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isk assessment can help predict
future cardiovascular disease (CVD),
which should prevent undertreatment of high-risk patients and inappropriate
treatment of those at low risk.1 To simplify
multivariate
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on Framingham Heart Study data4
Research risk by categories of age, sex,
and displaying
smoking status, total serum cholesterol level
and systolic blood pressure, have also been
produced.5,6 Computer or calculator implementations of the Framingham7 and United
Kingdom Prospective Diabetes Study
(UKPDS)8 risk equations are available.
The validity of applying risk models
developed in one population to another is
debatable.9 As well as genetic and environmental variation, there may be differences in
variables such as definition and ascertainment of outcomes, observation period, and
selection of risk variables. Models derived
from general population data that include
presence/absence of diabetes but not prognostically important variables, such as glycated haemoglobin level (HbA 1c ) and
diabetes duration, do not adequately discriminate the spectrum of CVD risk in diabetes.10 To date, the UKPDS risk engine,
developed from a randomised intervention
trial, is the only peer-reviewed and readily
accessible model for use in diabetes.8
Because of the need to determine whether
available risk equations can be appropriately
applied to Australian patients with diabetes,
we assessed the performance of the Framingham and UKPDS risk equations in predicting the risk of a first CVD event over 5
years in a community-based cohort of
patients with type 2 diabetes who were
initially CVD-free.
METHODS
Patients
We analysed data from the Fremantle Diabetes Study (FDS), a longitudinal observational
study of a representative sample of patients
from a population of 120 097 in Fremantle,
180

ABSTRACT
Objective: To assess the performance of the Framingham and United Kingdom
Prospective Diabetes Study (UKPDS) cardiovascular risk equations in Australian patients
with type 2 diabetes who were initially free of cardiovascular disease (CVD).
Design and setting: The Fremantle Diabetes Study (FDS), a community-based
longitudinal observational study; data for the period 1993–2006 were used.
Patients: Of the 815 FDS participants with type 2 diabetes who were initially CVD-free,
791 (97%) were eligible for assessment using the UKPDS equations, and 697 (86%) using
the Framingham equation.
Main outcome measures: CVD endpoints during 5 years of follow-up. For the UKPDS
equations, these were fatal myocardial infarction (MI) or sudden death (fatal coronary
heart disease [CHD]); hospitalisation for/with or death from MI or sudden death (all
CHD); fatal stroke; and all stroke. For the Framingham equation, they were all MI,
sudden death or angina pectoris (CHD).
Results: During follow-up to first CVD event, death or 5 years, there were 38 MIs (11
fatal) and 23 strokes (13 fatal) in the UKPDS-assessable cohort of FDS participants. The
UKPDS risk equations for all CHD, fatal CHD, and all stroke overestimated the number of
events by 6.5, 2.8 and 1.8 times, respectively. The risk equation for fatal stroke
underestimated the number of events by 38%. The UKPDS CHD risk equations showed
modest discrimination and poor calibration, while the stroke risk equations showed
good discrimination and calibration. The Framingham equation predicted 28% fewer
CHD events than occurred (93 v 130), and discrimination and calibration were poor.
Conclusions: While the UKPDS stroke risk equations performed relatively well, the
UKPDS and Framingham CHD risk equations are not suitable for predicting risk in
Australians with type 2 diabetes.
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Western Australia.11 The FDS was approved
by the Human Rights Committee, Fremantle
Hospital, and all participants gave informed
consent. A description of recruitment, sample
characteristics and identified but nonrecruited patients has been published elsewhere.11 The FDS recruited 1294 patients
with type 2 diabetes between 1993 and 1996,
815 (63%) of whom were CVD-free. Of
these, 791 (97%) were diagnosed at ⭓ 20
years of age and had complete risk factor and
outcome data for the UKPDS coronary heart
disease (CHD) and stroke equations. Similarly, 697 (86%) were aged 30–74 years at
baseline and had complete data for the Framingham CHD equation. Most (99.7%) of the
latter participants were also eligible for
UKPDS assessment.

