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Abstract

Coronary artery disease
is a major cause of morbidity
and mortality in patients with
diabetes mellitus and remains
one of the largest burdens on
health care resources. Prevalence
of asymptomatic CAD in this
population is high and poses a
diagnostic challenge due to lack
of overt clinical complaints.
At this time there is no clear
algorithm to screen for silent
myocardial ischemia in diabetics.
In this article we review various
diagnostic tools available for
assessment and propose a
step wise approach for risk
stratification in these patients.

Introduction

Currently, almost 11 percent
(>25 million) of the adults in the
United States have diabetes and 90-95
percent represents type II Diabetes
(DMII)." The epidemic of diabetes is
on an exponential rise as by the year
2030, 4.4 percent (366 million) of
the world is projected to have diabetes
from an estimated 2.8 percent (171
million) in 2000.” Coronary artery
disease (CAD) is a major cause of
morbidity and morta]ity and the
biggest contributor to direct and

indirect costs of diabetes.? Individuals

with DMII have increased risk, faster
progression and greater extent of
CAD compared to non-diabetics.*
Diabetes is considered a CAD risk
equivalent, as the risk of myocardial
infarction (MI) in a diabetic patient
without prior history of MI is
similar to the risk of re-infarction
in a non-diabetic individual with a
previous infarction.>® This confers
a greater than 20 percent risk per
10 years for major coronary events,
which is considered the highest risk
category 5. The age of transition to
high-risk category in DMII occurred
approximately 15 years earlier for
both men (at age 41) and women (at
age 38) compared to non-diabetics.’
Individuals with diabetes also have
higher incidence of multi-vessel CAD
(66 versus 46 percent) and a greater
number of diseased vessels compared
to non-diabetics.®

Cardiovascular death is the most
common cause of death in diabetes
and outcomes of coronary artery
disease are worst in diabetics. The
Multiple Risk Factor Intervention
Trial (MRFIT) showed that over 12
years, cardiovascular disease caused
9.7 percent of the deaths in diabetic
men Compared to 2.6 percent in
non-diabetic men and this difference
was independent of age, ethnic

group, cholesterol level, systolic
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These observations support the argument

blood pressure, and smoking history.” Post-myocardial
infarction, diabetes patients have twofold increase in 30-day
and five-year mortality.'”!" In addition to the increased
cardiovascular risk, one of the biggest concerns in diabetic

patients is the high prevalence of asymptomatic CAD.

Prevalence of Asymptomatic CAD in Diabetes
An important aspect of cardiovascular disease in
diabetes is the prevalence of asymptomatic CAD. Diabetics
have increased incidence of silent ischemia and myocardial
infarction that has been attributed to prolonged anginal
perception threshold due to autonomic neuropathy
involving sympathetic fibers innervating the heart. >
' Figure 1 illustrates the rates of asymptomatic CAD
detected in several studies summarized here. In the
Framingham Heart Study, diabetic men had almost twice
the rate of clinically unrecognized infarctions compared to
non-diabetic men (39 percent versus 18 percent).” In the
Detection of Silent Myocardial Ischemia in Asymptomatic
Diabetics (DIAD) study, 22% of the asymptomatic patients
with type IT diabetes had evidence of ischemia on stress
myocardial perfusion imaging."” Another study reported
58% of asymptomatic diabetics had an abnormal positive
stress single-photon emission computed tomography
(SPECT) scan.'® The Cedar-Sinai group reported in
429% abnormal SPECT scan with no differences between
patients with angina and asymptomatic disease.'” In
a retrospective observational study by Scognamiglio
et al., 60% of asymptomatic diabetic patients had an
abnormal myocardial contrast echocardiography (MCE)
and follow up coronary angiography was abnormal in

65 percent of the patients with an abnormal MCE."
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for screening for asymptomatic CAD in
diabetic patients. In the remainder of
this paper we will review the current data and guidelines on

screening for CAD in diabetic patients.

Studies on Screening
for Asymptomatic CAD in Diabetics

The DIAD study was a prospective, randomized,
multicenter trial investigating the screening of CAD in
asymptomatic diabetics."” In this study, 229 had myocardial
perfusion defects with 6% of cohorts comprising moderate
or large perfusion defects. This study also showed that the
conventional risk factor screening approach recommended
by the ADA did not predict an abnormal MPI.

The second part of the DIAD study showed that
myocardial ischemia may reverse over time. In 56 (79%)
of the 71 individuals (out of 358) with initial MPI
abnormalities had resolution of ischemia at three-year
follow-up and 10% of the individuals with normal initial
MPI had abnormal MPL." These changes were attributed
to intensive risk factor reduction with increased use of
ACE inhibitors, statins and aspirin in the group that
demonstrated resolution of ischemia.

