In Brief
Coronary artery disease (CAD) is the leading cause of morbidity and mortality in patients with diabetes. Consequently, proper screening and diagnosis of
CAD is crucial for the prevention and early treatment of coronary events. This
review explains the variety of diagnostic exams available for the identification of CAD in patients with diabetes and will assist health care providers in
determining the appropriate diagnostic tool for each patient.
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Diabetes is a metabolic disease that
requires diligent management by
patients and health care providers.
Patients often present with serious
comorbidities and risk factors that
appear to occur in clusters. One of the
most important goals in clinical practice is aggressive management of these
risk factors to prevent complications
that lead to disability and decreased
survival.
The leading cause of mortality in
patients with diabetes is cardiovascular disease (CVD). When it does occur,
CVD in diabetic patients is more
severe, more complex, and results
in higher complication rates than in
patients without diabetes.1 Coronary
artery disease (CAD) increases with
advancing age but often occurs at a
younger age in patients with diabetes.
Occult CAD among asymptomatic
patients with diabetes is common,
ranging from 20 to > 50%. 2,3 The
occurrence of silent myocardial ischemia, especially in the setting of
autonomic neuropathy, may delay or
mask the diagnosis of CAD, particularly at its early stages. High mortality
rates are often associated with silent
or asymptomatic myocardial infarction (MI).
Diabetes is considered a CAD risk
equivalent according to the Adult
Treatment Panel of the National
Cholesterol Education Program guidelines; this means patients with diabetes
have a risk for coronary events similar to that of patients without diabetes
who have already had an event.4 The
risk is identified as low, intermediate,
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or high based on annual event rates for
CVD death or MI.
This essentially places patients with
diabetes at high risk for cardiovascular
events, with an overall risk > 20% in
10 years. In acute coronary syndrome
(ACS), diabetes confers a significant
adverse prognosis, with mortality at 30
days and at 1 year significantly higher
than in patients without diabetes.5 This
high risk was once again supported
in a recent study from Denmark that
confirmed that patients with diabetes
are twice as likely to die from an MI
as patients without diabetes.6 Once a
patient with diabetes has had an MI,
the mortality risk is two to four times
higher than in an individual without
diabetes.7
Cardiovascular events are the leading cause of death and disability in
women, with mortality nearly three
times higher in diabetic women than
in diabetic men. The onset of CAD in
women is delayed by 10–15 years compared to men, yet more women than
men die from CAD. Some of the factors involved in determining risk may
include sex hormones, chronic inflammation, plaque burden, impaired flow
reserve, and endothelial dysfunction.8,9
Up to 65% of women, especially
younger women, may have a different presentation or atypical symptoms
that may include fatigue, dyspnea, or
sleep disturbance. Additional factors
that affect risk assessment in women
include the complex and multifactorial
nature of the disease process, the small

Why Screen?
Screening for CAD may help to identify patients at highest risk within a
population that has a high prevalence
and risk of CAD. Some would argue
that screening is not helpful or indicated because all patients with diabetes
are already presumed to be at high risk
and need to be treated aggressively.
The American Diabetes Association
(ADA) guidelines were developed to
help identify patients at highest risk,
but studies have shown that using
the ADA guidelines yields poor identification of patients at risk for silent
myocardial ischemia.3,11
In general, assessment of traditional
risk factors alone fails to detect a significant percentage of patients with
ischemia, especially silent ischemia.
Screening certain patients would not
only help to make the diagnosis but
would also help to identify prognosis. The goal of screening would be
to identify the presence and extent of
myocardial ischemia in patients who
may benefit from both medical therapy
and revascularization, although this
remains unproven. Confirming the
diagnosis of CAD from a screening
study may in fact alter medical therapy,
such as by adding β-blocker therapy to
the medical regimen. Treatment goals
may also change; an example of this
would be LDL cholesterol lowering,

which has a lower goal of < 70 mg/dl
in those at highest risk.12
Who to Screen?
Screening asymptomatic patients with
diabetes is considered controversial,
in part because there are no data to
support improved outcomes with
screening. In addition, screening every
patient with diabetes is probably not
cost-effective. There are some patients
who could be categorized as higher
risk, such as those with the triad of
smoking, hypertension, and diabetes.
The risk continues to increase if you
add high LDL and low HDL cholesterol to these three factors. Obesity
also increases risk, especially abdominal obesity, which is associated with
insulin resistance and higher levels of
C-reactive protein. Other risk factors
include chronic kidney disease (CKD),
as well as family history.