clinical examination carried out, and biochemical tests performed on fasting blood
and first morning urine samples. FDS data
were linked with those from the Western
Australian hospital morbidity database and
mortality register12 from January 1993 to
the end of June 2006.
Prior CVD was defined as hospitalisation
with or self-reported myocardial infarction
(MI), angina, coronary artery bypass grafting, coronary angioplasty, stroke or transient
ischaemic attack, and/or definite MI on a
M in n es ota - co de d e le ct roca rd io g ra m
(ECG).13
Peripheral arterial disease was defined as
an ankle : brachial index ⭐ 0.90 (either side)
or non-traumatic lower extremity amputation.13

Patient assessment
At recruitment, demographic and clinical
information was documented, a standard

Outcomes
CVD during follow-up was defined as hospitalisation for or with MI, angina pectoris or
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Framingham risk calculator defines 10-year
CHD risk,2 the 5-year risk was estimated as
1 − √(1–10-year CHD risk).

1 Baseline characteristics of the cohort with type 2 diabetes and complete
risk-factor data, by risk equation*

Number of participants
Risk engine overlap (% of participants)
Age (years)
Sex (% male)

UKPDS8

Framingham2

791

697

87.9% in Framingham

99.7% in UKPDS

62.2 ± 11.3

59.9 ± 9.7

46.4%

46.6%

Age at diagnosis (years)

57.0 ± 11.4

55.1 ± 10.3

Diabetes duration (years)

3.0 [0.8–7.0]

3.0 [0.7–6.0]

HbA1c (%)

7.5 (6.0–9.4)

7.5 (5.9–9.4)

Statistical analysis
The computer package SPSS for Windows,
version 14.0 (SPSS Inc, Chicago, Ill, USA)
was used. Model performance was gauged
from:
• Ability to identify those at high risk (discrimination). This was assessed from the
area under the receiver operating characteristic curve (AUC; c statistic), with discrimination considered perfect if AUC = 1, good if
AUC > 0.8, moderate if 0.6–0.8, poor if
< 0.6, and no better than chance if AUC =
0.5;16
• Ability to quantify risk (calibration or
goodness-of-fit — how close the predicted
probabilities are to the observed outcome).
This was assessed by the Hosmer–Lemeˆ
show C-test,
which divides the cohort into
deciles of predicted risk and compares these
with actual outcomes.16 A P < 0.05 indicates
a significant discrepancy between observed
and predicted numbers. Because Framingham risk is based on categorisation of factors, we sorted cases by risk and then
divided them into deciles; and
• Accuracy of the models (how well the
model predicts the likelihood of an outcome
in an individual patient). This was assessed
by the Brier score (mean squared error,
range 0–1, with greater accuracy at lower
values). The positive predictive value, negative predictive value, sensitivity and specificity of the models were determined for a 5year CVD risk of 10%.

Diabetes treatment (%)
Diet

34.5%

35.4%

Oral antidiabetic drugs (OAD)

55.9%

55.4%

Insulin ± OAD

9.6%

9.2%

29.7 ± 5.5

30.0 ± 5.5

2

Body mass index (kg/m )
Waist circumference (% overweight or obese)†

86.7%

87.6%

Systolic blood pressure (mmHg)

149 ± 24

147 ± 22

Diastolic blood pressure (mmHg)

81 ± 11

81 ± 11

On blood pressure-lowering medication (%)

47.9%

47.6%

Serum total cholesterol (mmol/L)

5.3 (4.9–5.9)

5.4 (4.4–6.5)

Serum HDL cholesterol (mmol/L)

1.02 (0.75–1.40)

1.01 (0.75–1.37)

Serum triglycerides (mmol/L)

1.8 (1.1–3.1)

1.9 (1.1–3.2)

Total : HDL cholesterol ratio

5.2 (3.7–7.3)

