people.
Design  Retrospective cohort study.
Setting, participants  All first AMI hospital cases and 
deaths due to ischaemic heart disease in the Northern 
Territory of Australia (NT), 1992–2014.
Main outcome measures  Age standardised incidence, 
survival and mortality.
Results  The upward trend in Aboriginal AMI incidence 
plateaued around 2007 for males and 2001 for females. 
AMI incidence decreased for non-Aboriginal population, 
consistent with the national trends. AMI incidence was 
higher and survival lower for males, for Aboriginal people 
and in older age groups. In 2014, the age standardised 
incidence was 881 and 579 per 100 000 for Aboriginal 
males and females, respectively, compared with 290 and 
187 per 100 000 for non-Aboriginal counterparts. The 
incidence disparity between Aboriginal and non-Aboriginal 
population was much greater in younger than older age 
groups. Survival after an AMI improved over time, and 
more so for Aboriginal than non-Aboriginal patients, 
because of a decrease in prehospital deaths and improved 
survival of hospitalised cases.
Conclusions  There was an important breakpoint in 
increasing trends of Aboriginal AMI incidence between 
2001 and 2007. The disparity in AMI survival between the 
NT Aboriginal and non-Aboriginal populations reduced over 
time as survival improved for both populations.

INTRODUCTION
Ischaemic heart disease (IHD) is the most 
common and serious form of cardiovascular 
disease (CVD) and the leading cause of 
premature death in Australia.1 Acute myocar-
dial infarction (AMI) is one of two major 
clinical presentations of IHD (the other 
being angina). IHD disproportionally affects 
men, older age groups, lower socioeconomic 
status groups and those living in regional 
and remote areas.2 Australian IHD death 
rates have been declining since the 1960s, 

although mortality levels and rates of decline 
have varied between population subgroups.3

Aboriginal and Torres Strait Islander 
people (hereafter respectfully referred to as 
Aboriginal people) have rates of IHD many 
times higher than non-Aboriginal Austra-
lians.1 Approximately 10% of Aboriginal 
Australians live in the Northern Territory of 
Australia (NT), a large and sparsely popu-
lated area in northern and central Australia, 
where Aboriginal people comprise 30% of 
the population (compared with 1%–5% in 
other states and territories).4 The NT has 
had high-quality health data for Aboriginal 
people for several decades, which enables 
examination of long-term trends that is not 
possible elsewhere in Australia. In a previous 
NT study5 AMI incidence declined between 
1992 and 2004 for the non-Aboriginal popu-
lation, but increased by about 50% for the 
Aboriginal population; survival after an AMI 
was lower for Aboriginal than non-Aboriginal 
patients and although survival after an AMI 
improved for both, the improvement was less 
for Aboriginal than non-Aboriginal people.

Since 2004, improvements in detection, 
medical and surgical treatment of IHD and 

Strengths and limitations of this study

►► This study enables us to monitor key outcome mea-
sures in chronic diseases by linking existing com-
puterised clinical and administrative data collections 
for health service evaluation.

►► This study contains a large Aboriginal population us-
ing linked data over a 23-year period.

►► This study compared acute myocardial infarction 
incidence trends with the national data.

►► Our findings for the Northern Territory of Australia 
Aboriginal population may not be generalisable to 
the wider Aboriginal population across Australia.
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reduction in risk factor levels have occurred.6 In Australia, 
the incidence of AMI fell by 66% between 2007 and 2014, 
with a similar decline for men and women.2 7 The aim 
of this study was to examine recent trends in AMI inci-
dence and survival among Aboriginal and non-Aboriginal 
patients in the NT, examine contributing factors and esti-
mate any disparities between populations.

METHODS
This was a retrospective observational study that linked 
hospital inpatient and death data to ascertain first AMI 
events occurring in adult NT residents (aged ≥20 years) 
between 1 January 1992 and 31 December 2014 and to 
estimate AMI incidence and survival after an AMI.

