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Abstract
Aims/hypothesis The aim of this study was to investigate
the impact of using a non-diabetes-specific cardiovascular
disease (CVD) risk calculator to determine eligibility for
statin therapy according to current UK National Institute for
Health and Clinical Excellence (NICE) guidelines for those
patients with type 2 diabetes who are at an increased risk of
CVD (10 year risk ≥20%).
Methods The 10 year CVD risks were estimated using the
UK Prospective Diabetes Study (UKPDS) Risk Engine and
the Framingham equation for 4,025 patients enrolled in the
Lipids in Diabetes Study who had established type 2
diabetes and LDL-cholesterol <4.1 mmol/l.
Results The mean (SD) age of the patients was 60.7 (8.6)
years, blood pressure 141/83 (17/10) mmHg and the total
cholesterol:HDL-cholesterol ratio was 3.9 (1.0). The median
(interquartile range) diabetes duration was 6 (3–11) years and
the HbA1c level was 8.0% (7.2–9.0%). The cohort comprised
65% men, 91% whites, 4% Afro-Caribbeans, 5% Asian
Indians and 15% current smokers. More patients were
classified as being at high risk by the UKPDS Risk Engine
(65%) than by the Framingham CVD equation (63%)
(p<0.0001). The Framingham CVD equation classified
fewer men and people aged <50 years old as high risk
(p<0.0001). There was no difference between the UKPDS

Risk Engine and Framingham classification of women at
high risk (p=0.834).
Conclusions/interpretation These results suggest that the
use of Framingham-derived rather than UKPDS Risk
Engine-derived CVD risk estimates would deny about one
in 25 patients statin therapy when applying current NICE
guidelines. Thus, under these guidelines the choice of CVD
risk calculator is important when assessing CVD risk in
patients with type 2 diabetes, particularly for the identifi-
cation of the relatively small proportion of younger people
who require statin therapy.
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Introduction

Cardiovascular disease (CVD) is a major problem for
people with type 2 diabetes, who are at substantially greater
risk of CVD compared with the general population even
when age, ethnicity, income, cholesterol level, systolic
blood pressure and smoking are taken into account [1]. The
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relative impact of lowering blood pressure and LDL-
cholesterol is similar in individuals with and without diabetes,
but the higher absolute risk in those with diabetes means such
treatment results in greater absolute risk reductions.

In the UK, prescription of statin therapy is regulated by
National Institute for Health and Clinical Excellence
(NICE) guidelines, which allow the use of statins in adults
with clinical evidence of CVD or for primary prevention in
adults with an estimated 10 year CVD risk of ≥20% [2].
NICE defines CVD as disease of the heart and blood
vessels [2]. The choice of CVD risk calculators includes the
Framingham risk equation [3] and the UK Prospective
Diabetes Study (UKPDS) Risk Engine [4], but the
Framingham risk equation and other non-diabetes-specific
risk calculators have been shown to underestimate CVD
risk in diabetic cohorts [5]. One reason for this could be
that only 428 individuals with diabetes were followed in
the Framingham study [3]. Also, the Framingham risk
equation includes diabetes only as a dichotomous risk factor
(present or absent), along with traditional CVD risk factors
[3]. The UKPDS Risk Engine, by contrast, is a type 2
diabetes-specific risk calculator that uses both a continuous
measure of glycaemia (HbA1c) and the duration of known
diabetes, in addition to traditional CVD risk factors [4].
Unlike the Framingham equation, it can be used in Afro-
Caribbean and Asian-Indian populations as well as white
populations.

The present study was designed to compare the perfor-
mance of the UKPDS Risk Engine and the recently updated
(2008) Framingham CVD risk equation [3] for the determi-
nation of the proportion of UK individuals with type 2
diabetes thought to be eligible for statin therapy according to
current NICE guidelines [2] using data from a representative
sample of the population. In addition, we investigated the
use of a risk calculator to determine if younger people are at
high enough CVD risk to warrant statin therapy.

Methods

Participants We used baseline (pre-randomisation) data for
4,025 of the 4,191 participants recruited into the Lipids in
Diabetes Study (LDS) between 1999 and 2001 for whom
the requisite data were available. This population was
chosen as being likely to be representative of community-
based patients with type 2 diabetes who are possibly
eligible for primary CVD prevention therapies. LDS was
a lipid-lowering study involving 30 UK centres, in which
patients were enrolled on the basis that their need for lipid
lowering was uncertain given an absence of known
coronary heart disease and an inclusion criterion requiring
LDL-cholesterol levels to be <4.1 mmol/l. To compare the
relative performance of the two calculators in younger

people, a subset of 552 individuals aged between 40 and
50 years were examined.