5.3 (3.8–7.4)

On lipid-lowering medication (%)

6.7%

7.5%

Taking ⭓ 75 mg aspirin/day

8.1%

8.0%

Urinary albumin : creatinine ratio (mg/mmol)

2.7 (0.6–11.6)

2.5 (0.6–10.6)

Estimated GFR ⭐ 60 mL/min/1.73 m2

15.4%

12.5%

Atrial fibrillation (%)

3.7%

2.3%

Carotid bruit(s) (%)

3.0%

3.0%

Definite left ventricular hypertrophy (%)

1.9%

0.9%

Peripheral arterial disease (%)

23.0%

19.4%

Never smoked

48.2%

48.8%

Ex-smoker

36.4%

35.0%

Current smoker

15.4%

16.2%

75.3%

76.2%

Smoking status (%)

Any exercise in previous 2 weeks (%)
Alcohol consumption (standard drinks/day)

0 [0–0.8]

0 [0–0.8]

Southern European (%)

20.1%

20.2%

Indigenous Australian (%)

1.1%

1.3%

UKPDS = United Kingdom Prospective Diabetes Study. HbA1c = glycated haemoglobin level.
HDL = high-density lipoprotein. GFR = glomerular filtration rate.
* Data are proportions, mean (95% CI), geometric mean ± SD, or median [interquartile range].
† Waist circumference ⭓ 94.0 cm (men), ⭓ 80.0 cm (women).

stroke; death from MI, cardiac or cerebrovascular causes, or sudden death; definite
MI on a Minnesota-coded ECG; or uptake of
anti-anginal medication.
For the UKPDS risk engine analyses, outcomes were classified as fatal MI/sudden
death (fatal CHD); hospitalisation for/with
or death from MI/sudden death (all CHD);14

RESULTS

◆

fatal stroke; and hospitalisation for/with or
death from stroke (all stroke).15
For Framingham risk calculation, “total”
CHD was taken as all (including silent) MI,
cardiac/sudden death or angina pectoris.2
Causes of death were reviewed independently by two blinded FDS investigators and
classified under the UKPDS system.13 As the

Baseline patient characteristics
At FDS entry, the 791 CVD-free people with
type 2 diabetes included in the assessment
using the UKPDS risk equations had a mean
age of 62.2 years (95% CI, 37.9–82.3 years),
46.4% were male, and median diabetes
duration was 3.0 years (interquartile range
[IQR], 0.8–7.0 years). The 697 participants
eligible for assessment using the Framingham CHD equation had a mean age of 59.9
years (95% CI, 37.8–74.0), 46.6% were
male, and median diabetes duration was 3.0
years (IQR, 0.7–6.0 years). Additional baseline characteristics are summarised in Box 1.
During 3731 patient-years of follow-up
(patient mean, 4.7 [95% CI, 1.3–5.0] years)
until first MI, death or 5 years after study
entry, 38 participants (4.8%) from the
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2 Performance of the UKPDS and Framingham equations in predicting 5-year cardiovascular risk in Fremantle Diabetes
Study participants with type 2 diabetes who were initially free of cardiovascular disease

Outcome
Number of participants

Framingham2

UKPDS8

UKPDS8

UKPDS8

UKPDS8

“Total” CHD

Fatal CHD

All CHD

Fatal stroke

All stroke

697

791

791

791

791

Number of events
Actual

130

11

38

13

23

Predicted

93

72

106

8

42

18.7% (15.9%–21.8%)

1.4% (0.7%–2.6%)

4.8% (3.5%–6.6%)

1.6% (0.9%–2.9%)

2.9% (1.9%–4.4%)

13.4%

9.1%

13.3%

1.0%

5.3%

0.59 (0.54–0.64)

0.68 (0.53–0.84)

0.68 (0.59–0.76)

0.88 (0.81–0.96)

0.86 (0.78–0.93)