AMI events were ascertained using three data sources: 
NT public hospital inpatient data, NT Registry of Births, 
Deaths and Marriages (BDM) data and the National 
Death Index (NDI) data. International Classification 
of Disease (ICD) was used to identify AMI cases with a 
code ICD-9 410.*/ICD-10 I21.* in both principal and 
secondary diagnoses and hospital length of stay >2 days, 
or death from IHD. Data linkage and clerical review were 
applied on names, sex, date of birth, date of death and 
residential address to link hospitalisations and death at 
patient level (the data process flowchart is available as 
online supplemental file). Indigenous status (Aboriginal 
or non-Aboriginal) was obtained from the hospital inpa-
tient data. NT hospitals record Indigenous status for all 
clients using the national standard classification;8 these 
data have previously been estimated to be 98% accurate.9 
Indigenous status was not used for data linkage.

Three primary AMI outcomes were measured: inci-
dence, prehospital death and survival. The first AMI 
episode was ascertained by using an 18-month clearance 
period; persons with an AMI hospitalisation in the 18 
months before the study commencement date (1 January 
1992) were excluded. Second and subsequent AMI 
episodes during the study period were excluded in inci-
dence estimation. Cause of death was recorded in BDM 
data as uncoded text. A keyword search was performed for 
all death registrations to ascertain IHD deaths occurring 
in the NT. Consistent with other reports,2 10 an expanded 
list of keywords was used to identify IHD deaths.11 The 
keywords used to select potential AMIs included infarct, 
ischaemia, coronary, myocardial, cardiac, angina, ventric-
ular, tachycardia and fibrillation. The first AMI hospi-
talisations and IHD deaths were linked to identify first 
AMI events, whether treated in hospital or died without 
hospitalisation. The combined dataset was then matched 
to the NDI to identify people hospitalised for AMI in the 
NT who died in other Australian states or territories. The 
coded cause of death was then used to distinguish IHD 
from non-IHD deaths using expanded IHD codes (ICD-9 
410.*−414.*, ICD-10 I20.*−I25.*). AMI deaths with no 
record of a prior hospitalisation for AMI were classified 
as prehospital deaths. Survival time for hospitalised AMI 
patients who died from IHD was calculated as the date 

of death minus index hospitalisation admission date. 
The survival time was assumed to be 0.5 days for individ-
uals who died without hospitalisation or with a same-day 
hospitalisation. Survival time was censored at date of non-
IHD death or the separation date of last hospitalisation 
(if discharged alive).

Mean, median, ratio and proportion with Pearson’s χ2 
test were used for descriptive and comparative analysis. 
Age standardised incidence rate was based on the NT 
estimated resident population by year, 5-year age group, 
sex, Indigenous status and remoteness.4 Australian popu-
lation (2001) was used for age standardisation. The ratios 
of age-standardised mortality rate and incidence rate 
were compared as an indirect approximation of survival 
(case fatality). Joinpoint analysis was used to detect poten-
tial breakpoints in incidence trends. Negative binomial 
regression was chosen for multivariable analysis to esti-
mate incidence rate ratio (IRR) due to data overdisper-
sion. Logistic regression was used to estimate ORs for 
prehospital death. Cox regression was used to estimate 
HRs and AMI-specific mortality in survival analysis. Data 
were available for the following explanatory variables: 
date and age at first AMI episode or death; sex; Indig-
enous status; and remoteness of residence classified as 
urban (Darwin, Alice Springs and their hinterlands) or 
remote (the rest of the NT).

All statistical analyses were performed using Stata 
(Special Edition V.15.1, StataCorp).

Patient and public involvement
No patient involved.

RESULTS
Of the 6926 first AMI cases between 1992 and 2014, 69% 
were men and 44% were Aboriginal people (table  1). 
Cases for the Aboriginal cohort were younger (median 
age 48 vs 60 years for men; 52 vs 70 for women) and more 
likely to reside in remote areas (73% vs 17%) than the 
non-Aboriginal cohort. Twenty-one per cent of AMI cases 
died without hospitalisation, in both the Aboriginal and 
non-Aboriginal cohorts.

