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ABSTRACT
Objectives: Lifetime risk of coronary heart disease
(CHD) is an important yardstick by which policy
makers, clinicians and the general public can assess
and promote the awareness and prevention of CHD.
The lifetime risk in Aboriginal people is not known.
Using a cohort with up to 20 years of follow-up, we
estimated the lifetime risk of CHD in Aboriginal people.
Design: A cohort study.
Setting: A remote Aboriginal region.
Participants: 1115 Aboriginal people from one
remote tribal group who were free from CHD at
baseline were followed for up to 20 years.
Main outcome measures: During the follow-up
period, new CHD incident cases were identified
through hospital and death records. We estimated the
lifetime risks of CHD with and without adjusting for the
presence of competing risk of death from non-CHD
causes.
Results: Participants were followed up for 17 126
person-years, during which 185 developed CHD and
144 died from non-CHD causes. The average age at
which the first CHD event occurred was 48 years for
men and 49 years for women. The risk of developing
CHD increased with age until 60 years and then
decreased with age. Lifetime cumulative risk without
adjusting for competing risk was 70.7% for men and
63.8% for women. Adjusting for the presence of
competing risk of death from non-CHD causes, the
lifetime risk of CHD was 52.6% for men and 49.2% for
women.
Conclusions: Lifetime risk of CHD is as high as one
in two in both Aboriginal men and women. The
average age of having first CHD events was under
50 years, much younger than that reported in non-
Aboriginal populations. Our data provide useful
knowledge for health education, screening and
prevention of CHD in Aboriginal people.

INTRODUCTION
The lifetime risk of a condition is defined as
the probability that a person who is currently
free of the condition will acquire it at some
time during the remainder of their expected
lifetime.1 It can be used to define risk from

either birth or from a specific age. The life-
time risk estimates of coronary heart disease
(CHD)2 have been widely publicised to
promote the public awareness, screening and
prevention of CHD disease. We have shown
that Aboriginal Australians in one remote
region have a higher risk of CHD than that
predicted using the Framingham function.3

They also have different levels of CHD risk
factors from the general Australian popula-
tion.4 The lifetime risks of CHD in Aboriginal

ARTICLE SUMMARY

Article focus
▪ With long-term follow-up data, we estimated the

lifetime CHD risk for Aboriginal men and women
with adjustment for the presence of competing
risk of death from non-CHD causes.

Key messages
▪ Lifetime risk is high in Aboriginal men and

women, with one in two developing coronary
heart disease (CHD) during their lifetime.

▪ The average age at which the first CHD event
occurs is under 50 years (48 years for men and
49 for women), which is much younger than
those reported in other populations (65 years in
men and 70 years in women in the Framingham
Study).

▪ Unlike in some other populations, the female
population is not protective against CHD in this
group of Aboriginal people. Aboriginal women
have a similar lifetime CHD risk as their male
counterparts.

Strengths and limitations of this study
▪ The major strengths of the study include the

long-term follow-up and the high response rate.
▪ Major limitations include the following.
– Because this is a single region-based study,

the generalisability of the findings needs to be
further assessed.

– As CHD events were determined based on
hospital records and under-reporting was pos-
sible, the lifetime risks in this study might
have underestimated the true lifetime risk of
the study population.
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men and women are still not known, even though CHD
incidence rates have been reported in several studies.3 5–7

At an individual level, a person should be aware of the
risk of CHD at any point in their life; similarly, at the
population level, such lifetime risks are essential for
public health planners to estimate the projected CHD
burden with a long-term perspective in specific popula-
tions. Estimating lifetime risk requires a long-term
follow-up and a consideration of the competing risk of
death from non-CHD causes.2 There is a compelling
need to generate estimates of lifetime risk of CHD in
Aboriginal people, so that we may inform the public, clin-
icians and policy makers to take appropriate clinical and
public health measures accordingly. Using cohort data
with up to 20 years of follow-up, we estimated the lifetime
risk of CHD in Aboriginal people of one tribal group
living in a remote region of the Northern Territory of
Australia, who have been experiencing a lifestyle transi-
tion from a hunter gathering way of life to a sedentary
lifestyle. In this cohort study, we also estimated the life-
time risk of CHD for Aboriginal men and women origin-
ally free from CHD events at different ages separately.

