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ABSTRACT
Objective: To determine whether the association
between obesity and coronary heart disease (CHD) in
Aboriginal adults depends on age.
Design, setting and participants: A cohort study
with up to 20 years of follow-up of 849 participants
aged 18–76 years in a remote Aboriginal community in
the Northern Territory of Australia.
Main outcome measures: Newly diagnosed CHD
cases were identified through hospital records
according to ICD codes during the follow-up period.
Cox proportional hazard model was used to assess
whether the association between obesity and CHD
depends on age.
Results: During the follow-up period, 171 participants
were diagnosed with CHD. On an average, the
incidence rate of CHD increased with the increasing
baseline BMI, 11.3%, 16.3% and 20.2% for normal
weight, overweight and obese groups, respectively. HR
of CHD for obesity were 2.6 (95% CI 1.1to 6.3), 1.2
(0.7 to 2.0) and 0.5 (0.1 to 2.1) for those <40, 40–59
and 60+ years, respectively. HRs corresponding to 1
SD increase in BMI were 1.4 (1.0 to 2.0), 1.2 (1.0 to
1.5) and 0.8 (0.5 to 1.2) for those <40, 40–59 and 60
+ years, respectively. The interaction terms between
age and BMI as category variables or as a continuous
variable were statistically significant.
Conclusions: The association between obesity and
CHD is stronger for younger adults than for older
adults in Aboriginal Australians in the remote
community. Our findings suggest that weight control
efforts may produce more beneficial effects in CHD
prevention in young adults than in older adults.

INTRODUCTION
It has been well established that overweight
and obesity increase the risk of mortality and
coronary heart disease (CHD) in a number
of studies over several decades.1–8 Weight
reduction has been found to be beneﬁcial in
reducing the CHD risk among overweight
and obese people.9–11 It has been suggested
the effect of body mass index (BMI) on

Wang Z, Hoy WE. BMJ Open 2013;3:e004042. doi:10.1136/bmjopen-2013-004042

Strengths and limitations of this study
▪ Major strength of the study is the long-term
follow-up in a unique high-risk remote
Aboriginal community.
▪ However, since body mass index (BMI) was estimated only once at one age point for each participant, the effect of BMI changes on CHD risk
could not be directly assessed.
▪ Another limitation is that the generalisability of
the findings needs to be further verified as this
study was conducted in a single Aboriginal
community.

cardiovascular disease mortality is modiﬁed
by age.12 A recent analysis by the Emerging
Risk Factors Collaboration of a database of
over 200 000 participants in 51 studies from
17 countries shows that the strength of the
association between BMI and CHD was stronger for younger adults than for older
adults.13 On the other hand, a study on
obesity and mortality in the USA suggested
that the diminishing obesity–mortality association with age was confounded by age at
survey and cohort effects, and once those
factors were accounted for, the obesity–mortality
became
stronger
with
age.14
Understanding the presence of such effect
modiﬁcation by age is important for directing prevention efforts and prioritising public
health education. Aboriginal Australians
have a high risk of CHD and their CHD
is diagnosed at a younger age than
non-Aboriginal people.15 It is still not known
whether obesity has different effects on CHD
risk among Aboriginal people of different
ages. The objective of this study was to determine whether age modiﬁes the association
between BMI and CHD risk. We analysed the
cohort data with up to 20 years follow-up
from a remote Aboriginal community in the
Northern Territory of Australia.
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METHODS
Participants and CHD events
This is a prospective cohort study with up to 20 years of
follow-up. Participants were recruited from a remote
Aboriginal community in the Northern Territory of
Australia from 1992 to 1995. Weight and height were
measured for 849 participants aged 18–75 years and who
were free from clinically apparent CHD at baseline,
representing over 80% of those within the age range in
the region. Those participants were followed up until 31
May 2012. During the follow-up period, new CHD events
were identiﬁed through hospital records using the
International Classiﬁcation of Diseases codes (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 community clinics. For
those participants who reached a CHD event or died
from non-CHD causes during the follow-up, their
follow-up time was the period from the age of their
initial screening visit to the age of the ﬁrst CHD event
or death. Others who survived the follow-period were
censored at 31 May 2012. Because 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. Those without
hospital and death records were regarded as free from
CHD during the follow-up period.