0.001

0.04

< 0.001

< 0.001

< 0.001

< 0.001

< 0.001

< 0.001

0.06

0.33

0.16 (0–0.84)

0.03 (0–0.19)

0.06 (0–0.70)

0.02 (0–0.01)

0.03 (0–0.48)

Mean 5-year risk (%)
Actual (95% CI)
Predicted (95% CI)
Discrimination
AUC (95% CI)
P
Calibration*

ˆ
C-test
P
Accuracy†
Brier score (95% CI)
10% 5-year risk cut-off
Sensitivity (%)

78.5%

63.6%

78.9%

76.9%

56.5%

Specificity (%)

36.5%

68.7%

49.7%

99.5%

87.6%

PPV (%)

22.1%

2.8%

7.3%

20.0%

12.0%

NPV (%)

88.1%

99.3%

97.9%

98.5%

98.5%

UKPDS = United Kingdom Prospective Diabetes Study. CHD = coronary heart disease. AUC = area under the receiver operating characteristic curve.
PPV = positive predictive value. NPV = negative predictive value.
ˆ
* Calibration (how close predicted probabilities are to observed outcome) was assessed by Hosmer–Lemeshow C-test
(P < 0.05 indicates a significant discrepancy).
† Accuracy (how well model predicts likelihood of an outcome in an individual) was assessed by Brier score (lower values indicate greater accuracy).

UKPDS-assessable cohort experienced at
least one MI (11 first MIs were fatal). Similarly, during 3774 patient-years of follow-up
(patient mean, 4.8 [95% CI, 1.7–5.0] years)
until first stroke, death or 5 years after study
entry, 23 (2.9%) experienced at least one
stroke (13 first strokes were fatal). For the
Framingham-assessable cohort, 130 patients
(18.7%) had at least one CHD event during
3111 patient-years of follow-up (patient
mean, 4.5 [95% CI, 0.9–5.0] years) until
first CHD event, death or 5 years from
baseline.
Model performance
Box 2 summarises the performance of the
Framingham and UKPDS models in predicting 5-year risk in initially CVD-free FDS
patients with type 2 diabetes. The UKPDS
equations for all CHD, fatal CHD, and all
stroke overestimated the number of events
by 6.5, 2.8 and 1.8 times, respectively, while
the risk equation for fatal stroke underestimated the number of events by 38%. The
UKPDS CHD risk equations showed modest
discrimination (AUC = 0.68 for both) and
182

ˆ
poor calibration (C-test,
P < 0.001), while
the stroke risk equations showed good discrimination (AUC > 0.86) and calibration
ˆ
(C-test,
P > 0.05). The Framingham equation predicted 28% fewer CHD events than
occurred (93 v 130) and had poor discrimiˆ
nation (AUC = 0.59) and calibration (C-test,
P < 0.001).
Accuracy was best for the UKPDS fatal
stroke risk equation and worst for the Framingham equation. The 10% 5-year CVD-risk
threshold for the UKPDS and Framingham
equations had sensitivities of 56.5%
(UKPDS all stroke) to 78.9% (UKPDS all
CHD), specificities of 36.5% (Framingham
CHD) to 99.5% (UKPDS fatal stroke), and
positive predictive values of 2.8% (UKPDS
fatal CHD) to 22.1% (Framingham CHD).
DISCUSSION
This study provides the first validation of the
UKPDS and Framingham risk equations in an
Australian, community-based cohort of
people with type 2 diabetes who were initially CVD-free. The Framingham CHD equa-