METHODS
Participants and CHD events
Participants were recruited from a remote tribal group
living in an isolated island setting in the Northern
Territory of Australia from 1992 to 1995. Only people
who self-identified as belonging to the group, who had
two parents of the same tribal group, were included. In
all, 1115 participants, aged 10–75 years and free from
clinically apparent CHD at baseline, representing over
80% of those age groups in the region, were included in
this study. Measurements of baseline variables were
described previously.4 8–12 All participants were followed
up until 31 May 2012. During the follow-up period, new
CHD events were identified through hospital records

using codes of the International Classification of
Diseases (ICD 9 codes 410–414 and ICD 10 codes I20–
I25), including myocardial infarction (410, I21), angina
pectoris (411, I20) and other ischaemic heart disease
(413, 414, I22, I23, I24 and I25). Deaths and their
causes during the follow-up period were determined
through a list of death records maintained at the com-
munity clinics. Figure 1 shows the details of follow-up of
the study participants. Only the first-ever CHD incidents
(fatal or non-fatal) were included in the analysis. For
those participants who reached a CHD event or died
from non-CHD causes during the follow-up, their
follow-up time was from the age of their initial screening
visit to the age of the first CHD event or death. Others
who survived the follow-up period were censored at 31
May 2012. Since the individual hospital registration
numbers which we used to track study participants were
unique throughout the Northern Territory, we were able
to capture their hospitalisation records even if our study
participants had moved outside the local region. The
chance of being hospitalised outside the Northern
Territory was extremely low, if any, for people in this
remote isolated region. Hospital or death records were
identified for 1010 of 1115 (91%) study participants and
those without hospital and death records were regarded
as free from CHD during the follow-up period.

Statistical analysis
The data were partitioned into age bands of <20, 20–29,
30–39, 40–49, 50–59, 60–69 and 70+ years throughout
the follow-up. For those whose age fell into two or more
age bands during the follow-up period, their total
follow-up time was subdivided and allocated into corre-
sponding age bands as described by Clayton and Hills.13

We calculated incidence, cumulative incidence and life-
time risk. Cumulative incidence of CHD was estimated
using the Kaplan-Meir product-limit method. For

Figure 1 Coronary heart

disease (CHD) events and deaths

from non-CHD causes between

baseline and the end of follow-up.
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calculation of lifetime risk, we used a modified tech-
nique of survival analysis, and its computational tech-
nique has been described elsewhere in detail.14 15

Briefly, the lifetime risk differs from the conventional
cumulative risk estimated using the Kaplan-Meir method
whenever there is a high risk of competing events. In
this study, the competing events are the deaths from
non-CHD causes which would remove people from
being at risk of CHD. Although estimates of the theoret-
ical cumulative risk assume that people who died of
non-CHD causes would have developed CHD at the
same rate as those who survived, estimates of the actual
lifetime risk recognise that the risk of CHD after death
is zero.5 We adjusted for the competing risk of death
from non-CHD causes and calculated risk separately for
men and women at each of the index ages of 30, 40, 50,
60 and 70 years. All analyses were done with Stata
V.12.0.16

RESULTS
In all, 1115 participants who were free from CHD at
baseline were followed up for 17 126 person-years.
During the follow-up period, 185 participants developed
at least one CHD event, including 26 participants in
whom the first CHD event was fatal. Among those who
were free from CHD during the study period, 144 died
from non-CHD causes. The mean age at the first CHD
event was 48 for men and 49 for women. Tables 1 and 2
show the baseline characteristics of the study partici-
pants with different endpoints. Those who developed
CHD events were older at baseline, and had higher
levels of body mass index, blood pressure, cholesterol,
triglycerides, urine albumin to creatin ratio and C react-
ive protein than those who did not develop CHD events.
They also had higher prevalences at baseline of known

diabetes, low estimated glomerular filtration rate,
smoking and drinking than the non-CHD group.
The incidence rate of developing new onset CHD