The major risk factors identified by
the Framingham Risk Score include
sex, total cholesterol, HDL cholesterol,
systolic blood pressure (or treatment
thereof), cigarette smoking, and age.13
The ADA consensus statement on
CAD14 recommends screening in the
following cases:
• typical or atypical chest pain
• abnormal electrocardiog ram
(ECG) suggestive of ischemia or
infarction
• peripheral or carotid arterial occlusive disease
• > 35 years with sedentary lifestyle
in a patient who plans a vigorous
exercise program
• Two or more risk factors in addition
to diabetes, such as dyslipidemia,
hypertension, tobacco use, family history for premature CAD, or
micro- or macroalbuminuria
However, studies have demonstrated that the burden of traditional
risk factors does not predict inducible ischemia on testing. 3 We need
to change our thinking from culprit
lesion to culprit patient, especially in
women.9 But how do we identify the
culprit patient?
The recommendation in women is
to assess overall risk for CVD. Women
can be considered to be at optimal
risk, at risk, or at high risk. Optimal
risk refers to a woman with a healthy
lifestyle and no cardiovascular risk
factors. Women at risk have one or
more cardiovascular risk factors, and
women at high risk already have CAD,
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diabetes, peripheral arterial disease
(PAD), or CKD.15
We recommend careful questioning
about exertional symptoms in every
patient. Anginal symptoms may be difficult to elicit in some patients.11 Any
patient with exertional symptoms,
which may be described as generalized
fatigue, shortness of breath, chest pain,
nausea, or lightheadedness, should be
screened for CAD and ischemia.
Other patients who may be considered for screening, despite being
asymptomatic, include high-risk
patients, such as those with PAD,
CKD, abnormal resting ECG with
changes suggestive of silent MI (Q
waves, T wave inversion, or left bundle branch block), known history of
autonomic neuropathy, retinopathy,
hyperglycemia, advanced age, unexplained dyspnea, and the presence of
multiple risk factors, such as smoking,
hypertension, dyslipidemia, sedentary
lifestyle, and abdominal obesity.16 The
greater the number of risk factors, the
higher the pretest probability, and the
more useful the test.17,18
Which Test for Which Patient?
Stress testing with exercise or imaging
has the greatest value in patients with
a pretest intermediate risk for CAD.
Stress testing can be performed with
several modalities that can provide
different types of information regarding diagnosis and prognosis. Several
studies may be considered, including
coronary calcium calcification (CAC)
scoring, coronary computed tomography angiogram (CCTA), stress test
with and without an imaging modality, and cardiac catheterization (not
usually the initial screening test).
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arterial size, and vascular/metabolic
abnormalities.
Women with ACS have a worse
prognosis than men. Some believe this
may be related to gender bias within
the medical community. The initial
presentation of CAD in women is
acute MI or sudden cardiac death in
60% of cases.9 In acute MI, the 1-year
death and reinfarction rates are higher
in women. It is interesting to find,
however, that at the time of angiography, women have a higher prevalence
of nonobstructive coronary arteries,
and this may lead to diagnostic uncertainty and therapeutic indecision and
delays. In fact, nearly 60% of women
from the Women’s Ischemia Syndrome
Evaluation study undergoing coronary
angiography for evaluation of chest
pain or an abnormal stress test did
not have a flow-limiting stenosis.10 In
the absence of a flow-limiting stenosis, ischemia may be the result of
microvascular disease and endothelial
dysfunction affecting the production
of nitric oxide.

Exercise treadmill test (ETT)
An ETT can be used to assess tolerance
of increased activity with continuous
ECG monitoring, as well as hemodynamic response and symptoms. This
test is well established, inexpensive,
and easily available. In addition to
providing information about exerciseinduced ischemia, ETT also offers
information regarding exercise capacity and functional status. The stress
portion of the test can be conducted
with exercise or medical therapy, and
an imaging modality may be appropriate for some patients.
Exercise capacity is a strong and
independent predictor of all-cause mortality. In the Veterans Administration
study, patients with the highest exer167

cise capacity had a 70% lower risk of
all-cause mortality, and even moderate
fitness had a 50% lower death rate.19
The ability to exercise is important
when performing an ETT, and the need
to reach target heart rate based on age
may limit some patients. The test must
be a measure of central ischemia, and
some patients may be unable to complete the test before peripheral fatigue
sets in, usually manifested in the legs.