The age-standardised AMI incidence rate was 593 
per 100 000 for Aboriginal and 308 for non-Aboriginal 
people (table  2). The rates were higher for men and 
remote residents. Higher AMI age-specific incidence 
rates for Aboriginal people were observed across all age 
groups except for persons aged ≥70 years, where non-
Aboriginal rates exceeded Aboriginal by 19% (p<0.05). In 
persons aged 20–39 years, the disparity between Aborig-
inal and non-Aboriginal rates was the highest, nearly 
nine times (p<0.05). Between 1992 and 2014, AMI inci-
dence increased in the NT Aboriginal population by 1.9 
times for males and 3.7 times for females (figure 1). The 
upward trends in the Aboriginal population appeared to 
plateau around 2007 in males and 2001 in females (both 
p<0.001). The slopes after breakpoint were negative but 
statistically non-significant (male −3.0 per year, p=0.86; 

https://dx.doi.org/10.1136/bmjopen-2020-036979
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female −3.1 per year, p=0.66). The Aboriginal age-
specific incidence increased faster in younger age groups 
(figure 2). Age-standardised AMI incidence for the non-
Aboriginal population decreased by 36% and 28% for 
males and females respectively, (figure  1); these reduc-
tions were only evident in older age groups (figure  2). 
The age-standardised AMI mortality rate was 67% higher 
(rate ratio 1.67, 95% CI 1.48 to 1.88) for Aboriginal than 
non-Aboriginal people, and higher for men and remote 
residents (table 3). In the total NT population (Aborig-
inal and non-Aboriginal combined), the ratio between 
age-standardised mortality and incidence rate was 0.29, 

diminishing over time but generally increasing with age 
except for the youngest patients (aged 20–39 years).

When adjusted for other factors (table  4), AMI inci-
dence was 3.1 times higher for Aboriginal people, 2.1 
times higher for males. For Aboriginal people, AMI inci-
dence increased with age by 5% per year and increased 
over time by 3% per year of diagnosis. The risk of AMI 
incidence was 12% higher in remote areas. For non-
Aboriginal people, AMI incidence significantly increased 
with age by 9% per year and decreased over time by 1% 
per year and the risk of AMI incidence was 30% higher 
in remote areas. The actual Aboriginal:non-Aboriginal 

Table 1  Demographic characteristics of people with a first-ever acute myocardial infarction, Northern Territory, 1992–2014

Aboriginal Non-Aboriginal P value Total

Cases, n (%)* 3022 (44) 3904 (56) <0.001 6926 (100)

Men, n (%) 1840 (61) 2911 (75) <0.001 4751 (69)

Median age (years)

 � Men 48 60 <0.001 55

 � Women 52 70 <0.001 59

Remote residence, n (%) 2206 (73) 668 (17) <0.001 2874 (42)

Mean acute myocardial infarction follow-up (years)† 15 16 0.030 16

Prehospital deaths, n (%) 621 (21) 802 (21) 0.995 1423 (21)

Ischaemic heart disease deaths, n (%) 676 (22) 954 (24) 0.044 1630 (24)

Total deaths, n (%) 1624 (54) 1960 (50) 0.004 3584 (52)

*Null hypothesis: case proportion equal to population proportion (Aboriginal 30%).
†Likely underestimated.

Table 2  Age-standardised and age-specific incidence rates per 100 000 population and rate ratios (95% CIs) of acute 
myocardial infarction, Northern Territory, 1992–2014

Aboriginal Non-Aboriginal Total Incidence rate ratio*

Total 593 (568 to 619) 308 (296 to 320) 365 (355 to 376) 1.93 (1.82 to 2.04)

Sex

 � Men 719 (680 to 759) 393 (374 to 412) 451 (434 to 467) 1.83 (1.70 to 1.97)

 � Women 478 (445 to 511) 206 (191 to 220) 268 (255 to 282) 2.32 (2.11 to 2.56)

Residence

 � Urban 569 (521 to 617) 299 (287 to 312) 322 (310 to 334) 1.90 (1.73 to 2.08)

 � Remote 607 (577 to 637) 369 (329 to 408) 480 (457 to 503) 1.65 (1.47 to 1.85)

Years

 � 1992–1999 454 (405 to 502) 336 (309 to 362) 350 (328 to 373) 1.35 (1.18 to 1.54)

 � 2000–2007 637 (591 to 683) 326 (305 to 347) 386 (367 to 405) 1.96 (1.78 to 2.15)