The third part of the study looked at effect of
screening on cardiac event rates.”’ The overall cardiac event
rate was 2.9 % at five years and did not differ significantly
between the screened versus non-screened groups. The
presence of perfusion defects predicted outcomes as
individuals with moderate or large defects had 2.4% per
year adverse event rate compared to 0.4% per year in the
normal to mildly abnormal MPI. Even though there was no
difference in clinical outcomes in the screened versus non-
screened individuals, it is important to realize that this was
a low risk group of patients.

Another prospective study used coronary artery
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Figure 2: ACCF/AHA Applying Classification of Recommendations and Level of Evidence 22
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calcium (CAC) score and SPECT MPI to determine

the rate of silent ischemia in DMIL?' It concluded that
coronary calcium score was a better predictor of silent
ischemia and short-term cardiovascular events than
established cardiovascular risk factors. In addition, CAC
and MPI can be used synergistically to predict adverse
cardiovascular events but the effect on clinical outcome of
patients is unknown.

These two studies do not make a strong argument
for screening asymptomatic diabetics for CAD due to
failure to show improved outcomes from screening for
silent ischemia. However, it is important to note that
the patients in the DIAD study were at a low risk for
cardiovascular events and the sample size was relatively

small.

Various Screening Modalities

As noted earlier, individuals with diabetes are at
increased risk of asymptomatic CAD and CAD is the
leading cause of morbidity and mortality. With the
incidence of diabetes rising at an epidemic proportions,
it is important to risk stratify individuals to better manage
cardiovascular outcomes. In the following sections we

review the various modalities available to screen for CAD.

Exercise Electrocardiography

Exercise Electrocardiography (ECG) stress test offers
good prognostic value. Poor prognosticators include
poor exercise ability (<5 METS), exercise induce angina,
low peak BB, fall in BP during exercise, chronotropic
incompetence and ventricular arrhythmias.?* Patients might

not be able to satisfactorily perform a standard treadmill
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test due to reduced exercise capacity or presence of
peripheral artery disease. ECG abnormalities might occur
late in the ischemic cascade leading to lower accuracy of
exercise ECG. ECG stress testing has 50% sensitivity and
80% specificity and it may be considered for CV risk

assessment in intermediate-risk asymptomatic adults.?

Myocardial Contrast Echocardiography

Several studies have shown prevalence of ischemia
using myocardial contrast echocardiography (MCE) in
diabetic individuals.'>** Sixty percent of asymptomatic
diabetic patients had abnormal MCE that was irrespective
of the number of risk factors and 65 % of them had CAD
on angiography."® This study showed that significant CAD
existed in asymptomatic diabetics that were independent
of the risk factor profile. Patients with two or more risk
factors had higher rate of three-vessel disease, diffuse
disease and vessel occlusion indicating more severe
disease.'® MCE has an overall sensitivity and specificity
of 89% and 52% respectively for detection of CAD in
diabetic patients. **

Coronary Artery Calcium Score

Coronary Artery Calcium (CAC) score can be
measured via Electron-Beam Computed Tomography
(EBCT) and Multi-Slice Computed Tomography (MSCT)
as noninvasive quantification of coronary atherosclerosis
burden to identify asymptomatic patients at high risk for
CAD. Several studies have shown that CAC measurement
can be used a predictor of cardiovascular events in
asymptomatic diabetic patients and can extend beyond
conventional risk factors.?! 2% 2% 27 In 10,377 individuals
(903 diabetic patients), Raggi et al., concluded that
diabetics had a higher CAC and mortality (3.5% versus
2.0%) compared to non-diabetics over a five year follow-
up.25 Mortality increased in proportion to screening CAC
in asymptomatic diabetic patients. Interestingly, with a
CAC of zero, the survival rates for diabetics and non-
diabetics were similar.

In a study by Anand et al., one-third of the patients
had a coronary calcium score of >400 and 28 percent
of those had inducible ischemia.?' The Diabetes Heart
Study showed that CAC was an independent predictor
of mortality with the risk of mortality increasing with
increased level of CAC.%

CAC score can be used as an initial screening test in
high-risk individuals at risk for inducible ischemia, but is
less predictive in patients with renal insufficiency and the

elderly even though they have high prevalence of coronary
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calcification, limiting the diagnostic value.”® To optimize
screening of asymptomatic diabetic patients, those with
CAC score >400 should be further evaluated using
other imaging modality to assess myocardial perfusion
or wall motion abnormalities.** According to the ACCF/
AHA guidelines for assessment of cardiovascular risk in
asymptomatic adults, CAC score measurement can be
used for cardiovascular risk assessment in asymptomatic
diabetics >40 years of age (class Ila, level of evidence B.
Check Figure 2 for details on the classification).”’