Methods The 10 year CVD risks were estimated for each
individual using the UKPDS Risk Engine (version 3) [4]
and the 2008 Framingham CVD risk equation [3]. The
UKPDS Risk Engine defines CVD as fatal or non-fatal
myocardial infarction, ischaemic heart disease, sudden
cardiac death, fatal or non-fatal stroke or death following
peripheral vascular disease. The Framingham equation
defines CVD as fatal or non-fatal myocardial infarction,
angina pectoris, coronary insufficiency or fatal or non-fatal
stroke, transient ischaemic attack, peripheral vascular
disease (intermittent claudication) or heart failure. The
conventional risk factors used by both calculators are age,
sex, smoking status, total and HDL-cholesterol and systolic
blood pressure. Only the UKPDS Risk Engine includes
atrial fibrillation. The CVD risk estimates calculated using
the two methods were compared using the sign test. The
proportion of men, women and participants aged <50 years
who were not eligible for statin therapy were compared
using the McNemar test.

Results

Demographics The mean (SD) age of the patients was 60.7
(8.6) years, blood pressure was 141/83 (17/10) mmHg and
the total cholesterol:HDL-cholesterol ratio was 3.9 (1.0).
The median (interquartile range) diabetes duration was 6
(3–11) years and HbA1c was 8.0% (7.2–9.0%). The cohort
comprised 65% men, 91% whites, 4% Afro-Caribbeans, 5%
Asian Indians and 15% current smokers. In addition, 0.47%
had atrial fibrillation.

Distribution of 10 year CVD risk estimates The proportion
of patients with an estimated 10 year CVD risk of ≥20%
was 2% lower (p<0.0001) using the Framingham risk
equation (63%) compared with the UKPDS Risk Engine
(65%) (Fig. 1). The corresponding proportions for men only
were 78% vs 82% (p<0.0001), for women only were 34%
vs 34% (p=0.834) and for individuals <50 years of age
were 11% vs 18% (p<0.0001). The proportion of this
population with an estimated 10 year CVD risk of ≥10%
was 93% using the UKPDS Risk Engine and 90% using the
Framingham risk equation.

Discussion

This study found small but significant differences in the
proportion of people identified as being at an increased risk
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of CVD, depending on the risk calculator used. When the
Framingham equation rather than the UKPDS Risk Engine
was used, 2% less of the total study cohort, 4% less men
and 7% less individuals aged <50 years were estimated to
have a 10 year CVD risk of ≥20%. This would result in
these individuals being denied statin therapy according to
current UK NICE guidelines.

LDS participants were chosen as they represent a
population in whom, under current guidelines, there may
be some uncertainty about initiating statin therapy. They
had no previous CVD events and as such were a relatively
low-risk population. Their mean HbA1c was, however, 1%
higher than that reported by more recent studies on
individuals with type 2 diabetes managed in the community
[6]. Compared with other sources of UK primary care data,
the measurements for the LDS population indicated that
participants included in this study tended to be younger and
had a longer duration of diabetes [7]. As well as population
changes in HbA1c and blood pressure, death from CVD has
also declined in men (but not women) with diabetes over
the last 30 years, possibly as a result of improvements in
lifestyle and the treatment of CVD [8]. The vast majority of
participants included in these analyses were white, but the
ethnic mix of the cohort was not dissimilar to that of the
UK as a whole at the time of the study [9]. Although this
may mean that the absolute proportion of this population
entitled to statin therapy may have fallen, it should not alter
the relative performance of the two risk calculators.

The UKPDS Risk Engine (version 3) and the 2008
Framingham CVD equation were compared because of
their similarities in the definition of CVD and because
versions of both have been validated in their respective
populations, although the most recent Framingham CVD

equation has yet to be validated. The Framingham equation
has previously been shown to underperform in diabetic
populations [5], and this may in part be because it includes
diabetes as a dichotomous variable rather than a continuous
measure of glycaemia. UKPDS Risk Engine CVD risk
estimates decrease by approximately 15–20% for each 1%
reduction in HbA1c.