 � 2008–2014 668 (626 to 710) 285 (268 to 303) 366 (350 to 382) 2.34 (2.15 to 2.55)

Age groups (years)

 � 20–39 138 (128 to 148) 15 (13 to 17) 49 (45 to 53) 8.99 (7.66 to 10.62)

 � 40–54 654 (618 to 690) 134 (126 to 142) 240 (230 to 250) 4.89 (4.51 to 5.31)

 � 55–69 1052 (978 to 1126) 401 (381 to 421) 513 (491 to 535) 2.63 (2.41 to 2.86)

 � 70+ 1108 (978 to 1238) 1370 (1292 to 1448) 1311 (1243 to 1379) 0.81 (0.71 to 0.92)

*Aboriginal versus non-Aboriginal.
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IRR was higher in younger than older age group and 
increased over time in all age groups (table 5).

Multivariable analysis of prehospital deaths indicated 
that prehospital death was more common for males and 
for Aboriginal people but decreased over time more for 
Aboriginal than non-Aboriginal people (table  4). For 
non-Aboriginal people, prehospital death increased with 
age, was more common for remote than urban residents, 
and less common in later years. However, the proportions 
of Aboriginal people who died without hospital admis-
sion were similar between remote and urban areas (OR 
0.98, 95% CI 0.80 to 1.20).

For hospital cases, there were no statistically significant 
differences (as indicated by HR) in mortality between 
Aboriginal and non-Aboriginal patients, between males 
and females and between remote and urban residents 
(table 4). The mortality increased by 7% per year of age 
for non-Aboriginal patients but by only 4% for Aborig-
inal patients, and decreased by 7%–8% per year over time 
for both Aboriginal and non-Aboriginal AMI patients 
(p<0.001).

For all-case AMIs (ie, prehospital deaths plus hospital-
ised cases), the mortality was 38% higher for Aboriginal 
people and 33% higher for males (table 4). Non-Aboriginal 
patients were 23% more likely to die in remote areas, 
whereas there was no difference in survival by remoteness 
for Aboriginal people. Mortality increased by 2%–3% 
per year of age. There were significant improvements in 
all-case survival over years of diagnosis, which was more 
pronounced for Aboriginal than non-Aboriginal patients.

DISCUSSION
Between 1992 and 2014, AMI incidence increased by 
about 50% for the NT Aboriginal population, inconsis-
tent with the NT non-Aboriginal and national trends of 
decreasing incidence.2 7 By 2014, AMI incidence for the 
NT Aboriginal population was approximately three times 
that of the NT non-Aboriginal population. However, 
it is encouraging to see that the upward trend for the 
Aboriginal population plateaued around 2001–2007, 
which was consistent with efforts over the previous two 

Figure 1  Incidence of acute myocardial infarction and joinpoint trend analysis in populations aged ≥20 years by sex and 
Aboriginal status, Northern Territory, 1992–2014 (Note: Incidence rate was age standardised to the 2001 Australian population).

Figure 2  Incidence rate with 95% CI of acute myocardial infarction by age group and Aboriginal status, Northern Territory, 
1992–2014. *Logarithm scale was used to assess rate of change.
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decades to improve primary care and access to specialist 
cardiac services for NT Aboriginal populations.12 This 
study provided indirect evidence for the effectiveness 
of primary and specialist care for the remote Aboriginal 
population. This study suggested that living in remote 
areas had 12% and 30% higher AMI incidence for Aborig-
inal and non-Aboriginal people, respectively. This higher 
incidence is in line with the higher rates of IHD risk 
factors reported in remote areas13 but may also be asso-
ciated with lower access to primary and specialist care.14 
Higher AMI incidence in remote areas has not been 
consistently reported with some studies showing higher 
CVD incidence in remote areas2 15 and others observing 
the opposite.5 16 The Western Australia study included a 
large urban Aboriginal population from Perth, while the 
previous NT study may have included remote Aboriginal 
residents who moved to urban areas for complex medical 
care.5 16

