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Risk functions for prediction of cardiovascular disease in elderly
Australians: the Dubbo Study
Leon A Simons, Judith Simons, Yechiel Friedlander, John McCallum and Latha Palaniappan
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or other arterial disease, or those
with Research
diabetes or certain other conditions, were deemed to be at “higher
absolute risk” and would merit intervention with lipid-lowering medication.
Others at lesser risk would merit intervention if their absolute risk of cardiovascular disease (CVD) exceeded 10%–
15% over the ensuing 5 years — as
assessed by a CVD risk calculator2
derived from the Framingham Study.3
US and European guidelines advocate a
generally similar approach, but target
risk over 10 years rather than 5 years.4,5
A recent UK lipid intervention trial confirmed that lipid therapy reduces the
incidence of stroke as well as coronary
heart disease (CHD) in high risk
patients.6 Hence, it is important that risk
calculation relates to CVD risk, not just
CHD risk.
The Framingham risk function has
been validated in middle-aged men and
women in Northern Europe7 and Busselton, WA,8 but has not been similarly
validated in elderly populations outside
Framingham. The Australian Dubbo
Study of the elderly has previously
reported on risk factors for myocardial
infarction,9 CHD10 and stroke.11 In this
report (i) we evaluate the Framingham
risk function for CHD in this elderly
Australian cohort and (ii) we derive an

ABSTRACT
Objectives: To evaluate a Framingham risk function for coronary heart disease in an
elderly Australian cohort and to derive a risk function for cardiovascular disease (CVD)
in elderly Australians.
Design and setting: Analysis of data from a prospective cohort study (the Dubbo
Study) in a semi-urban town (population, 34 000).
Participants: 2805 men and women 60 years and older living in the community, first
assessed in 1988, and a subcohort of 2102 free of CVD at study entry.
Main outcome measures: Incidence of CVD (myocardial infarction, coronary death
or stroke) over 5 and 10 years.
Results: A Framingham risk function assessing “hard” coronary heart disease (ie,
myocardial infarction or coronary death) accurately predicted 10-year incidence in men
and women aged 60–79 years who were free of prevalent CVD or diabetes at study
entry. In a multiple logistic model, CVD incidence was significantly predicted by age,
sex, taking antihypertensive medication, blood pressure, smoking, total cholesterol
level and diabetes. For a given age and cholesterol level, CVD risk over 5 years was
doubled in the presence of antihypertensive medication or diabetes, increased by 50%
with cigarette smoking, and halved in women compared with men.
Conclusions: We have derived a simple CVD risk function specifically for elderly
Australians that employs risk factors readily accessible to all medical practitioners.
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Australian CVD risk function for subjects
60 years and older.

METHODS
Study population

The Dubbo Study is an ongoing prospective study in an elderly Australian cohort
first examined in 1988.12 All non-institutionalised residents of the semi-urban
town of Dubbo, NSW (population,
34 000), born before 1930 were eligible:
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the participation rate was 73%, with an
ultimate cohort of 2805 men and women.
Methods and measures have already been
described in detail.12 Briefly, the baseline
examinations comprised demographic,
psychosocial and standard cardiovascular
risk assessment. Venous blood was
obtained after a 12-hour fast for assessment of total serum cholesterol and triglyceride levels by automated enzymatic
methods,13,14 high-density lipoprotein
(HDL) cholesterol level by a precipitation method,15 and plasma glucose level.
Data analysis

Outcomes at 5 and 10 years from the date
of the baseline examination were included.
Hospitalisation and death records were
monitored continuously and postal surveys were conducted every 2 years to
confirm vital status. The survey closest to
10 years successfully traced more than
95% of surviving participants. Outcomes
assessed from records were coded according to the International classification of diseases, 9th edition (clinical modification)
113
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of variables were entered in a single block
and a final model was recalculated as the
most parsimonious version, retaining only
variables of statistical significance and
potential confounders. Statistical analysis
was conducted using SPSS.19

1: Framingham risk function
Lipid treatment guidelines in the United
States (Adult Treatment Panel III [ATP III])
use a modified Framingham risk function to
predict the 10-year risk of a major coronary
heart disease (CHD) event (myocardial
infarction or coronary death) in men and
women 20–79 years who are free of
prevalent cardiovascular disease (CVD) or
diabetes.4,18 Calculating risk involves
allocating a point system for the risk factors
sex, age (5-year groupings), total and HDL
cholesterol levels, smoking, systolic blood
pressure and blood pressure treatment
status (http://hin.nhlbi.nih.gov/atpiii/
calculator.asp).