◆

tion proved poor at identifying individuals
with high CHD risk and quantifying the risk.
The UKPDS CHD risk equations were only
marginally better as identifiers of high-risk
patients but were also poor at risk quantifications. Although the UKPDS stroke risk equations performed satisfactorily, our overall
conclusion is that both the Framingham and
UKPDS equations have limited value in guiding vascular risk factor management in Australian patients with type 2 diabetes.
The relatively poor performance of the
two risk calculators may be related to differences between the patient cohorts providing
the source data and the FDS sample. These
include epidemiological setting, age of eligible participants, other demographic features
such as race or ethnicity, presence of comorbidities, and temporal changes in management.
The FDS cohort was from an urban Australian setting, and no patients were
excluded.11 The Framingham study was
conducted from 1948 onwards in a semiurban community in the United States,
comprising predominantly white “middle-
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class” people.2 Baseline measurements for
the risk-equation cohort were made
between 1968 and 1975 in those aged 30–
74 years who were cancer- and CVD-free,
with follow-up over 12 years.4,25 At baseline, US life expectancies at age 65 years
were 13 years for white men and 17 years
for white women.17 In contrast, the FDS
began in 1993, when 65-year-old Australian
men and women had life expectancies of 16
and 20 years, respectively.18 The longer life
expectancy in Australia reflects lower CVD
risk, which is likely to apply to people with
diabetes. However, more events were
observed in the FDS cohort than predicted
by the Framingham equation, confirming
that the effect of diabetes on CVD risk is not
well represented by the equation and that,
by implication, the two populations were
significantly different at the time of data
acquisition.
The UKPDS risk equations were derived
from a randomised trial of 5102 patients
aged 25–65 years newly diagnosed with
type 2 diabetes.14,15 In addition to macrovascular complications, exclusion criteria
comprised ketonuria, nephropathy, severe
retinopathy, malignant hypertension, uncorrected endocrinopathy, or severe concurrent
illness.19 The UKPDS sample was recruited
between 1977 and 1991 and followed up
until 1997. When the UKPDS began, life
expectancies of white men and women at
age 65 years in the UK were the same as
those in the US when the Framingham study
commenced (13 and 17 years, respectively).20 Overall, the UKPDS equations
overestimated CVD risk in the FDS cohort,
suggesting that, despite the range of exclusion criteria, the UKPDS patients were generally high-risk.
An explanation for the discrepancy
between actual events in the FDS cohort and
those predicted using the UKPDS engine is
the uptake of cardiovascular therapies. Of
the CVD-free FDS patients at study entry,
few (7%) were taking lipid-lowering medications, < 50% were taking antihypertensive
medication, and 8% took aspirin regularly.
Reflecting the subsequent publication of trials confirming the benefits of intensive nonglycaemic vascular risk factor management
in type 2 diabetes,19,21,22 these proportions
increased to 41%, 54% and 28%, respectively, after 5 years. Although therapeutic
intensification was more likely in people
who experienced an event during follow-up
compared with those who did not (eg,
Framingham CHD endpoint: aspirin, 40.3%
v 24.8%; antihypertensive medication,

69.4% v 50.0%; lipid-lowering medication,
54.2% v 38.9%; P ⭐ 0.02), it was also seen
in the latter group. The UKPDS and Framingham studies were conducted at a time
when fewer people took such medications.
For example, < 2% of UKPDS patients took
lipid-lowering therapy at any stage.23 Additionally, only 15% of FDS patients were
current smokers at baseline, compared with
30% in the UKPDS and 39% in the Framingham studies.
The UKPDS sample comprised predominantly white people of European background (82.7%), but also Afro–Caribbean
and Asian–Indian people.23 Consideration
of southern European and Indigenous ethnicity is more appropriate in Australia.
Indeed, the UKPDS equations significantly
underestimated CHD and stroke risk for
Indigenous Australians compared with
Anglo-Celts (UK or Ireland ethnic background) (data not shown). In contrast, the
Framingham equation correctly estimated
CHD risk for southern Europeans, but
underestimated it for Anglo-Celts (data not
shown).
Unlike the Framingham equation, which
utilises diabetes as a binary risk variable but
has no other diabetes-specific factors, the
UKPDS risk engine includes age at diagnosis, diabetes duration and HbA1c.8 CVD risk
in the FDS cohort might be better characterised with a different set of diabetes-specific
and other variables, including those that
relate to microangiopathy, such as albuminuria. A formal analysis of this question
was beyond the scope of our study. The
Framingham equation defines “total” CHD
(combined macrovascular endpoints),2
while the UKPDS engine defines CHD more
narrowly.14 This is underscored by the 695
common FDS participants, in whom 130
Framingham versus 29 UKPDS CHD events
occurred over 5 years. The Framingham
calculator is limited to age 30–74 years,
while the UKPDS risk engine allows nonvalidated extrapolation beyond the 25–65year inclusion criterion. Of the 791 FDS
participants eligible for the UKPDS risk
assessment, 298 (38%) were outside this age
range, and their predicted risk should be
interpreted cautiously.
Given the urban location and demographic profile of the FDS sample,11 it is
likely that its outcome data can be extrapolated to patient groups in other major Australian centres. A further strength of the
study is that there is a low rate of migration
out of WA.24 Ongoing linkage with the WA
hospital morbidity and mortality register