Survival after an AMI was lower for Aboriginal than 
non-Aboriginal people throughout the study period, 
primarily because Aboriginal people suffering an AMI 
were more likely to die before arrival at hospital. Lower 
survival in Aboriginal people may be explained by a 
higher prevalence of risk factors, greater burden of 
chronic disease and significant barriers to necessary 
cardiovascular services across the care continuum due to 
the lack of availability, accessibility and cultural appropri-
ateness, with results consistent with national reports and 
those from other states.1 16 Evidence suggests Aboriginal 
people have been under-resourced for both primary 
and specialist care prior to hospitalisation.13 14 Following 

discharge from hospital differences occurred in access 
to, receipt of, management and outcomes from cardio-
vascular therapies.17–19 However, survival after an AMI 
improved considerably over time for both NT Aboriginal 
and non-Aboriginal people, similar to national trends.20 
The improvement was more marked for Aboriginal 
people. If the modelled trend continues, the AMI survival 
gap is predicted to be closed by 2022.

IHD outcome data are important for understanding 
the AMI burden, exposure to risk factors and the effec-
tiveness of preventative interventions.1 Prompt access 
to primary care is vital to AMI survival, providing timely 
opportunity for comprehensive treatments including 
revascularisation, reducing early damage and long-term 
complications. Access to specialist cardiology services, 
interventional diagnostics and other acute care modalities 
are limited for remote residents, who experience signifi-
cant barriers to necessary services across the continuum 
of care.17–19 This study supports evidence for greater and 
targeted efforts and resources in remote communities to 
address cardiac health needs.21 A selective approach of 
increasing hospital care without adequate primary care 
is unlikely to be sufficient to close the CVD survival gap. 
AMI survival can be improved by better public awareness 
and responsiveness of health services, advances in early 
risk assessment and management, and use of antithrom-
botic, antihypertensive and lipid-lowering drugs.20 Invest-
ment in NT cardiac services resulted in expansion and 
improvement of reperfusion and revascularisation treat-
ment, rehabilitation and secondary prevention services.22 
The coexistence of increased incidence and reduced 

Table 3  Age-adjusted and age-specific mortality rates (per 100 000) and rate ratios (95% CI) of acute myocardial infarction, 
Northern Territory, 1992–2014

Aboriginal Non-Aboriginal Total
Aboriginal vs non-
Aboriginal rate ratio

Mortality/incidence 
rate ratio*

Total 154 (139 to 168) 92 (85 to 99) 104 (98 to 111) 1.67 (1.48 to 1.88) 0.29 (0.27 to 0.30)

Sex

 � Men 205 (181 to 229) 121 (110 to 133) 135 (125 to 145) 1.69 (1.45 to 1.96) 0.30 (0.28 to 0.33)

 � Women 108 (90 to 126) 59 (51 to 67) 71 (64 to 79) 1.82 (1.47 to 2.24) 0.27 (0.24 to 0.30)

Residence

 � Urban 150 (122 to 178) 87 (80 to 95) 92 (85 to 99) 1.72 (1.40 to 2.08) 0.29 (0.26 to 0.31)

 � Remote 156 (139 to 173) 127 (101 to 152) 137 (123 to 151) 1.23 (0.99 to 1.55) 0.29 (0.26 to 0.32)

Years

 � 1992–1999 213 (176 to 251) 144 (125 to 163) 155 (139 to 172) 1.48 (1.19 to 1.83) 0.44 (0.39 to 0.50)

 � 2000–2007 172 (146 to 198) 110 (97 to 123) 122 (110 to 133) 1.57 (1.29 to 1.89) 0.35 (0.31 to 0.39)

 � 2008–2014 103 (85 to 122) 54 (46 to 62) 64 (57 to 72) 1.91 (1.51 to 2.40) 0.18 (0.16 to 0.21)

Age groups (years)

 � 20–39 29 (23 to 35) 4 (2 to 6) 11 (9 to 13) 8.06 (5.82 to 11.52) 0.22 (0.19 to 0.26)

 � 40–54 112 (96 to 128) 23 (19 to 27) 41 (37 to 45) 4.85 (3.98 to 5.92) 0.17 (0.15 to 0.19)

 � 55–69 283 (245 to 321) 84 (74 to 94) 118 (108 to 128) 3.39 (2.84 to 4.03) 0.23 (0.21 to 0.25)

 � 70+ 395 (317 to 473) 478 (432 to 524) 459 (419 to 499) 0.83 (0.66 to 1.02) 0.35 (0.32 to 0.39)

*Ratio of acute myocardial infarction age-standardised mortality rate to incidence rate.
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mortality will result in a continuing increase in preva-
lence and workload for AMI and additional pressure on 
prevention, diagnosis and cardiac services.