Consider this test without imaging
in women who have a normal ECG
tracing and can achieve 5 metabolic
equivalents (METS) or higher in their
daily routine. Begin the assessment by
asking the woman if she can perform
usual household chores. Use examples
such as doing the dishes, house cleaning, and vacuuming. One tool that
can be used to assess functional status before deciding if an ETT is the
right test for a particular patient is the
Duke Activity Status Index (DASI)
questionnaire.20 The DASI is a 12-item
questionnaire for self-assessment of
functional capacity.
Women who perform at < 5 METS
might be better evaluated with pharmacological stress imaging21 because
they may not exercise adequately to
provoke ischemia. Patients with lower
exercise capacity are more likely to be
female with comorbid conditions, such
as diabetes and hypertension, and more
likely to have chest pain, an abnormal
heart rate recovery (HRR), and an
abnormal chronotropic response with
ETT.22
Although ST segment deviation is a
significant finding in men, ST changes
or even the presence of chest pain are
not the best predictors of outcome in
women. Functional capacity is a stronger predictor of outcome in women.23
Prognostic values that signal poor
outcomes derived from an adequately
performed ETT include poor exercise
capacity < 5 METS, exercise induced
angina, low peak blood pressure or
fall in systolic blood pressure, chronotropic incompetence, low HRR at 1–2
minutes after exercise, and ventricular arrhythmias, especially during the
recovery phase.17,24–26
An abnormal HRR is failure to
decrease the heart rate by a certain
amount 1 minute after peak exercise.
It may be seen in patients with autonomic dysfunction, which is common
in patients with diabetes.
Exercise capacity is a strong and
independent predictor of nonfatal
cardiac events and mortality among
168

patients referred for ETT. Failure to
achieve 85% of predicted target heart
rate is associated with higher risk of
death from all causes.22 Some studies,
although small in size, support the use
of ETT in asymptomatic women with
diabetes to help identify unrecognized
CAD.1 Screening with imaging is recommended for symptomatic women
with established CAD, abnormal ECG
tracing, or an indeterminate ETT.21
Stress test with imaging
Examples of this modality include a
treadmill or medical stress test with
imaging via single-photon emission
computed tomography (SPECT) or
echocardiography. SPECT imaging
is the most commonly used imaging
study. Medical stress tests with SPECT
imaging are valid and reliable methods
to assess for myocardial ischemia with
sensitivity of 91–96% and specificity
of 75–82%. Results help to determine
risk based on extent and severity of
the size of the perfusion defect and
reversibility signifying underlying
obstructive CAD. A fixed defect without evidence of reversibility suggests a
previous infarction or scar.
Imaging studies also provide
information regarding left ventricular systolic function and wall motion.
Medical stress tests with vasodilator
therapy are recommended for patients
who are not able to exercise or have
an abnormal ECG, such as seen with
left ventricular hypertrophy and strain
pattern, a paced rhythm, a left bundle
branch block, or sometimes scooping
of the ST segments, as is sometimes
seen with digoxin therapy.
Diabetic women with ischemia are
at the highest risk for cardiac events
and are usually candidates for testing
with imaging. Indeed, SPECT imaging is recommended for symptomatic
women with an intermediate to high
pretest probability of CAD and abnormal ECG. If there is no evidence of
ischemia on the study, the annual event
rate in women is < 1%. There is always
concern, however, that CAD is actually present despite negative results,
and in women, false positive results
may occur as a result of breast attenuation and small left ventricle chamber
size.21
Stress testing may also be performed with echocardiography as
the imaging modality. The stress portion of the study may be performed
with exercise or with dobutamine if
the patient is unable to exercise to an
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adequate level. This is referred to as
a dobutamine stress echocardiogram
(DSE). Stress echocardiography provides information about left ventricular
systolic and diastolic function and
valvular function and assesses for evidence of exercise-induced ischemia. It
is also recommended for symptomatic
women with an intermediate to high
pretest probability of CAD. Both stress
echocardiography and DSE appear to
be gender neutral and equally accurate
for men and women. They may also
provide higher specificity and accuracy
than standard ETT alone. Imaging
might be limited in cases of obesity,
pulmonary disease, breast implants,
or large breasts.