No long-term LDS outcome data are available to
compare CVD risk estimates with observed events, as the
LDS trial was terminated early following the withdrawal of
cerivastatin for safety reasons [10]. The 2008 Framingham
10 year CVD risk equation estimates the proportion of
individuals eligible for statin therapy to be similar to that
estimated by the UKPDS Risk Engine. However, the
updated Framingham equation requires information on
antihypertensive treatment, which was not available for
the LDS cohort. The numbers shown here assume that the
blood pressure measurements in LDS participants at
baseline were untreated; this is likely to be the case given
the mean blood pressure was 141/83 and recruitment took
place between 1999 and 2001. If everyone in the study was
receiving blood pressure therapy, the 10 year estimated risk
of CVD would increase significantly to 77%. The Framing-
ham and UKPDS definitions of CVD are similar, with the
exception that the Framingham equation includes individ-
uals with angina pectoris (brief recurrent chest discomfort
for up to 15 min, brought on by exertion and relieved by
rest or glyceryl trinitrate) [11], whereas the UKPDS Risk
Engine includes those with ischaemic heart disease (based
on ECG Minnesota coding) [12]. Because of the broader
definition of CVD used by the Framingham equation, it
would be expected that it would tend to classify more
individuals as being at high CVD risk, but this is not the
case.

The differences in 10 year CVD risk estimates are seen
predominantly in men and those <50 years of age. The
difference in estimated risk in men may be due to the
failure of the Framingham risk equation to show a gradient
of risk when total cholesterol in men is <6.2 mmol/l [13].
Studies have demonstrated a continuous relationship be-
tween total cholesterol and CVD risk. In the LDS, the mean
(SD) total cholesterol level was 4.8 (0.8) mmol/l. The
Framingham risk equation has also been found to underes-
timate risk when risk factors are present in severe forms
(very elevated systolic blood pressure or total cholesterol)
[13]. These factors may explain the difference in male risk
estimates found in this study.

In the UKPDS, 71 individuals aged <50 years had a
coronary heart disease event. However, in the Framingham
study no one under the age of 52 years had a CVD event
[14]. This difference in event rates underlying the two
equations is likely to explain the underestimation of risk in
younger people by the Framingham equation.

Fig. 1 Kernel density plot showing the distribution of the estimated
10 year CVD risk calculated using the Framingham equation (broken
line) and the UKPDS Risk Engine (solid line). The dotted line at 20%
indicates the threshold value for statin therapy eligibility under current
NICE guidelines. A greater proportion of patients were classified as
being at high risk by the UKPDS Risk Engine (65%) than by the
Framingham CVD equation (63%) (p<0.0001)
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European guidelines recommend statin therapy for any
individual with type 2 diabetes who are aged >40 years
[15]. Although we were not able to investigate individuals
e40 years of age, we did look at individuals aged <50 years,
and have shown that the Framingham equation classifies
fewer individuals as being at high CVD risk than does the
UKPDS Risk Engine (p<0.0001). These data illustrate the
value of using a diabetes-specific risk calculator to identify
the relatively small number of younger individuals requir-
ing statin therapy. If the NICE guidelines were to be reviewed
and the cut-off value for statin therapy lowered to include all
individuals with an estimated 10 year CVD risk of ≥10%, this
would result in the vast majority (93%) of individuals with
type 2 diabetes being entitled to statin therapy.

Until NICE guidance changes to this ≥10% level, we
recommend using a diabetes-specific risk calculator. Once
NICE guidelines change it is likely that a risk calculator
will be unnecessary to determine eligibility for statin
therapy except when it is being considered for an individual
aged e40 years.

Given that statins have now been found to be safe and
efficacious even in children and adolescents [16], future
work will simulate lifetimes to determine the optimum age
or level of risk at which initiation of statin therapy should
be considered in individuals with type 2 diabetes. We are
also currently examining the ability of the two risk
equations to correctly identify incident cardiovascular
disease in the European Prospective Investigation of Cancer
(EPIC)-Norfolk population [17].

Conclusion

While the current UK NICE guidelines are enforced the
choice of CVD risk calculator can be important when
assessing CVD risk in patients with type 2 diabetes,
particularly for the identification of younger people at high
CVD risk. If NICE guidelines change to recommend statin
therapy for primary prevention in all individuals with a
10 year CVD risk of ≥10%, then the vast majority of people
with type 2 diabetes will be entitled to statin therapy,
irrespective of the risk calculator chosen.
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