increased with age until 60 years and then decreased with
age (table 3). In men, the incidence rate of CHD was less
than 1/1000 person-years for those under 30 years,
increased to 5/1000 person-years for those 30–39 years
and to 57/1000 person-years for those 60–69 years, but
dropped to 21/1000 person-years after 70 years of age.
Theoretical cumulative risk without adjusting for com-

peting risk of death from non-CHD causes was 71%
(95% CI 59 to 81) for men and 64% (95% CI 52 to 75)
for women (figure 2). After adjusting for the presence
of competing risk of death from non-CHD causes, the
lifetime risk of CHD was 53% (95% CI 44 to 61) for
men and 49% (95% CI 40 to 57) for women.
We estimated the remaining lifetime risk of CHD

adjusted for non-CHD deaths for those starting at 30, 40,
50, 60 and 70 years (table 4). Since the numbers of partici-
pants aged 70 years or older were relatively small, the 95%
CIs were wide. As expected, the remaining lifetime risk of
a first CHD decreased as age free of CHD increased, from
about one in two at 30 years to one in four in men or one
in five in women at 70 years (figure 3).

DISCUSSION
Without adjusting for the competing effect of deaths
from non-CHD causes, about two of three people in this
cohort would theoretically suffer a CHD event in their
lifetime. However, after adjusting for the presence of
competing risk of deaths from non-CHD causes, the
actual lifetime risk was estimated as one in two for both
Aboriginal men and women.
The lifetime risk of CHD in this population was sub-

stantially lower than the theoretical cumulative risk. The

Table 1 Baseline characteristics of participants by CHD outcome: men

Non-CHD CHD Deaths from non-CHD causes

Number 408 98 85

Age (years) at baseline 24.4 (10.5) 37.1 (12.4) 34.6 (16.8)

Age (years) at end* 42.8 (10.5) 47.5 (11.0) 42.4 (16.5)

BMI (kg/m2) 21.1 (4.8) 24.6 (5.2) 21.7 (4.8)

Waist circ (cm) 82.3 (12.7) 92.5 (14.5) 84.8 (13.1)

Systolic BP (mm Hg) 120.4 (15.0) 128.0 (21.5) 128.2 (18.1)

Diastolic BP (mm Hg) 71.9 (11.9) 82.2 (16.8) 79.2 (16.3)

Total cholesterol (mmol/l) 4.4 (1.1) 5.3 (1.2) 4.7 (1.3)

Triglycerides (mmol/l) 1.9 (1.4) 2.8 (1.9) 2.6 (3.3)

HDL (mmol/l) 1.11 (0.24) 1.06 (0.22) 1.13 (0.29)

Urine ACR (mg/mmol) 1.4 (1.2, 1.6) 11.5 (7.5, 17.8) 4.5 (2.8, 7.1)

C reactive protein (mg/l) 2.7 (2.4, 3.1) 6.1 (4.6, 8.1) 3.9 (3.0, 5.1)

Smoking (n (%)) 232 (56.9) 69 (70.4) 57 (67.1)

Drinking (n (%)) 223 (54.7) 74 (75.5) 64 (75.3)

Known diabetes (n (%)) 11 (2.7) 22 (22.4) 8 (9.4)

Low eGFR (n (%)) 5 (1.3) 9 (9.6) 7 (8.2)

*Age at the time of the first CHD event, death from non-CHD causes or the end of study.
ACR, albumin to creatinine ratio, BMI, body mass index; BP, blood pressure; CHD, coronary heart disease, circ, circumference; eGFR,
estimated Glomerular Filtration Rate, HDL, high-density lipoprotein.
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conventional calculation of theoretical cumulative risk in
this study was based on the assumption that people who
died of non-CHD causes would have had the same rate
as those who had survived, while estimates of lifetime
risk or remaining lifetime risk recognised the fact that
their risk of CHD after death was zero. The high com-
peting risk of death from non-CHD causes in the study
population and shorter life expectancies explain the
substantially lower value in lifetime risk than that of the
theoretical cumulative risk. Even so, the lifetime risks of
CHD in Aboriginal people, particularly in Aboriginal
women, were still higher than those reported in some
other populations.4 5 The lifetime risk of CHD estimated
in the Framingham Study was one in two in men and

one in three in women. Only a small proportion of parti-
cipants reached 75 years in our study, whereas a large
proportion of study participants in the Framingham
Study reached much older ages.
The average age among those having the first CHD

events was much lower in these Aboriginal people than
that reported in the non-Aboriginal populations. It was
around 50 years in Aboriginal people, which is over
15 years earlier than in American men (65 years) and
20 years earlier than in American women (70 years).17

