
ORIGINAL PAPER

Coronary artery disease screening in patients with diabetes

Vincent Savarese Æ Intekhab Ahmed Æ
Barry J. Goldstein

Received: 3 March 2008 / Accepted: 27 June 2008 / Published online: 26 November 2008

� Humana Press Inc. 2008

Abstract Coronary artery disease (CAD) is the most

common cause of death in patients with diabetes. Many

diabetics have asymptomatic CAD, and may benefit from

early diagnosis. We review the recent literature to evaluate

whether the current evidence supports screening for CAD

in asymptomatic diabetics. Currently, no single screening

modality has shown sufficient accuracy to determine which

patients will have significant CAD. The combination of

imaging modalities may show promise in improving the

accuracy of screening, and limited data suggest that

screening in this population may be associated with

improved outcomes. However, based on the current evi-

dence we presently do not recommend screening for CAD

in this population.
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Introduction

Despite advances in prevention and treatment of cardio-

vascular events in diabetics in recent years, cardiovascular

disease remains the most common cause of death among

patients with diabetes mellitus. With treatments for pri-

mary and secondary prevention of CV events available

such as aspirin, statins, and ACE inhibitors, and interven-

tions for acute coronary syndromes (PCI, CABG),

clinicians have numerous tools at their disposal for pre-

vention and treatment of these devastating complications.

Diabetes is clearly a very common disease: a recent epi-

demiologic study estimated lifetime prevalence rates of

approximately 33% for men and 39% for women [1].

Additionally, diabetics have a very high risk for cardio-

vascular complications: it is estimated that up to 80% of

diabetics will develop macrovascular disease, and that

diabetic patients have a risk of myocardial infarction and

stroke two times higher than that of the general population

[2]. Furthermore, many patients with diabetes have

unrecognized coronary artery disease (CAD), which may

progress to what is called silent myocardial ischemia

(SMI). Since diabetics are more likely to have autonomic

nervous system dysfunction, they may not experience

typical anginal pain symptoms that are common indicators

of obstructive CAD in non-diabetics. SMI has been

reported to be more than twice as common in diabetics than

in non-diabetics [3]. SMI is fairly common among dia-

betics: recent studies estimate that 18–60% of diabetics

without typical symptoms of myocardial ischemia have

evidence of CAD on perfusion imaging [4–7]. Therefore,

because of the large number of asymptomatic patients who

are at risk for cardiovascular complications, a great many

patients may stand to benefit from early diagnosis of CAD.

Previous ADA guidelines recommended screening

asymptomatic diabetic patients with known risk factors for

CAD [8]. However, because of shortcomings in noninva-

sive screening that may lead to false positive results,

further invasive testing and potential complications, and

the lack of data to show that screening asymptomatic dia-

betics for CAD improves patient outcomes, widespread

screening of asymptomatic diabetics for CAD is currently

not recommended by the ADA [9]. Newer noninvasive

screening modalities (coronary artery calcium scanning,
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ultrasound for carotid intima media thickness) may add to

our current ability to evaluate coronary anatomy and the

extent of atherosclerosis. While it is not clear that inter-

vention in asymptomatic diabetics improves cardiovascular

outcomes, a few investigators recently have suggested that

intervention may indeed be of benefit in asymptomatic

diabetic patients who are found to have significant CAD

[10, 11]. These findings raise several questions. Is there a

role for screening for CAD in asymptomatic diabetics? Is

there a group of patients who are more likely to benefit

from intervention? In reviewing the recent literature on this

subject, we will attempt to address these questions.

Prevalence of silent myocardial ischemia

Recent studies have reported a wide range of estimated

prevalence for SMI. In the Detection of Silent Myocardial

Ischemia in Asymptomatic Diabetic Subjects (DIAD)

study, a large prospective study of 1,123 asymptomatic

diabetics, 22% had evidence of SMI on adenosine stress

myocardial perfusion imaging [4]. Similarly, Rajagopalan

et al. [5] found 18% of 1,427 asymptomatic diabetic

patients had high-risk findings on SPECT imaging,

although a much higher percentage (58%) had an abnormal

SPECT. Other studies have arrived at higher estimates:

Zellweger et al. found 39% of patients had perfusion

abnormalities on SPECT imaging [5], and Sconamiglio

et al. found 60% of asymptomatic patients had evidence of

perfusion defects on dypiridamole echocardiography [7].