Myocardial Perfusion Imaging

Myocardial Perfusion Imaging (MPT) defects as
a marker for CAD can be analyzed via single-photon
emission computed tomography (SPECT) and Positron
Emission Tomography (PET) scan. Stress SPECT has
been shown to be useful in detection of asymptomatic
CAD in DMII patients. Studies have reported®****
and 58 percent abnormal SPECT rates in asymptomatic
diabetics.'®** 1% 7 In addition, several studies have
confirmed that stress SPECT provides incremental
prognostic value to achieve adequate risk stratification
in diabetics.’*"** SPECT has similar sensitivity and
specificity in diabetic and non-diabetic individuals. Kang
et al., reported a sensitivity and specificity of 86 and 56
percent in 138 diabetic patients, which is similar in non-
diabetics.*

More recently, the J-ACCESS 2 investigation evaluated
the prognostic value of gated myocardial perfusion
imaging on asymptomatic Japanese DMII patients.34 The
study showed that patients with summed stress scores
greater or equal to 9 had 1.9-fold increase in rates of
cardiovascular events or death, hence abnormal MPI may
have high prognostic value to predict increased risk of CV
disease in asymptomatic diabetic patients.

One prospective randomized trial (DIAD study) has
concluded that initial screening with stress MPI did not
affect the five-year outcomes in screened versus non-
screened asymptomatic diabetic patients as mentioned
earlier. %°

Although stress SPECT scan has been shown to have
prognostic value it does have some drawbacks. One of
the concerns is that the extent and severity of perfusion
abnormalities exceeds that predicted by coronary
angiography in diabetic patients. For example, in the study
by Rajagopalan et al., 40% of the patients with high-risk
MPI had mild angiographic CAD.'® Normal stress SPECT
is associated with higher risk in diabetic compared to non-
diabetics.'”*"** SPECT and PET scans expose patients to
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Table 1: ADA Guidelines for diagnosis of CAD in Diabetic Patients

Typical or atypical cardiac symptoms

Resting EKG suggestive of ischemia or infarction
Peripheral or carotid occlusive arterial disease
Sedentary lifestyle, age >35 years, and plans to begin a vigorous exercise program
Two or more of the risk factors listed below (a—e) in addition to diabetes
a) Total cholesterol >240 mg/dl, LDL >160 mg/dl, or HDL <35 mg/dlI
b) Blood pressure >140/90 mmHg

c) Smoking

d) Family history of premature CAD
e) Positive micro/macroalbuminuria test

ionizing radiation and should only be used in those whom
the benefits outweigh the risks. One way to enhance the
yield of stress SPECT in asymptomatic DMII patients is to
combine it with CAC score. As mentioned earlier, Anand,
used coronary artery calcium (CAC) score and SPECT
MPI to determine the rate of silent ischemia in DMII.
Myocardial ischemia was detected on SPECT MPI in 48
and 71.4 percent of diabetic patients with CAC >400
and >1000 respectively.*' They concluded that CAC

and MPI can be used synergistically to predict adverse
cardiovascular events but the effect on clinical outcome
of patients is unknown. It is also important to consider
that diabetics have a faster progression of atherosclerosis
as cardiac events can occur two years after a normal

stress MPL.** According to the ACCF/AHA guidelines for
assessment of cardiovascular risk in asymptomatic adults,
stress MPI may be considered for CV risk assessment in
asymptomatic diabetics and those with CAC >400 (Level

of evidence: C).”

Coronary Computed Tomography Angiography
Coronary Computed Tomography Angiography
(CCTA) provides a morphologic examination of the
coronary arteries. CCTA has sensitivity and specificity
of 85-95% and a negative predictive value of >98%.%**
A study of 140 asymptomatic diabetic patients who
underwent CCTA concluded that the prevalence of CAD
is higher in DMII patients compared to nondiabetics
resulting in three-fold higher rate of cardiac events (1.8%

versus 0.5 percent per year) and that CCTA can provide

predictive value in addition to traditional risk factors

in diabetics.*® Choi, et al. concluded that a significant
number of diabetics with normal ECG, SPECT and

no peripheral artery disease had evidence of occult
CAD on CCTA.* The drawbacks of CCTA include the
risk of contrast nephropathy, radiation exposure, lack
of information concerning ischemia and sub-optimal
view of vessel distal bed. CCTA is not recommended to
assess need for revascularization as MPI provides better
functional assessment compared to CCTA. Current ACCF/
AHA guidelines do not recommend CCTA for CV risk
assessment in asymptomatic adults (Class III, Level of

evidence: C).”?