Unlike in some of the other populations in which the
female gender is protective against CHD or cardiovascu-
lar disease,2 18 Aboriginal women in this cohort had a
similar lifetime risk as their male counterparts. Such a

Table 2 Baseline characteristics of participants by CHD outcome: women

Non-CHD CHD Deaths from non-CHD causes

Number 378 87 59

Age (years) at baseline 28.1 (12.2) 41.5 (13.0) 45.3 (16.1)

Age (years) at end* 46.1 (12.0) 49.1 (11.3) 53.8 (16.3)

BMI (kg/m2) 23.3 (6.0) 26.1 (6.0) 22.3 (6.1)

Waist circ (cm) 88.6 (14.6) 96.8 (13.0) 89.8 (15.0)

Systolic BP (mm Hg) 113.3 (16.3) 124.7 (20.5) 120.9 (22.0)

Diastolic BP (mm Hg) 67.9 (12.9) 76.0 (14.1) 72.6 (15.4)

Total cholesterol (mmol/l) 4.1 (1.0) 5.0 (1.1) 4.5 (1.0)

Triglycerides (mmol/l) 1.9 (1.3) 2.7 (1.6) 2.0 (1.1)

HDL (mmol/l) 1.06 (0.25) 0.98 (0.18) 1.09 (0.26)

Urine ACR (mg/mmol) 2.7 (2.2, 3.2) 19.4 (12.3, 30.4) 17.4 (10.4, 29.3)

C reactive protein (mg/l) 4.7 (4.1, 5.4) 8.3 (6.6, 10.4) 8.6 (6.3, 11.8)

Smoking (n (%) 196 (51.9) 59 (67.8) 48 (81.4)

Drinking n (%)) 93 (24.6) 25 (28.7) 22 (37.3)

Known diabetes (n (%)) 19 (5.0) 25 (28.7) 10 (16.9)

Low eGFR (n (%)) 4 (1.2) 11 (14.7) 12 (23.5)

*Age at the time of the first CHD event, death from non-CHD causes or the end of study.
ACR, albumin to creatinine ratio, BMI, body mass index; BP, blood pressure; CHD, coronary heart disease, eGFR, estimated Glomerular
Filtration Rate, HDL, high-density lipoprotein.

Table 3 Incidence rates by age and sex in Aboriginal people

Age (years) Person-years Number of participants Number of CHD Rate (/1000 person-years) 95% CI

Male

10− 985.5 184 0 0

20− 2617.1 367 2 0.8 0.2 to 3.1

30− 2782.0 444 22 7.9 5.2 to 12.0

40− 1733.9 295 36 20.8 15.0 to 28.8

50− 722.5 143 22 30.4 20.0 to 46.2

60− 245.2 55 14 57.1 33.8 to 96.4

70+ 94.9 18 2 21.1 5.3 to 84.3

Female

10− 594.0 115 0 0

20− 1855.1 255 2 1.1 0.3, 4.3

30− 2207.3 346 18 8.2 5.1, 12.9

40− 1716.6 286 28 16.3 11.3, 23.6

50− 1019.2 181 24 23.5 15.8, 35.1

60− 383.2 87 11 28.7 15.9, 51.8

70+ 169.3 29 4 23.6 8.9, 63.0

CHD, coronary heart disease; pys, person-years.
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phenomenon of females having equal or higher risk has
also been observed in Asian Indians.19