Given the high lifetime prevalence of diabetes in the

population noted above (33% for men, 39% for women

[1]), the potential magnitude of this problem and therefore

the need for ways of identifying patients who would benefit

from screening is great.

Prevalence of angiographic CAD in SMI

Of asymptomatic diabetic patients with perfusion abnor-

malities on noninvasive imaging, how many will have

angiographically proven significant coronary artery dis-

ease? Two of the above-mentioned studies addressed this

question. Rajagopalan et al. [5] reported 61% of 127

asymptomatic diabetics with a high-risk SPECT had severe

angiographic coronary disease. Sconamiglio et al. reported

60% of 1,899 asymptomatic patients with diabetes had

perfusion defects on dipyridamole stress echocardiography,

and of these, 65% had evidence of C50% stenosis on

angiography. Taken together, 39% of their initial sample of

asymptomatic subjects had angiographic evidence of sig-

nificant CAD [7].

Can we identify patients likely to benefit

from screening?

Traditional risk factors

A recent review by Cosson et al. points out that several

traditional risk factors for CAD have been found in studies

to be predictive of SMI: male gender, age, hypertension,

dyslipidemia, smoking, and albuminuria. The authors fur-

ther point out that no single risk factor seems to have

sufficient predictive value, and that the total number of risk

factors may be of use in this capacity [3]. Sconamiglio

et al. evaluated whether the number of risk factors predicts

rates of SMI. The investigators stratified 1,899 asymp-

tomatic diabetics into two groups: those with one or fewer

risk factors, and those with two or more. Risk factors used

were dyslipidemia, hypertension, smoking, family history

of premature CAD, and albuminuria. Rates of abnormal

stress imaging (59.4% of for those with C2 RF vs. 60% for

those with B1 RF) as well as rates of significant angio-

graphically proven CAD on angiography (64.6% vs.

65.5%) were almost identical. Interestingly, while the

number of risk factors did not predict incidence of SMI, the

authors did observe that patients with two or more risk

factors were more likely to have unfavorable anatomy

(three-vessel disease, diffuse disease, vessel occlusion) [7].

These findings suggest that while traditional risk factors

help in identifying which diabetic patients are more likely

to develop cardiovascular complications, they do not

clearly predict which patients will have subclinical or SMI,

and thus may not be of great value in stratifying diabetic

patients to be screened for SMI. Furthermore, the finding

that more risk factors may predict unfavorable anatomy

argues for the importance of identifying CAD in a sub-

clinical stage.

Perfusion imaging

The most common method of evaluating patients for the

presence of ischemic heart disease is perfusion imaging.

Perfusion imaging has been shown to predict cardiac

events in diabetics [12], and has been shown to have

comparable sensitivity and specificity in diabetics and

nondiabetics alike who undergo stress testing for suspicion

of CAD. In a retrospective study by Kang et al. [13],

among diabetic patients who had SPECT imaging and later

underwent coronary angiography, sensitivity and specific-

ity rates for SPECT were 86 and 56%, respectively, using

an angiographic criterion of [50% stenosis, and 90 and

50%, respectively, using 70% as the cutoff. These results

were similar to results with nondiabetic patients. However,

this was a study of patients undergoing stress testing for

suspicion of CAD, and thus may not be representative of a
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screening population. In fact, perfusion imaging may be

less useful in screening asymptomatic diabetics: in a

review by Rutter and Nesto, the authors report poor sen-

sitivity and negative predictive value of noninvasive testing

that may lead to many false negative results [14]. Raggi

et al. point out that event rates remain high even in patients

with low-risk noninvasive imaging [15]. Given the limi-

tations of noninvasive perfusion imaging noted earlier,

some investigators have examined alternative screening

modalities in the hope of finding additional ways to help

identify patients at high risk for CAD. The two most

studied imaging modalities are coronary artery calcium

(CAC) scanning by cardiac computed tomography and

assessment of carotid intima-media thickness (CIMT) by

ultrasound.

