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RESEARCH DESIGN AND METHODS — A population cohort with type 2 diabetes
was constructed in Tayside, Scotland, U.K., and longitudinally followed-up to June 2004. Participants were all people with type 2 diabetes registered with general practices and the Diabetes
Audit and Research in Tayside, Scotland, database (97% sensitive) with no previous CHD event
and with complete measurements (n ⫽ 4,569). The main outcome measure was risk of CHD
defined as fatal or nonfatal myocardial infarction or CHD death, derived from the Weibull
accelerated failure-time model. Validation of the algorithm was performed on an independent
dataset from Salford, England, U.K.
RESULTS — There were a total of 243 subjects (5.3%) with a fatal or nonfatal myocardial
infarction or CHD death over the follow-up period from 1 January 1995 to 30 June 2004
(maximum follow-up 9.5 years). The final Weibull model included the significant predictors of
age at diagnosis, duration of diabetes, HbA1c, smoking (current, past, never), sex, systolic blood
pressure, treated hypertension, total cholesterol, and height. Assessment of discrimination and
calibration in the Salford validation dataset demonstrated a good fit (c ⫽ 0.71 [95% CI 0.63–
0.79]).
CONCLUSIONS — This study provides the first validated, population-derived model for
prediction of absolute risk of CHD in people with type 2 diabetes. It provides a useful additional
decision aid for the clinician treating type 2 diabetes by indicating appropriate early action to
decrease the risk of adverse outcomes.
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P

atients with type 2 diabetes have a
significantly increased risk of developing coronary heart disease
(CHD), in part due to the clustering of
numerous risk factors including hypertension and dyslipidemia (1,2). In diabetic individuals with no previous

history, the risk of developing an acute
myocardial infarction (AMI) may be
equivalent to that of a nondiabetic individual with a previous event (3). Following AMI, diabetic patients are more likely
to develop cardiac failure and cardiogenic
shock, resulting in a greater short- and
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OBJECTIVE — To derive and validate an absolute risk algorithm for major coronary heart
disease (CHD) events in the U.K. population with type 2 diabetes.

long-term mortality (4). The primary and
secondary prevention of CHD in patients
with diabetes is therefore key to successful diabetes management. There is convincing evidence that blood pressure–
and cholesterol-lowering treatment is effective for both the primary and secondary prevention of CHD (1,5,6), and recent
large primary prevention studies including the Heart Protection Study have demonstrated that treatment with statins was
also effective and safe for diabetic patients
at high risk of vascular events (7). In the
Hypertension Optimal Treatment study
(8), aspirin was shown to lower risk of
cardiovascular events by lowering blood
pressure, and aspirin therapy has also
been endorsed by the American Diabetes
Association for high-risk patients (9).
A recent review (10) suggested that
separate management guidelines for
blood pressure and blood cholesterol
should be replaced by integrated cardiovascular risk management and the routine
use of absolute cardiovascular risk prediction scores. However, the use of algorithms
that estimate the risk of cardiovascular disease in the important subgroup of people
with diabetes is controversial (11). Most
risk equations are based on the Framingham Study, which only included 337 people with diabetes in their cohort of
⬃5,000 (12,13). An alternative algorithm
is based on the Prospective Cardiovascular Munster Study (14), but this was derived from a working population of
middle-aged men, which not only does
not permit estimation for women but also
suffers from the “healthy worker effect.”
The applicability of these algorithms to
certain subgroups is contentious; specifically, they are thought to underestimate
the risk of CHD in people with type 2
diabetes (15). In particular, they take no
account of diabetes-specific risk factors
such as glycemic control and duration of
diabetes.
Most U.K. and European recommendations on the primary prevention of
CHD in the general population (16) have
based a decision on treatment with lipidlowering therapy upon an estimate of the
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RESEARCH DESIGN AND
METHODS — The study population
consisted of all subjects with a diagnosis
of type 2 diabetes residing in Tayside,
Scotland (population ⬃400,000), and
registered with a Tayside general practice
from 1 January 1995 to 30 June 2004.
Ascertainment of type 2 diabetes was
achieved through the Diabetes Audit and
Research in Tayside, Scotland (DARTS),
database, which has been described in detail elsewhere (20). In brief, record linkage of multiple data sources has been used
to create a web-based regional diabetes
information system for all residents in
Tayside. The sensitivity and positive predictive value of DARTS are both 97% for
ascertainment of diagnosis of diabetes
(20). For the purpose of this study, subjects with type 2 diabetes were defined as
those of any age treated with diet or oral
hypoglycemic agents or those aged ⬎35
years at diagnosis. Approximately 15% of
those with type 2 diabetes in the database
are treated with insulin, while ⬍1% were
of nonwhite origin.
Baseline measurements
For each individual identified, a baseline
time point was constructed such that all
1232