CAC testing
The concept of CAC testing is based on
the fact that calcification occurs early
in atherosclerosis but it is not seen
in normal arteries. The fast method
scans to measure CAC are electron
beam computed tomography or multidetector computed tomography. CAC
is an assessment of total atherosclerotic
plaque burden but does not necessarily
identify the severity or vulnerability of
a particular lesion. In fact, there is no
relationship between a CAC score and
outcome or location of stenosis.27
CAC is independently predictive of
outcome over and above traditional
risk factors. Studies have confirmed
that higher CAC scores are associated
with higher risk, and data suggest
that any detectable calcium elevates
the risk of CAD events nearly fourfold. 28 The association of CAC with
adverse events was also recently confirmed in various ethnic groups where
a doubling of CAC scores was associated with a 20% increase in risk
of major event.29 Scoring is based on
the Agatston method using the CAC
volume score; scoring is also age- and
sex-dependent. There are five score
categories as follows:
• Zero: no calcification
• 1–100: mild calcification
• 101–399: moderate calcification
• 400–999: severe calcification
• ≥ 1,000: extensive calcification
A negative result, or a calcium score
of zero, is associated with a high level
of confidence that an individual has no
obstructive CAD with a very low rate
of death or MI over 3–5 years (0.1%
within next 2–5 years with a zero
score). 27,28 Thus, a score of zero has
a negative predictive value of 100%.

Coronary computed tomography
angiogram
This study is performed with a multislice or 64-slice computed tomography
scanner to detect CAD. It is a noninvasive imaging test to evaluate fatty
or calcium deposits in the coronary
arteries. This technology can also
detect both soft and hard plaque. It
also provides additional information,
such as the size of the aorta, location
of plaque, anatomy of the coronary
tree, and the presence of any congenital anomaly. The study usually takes
about 10 minutes, and there is the risk
of radiation exposure.
This test can be considered for
asymptomatic patients who have significant risk factors or symptomatic
patients with typical or atypical chest
pain and for those with an equivo-

cal stress test result. Patients who are
significantly overweight or who have
an abnormal rhythm, such as atrial
fibrillation, are not good candidates
for this study because imaging quality
may be compromised. A functional
study is recommended if the study
reveals a > 50% lesion or a CAC score
> 1,000.30
Cardiac catheterization
Coronary angiography is considered
the gold standard for identifying
obstructive lesions, but it also has its
limitations. An angiogram is in reality a luminogram, and there may be
outward remodeling in the vessel that
does not show on the images. Women
often have angina in the absence of
coronary obstruction. This is likely
related to microvascular ischemia
resulting from impaired coronary flow
reserve. 8 Cardiac catheterization is
never used as an initial screening test.
Instead, it is reserved for patients who
have evidence of ischemia on a stress
test or for further assessment of the
coronary anatomy in patients with a
negative stress test who continue to
have symptoms (suspected false negative results).
Emerging studies
Cardiovascular magnetic resonance
(CMR) imaging data are sparse but
evolving rapidly. These studies can
provide information regarding coronary stenoses and flow, evaluation of
myocardial perfusion and metabolism, wall motion during stress, and
evidence of infarction. The absence
of ionizing radiation in CMR is an
attractive feature because all imaging studies except echocardiography
require exposure to ionizing radiation.
There are limited data to support the
use of CMR in aysmptomatic women,
and claustrophobia in certain patients
is sometimes seen.
The presence of plaque and thickness of intima and medial layers in
carotid arteries, measured as carotid
intima media thickness (CIMT), is
considered a marker for CAD. The
test is performed with high-frequency
B-mode ultrasonography. It is simple
and reproducible, widely available,
well-validated, and does not expose
patients to ionizing radiation. CIMT
has an independent relationship to cardiovascular outcomes in women > 45
years of age. The relationship between
CIMT and events is continuous, but
testing has not shown improved outDiabetes Spectrum Volume 21, Number 3, 2008

comes. Limitations include lack of
accepted technical standards for
testing.21
Screening Recommendations
Begin the assessment by carefully interviewing patients to accurately assess for
exertional symptoms. Understand that
some patients may have begun limiting
their activity levels to avoid provoking symptoms and may be unaware of
this until questioned about changes in
their activity level over time. In addition, some patients may have atypical
anginal symptoms; this is particularly
true in diabetic women. Patients with
exertional symptoms, which may
be variable in presentation, warrant
screening.