Coronary artery calcium

Cardiac CT has been used increasingly in recent years as

another way to noninvasively assess coronary atheroscle-

rosis. As opposed to perfusion imaging which shows

coronary vessel stenosis, CAC scanning is largely used to

detect atherosclerotic plaque, not necessarily stenosis.

CAC scoring may be useful in identifying diabetic patients

with subclinical or SMI by identifying patients with large

atherosclerotic burden who might be at increased risk for

cardiac events but who may not have hemodynamically

critical stenoses, and hence may not be identified by non-

invasive stress imaging. CAC is thought to be an accurate

marker of atherosclerotic burden and, in fact, several

studies have shown an association between CAC scores

and cardiac events [16–18].

Several investigators have examined the association

between CAC and stress perfusion imaging. Ramakrishna

et al. studied CAC and perfusion imaging in 835 patients in

a retrospective study of patients who had undergone EBCT

and SPECT within 3 months; 14% of their sample had

diabetes. The authors report increasing proportion of high-

risk perfusion imaging among patients with higher CAC

scores: 18% of patients with severe CAC had high-risk

SPECT compared to 4% of patients with normal CAC.

They also report a weak but significant correlation between

CAC and SPECT, and that each was independently pre-

dictive of mortality and combined death, MI, and late

revascularization. Furthermore, they report a higher mor-

tality rate in patients with the combination of high-risk

SPECT and severe CAC ([400 AU). It should be noted,

however, that this was not a screening population, and as

such may not be truly representative of asymptomatic

diabetic patients [19]. In a sample more representative of a

screening population, Anand et al. evaluated CAC and

SPECT perfusion imaging in 510 asymptomatic diabetics

without known CAD. They performed perfusion

scintigraphy in 127 patients who had CAC scores[100 AU

(at least moderate atherosclerosis), as well as 53 patients

with CAC \100 AU (at most mild atherosclerosis). The

authors report increasing rates of perfusion abnormalities

in patients with higher CAC scores: 18.4% in patients with

mild CAC (10–100 AU), 22.9% for moderate CAC (101–

400 AU), 48.3% for severe CAC (401–1000 AU), and

71.4% for extensive CAC ([1000 AU). They noted mod-

erate-to-large perfusion defects in 31.5% of patients with

CAC [100 AU, compared to 18.4% with CAC \100 AU

[18]. These studies illustrate the point that coronary cal-

cium scoring and stress imaging may give complementary

information regarding risk stratification for SMI. However,

we are unaware of any studies to date demonstrating an

association between CAC, perfusion imaging abnormali-

ties, and angiographic CAD in asymptomatic diabetic

patients. Further studies are required to establish the sen-

sitivity and specificity of utilizing a combination of CAC

scanning and noninvasive stress imaging as an effective

screening tool, but the combination of testing modalities

may show promise.

Carotid intima-media thickness

The assessment of CIMT by ultrasound is an attractive

method of noninvasively evaluating for the presence of

atherosclerosis. Benefits of this method of screening are the

relatively low cost of ultrasound and the noninvasive nat-

ure of the procedure and subsequently little risk of adverse

events. Numerous studies have shown a relationship

between CIMT and CV events [15]. In a review of recent

literature on CIMT and coronary atherosclerosis, Bots et al.

point out that clinical studies have shown only a modest

relationship between CIMT and CAD, indicating variabil-

ity between the two vascular beds [20]. No studies to our

knowledge have examined a relationship between CIMT

and SMI.

Is there any relationship between screening

and outcomes?