the risk factors under consideration were
present within a period of 3 months. The
potential risk factors were duration of diabetes (or time from diagnosis of type 2
diabetes to baseline); age at diagnosis; sex;
smoking history (current, past, never); total, LDL, and HDL cholesterol; triglycerides (fasting and nonfasting); HbA 1c
(A1C) (Diabetes Control and Complications Trial standardized, nondiabetic
range 4.5– 6.2%; Bio-Rad); systolic (SBP)
and diastolic blood pressure (mmHg);
BMI (kg/m2); and height (m). Both duration of known diabetes and age at diagnosis were considered, as a previous study
suggested that both variables were independently significant predictors rather
than age at baseline alone (19).
Exclusions
Those people with incomplete records for
one or more potential risk factors were
excluded. In addition, people who had
experienced a previous cardiovascular
disease event (ICD-10: I20, 21, 22, 23,
50, I60-I69) were also excluded.
Outcome
The main outcome for this study was the
first presentation with major CHD events
defined as fatal or nonfatal AMI (ICD-10
I21, 22, 23) or CHD death (ICD-10 I20 –
25, 46, 50). Events of hospitalization for
AMI were obtained from the Tayside part
of the Scottish morbidity register that
contains all records of hospitalization and
is held in the medicines monitoring unit
(21). Myocardial infarction events that
did not result in hospitalization were obtained from the DARTS database based on
information derived from all general practices in the region (20). Hence, ascertainment of events was close to 100%. All
cause of death information was obtained
from the general registry office for Scotland. All study events were validated
anonymously by a clinical specialist
(A.D.M.). Ethics and Caldicott Guardian
approval was obtained for this purely
electronic study using anonymized data
according to the standard operating procedures of the Health Informatics Center
(21).
Validation dataset
The Salford Diabetes Information System
(DIS) is an independent, populationbased diabetes dataset established in the
Salford district (population ⫽ 215,000)
of England, U.K., in 1992 to support an
integrated diabetes care program. The
DIS has been previously described in de-

tail (22). Briefly, the DIS represents a continuously updated diabetes health care
record that prompts structured diabetes
care using an automated recall system.
Key processes of diabetes care (e.g.,
weight, blood pressure, and glycemic
control measurement; retinal screening;
and foot examination) are prompted at an
annual structured preventative care review using a standard clinic proforma.
These records are updated and verified
during the annual review. Outcome data,
such as myocardial infarction, are validated yearly by linking the details recorded on DIS with outpatient and
inpatient episodes coded through hospital episode statistics (23).
Statistical methods
The characteristics of the study population were summarized by means and SDs
for continuous measurements and as percentages for categorical factors. To assess
the representativeness of the study population compared with all individuals with
type 2 diabetes in Tayside, those excluded
because of incomplete measurements
were compared with those included in the
study population by calculating differences for each factor with 95% CIs. Time
to CHD was modeled using both the proportional and nonproportional hazards
Weibull accelerated failure-time model
(24), as this parametric approach has
been found to be more flexible in predicting risk for the Framingham Heart Study
(13). Generally, in this model a negative
value for the regression coefficient indicates greater risk associated with that factor.
Factors for potential inclusion in the
model were initially considered with univariate significance of P ⬍ 0.20 and/or
judged to be of clinical importance. In fitting the regression model, the main factors used in the Framingham prediction
equations, namely age; sex; smoking;
SBP; and total, LDL, and HDL cholesterol,
were simultaneously assessed in the
model (13). In addition, the potential predictors of duration of diabetes (or time
from diagnosis), age at diagnosis, A1C,
BMI, triglycerides, and height were also
added, if P was ⬍0.05 or of clinical importance. Tests for interactions between
risk factors were performed at the P ⬍
0.05 level of significance. Finally, rejected
variables were added again to the final
model to confirm that they were not statistically significant, clinically important,
or potential confounders. Treatment for
hypertension was recorded in the DARTS
DIABETES CARE, VOLUME 29, NUMBER 6, JUNE 2006
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absolute risk from Framingham data (13).
For secondary prevention, it is recommended that total cholesterol concentrations should be ⬍5.0 mmol/l in
individuals aged ⬍75 years with documented vascular disease (16 –18).
In light of the excess CHD risk in people with diabetes, there is a need for a
robust algorithm that reliably estimates
the risk of CHD for individuals in the
population with type 2 diabetes. A previous risk equation derived from the U.K.
Prospective Diabetes Study (UKPDS) attempted to provide this (18). However,
this risk equation was derived from a randomized, controlled trial sample with age
restrictions and exclusions for comorbidity. The authors also acknowledged selection bias and did not recommend its use
for predictions of ⬍4 years or for people
aged ⬎65 years (19), thereby excluding
⬃60% of patients in a typical clinic. To
the best of our knowledge, a risk equation
derived from an unselected population
with type 2 diabetes has not yet been developed. The aim of this study was therefore to develop a robust algorithm for
clinical use in predicting CHD in subjects
with type 2 diabetes in a U.K. population
and validate the algorithm in an independent, population-based dataset.