clothes only and without shoes. BMI was deﬁned as
weight divided by height squared (kg/m2). Since those
measurements had been taken several years before the
development of CHD, BMI readings were not biased by
the presence of CHD endpoints.
Statistical analysis
The data were partitioned into age bands of <40, 40–59
and 60+ years throughout the follow-up. For those whose
age fell into two age bands during the follow-up period,
their total follow-up time was subdivided and allocated
into the corresponding age bands as described by
Clayton and Hills.16 We calculated the incidence rates of
CHD according to their baseline BMI values: <25, 25–
29.9 and 30+ kg/m2. HRs of CHD for obesity and 1 SD
increase in BMI were calculated with Cox proportional
hazards models adjusting for baseline age and gender.
We assessed effect-modiﬁcation with a formal test of the
interaction term between age and BMI (or obesity). To
further control the effect of competing risk of non-CHD
death, we used a competing-risks regression method17 to
estimate the HRs. All analyses were performed with Stata
SE V.12.1.18
RESULTS
Table 1 shows the characteristics of the study participants
with different baseline BMI levels. Those obese participants were more likely to be women. They also had
higher levels of systolic and diastolic blood pressure, and
higher prevalence of known diabetes but lower prevalence of cigarette smoking and alcohol drinking at
baseline.
During the follow-up period of 12 398 person-years in
849 participants, 128 died from non-CHD causes and
171 were diagnosed with CHD. Table 2 shows the
detailed follow-up time and the number of cases by age
and BMI groups. On an average, the incidence rates of
CHD, which increased with the increasing baseline BMI,
were 11.3%, 16.3% and 20.2% for normal weight, overweight and obese groups, respectively.

Baseline BMI measurements
Height and weight were measured for study participants
at baseline during 1992–1995. Height was measured to
the nearest 0.5 cm without shoes. Weight was measured
to the nearest 0.1 kg with participants wearing light

Table 1 Baseline characteristics of study participants by baseline BMI levels: mean (SD)

Number
Male, n (%)
Age, years
Weight, kg
Height, cm
BMI, kg/m2
Waist c., cm
Systolic pressure, mm Hg
Diastolic pressure, mm Hg
Smoking, n (%)
Drinking, n (%)
Known diabetes, n (%)

2

Baseline BMI (kg/m2)
Normal weight <25

Overweight 25–29.9

Obese ≥30

524
285 (54.4)
34.2 (13.1)
57.0 (9.5)
166.3 (7.9)
20.5 (2.6)
81.6 (9.5)
119.2 (18.5)
73.0 (13.6)
422 (80.5)
328 (62.6)
46 (8.8)

200
100 (50.0)
36.0 (11.1)
74.8 (7.1)
165.9 (7.4)
27.2 (1.3)
97.0 (7.2)
125.8 (18.0)
77.7 (12.6)
137 (68.5)
117 (58.5)
25 (12.5)

125
40 (32.0)
35.5 (9.5)
91.1 (11.9)
164.8 (8.5)
33.5 (3.2)
110.5 (9.4)
126.4 (18.9)
79.7 (15.7)
75 (60.0)
53 (42.4)
23 (18.4)
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Table 2 Incidence rate of CHD (per 1000 person-years) by age groups and baseline BMI values
Age (years)