As discussed earlier, SMI is prevalent among diabetics, and

there is debate over the best way to identify the patients

who would be most likely to benefit from early interven-

tion. But is there evidence that intervention is beneficial to

diabetic patients with documented silent myocardial

ischemia? Until recently there has been little research to

suggest that revascularization provided benefit to asymp-

tomatic patients with diabetes. Because of their high risk of

developing cardiovascular complications, diabetes is con-

sidered to be a CVD risk equivalent by the NHLBI Adult

Treatment Panel III (ATP III) [21]. Based on evidence
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from recent clinical trials [22–26], the ADA and AHA

recommend aggressive treatment of hypertension, dyslipi-

demia, and hypercoagulability in diabetic patients,

including those with and without established CVD [2].

Therefore, the knowledge that a patient has subclinical

CAD may not change management in terms of medical

therapy. It could be argued that knowing the CAD status of

a diabetic patient may prompt more aggressive risk factor

modification, but whether this is true has not been studied.

Percutaneous coronary intervention (PCI) and coronary

artery bypass grafting (CABG) are commonly used meth-

ods of revascularization in patients with CAD, and have

been shown to improve outcomes in patients with acute

coronary syndromes. However, until recently there has

been little to suggest a benefit in patients with subclinical

CAD in diabetics. Recent research has yielded mixed

results regarding outcomes related to revascularization in

asymptomatic diabetics. A recent large randomized trial

comparing optimal medical therapy alone to optimal

medical therapy plus PCI showed no benefit to PCI over a

median follow-up of 4.6 years; 33% of the sample was

diabetic [27]. Another recent study suggests that SMI in

diabetics may be partly reversible. The DIAD study

investigators performed repeat adenosine-stress myocardial

perfusion imaging 3 years after initial perfusion imaging in

358 of the initial 522 participants (164 subjects did not

have repeat imaging). They report that among 71 patients

who initially had evidence of inducible ischemia, 79%

showed resolution on retesting 3 years later [28]. On the

other hand, however, two recent studies suggest that

intervention in diabetics with SMI may indeed have a

benefit in terms of cardiovascular events. In a retrospective,

non-randomized study by Sorajja et al., investigators

examined the benefit of PCI and CABG compared with

medical therapy among 826 asymptomatic diabetics with

abnormal SPECT imaging. The authors report a significant

survival benefit from revascularization among patients with

high-risk SPECT. The benefit appeared to be restricted to

patients who underwent CABG: among the groups who

underwent CABG, PCI, or medical therapy alone, the 5-

year survival rates were 85, 72, and 67%, respectively [10].

In a small prospective, randomized study, Faglia et al.

assigned 141 asymptomatic diabetics to either screening

with exercise EKG test and dipyridamole stress echocar-

diography, or no screening. Patients with abnormality on

either screening test underwent coronary angiography. Of

14 patients who underwent angiography, 4 underwent

CABG and 4 underwent PCI. The patients were then fol-

lowed for average 54 months and event rates were

compared. Cardiovascular events were significantly fewer

in the screening arm than in the nonscreening arm, with

incidence rates of 1.4% per year in the screening group

versus 5.6% in the control group [11]. These findings

represent a relatively small pool of data suggesting a

benefit from screening and/or intervention, and clearly

further studies are needed to confirm these findings.

Conclusion

In conclusion, deciding whether to screen for CAD in

diabetics without symptoms or a known history of CAD is

quite challenging. Traditional risk factors (dyslipidemia,

hypertension, smoking, albuminuria, age, gender), though

predictive of future CV events, may not reliably identify

patients likely to have SMI. Noninvasive imaging meth-

odologies individually seem to lack diagnostic accuracy.

And intensive medical therapy in most patients with dia-

betes in recent years has made the benefit of

revascularization unclear. For these reasons screening for

CAD in asymptomatic diabetics is not generally recom-

mended. The benefit of combined noninvasive imaging

modalities may be a promising future direction to help

identify patients who may benefit from screening, but

further studies are needed to illustrate their diagnostic

accuracy. Finally, further studies are needed to establish

whether or not revascularization is of benefit in diabetics

with SMI.
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