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Diabetes mellitus is a known independent risk 
factor for coronary artery disease (CAD) and other 
macrovascular complications, including stroke and 
peripheral vascular disease.  Cardiovascular disease 
is a major cause of morbidity and mortality in people 
with type 2 diabetes.  People with type 2 diabetes 
are disproportionately affected with cardiovascular 
disease compared with those without diabetes.1 
The Framingham study established that rates of 
myocardial infarction (MI), angina and sudden death 
were two times higher in people with diabetes than in 
those without diabetes.2  Furthermore, the prognosis 
in patients with diabetes and confirmed MI is worse 
than in non-diabetic patients with CAD.3  The 
mortality rate after MI has also shown to be doubled 
in diabetic patients with CAD.4  Diabetes is now 
classified as a CAD equivalent, which means that the 
risk of subsequent cardiac events in asymptomatic 
patients with diabetes is equivalent to that in a 
patient with known CAD but no history of diabetes.5

The association between diabetes and CAD has been 
suggested to be stronger in women than in men.6 
Diabetes removes the normal premenopausal gender-
related differences in the prevalence of CAD. For 
individuals aged between 50 and 59 years, diabetes 
is a greater CAD risk factor in women.  Women with 
diabetes are also more likely to die after MI than 
women without diabetes or men with or without 
diabetes.7 Diabetes may induce a more unfavourable 
cardiovascular risk profile among women.6

Morbidity and mortality of CAD 
in type 2 diabetes

The long-term survival rate after acute MI in people 
with type 2 diabetes is lower than in people with 
no diabetes and CAD.  The 5-year survival rate for 
diabetic patients after the first coronary event is 38%, 
dropping to 25% for those with subsequent events, 
as opposed to corresponding figures in non-diabetics 
of 75% and 50%, respectively.8 The relative risk for 
fatal CAD associated with diabetes is 50% higher 
in women than in men. This may be explained by a 
more adverse cardiovascular risk profile in women 
with diabetes and CAD, viz. more severe hypertension 

and a more unfavourable risk factor profile, combined 
with possible disparities in treatment, i.e. men with 
diabetes and CVD are more likely to receive aspirin, 
statins or antihypertensive drugs.6

Mechanisms for excess 
cardiovascular risk in diabetes

The excess risk for CAD in people with diabetes is due 
in part to an increased prevalence of established risk 
factors, namely hypertension, obesity, dyslipidaemia 
and a family history of premature cardiovascular 
disease.9  These ‘traditional' risk factors do not fully 
explain the excess risk for CAD associated with 
diabetes.  The excess vascular risk in people with 
diabetes may be explained by certain non-traditional 
risk factors, including insulin resistance, endothelial 
dysfunction, impaired fibrinolysis, inflammation, 
microalbuminuria and vascular wall abnormalities.9

Clinical presentation of CAD in 
diabetes

Type 2 diabetes usually presents with CAD in the 
5th or 6th decade of life, or later.  Diabetes may be 
diagnosed in a person at the time of presentation with 
angina, MI or heart failure. When compared with non-
diabetic subjects, people with diabetes tend to have 
more premature occurrence of CAD; they have more 
extensive disease at the time of diagnosis, and MI is 
usually more extensive and severe.10

Typical symptoms of cardiac disease, i.e. angina, 
are common in people with type 2 diabetes.11  
Atypical symptoms, which include dyspnoea, fatigue 
and gastrointestinal symptoms, are also common 
presentations.11

Silent myocardial ischaemia in 
people with diabetes

Myocardial ischaemia may be asymptomatic, 
i.e. people with type 2 diabetes may have silent 
ischaemia, and is frequently in the advanced 
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stage when it becomes clinically manifest.12 Silent 
myocardial ischaemia (SMI) has a reported prevalence 
ranging from 10% to 20% in diabetic populations 
versus 1 - 4% in non-diabetic populations.13 SMI has no 
single definition: it includes patients without clinical 
symptoms of ischaemia but with a resting ECG that 
indicates a previous infarction or angina pectoris; it 
includes patients with atypical clinical symptoms; and 
some authors restrict the diagnosis of SMI to patients 
without any symptoms and with positive functional 
testing or angiographically  documented CAD.13