Lifetime risk and remaining lifetime risk estimates at
different ages are more easily understood than inci-
dence rates by the general public. Lifetime risks of CHD
estimated in the Framingham Study have often been
publicised as headline figures in the media and have
increased public awareness of, and interest in, the
importance and prevention of CHD.2 20 In this study,
the lifetime risks of CHD have been estimated for the
first time in Aboriginal people. Those estimates can be
useful for promoting public interest in prevention of
CHD, particularly in Aboriginal younger people and
women. Our lifetime and remaining lifetime risk esti-
mates can also be used to guide the allocation of
resources to improve public health services for CHD in
this population. They may improve the preventive efforts
from both clinicians and the general public. For
example, in other settings, it was found that providing
lifetime risk improved the prescription of aspirin or
lipid-lowering medication.21 It has been anticipated that
the lifetime risk will be incorporated in the next gener-
ation of guidelines related to medical therapy and life-
style interventions for cardiovascular disease, as it should

impact positively on conveyance of CHD risk to the
public.17 In this study, we started to provide some epi-
demiological evidence for developing relevant guide-
lines for Aboriginal people.
The use of lifetime risks in the clinical setting has

been debated recently,22–24 particularly for individual
risk prediction. First, lifetime risks do not distinguish
between immediate and remote risks, and should be
used in combination with short-term risk estimates such
as incidence rates and 10-year risks when counselling
young people.1 Second, lifetime risk levels are heavily
driven by the remaining life expectancy owing to the
competing risk of deaths from non-CHD causes. Shorter
life expectancy will result in a lower lifetime risk, even
though the incidence rate of CHD is high during the
lifetime and at a specific time point. For example, the
lifetime risk of one in two for Aboriginal men in our
study is similar to the lifetime risk for non-Aboriginal
men reported in the Framingham Study,2 but our esti-
mates were mainly based on data from those participants
who were under 75 years, while the estimates in the
Framingham Study were based on data from those
under 95 years. Therefore, when we compare the
remaining lifetime CHD risks between two populations,
their differences in life expectancy must be taken into
consideration. The lifetime risk up to 50 years of age for
Aboriginal people in this study is equivalent to that of
non-Aboriginal people up to 70 years in men and up to
80 years in women in the Framingham Study.2

There are several limitations in the present study. First,
we obtained the follow-up data from one tribal group in
a remote Aboriginal region in the Northern Territory of
Australia. It is possible that CHD risks are heterogeneous
among different regions. It remains to be verified if the
findings are generalisable to the broader Aboriginal
population in Australia. Second, our lifetime risk esti-
mates represent average values for a specific population.

Figure 2 Lifetime risk of

coronary heart disease in

Aboriginal people.

Table 4 Lifetime risk of a first CHD event at different

ages reached free of CHD in Aboriginal men and women

Age (years) Lifetime risk (95% CI)

Men Women

30 58% (48 to 67) 50% (42 to 59)

40 58% (47 to 68) 48% (39 to 57)

50 54% (40 to 66) 40% (30 to 51)

60 45% (27 to 62) 31% (18 to 44)

70+ 27% (4 to 60) 20% (6 to 39)

CHD, coronary heart disease.
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Lifetime risks vary according to the risk factor
levels.18 25–28 In Aboriginal people, factors such as the
urinary albumin-to-creatinine ratio, C reactive protein
and obesity have been reported to be associated with
CHD and mortality.8 9 12 29 Owing to a relatively small
sample size, we did not calculate risk factor-specific life-
time risks in this study. Further investigation is needed
as we collect more data with longer follow-up. Third, as
the participants entered at different age points and they
were not followed from birth (figure 1), cohort effects
might have existed. The 70-year-old man today could
have a different CHD risk from that of a 20-year-old man
when he reaches the age of 70 years, 50 years later.
Finally, CHD events were determined based on routinely
documented diagnosis information in hospital records
during the follow-up period. Under-reporting is possible
as some participants with minor CHD events might not
have been hospitalised or not diagnosed as such.
Therefore, lifetime risks in this study might have under-
estimated the true lifetime risk in the study population.
In summary, even adjusting for the high competing risk

of deaths from non-CHD causes, Aboriginal people still
have a high lifetime risk of CHD, and one-in-two men and
women will have CHD during their lifetime. The average
age of having first CHD events was under 50 years, much
younger than that reported in non-Aboriginal populations.
The female gender protective against CHD observed in
other populations does not exist in Aboriginal people as
the risk of CHD in Aboriginal women is just as high as that
in their men counterparts.
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