means that “hard” events (hospitalisation
and death) have excellent ascertainment. To
the end of June 2007, only two eligible
participants in this study had not been
linked, and both are known to continue to
reside in the study area. A limiting factor for
ascertainment of “soft” outcomes (eg, silent
MI and anti-anginal medication uptake) was
that only 45% of the UKPDS-assessable and
49% of the Framingham-assessable FDS
cohorts returned for annual reviews at 5
years and later. Self-reported MI, stroke and
angina were not included in the definition of
outcome. This may partly explain the inconsistency between the UKPDS predicted risk
of all stroke and the actual number, as
strokes that did not lead to hospitalisation or
death were not counted. For the UKPDS, the
definition of stroke was more inclusive (neurological deficit lasting ⭓ 1 month). Conversely, the higher number of fatal strokes
observed than predicted may reflect differences in health care between the UK and
Australia, or differences in death coding.
The UKPDS risk equations are limited to
an age at diagnosis of diabetes ⭓ 20 years
which, with the inclusion age range, has
implications for assessing the increasing
number of young patients with type 2 diabetes. Both sets of equations can be used only
in a primary prevention setting. Of the FDS
type 2 diabetes baseline cohort, 479 patients
(37%) already had CVD. These patients are
at high risk of further events, but there is no
diabetes-specific risk equation available to
quantify that risk. Although guidelines commonly recommend that all such patients be
treated intensively, risk quantification may
still be useful in patient education and in
ensuring compliance with appropriate lifestyle changes and pharmacotherapy.
The UKPDS and original Framingham25
10-year CHD risk equations were previously
compared in a primary-care cohort of newly
diagnosed, CVD-free patients aged 30–74
years with type 2 diabetes from Poole in
south-western England.16 Both equations
showed only modest discrimination and
poor calibration. Although the Framingham
equation underestimated CHD risk (in
agreement with our finding), the Poole
study suggested that the UKPDS also underestimated CHD risk,16 perhaps because of
the addition of angina to the UKPDS CHD
endpoint. In a study from the UKPDS
group, 5- and 10-year fatal CVD risk estimates from the Framingham equation25
were compared with actual events observed
in UKPDS patients.10 The Framingham
equation underestimated both 5- and 10-
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year fatal CVD risk by 56% and 32%,
respectively. By comparison, the observed 5year fatal CVD rate in the FDS UKPDS
cohort was 69% lower than in the actual
UKPDS cohort, underlining the lower risk of
FDS patients.
In conclusion, the Framingham CHD risk
equation is poor at identifying FDS patients
at high risk (discrimination) and quantifying
that risk (calibration). The UKPDS CHD risk
equations showed modest discrimination
but poor calibration. The UKPDS stroke risk
equations performed relatively well. However, taken together, our analyses suggest
that these two widely used CHD risk equations should not be used to predict risk in
Australians with type 2 diabetes.
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