Donnan and Associates
Table 1—Characteristics of the study population (n ⴝ 4,569) and those excluded with incomplete data (n ⴝ 9,170)
Variable

Incomplete

4,569
54.7 ⫾ 12.2
4.7 ⫾ 6.1
59.5 ⫾ 12.1

9,170
65.4 ⫾ 12.8 (n ⫽ 8,698)
NA*
NA*

52.6
47.4
23.5
20.4
56.1
61.9
8.0 ⫾ 1.9
144 ⫾ 21
82 ⫾ 11
5.4 ⫾ 1.1
1.2 ⫾ 0.4
1.52 ⫾ 0.34
2.8 ⫾ 2.1
30.7 ⫾ 6.4
1.67 ⫾ 0.1

51.2 (n ⫽ 9,170)
48.8
17.5 (n ⫽ 7165)
33.7
48.7
53.7
7.9 ⫾ 1.8 (n ⫽ 411)
145 ⫾ 17 (n ⫽ 7,585)
80 ⫾ 8.7 (n ⫽ 7,583)
5.5 ⫾ 1.3 (n ⫽ 1,092)
1.2 ⫾ 0.5 (n ⫽ 950)
1.55 ⫾ 0.37 (n ⫽ 902)
2.92 ⫾ 2.0
29.3 ⫾ 5.8 (n ⫽ 6,790)
1.66 ⫾ 0.1

Data are means ⫾ SD or percent. *No baseline so not possible to estimate. DBP, diastolic blood pressure.

database, and this was also assessed as a
risk factor.
The assumption of proportional hazards was assessed by plotting the lognegative-log plot for individual factors,
fitting time-dependent variables, and by
trend tests using the Schonfeld residuals
(25). The estimated probabilities of CHD
were obtained from the final model with
95% CIs using the delta method (26).
Model performance
Performance of the algorithm obtained
from the Tayside dataset was tested on the
independent Salford dataset. First, the
overall discrimination ability was assessed for the Tayside function on Tayside
data and, second, using the Tayside
model on the Salford data. Discrimination
was assessed using the c statistic, which is
an estimate of the probability of assigning
a higher risk to those who develop CHD
in 5 years compared with those who do
not (26). Regression coefficients were
compared for the derivation model applied to the Salford dataset using z-tests.
Finally, the Gronnesby and Borgan test
was carried out by adding deciles of predicted risk to the model applied to the
validation dataset giving a partial likelihood test for calibration (27). All analyses
were implemented in SAS Version 9 (SAS
Institute, Cary, NC).
DIABETES CARE, VOLUME 29, NUMBER 6, JUNE 2006

RESULTS — A total of 4,569 individuals with type 2 diabetes were included,
after exclusion of those with previous cardiovascular events and/or with incomplete measurements. Table 1 shows the
characteristics of the study population.
The study population consisted of 52.6%
men and 47.4% women, with a mean ⫾
SD age at baseline of 59.5 ⫾ 12.1 years.
Those individuals with type 2 diabetes
who were excluded from the study were
on average older (mean age 65 vs. 55