Women had lower AMI incidence than men (consis-
tent with national rates),23 and higher survival that was 
predominantly because of lower prehospital death. This 
study shows that Aboriginal females had the breakpoint 
of AMI incidence 5 years earlier than Aboriginal males. 
Nationally less favourable IHD death trends among men 
(aged 40–69 years) have been recently reported.20 IHD 
may be under-recognised in females, potentially leading 
to more advanced disease.24

This study provides updated AMI trend data during 
a period where considerable changes have occurred 
in primary care and coronary care services in the NT. 
A strength of this study is that it uses data for a large 
and reliably identified Aboriginal population study 
cohort over a 23-year period. Our findings indicate the 
increasing trend of AMI incidence among NT Aborig-
inal population has plateaued and may even be starting 
to decrease, becoming parallel to non-Aboriginal rates. 
This important result is encouraging and needs to be 
sustained. There is evidence to suggest that the method-
ology in this study has improved data quality.25 Quality of 
demographic variables were assessed as highly reliable.9

The following limitations need to be considered. First, 
this study compared AMI incidence trends with national 
data.2 Due to data issues, the methods used by AIHW 
for national estimates used unlinked data and included 
unstable angina, which likely overestimated AMI inci-
dence. There were also different case definitions and 
inclusion criteria (such as 25+ years age cut-off).2 With 
more restrictive definitions applied in this study and 
NT rates higher than the national incidence, it is likely 
that the real difference between national and NT rates 
might be even greater. This potential bias will not affect 
our conclusion. Second, we did not use ‘ever identi-
fied’ method to enhance Aboriginal population, due to 
almost nil underidentification of Aboriginal population 
in the NT.26 We used the manual search of AMI deaths in 
administrative data and data linkage to identify repeated 
hospitalisations for same individuals to avoid overesti-
mation of incidence. We believed that our approach to 
AMI case identification was more accurate and robust 
than the AIHW method. Third, it is still possible that AMI 
cases were missed in our study, due to interstate deaths, 
deaths not recorded, misclassified, cases missed by or 
not presenting at hospital. Our data were considered 

reasonably complete and covered all hospitals accessible 
to Aboriginal patients, except one small private hospital. 
Finally, our finding may not be generalisable to Aborig-
inal people elsewhere in Australia because of the distinc-
tive features of Aboriginal people in the NT, the majority 
of whom live in very remote areas where European colo-
nisation occurred much later than elsewhere in Australia. 
The NT AMI cohorts exhibited a more stable time trend 
in recent years.

In conclusion, this study demonstrated the long-term 
trend and ongoing disparity in IHD incidence and survival 
between Aboriginal and non-Aboriginal populations. 
Important changes in IHD outcomes were highlighted, 
including evidence of a plateauing of AMI incidence and 
continued improvements in survival in Aboriginal popu-
lation. The results of this study will assist policy makers 
and healthcare professionals to understand the current 
and evolving AMI patterns, effectiveness of interventions 
and the need for continuing investments in both primary 
and secondary prevention including early detection, 
active follow-up and management of AMI in regional and 
remote Australia.
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Table 5  Actual acute myocardial infarction Aboriginal versus non-Aboriginal incidence rate ratio (95% CI) by ages and years 
of diagnosis

Age in years 1992–1999 2000–2007 2008–2014

20–39 6.61 (4.79 to 9.11) 8.42 (6.40 to 11.09) 11.3 (8.52 to 15.00)

40–54 3.25 (2.71 to 3.89) 4.81 (4.19 to 5.53) 5.98 (5.24 to 6.84)

55–69 1.80 (1.49 to 2.18) 2.82 (2.43 to 3.27) 3.03 (2.65 to 3.47)

70+ 0.55 (0.42 to 0.73) 0.83 (0.67 to 1.03) 0.99 (0.80 to 1.23)
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