Ethical approval

The study was approved by institutional
ethics committees at St Vincent’s Hospital, Sydney, the University of New South
Wales and the Australian National University. All participants gave informed
written consent.

and 10th edition (Australian modification). Files indicating myocardial infarction were assessed individually.
From the original cohort of 2805 subjects, several smaller subcohorts were
derived by removing subjects with prevalent CHD,16 stroke (including transient
ischaemic attack) or diabetes, as
described in the Results section. Diabetes
was defined as a fasting plasma glucose
level ⭓7.0 mmol/L, self-reported history
of diabetes, or taking diabetes therapy.17
The remainder were coded as non-diabetic; ex-smokers were coded as nonsmokers, as in the Framingham risk function (Box 1).3

RESULTS
Evaluation of the Framingham risk function

The Framingham risk function (Box 1)
was applied to 1800 Dubbo men and
women, aged 60–79 years, who were free
of prevalent CVD or diabetes at study
entry. Age- and sex-specific observed and
predicted CHD incidence rates are presented in Box 2. Observed CHD incidence rates increased with age in an
incremental fashion in both sexes. In
general, there was good agreement
between observed and predicted rates.
This Framingham risk function offered
no prediction in those older than 79 years
and was not used further in this report.

Statistical analysis

Age- and sex-specific incidence rates were
calculated for the outcome CVD, comprising myocardial infarction, coronary
death or stroke. This outcome (effectively
“hard” CHD4) excluded other, non-fatal
forms of CHD, but included transient
ischaemic attack. Logistic regression analysis was used to calculate the 5- and 10year probability of CVD. A large number

CVD incidence rates in the target
population

Age- and sex-specific incidence rates over
5 and 10 years for CVD (acute myocardial infarction, coronary death or stroke)
in 2102 Dubbo men and women free of
prevalent CHD or stroke at study entry
(but including those with diabetes) are
presented in Box 3. The incidence rate

2: Observed 10-year coronary heart disease (CHD [myocardial infarction
or coronary death]) incidence rates and Framingham-predicted CHD
incidence rates in Dubbo men and women free of prevalent myocardial
infarction, stroke or diabetes
CHD incidence rate/100 subjects
Age range
(number of men/women)

Men

Women

Observed

Predicted

Observed

Predicted

60–64 years (310/386)

10.3

11.9

4.9

4.6

65–69 years (214/290)

13.6

16.5

7.6

9.0

70–74 years (149/225)

16.8

16.5

11.1

10.7

75–79 years (82/144)

23.2

22.1

14.6

18.2

 tests showed no significant differences between observed and predicted rates for each age group.
2
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increased with age and was greater in
men than women, except for the 10-year
rate in those 80 years and over. The
proportion of CVD events attributable to
stroke increased with age. The 5-year
CHD incidence in women was very stable until 80 years and over, while 10-year
CHD incidence increased with age.
This cohort of 2102 excluded more
than 700 subjects with prevalent CVD
who were at increased risk of a CVD
event. For this subcohort of 2102 subjects,
an age-adjusted CVD rate for 5 and 10
years was calculated based on the age
distribution of the total cohort. The 5-year
rate/100 subjects in men was 12.1 versus
16.7 in the total cohort of 1233, and the
10-year rate was 25.3 versus 31.2. The 5year rate/100 subjects in women was 8.6
versus 12.3 in the total cohort of 1572,
and the 10-year rate was 19.4 versus 23.2.
Risk prediction in the logistic model

The following variables were selected for
inclusion in the final logistic model for
CVD risk at 5 and 10 years in the cohort
of 2102 subjects free of prevalent CHD
or stroke at study entry: age (years), sex,
use of antihypertensive medication (yes/
no), systolic blood pressure (mmHg),
smoking (yes/no), total and HDL cholesterol levels (mmol/L), and diabetes
(yes/no). The addition of the log of
triglyceride level to the model produced
a non-significant coefficient, did not
influence other regression coefficients
and was omitted. Family history of
CHD was not significant. Quadratic
terms for age or cholesterol level were
non-significant, and there were no significant interactions between age or sex
and other risk factors. This enabled the
presentation of a single model, including
a term for sex. The results with this
model are presented in Box 4.
All risk factors achieved statistical significance except HDL cholesterol, but
this still functioned as a protective factor. Goodness-of-fit for the logistic function was highly satisfactory (2 at 5
years, 107, P < 0.001, df = 8; 2 at 10
years, 167, P < 0.001, df = 8).
Absolute CVD risk over the specified
period may be calculated from the logistic function in Box 4 according to the
formula given in the footnote to Box 4.
We have calculated 5-year CVD risk for
a 75-year-old man and a 75-year-old
woman for increasing cholesterol levels
by the presence of additional risk factors
MJA
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(Box 5). Those with multiple risk factors
have the highest CVD risk. At the age of
75 years the use of antihypertensive medication in a man indicated increased
CVD risk/100 subjects from 9.5 to 18.2,
the presence of diabetes indicated
increased risk to 19.9, or smoking to
14.3. The use of antihypertensive medication in a woman indicated increased
risk from 5.2 to 10.3, the presence of
diabetes to 11.4, or smoking to 7.9.