Table 2—Final Weibull model for prediction of risk of CHD
Factor
Intercept
Log (duration of diabetes)
Age at diagnosis
Total cholesterol
Smoking status
Nonsmoker
Ex-smoker
Current smoker
Men versus women
Log (A1C)
Log (A1C) ⫻ follow-up (ⱕ5 vs. ⬎5 years)
SBP
Treated hypertension (yes vs. no)
SBP ⫻ treated hypertension
Height


Coefficient (95% CI)

P value

11.262 (8.943–13.582)
⫺0.287 (⫺0.362 to ⫺0.211)
⫺0.026 (⫺0.034 to ⫺0.018)
⫺0.149 (⫺0.216 to ⫺0.081)

⬍0.0001
⬍0.0001
⬍0.0001
⬍0.0001

—
0.011 (⫺0.187 to 0.209)
⫺0.268 (⫺0.450 to ⫺0.086)
⫺0.308 (⫺0.522 to ⫺0.095)
0.438 (0.073–0.802)
⫺0.712 (⫺0.812 to ⫺0.611)
⫺0.010 (⫺0.017 to ⫺0.003)
⫺1.292 (⫺2.483 to ⫺0.100)
0.009 (0.001–0.018)
1.241 (0.143–2.339)
0.587 (0.527–0.655)

0.915
0.004
0.005
0.019
⬍0.0001
0.004
0.034
0.021
0.027
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n
Age at diagnosis (years)
Duration of diabetes (years)
Age at baseline (years)
Sex
Men
Women
Current smoker
Ex-smoker
Nonsmoker
Treated hypertension
A1C (%)
SBP (mmHg)
DBP (mmHg)
Total cholesterol (mmol/l)
HDL cholesterol (mmol/l)
Log (total/HDL)
Triglycerides (mmol/l)
BMI (kg/m2)
Height (m)

Complete

years), but their clinical measurements
were very similar to the study population.
For example, in Table 1, mean A1C is 8.0
vs. 7.9%, SBP 144 vs. 145 mmHg, and
total cholesterol 5.4 vs. 5.5 mmol/l.
There were a total of 18,831 personyears of follow-up in the study. A total of
243 subjects (5.3%) suffered a fatal or
nonfatal AMI or CHD death over the maximum follow-up period from 1 January
1995 to 30 June 2004 (median 4.1 years
[range 9.5]). In the standard Weibull
model, longer duration of diabetes was
highly significantly associated with increased risk of CHD, along with and independently of age at diagnosis (Table 2).
Men had significantly greater risk of CHD
compared with women. High cholesterol
and high SBP were also strongly associated with increased risk. There was a significant interaction between SBP and
treated hypertension with higher risk of
CHD in untreated patients with high SBP.
Current smoking was significantly associated with increased risk, while exsmokers had a higher risk compared with
nonsmokers but lower than current
smokers. A1C as a log-transformed factor
was associated with increased risk.
Shorter stature was univariately associated with increased risk, while BMI, triglycerides, and HDL cholesterol showed
no significant univariate association.
All variables, where univariately P ⬍
0.2, were considered for entry in a multivariate model. The test for slope of the
time-varying coefficient was significant
for A1C, indicating nonproportional hazards for this factor. The nonproportional
hazards Weibull model was applied with
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CONCLUSIONS — This study provides the first population-derived model
for prediction of risk of major CHD events
in people with type 2 diabetes who are
initially free of cardiovascular disease and
validated on an independent dataset. The
estimates are based on routine measurements of known risk factors for CHD,
along with glycemic control and duration
of diabetes, which are specific to type 2
diabetes. These factors were also found to
be important in the UKPDS algorithm
(19). The model also included height,
which is consistent with the Prospective
Cardiovascular Munster Study algorithm
(12). The estimates are easily calculated
1234

Figure 1—Predicted and actual number of CHD events over 5 years in Salford by decile of
predicted risk based on the Tayside model.