Normal weight
Person-years

Events

Rate

Overweight
Person-years

Events

Rate

Obese
Person-years

Events

Rate

<40
40–59
60+
Total

4354
2795
526
7675

16
52
19
87

3.7
18.6
36.1
11.3

1249
1446
247
2942

8
31
9
48

6.4
21.4
36.4
16.3

742
925
115
1782

9
25
2
36

12.1
27.0
17.3
20.2

A rising trend in CHD risk with increased BMI was
observed in younger age groups (ﬁgure 1). Estimated
HRs with adjustment of baseline age, gender, known diabetes and smoking status are shown in table 3. For those
younger than 40 years, adjusted HRs for overweight and
obesity were 1.5 (95% CI 0.6 to 3.5) and 2.6 (95% CI 1.1
to 6.3), respectively, with BMI <25 kg/m2 as the reference group. For those aged 40–59 years, their HRs of
CHD were 1.1 (95% CI 0.7 to 1.8) and 1.2 (95% CI 0.7
to 2.0) for overweight and obesity, respectively. However,
for those aged 60 years or older, the CHD risk for
normal BMI group was as high as those for overweight
and obese groups and no increasing trend in CHD risk
with increasing BMI was observed in this age group. To
assess whether the association between BMI and CHD
risk depended on age and gender, we tested the interaction terms of BMI with age and gender in the Cox
proportional hazard models. The overall test for interaction terms between age and BMI categories was statistically signiﬁcant ( p=0.012).
When BMI was treated as a continuous variable, the
HRs corresponding to 1 SD increase in BMI decreased
with increasing age, 1.4, 1.2 and 0.8 for those younger

Figure 1 Incidence of coronary heart disease by age and
body mass index in Aboriginal adults.
Wang Z, Hoy WE. BMJ Open 2013;3:e004042. doi:10.1136/bmjopen-2013-004042

than 40, 40–59 and 60 years or older, respectively. The
interaction term between age and BMI as a continuous
variable was also statistically signiﬁcant ( p=0.011).
Further adjusting for competing risk of non-CHD
deaths, the pattern of the association between CHD and
BMI either as a continuous variable or as categorical
variables remained similar (table 4). The association was
stronger for younger adults than for older adults with a
statistically signiﬁcant interaction term between age and
BMI.
DISCUSSION
In this cohort study with up to 20 years follow-up, we
found that age is a strong effect-modiﬁer for the association between obesity (or BMI) and CHD in Aboriginal
people. The association between obesity and CHD
declined with age. The younger they are, the stronger
the association between BMI and CHD. Among adults
under 40 years, the risk of CHD is 2.6 times in obese
individuals as in those with BMI <25 kg/m2, but there is
no signiﬁcant association between obesity and CHD
among those 60 years or older. Our ﬁndings suggest that
the effect of obesity on development of CHD is stronger
in younger people than in older people.
It has been well established that the people with high
BMI have a high risk of CHD,2–8 but a very few studies
have assessed the effect modiﬁcation of the BMI-CHD
association by age. The Emerging Risk Factors
Collaboration group suggested that age is a strong effect
modiﬁer for BMI-CHD association.13 They reported that
the HRs for CHD associated with per 1 SD increase in
BMI decreased with increasing age, from 1.41 for their
youngest group (40–59 years) to 1.23 for 60–69 and 1.12
for 70 years or older.13 In our study, we used different
age groups because CHD occurred at younger ages in
Aboriginal people.15 Nevertheless, the pattern of effect
modiﬁcation by age in our study was similar to that
reported by the Emerging Risk Factors Collaboration
group. To our knowledge, this is the ﬁrst study to assess
effect modiﬁcation by age in a high-risk indigenous
population.
It has also been reported that excess body weight
increases the risk of death from any cause and from cardiovascular disease and the relative risk with greater
body weight is higher among younger participants in a
study of US adults.12 19 However, a study by Masters et al
suggested that survey-based estimates of age patterns in
3
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Table 3 HRs* of CHD for different baseline BMI levels by age groups
Age (years)

Overweight†
HR (95% CI)

Obese†
HR (95% CI)

Interaction
p Value‡

BMI (1 SD)
HR (95% CI)

Interaction
p Value§

<40
40–59
60+

1.5 (0.6 to 3.5)
1.1 (0.7 to 1.8)
1.0 (0.5 to 2.5)

2.6 (1.1 to 6.3)
1.2 (0.7 to 2.0)
0.5 (0.1 to 2.1)

0.012

1.4 (1.0 to 2.0)
1.2 (1.0 to 1.5)
0.8 (0.5 to 1.2)