Screening for CAD in diabetes
Because of the increased prevalence of clinical and 
asymptomatic CAD in people with diabetes, as well 
as the worse prognosis, early identification of CAD in 
these patients is of paramount importance.14,15

Evaluation of the diabetic patient with CAD involves 
both risk assessment and imaging techniques.15 The 
risk assessment involves clinical and biochemical 
evaluation of risk factors for CAD.16

Imaging techniques to visualise the coronary arteries 
can be invasive or non-invasive.  Direct visualisation 
of coronary arteries by angiography may be preferred 
to non-invasive imaging, because patients with 
diabetes frequently have diffuse multivessel CAD.10  
Currently, conventional angiography is performed to 
evaluate the presence and extent of CAD. However, 
this is an invasive approach, associated with a 
minimal but definite risk of complications,17 and non-
invasive imaging techniques capable of screening for 
CAD or capable of direct visualisation of the coronary 
arteries may be preferred.

Cardiodiagnostic non-invasive imaging techniques 
that are used for screening for CAD in people with 
diabetes include:

• Exercise tolerance testing (ETT)18,19

• Myocardial perfusion imaging (MPI)11,20,21

• Stress echocardiography22,23

• �Single photon emission computer tomography 
(SPECT)-MPI20

• Electron beam computed tomography (EBCT)24

• Magnetic resonance angiography (MRA)25

• Multislice computed tomography (MSCT).17,25

Extracardiac non-invasive imaging technique for 
screening for CAD in people with diabetes includes 
determination of the ankle-brachial blood pressure 
index (ABI)26 and carotid intima media  thickness.27-29

Given the elevated risk of cardiovascular events and 
the relatively high prevalence of SMI in diabetes, 
screening asymptomatic diabetic patients for CAD is 
an appealing concept. By enabling early treatment, 

screening for SMI could lower the death rate from 
CAD in diabetic subjects. However, many factors 
argue against implementing a broad-based screening 
programme. Foremost is the lack of any published data 
demonstrating that a prospectively applied screening 
programme improves outcome in asymptomatic 
diabetic patients.8 There is no consensus concerning 
screening methods and interpretation of findings, so 
the cost effectiveness of screening is poor.

It is uncertain which asymptomatic diabetic patients 
should be screened and evaluated for SMI – screening 
all patients is not practical. In February 1998, the 
American Diabetes Association (ADA) published 
a consensus statement on the diagnosis of CAD 
in people with diabetes. It was recommended that 
asymptomatic diabetic patients with ≥2 risk factors 
for CAD be screened for CAD. It was stated that those 
asymptomatic patients with ≤1 risk factor do not 
require cardiac testing.21

According to the American Diabetes Association 
(ADA) Consensus Development Conference for 
Diagnosis of CHD in diabetes,30 stress testing should 
be performed in individuals with diabetes who meet 
any of the following criteria:

• Typical or atypical cardiac symptoms

• Resting ECG suggestive of ischaemia or infarction

• Peripheral or  carotid  arterial occlusive disease

• �Sedentary, age >35 years planning vigorous exercise 
programme

• 2 or more risk factors in addition to diabetes:

• �total cholesterol >6.2 mmol/l, low-density 
lipoprotein cholesterol >4.14 mmol/l, or high-
density lipoprotein cholesterol <0.90 mmol/l

• blood pressure >140/90 mmHg

• smoking

• family history of premature CAD

• positive test for microalbuminuria.

There is lack of agreement about the type of stress 
test that is optimal in the evaluation of the underlying 
CAD.

In a cross-sectional study of 206 patients with type 
2 diabetes, using coronary angiography as the gold 
standard for detecting CAD, the prevalence of CAD 
was 29%.19 The accuracy of exercise ECG testing, 
which was used as the screening test, was 79%, with 
a 'false-negative rate' of 18%. In patients who are 
unable to perform an exercise ECG and in those with 
a high chance of being 'false negative', alternative 
screening tests should therefore be performed.

Stress radionuclide MPI is used widely to evaluate 
patients with known or suspected CAD.12 It detects 
decreased coronary flow reserve during exercise or 
pharmacological vasodilation.  With technetium-
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99m sestamibi imaging11 the ejection fraction can be 
assessed and a myocardial scar visualised.  Stress 
MPI allows quantification of perfusion abnormality, 
and patients can be stratified prognostically.11,20 The 
greater the myocardial perfusion abnormality, the 
greater the likelihood of future cardiac events.21  On 
the other hand, a normal stress MPI is associated with 
an excellent outcome and a cardiac event rate of <1% 
per year.