from the Weibull accelerated failure time
model compared with the Cox proportional hazards model (28). This model not
only allows the estimation of survival
probabilities and event rates for health
service planning, and clinical trial design,
but also allows the prediction of risk in
individual patients to guide decision
making on the use of cholesterol and
blood pressure–lowering drugs.
The recent British Hypertension Society guidelines (29) for patients with type
2 diabetes and hypertension and American College of Physicians guidelines (30)
for those with cardiovascular risk factors
apply fairly blanket criteria for selection
of statins, while an estimate of absolute
risk of CHD allows a more focused guide
to selection of lipid-lowering therapy.
Before this study, most CHD predictions
relied on the Framingham cohort containing only 337 people with diabetes
(11–13), which only has a single indicator
for the presence of diabetes. Several studies (1–3) have indicated a greater risk of
CHD and long-term mortality in people
with diabetes.
The Framingham equations also lack
diabetes-specific factors such as A1C and
duration of diabetes, which have been
shown to be associated with risk of CHD
(19). Validation studies (31–33) of the
Framingham equations have yielded
mixed results. Recently, a diabetesspecific equation was derived from a sample enrolled in the UKPDS randomized
controlled trial, and they also found that
A1C and duration of diabetes were important predictors of risk (19). However,
the subjects in this study differed from the
Tayside diabetic population cohort in a
number of important ways. First, the
mean age was 52 years compared with a

mean age of 61 years in this study. Second, 60% of subjects in the UKPDS study
were male compared with 52% male subjects in our population, the latter figure
being more consistent with that found in
diabetic population– based registers in
the U.K. Third, baseline levels of A1C,
blood pressure, and cholesterol were all
higher in our population. Finally, perhaps
the most important difference relates to
the observed mortality. During the first 4
years of the UKPDS, the standardized
mortality ratio was less than that observed
in the general population at 0.94 and 0.96
for male and female subjects, respectively,
possibly because patients with lifethreatening illnesses were excluded from
the study. This led to the UKPDS risk engine excluding individuals with ⬍4 years
follow-up as well as those aged ⬎65
years, giving an equation conditional on
surviving 4 years initially. In contrast, no
one was excluded from the Tayside population cohort due to comorbidity, and all
ages were included. Consequently, this
algorithm can be applied to all patients
with type 2 diabetes who are typical of
patients seen in clinics throughout the
U.K.
A1C is an important clinical measurement of glycemic control, which is generally available and which previously has
been demonstrated an association of poor
control with adverse outcomes (19). In
addition, the interaction with time clearly
demonstrates increased risk associated
with poorer control, especially in the following 5 years, but it is clear in a population where A1C is being monitored that if
a patient with poor glycemic control survives 5 years, baseline A1C is not a good
predictor over the long term. However,
from a patient and clinical perspective,
DIABETES CARE, VOLUME 29, NUMBER 6, JUNE 2006
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one additional parameter, but the improvement in fit over the standard
Weibull model was not significant (likelihood ratio test, P ⫽ 0.054). The hazard
plots for A1C were approximately proportional in the first 5 years. Consequently, a final model with interactions of
a binary indicator for ⬍5 years of follow-up (yes/no) with log-transformed
A1C was added, which significantly improved the goodness of fit (Table 2). As an
example of the calculation of risk, consider a male current smoker, with 6 years’
duration of diabetes and diagnosis at the
age of 59 years, SBP 160 mmHg with no
treatment, total cholesterol 5.8 mmol/l,
A1C 8%, and height 1.7 m, giving a
5-year risk of a CHD event of 54% (95%
CI 42– 67).
The discriminatory power for the prediction algorithm on the Tayside data
were c ⫽ 0.71 (95% CI 0.63– 0.79).
When the Tayside algorithm was applied
to the Salford data, discrimination was
still good with c ⫽ 0.69 (0.58 – 0.78).
When the differences between the regression coefficients for the Tayside algorithm
and the regression coefficients when applied to the Salford data were tested, there
was only one factor that showed a difference. The difference for the log of duration of diabetes reached statistical
significance (P ⫽ 0.04), although if significance levels were adjusted for multiple
testing this would not be considered significant. When nine design variables for
the deciles of predicted risk based on the
Tayside algorithm were added to the
model when applied to the validation
dataset, the partial likelihood test gave
G ⫽ 7.94 (29 ⫽ 7.94, P ⫽ 0.540). The
actual CHD events in Salford and predicted over 5 years by decile of predicted
risk are presented in Fig. 1. These demonstrate a good fit to the validation dataset.
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