DISCUSSION
This report extends previous work in the
Dubbo Study on the epidemiology of
CHD and stroke in the elderly9-11 by
addressing two new objectives: to evaluate a Framingham risk function for
“hard” CHD (myocardial infarction or
coronary death) in an elderly Australian
cohort; and to derive risk functions for
CVD in elderly Australians using a short
list of risk factors readily accessible to
general practitioners.
Some limitations in a cross-study comparison between Framingham and
Dubbo are discussed below. Nevertheless, we found excellent agreement
between observed and predicted rates for
hard CHD over 10 years in elderly men
and women. A similar risk function
developed from three European
populations20 has some similarities with
our findings, but true comparisons are
difficult because that study did not
exclude prevalent CHD and the outcome
was CVD mortality, not incidence.
The Dubbo risk function was based on
a single baseline assessment. Hence, the
risk estimates may be slightly underestimated as a result of regression dilution
bias.21 However, this would also apply to
the Framingham estimates. The relative
strengths of each predictor in the logistic
model cannot be directly compared, as
we have not shown standardised regression coefficients. However, they may be
compared between time periods of 5 and
10 years. Taking antihypertensive medication and diabetes were substantially
stronger predictors during the shorter
term, which may justify further investigation of short- and long-term predictors,
as they may differ in elderly people. This
may also provide impetus for more
aggressive treatment of hypertension and
diabetes in the short term.
The five-year CHD incidence in
women increased very little with age
MJA
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until 80 years and over (Box 3). However, the subcohort of 2102 subjects
excluded those at high risk (prior CVD).
The 10-year follow-up showed a clear
rise in incidence with age.
It was surprising that HDL cholesterol
level did not reach statistical significance
as a predictor of CVD in the context of
other variables. Our previous analyses,

employing Cox proportional hazards
regression, did not exclude prevalent
CVD, and HDL cholesterol was a significant predictor of CHD9,10 and stroke.11
We have re-examined the 5- and 10-year
CVD incidence data using proportional
hazards regression and found regression
coefficients very similar to those from
the logistic regression (data not shown).

3: Age-specific incidence rates of cardiovascular disease (with rates of
coronary heart disease [CHD] and stroke in parentheses) over 5 and
10 years in Dubbo men and women free of prevalent CHD or stroke
at study entry, but including those with diabetes
Age range
(number of
men/women)

5-year incidence rate/100 subjects
Men

Women

Men

Women

7.1

5.3

16.7

9.9

(5.4, 1.7)

(4.1, 1.2)

(11.9, 4.8)

(6.1, 3.8)

11.7

6.9

21.6

13.1

(7.8, 3.9)

(4.6, 2.3)

(14.3, 7.3)

(7.8, 5.3)

13.2

7.6

31.7

18.9

(6.6, 6.6)

(3.8, 3.8)

(18.0, 13.7)

(11.8, 7.1)

16.3

13.2

38.4

29.8

(10.5, 5.8)

(3.3, 9.9)

(23.3, 15.1)

(15.2, 14.6)

25.9

17.2

37.9

45.7

(19.0, 6.9)

(8.6, 8.6)

(24.1, 13.8)

(25.9, 19.8)

60–64 years
(336/413)
65–69 years
(231/306)
70–74 years
(167/238)
75–79 years
(86/151)
80+ years
(58/116)

10-year incidence rate/100 subjects

4: Prediction of 5- and 10-year incidence of cardiovascular disease in a
multiple logistic model in Dubbo men and women 60 years and older
5-year incidence
Regression
coefficient

P

Odds ratio
(95% CI)

10-year incidence
Regression
coefficient

P

Odds ratio
(95% CI)

Age

0.057

<0.001 1.06 (1.04–1.08)

0.073

Sex

– 0.610

<0.001 0.54 (0.39–0.76)