SPECT-MPI may have a similar prognostic value 
in patients with diabetes.31  Stress MPI with gated 
SPECT provides information on perfusion and 
function, including wall motion, ejection fraction 
and myocardial viability.  Stress MPI may become a 
valuable test for better stratifying the risk of CAD in 
patients with diabetes.

Giri et al.20 evaluated 4 755 patients (929 with 
diabetes) with symptoms of CAD, who had stress 
MPI with thallium-201 or technetium-99m sestamibi 
imaging. These patients were prospectively followed 
up for a mean of 2.5 years (± significant deviation 
(SD) 1.5 years) for subsequent occurrences of cardiac 
death, MI and revascularisation. Abnormal stress MPI 
was an independent predictor of cardiac death, MI 
and revascularisation in patients with and without 
diabetes. Diabetic people with ischaemic defects 
had an increased number of cardiac events, with the 
highest MI rates (17.1%) observed with three-vessel 
ischaemia.

A literature review of >12 000 patients with normal 
stress MPI using technetium-99m sestamibi imaging 
found an annual cardiac event rate (death, MI) of 
0.6%, compared with 7.4% in patients with abnormal 
studies.32 The study by Giri et al.20 confirms the low 
cardiac event rates associated with a normal stress 
MPI. Survival during the first 2 years of follow-up 
was identical in patients with a normal stress MPI 
result, irrespective of their diabetic status. However, 
cardiac event rates increased after 2 years in patients 
with diabetes but not in those without. This may be 
explained by the rapid progression of cardiac disease 
in patients with diabetes.33 It must therefore be noted 
that stress MPI might be less predictive over longer 
periods of time in patients with diabetes, because of 
the more rapid progression of disease in this group. 
The other limitation of stress MPI is that there may be 
inter-observer variability in the interpretation of MPI 
results, which may affect clinical outcome.20

A promising new imaging technique for the non-
invasive detection of CAD is MSCT. This technique 
has been reported to be useful in the detection 
of coronary artery stenosis, with sensitivities and 
specificities ranging from 72% to 95% and 75 - 99%, 
respectively.17 Combined assessment of left ventricular 
function and the coronary artery status with MSCT 
may allow optimal non-invasive evaluation of patients 
with diabetes and CAD.

Schuijf et al. performed MSCT in 30 patients with 
diabetes who were scheduled to undergo conventional 
angiogram.17 MSCT was shown to have a sensitivity 
and specificity of 95% in detecting coronary artery 
stenosis of >50%. MSCT may therefore allow 
identification of high-risk patients.

To date, the Detection of Ischaemia in Asymptomatic 
Diabetics (DIAD)31 study is the only study that is 
evaluating the value of non-invasive testing in truly 
asymptomatic patients with diabetes.  In this study, 
1 123 patients with type 2 diabetes, 50 - 75 years of 
age, with no known or suspected CAD, were randomly 
assigned to stress testing and 5-year clinical follow-
up, or to follow-up only. Of 522 patients randomised 
to stress testing with SPECT-MPI, 113 (22%) had 
silent ischaemia. The findings suggest that 1 in 5 
asymptomatic patients with type 2 diabetes aged 50 
- 75 years have SMI, and this may justify screening by 
non-invasive tests such as MPI. In 2007, all patients 
will have had at least 5 years of follow-up evaluation. 
This should allow for defining the relationship 
between abnormal perfusion imaging and cardiac 
events in asymptomatic patients with diabetes.

Conclusion
There is a clear need for evidence-based guidelines 
for the early detection of CAD in people with type 2 
diabetes. It is hoped that the DIAD study will define 
a population of patients with diabetes mellitus 
and a relatively high prevalence of CAD in whom 
MPI screening will be both efficacious and cost-
effective. To guide clinical practice, what is required 
is a prospective angiographic analysis of the type 
2 diabetes patient population in relation to clinical 
risk factors and additional clinical tests. A positive 
screening test suggests the need for angiography; 
although one could justify considering angiography 
in all those with type 2 diabetes and two additional 
risk factors, given that a quarter may have significant 
disease.
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