Magnetic Resonance Imaging

Magnetic Resonance Imaging (MRI) can be
used as a non-invasive coronary angiogram and can also
provide functional (myocardial perfusion) and anatomical
(ventricular function, wall motion) information without
radiation exposure. MRI is less accurate than CT for
diagnosing coronary stenosis especially in vessel distal
bed analysis. In a prospective trial of 752 patients
cardiovascular magnetic resonance imaging (CMR) was
superior to SPECT in detection of clinically significant
CAD with higher sensitivity (86.5 versus 66.5 percent),
specificity (83.4 versus 82.6 percent) and positive (77.2
versus 71.4 percent) and negative predictive values
(90.5 versus 79.1 percent).** MRI has the potential
to provide information on atherosclerosis plaque

vulnerability to identify individuals at high risk for acute
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coronary syndrome.”” Coupling of non-invasive imaging
of coronary arteries with pharmacological stress test to
assess the intensity and location of ischemia could make
MRI the gold standard for CAD detection. Although the
above study showed positive results for the use of MRI,
further studies are needed in asymptomatic individuals,
especially diabetics. Current ACCF/AHA guidelines

do not recommend use of MRI for risk assessment in

asymptomatic adults (Class III, Level of evidence: C).*’

Should We Screen Asymptomatic Patients?
Studies have shown the prevalence of asymptomatic
CAD to be 20-60% in diabetics providing a rationale
for screening this population. Before screening can
be recommended, certain criteria should be met: the
prevalence of CAD in the population should be high,
screening test should accurately differentiate between low
and high risk patient, identification of individuals with
disease should lead to treatment with better outcomes and
the screening strategy must be cost-effective.”’ There is
lack of evidence of improved outcomes in asymptomatic
diabetic patients to supports screening for silent ischemia

at this time.

Current Recommendations & Guidelines
on CAD Screening

The 1998 ADA guidelines for diagnosis of coronary
artery disease in patients with diabetes are shown in
Table 1.*" Since the 1998 guidelines, several studies have
shown that the risk stratification according to the number
of risk factors has not been shown to be effective in
asymptomatic diabetics.">''* A recent post hoc analysis of
the high-risk participants in DIAD study found that annual
cardiac event rate was not altered by routine screening for
silent ischemia. ** With the currently available evidence,
one must question the cost effectiveness of indiscriminant
screening. It is unclear what the implications are beyond
risk stratification. The American Diabetes Association
does not recommend routine screening for CAD in
diabetic patients, as it does not improve outcomes as long
as the cardiovascular disease risk factors are treated. *In
our opinion a stepwise screening with CAC score followed
by SPECT, if necessary, is reasonable and may allow for
optimal risk stratification of asymptomatic diabetics based

on currently available data.
Medical Interventions

Since diabetes is already established as a CAD risk

equivalent, screening for CAD will not alter medical
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treatment as it already warrants optimal medical therapy.
The ADA guidelines recommend cardiovascular risk
assessment annually and treatment of these abnormal risk
factors (risk factors include dyslipidemia, hypertension,
smoking, coronary disease and presence of micro-

or macro-albuminuria).’ Patients with known CAD
should be treated with Angiotensin Converting Enzyme
(ACE) inhibitor, aspirin and statin to decrease risk of
cardiovascular events.

The Clinical Outcomes Utilizing Revascularization
and Aggressive Drug Evaluation (COURAGE) trial did
not show a reduction in the risk of death, myocardial
infarction, or other major cardiovascular events with
PCI in addition to optimal medical therapy."’ Diabetics
comprised 33 percent of the patients in this study but
they had stable coronary artery disease.

The Bypass Angioplasty Revascularization
Investigation 2 Diabetes (BARI 2D) study showed
that compared to intensive medical therapy alone,
prompt coronary revascularization in addition to
intensive medical therapy did not reduce all-cause
mortality or the composite of death, myocardial
infarction or stroke.* COURAGE and BARI 2D trials
shown that optimal medical therapy is comparable to
revascularization in diabetic patients diagnosed with

stable CAD.

Conclusion

Coronary artery disease is a major cause of
morbidity and mortality in patients with diabetes
mellitus. The rate of asymptomatic CAD in this patient
population is high. There is a lack of evidence to
support screening for silent myocardial ischemia in
diabetics and the ADA guidelines do not recommend
screening for asymptomatic CAD. After reviewing the
data, we feel that stepwise screening with CAC score
followed by SPECT MPI if necessary is a reasonable
option for risk stratification in diabetic patients.
Future prospective trials are needed to provide better

guidelines on this issue.
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