– 0.590

Antihypertensive
medication

0.749

<0.001 2.12 (1.54–2.91)

0.380

<0.01

Systolic
blood
pressure

0.008

<0.01

1.01 (1.00–1.01)

0.008

<0.001 1.01 (1.00–1.01)

Smoking

0.458

<0.03

1.58 (1.06–2.37)

0.340

<0.03

Cholesterol
level

0.180

<0.01

1.20 (1.06–1.36)

0.186

<0.001 1.20 (1.10–1.32)

HDL
cholesterol
level

– 0.234

<0.30

0.79 (0.51–1.24)

– 0.255

<0.13

0.77 (0.56–1.08)

0.528

<0.01

1.69 (1.14–2.53)

Diabetes
Intercept

0.857
– 8.65

<0.001 2.36 (1.48–3.76)
<0.001

– 8.18

<0.001 1.08 (1.06–1.09)
<0.001 0.55 (0.43–0.71)
1.46 (1.16–1.85)

1.41 (1.04–1.91)

<0.001

Age, systolic blood pressure, total and HDL cholesterol levels were entered as continuous variables and the
regression coefficient refers to a one-unit change. The remainder were entered as dichotomous variables
and the coefficient refers to the presence or absence of the state (for sex, men were the reference category).
Absolute CVD risk can be calculated from the formula: Probability of CVD = 1/(1 + e-k),
where k = – 8.65 + 0.057*age – 0.61*sex + 0.749*antihypertensive medication + 0.008*systolic blood
pressure + 0.458*smoking + 0.18*cholesterol – 0.234*HDL cholesterol + 0.857*diabetes.
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5: Calculated 5-year cardiovascular disease risk for a 75year-old man (A) and woman (B)
in the logistic model, according
to cholesterol level and the
presence of other risk factors
60

A

Rate/100 subjects

50
40
30
20
10
0

5

6
7
8
Total cholesterol level (mmol/L)

No other risk factors
Antihypertensive medication

Rate/100 subjects

40

9

+ Smoking
+ Diabetes

B

30
20
10
0

5
6
7
8
Total cholesterol level (mmol/L)

9

Reference group: not taking
antihypertensive medication, systolic
pressure 140 mmHg, non-smoking, HDL
level 1.10 mmol/L, no diabetes.

Framingham models have employed a
ratio of total to HDL cholesterol level.3
A previous Dubbo analysis in myocardial infarction showed similar prediction
using total cholesterol or total/HDL
cholesterol ratio,9 and we continue to
model total and HDL cholesterol as
separate variables.
For a given age and cholesterol level,
CVD risk over 5 years is doubled in the
presence of antihypertensive medication
or diabetes, increased by 50% with cigarette smoking, and halved in women
compared with men.
Australian lipid management guidelines recommend global risk assessment
through use of a calculator,2 derived
from an earlier Framingham equation
(1991).3 We have computed 5-year
CVD risk using both the current Dubbo
model and the 1991 Framingham
116

model for subjects 60 years and older
and noted a large systematic difference
between the rates. For example, in relatively low-risk subjects, the predicted
CVD risk was 55%–70% lower using
the Dubbo model. This might appear a
surprising finding given the good agreement between observed CHD rates and
those predicted by a different Framingham model (see Box 2). In reality, there
are numerous Framingham algorithms
available, and the one used in Box 2
(derived from ATP III) models only
hard CHD (myocardial infarction and
coronary death). 4,18 Hard CHD excludes diagnoses such as angina pectoris
or chronic CHD, which are often made
in a clinic setting rather than during
hospitalisation. The Framingham 1991
equation assessed total CHD, not just
hard CHD.3 We subsequently computed CVD rates in the Dubbo cohort
for an “extended” CVD outcome which
included hospitalisation for angina or
chronic CHD and this yielded CVD
rates about 50% higher than those in
Box 3, but still lower than those predicted by the 1991 Framingham equation. The Dubbo Study relies essentially
on hospitalisation data, whereas this
Framingham model relies on clinic
assessment (ie, the two studies are not
measuring the same outcomes). Hence,
it is important to be very specific in
nominating CVD outcomes — do they
include hard CHD or total CHD?
Where were they ascertained?
The Australian guidelines define
“higher risk” as a calculated 5-year CVD
risk threshold exceeding 10%–15% and
recommend that such patients may
require lipid intervention.1 With use of
the Framingham 1991 model, this refers
to the risk of total CHD plus stroke. A
risk threshold exceeding 10%–15%
would be highly inappropriate if considering only hard CHD, the outcome used
in clinical trials.6
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