0.011

*Adjusted for age, gender, known diabetes and smoking status.
†With BMI <25 kg/m2 as reference.
‡Interaction between age and BMI as category variables.
§Interaction between age and BMI as a continuous variable.

obesity–mortality relationship are confounded by age at
survey and cohort membership. When those factors are
accounted for, Masters et al14 concluded that the
obesity–mortality relationship becomes stronger with
age. However, their conclusions might be due to the misinterpretation of main effect coefﬁcients in the presence
of interactions.20 In this study, controlling for baseline
age did not alter in obesity–mortality relationship in different age groups. Those biases caused by cohort membership that Masters et al proposed were unlikely present
because this study was based on the data from a single
cohort. Adjusting for the competing risk of non-CHD
death and the potential confounding effects of smoking,
diabetes and gender did not alter the age pattern of the
BMI–CHD relationship.
It is not clear why the effect of obesity (or higher
BMI) on development of CHD declines as people get
older. A similar pattern of the age-dependent signiﬁcant
attenuation between obesity and CHD risk factors such
as hyperglycaemia, hypertension and dyslipidaemia
could partly explain the observed age-dependent
decline between obesity and development of CHD.21 22
This phenomenon, if further conﬁrmed in interventional studies, may have clinical and public health implications of weight control in people of different ages.
Our ﬁndings stress the importance of weight reduction
targeting younger adults for reducing CHD risk in this
population. The same amount of weight reduction in
younger people may produce more beneﬁcial effects on
CHD risk reduction than in their older counterparts.
Several other factors have been found to be associated
with CHD or cardiovascular disease risk in this population such as C reactive protein23 and albuminuria24 in
addition to conventional risk factors.25 26 Since obesity

has been considered to affect CHD risk through its
inﬂuence on those known risk factors,27 we did not
adjust for those known risk factors in our analysis.
There are several limitations in this study. BMI was estimated only once at one age point for each participant
and no recent BMI values were taken. Therefore, the
effect of BMI changes on CHD risk could not be directly
assessed. The CHD cases were identiﬁed through routinely documented hospital records during the follow-up
period. Under-reporting is possible as some participants
with minor CHD events may not be hospitalised and
diagnosed as such. However, there is no evidence that
such under-reporting could have occurred differently
among people with different BMI levels. Another limitation of this study is the small sample size, particularly for
the older age group. Although the interaction term for
testing the dependence of the BMI–CHD association on
age was statistically signiﬁcant, the association between
BMI and CHD in the older age group could not be
accurately estimated as reﬂected by the wide 95% CIs.
Finally, the study was conducted in a single relatively
homogenous population in one community. It remains
to be veriﬁed whether our ﬁndings can be applied to
the general Aboriginal population in Australia.

CONCLUSION
The association between obesity and CHD declines with
increasing age and is stronger in young adults than for
older adults in Aboriginal Australians. Our ﬁndings
imply that the efforts of obesity prevention and weight
control are more likely to produce beneﬁcial effects on
CHD prevention in younger than in older people.
Further interventional studies are needed to quantify

Table 4 HRs of CHD for different baseline BMI levels adjusting for competing risk of non-CHD death
Age (years)

Overweight*
HR (95% CI)

Obese*
HR (95% CI)

Interaction
p Value†

BMI (1 SD)*
HR (95% CI)

Interaction
p Value‡

<40
40–59
60+

1.5 (0.6 to 3.6)
1.2 (0.7 to 1.8)
1.2 (0.6 to 2.5)

2.6 (1.1 to 6.0)
1.3 (0.8 to 2.1)
0.5 (0.1 to 2.1)

0.026

1.4 (1.1 to 2.0)
1.2 (1.0 to 1.4)
0.8 (0.5 to 1.2)

0.012

*Adjusted for competing risk of non-CHD death, age, gender, known diabetes and smoking status.
†Interaction between age and BMI as category variables.
‡Interaction between age and BMI as a continuous variable.
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the effect of weight reduction on CHD risk in people of
different ages.
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