Although it remains controversial to screen asymptomatic patients,
screening patients with a limited functional status is probably a reasonable
approach for people at moderate to
high risk of underlying CAD. An
ETT can be a safe and effective initial
screening test in patients who can exercise and have a normal baseline ECG.
If, based on the assessment, a treadmill stress test is not the best study for
a particular patient, an imaging study
may be considered. In the Detection
of Silent Myocardial Ischemia in
Asymptomatic Diabetic Subjects study,
the strongest predictors for silent
myocardial ischemia were duration of
diabetes, evidence of autonomic dysfunction, and male sex.3 Patients with
diabetes who are > 60 years of age or
who have had diabetes for > 15 years
warrant screening with an imaging
study.18 Screening should also be considered in patients with an abnormal
ECG tracing suggestive of ischemia or
infarction. If the results of an anatomical study, such as CAC or CCTA, are
abnormal, a functional study, such as
a nuclear stress or stress echocardiography study, is recommended to assess
for the presence of ischemia.
When discussing options with
patients, remember to consider the
emotional and behavioral impact that
screening and subsequent results, negative or positive, may have on them.
There is also the issue of cost and
possible disease labeling. Screening
may have adverse effects on patients,
including depression, anxiety, and
stress, especially with positive results.16
Negative results may lead to the mistaken belief that lifestyle changes are
not indicated.31 In planning a screening
strategy with patients, it might help to
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Scores of < 100 are usually associated
with a low probability of abnormal
perfusion on nuclear scan or significant obstruction on catheterization.
Patients with scores ≥ 400 are likely
to have event rates the same as patients
at high risk because of known CAD
or risk equivalent status (event rate
≥ 20% over 10 years). A positive result
is 100% specific for atheromatous
plaque but not specific for obstructive
CAD because all lesions, obstructive
and nonobstructive, have calcium.
Asymptomatic women with a score
≥ 400 are considered at high risk.
CAC scoring can confirm or
reclassify individual risk derived
from the initial risk assessment. 27 It
is an anatomic study; however, it is
not a functional one and is usually
considered second-line testing or for
patients who are not able to exercise.28
Consider CAC scoring as the initial
test in patients when goals are not met
with optimized medical therapy and
for those with strong clinical suspicion
of very high risk for CAD.16
Disadvantages involve cost; radiation exposure, especially in young
patients; the absence of reimbursement
strategies; and the lack of data showing that screening leads to improved
outcomes. Currently, there are no data
documenting improved survival or
quality of life as a result of screening.
Results are based mainly on referral
populations and cannot be compared
to population-based studies. Studies
with larger numbers and longer followup periods are needed before CAC can
be recommended to modify treatment
goals in patients with diabetes.
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shift the focus from identifying risk to
identifying benefit based on the findings to help guide therapy.18
Pa t i e n t s w i t h d i a b e t e s a r e
considered at high risk for cardiovascular events and mortality. Therefore,
regardless of the results from any
screening, aggressive treatment and
management is imperative to prevent
or delay the onset of vascular complications. Prevention is the first goal,
especially in women with diabetes.
Cardiovascular risk reduction
guidelines emphasize a team approach
with a commitment from patients to
make positive choices and self-management strategies. Therapeutic lifestyle
modification, such as medical nutrition therapy, physical activity based
on patients’ willingness and ability,
smoking cessation with counseling
and behavioral therapy, and weight
loss, remain the cornerstone of management. Of course, medical therapy
to maintain systolic blood pressure
< 130 mmHg, statins to reach an LDL
goal < 100 mg/dl (or < 70 mg/dl in the
setting of CAD), agents to treat hyperglycemia, and daily aspirin therapy are
mandatory.7 In terms of treatment,
perhaps it is time to change our concept from “the lower the better” to
“the sooner the better” for primary
prevention of cardiovascular disease
in patients with diabetes.6
Case Study
L.B. is a 48-year-old Hispanic woman
who presents for a cardiovascular
evaluation at the recommendation of
her primary care provider. She has
complaints of dyspnea with minimal
activity, although she is quite sedentary. She denies any chest pain or
pressure. She considers herself to have
“borderline” diabetes but has no history of hypertension or dyspidemia.
She stopped smoking 5 years ago. Her
father died in his 70s from an MI. Her
weight is 160 lb, and she is 5′4″ tall
(BMI = 28 kg/m 2). On examination,
her blood pressure is 136/80 mmHg
with a heart rate of 88 bpm. The ECG
reveals normal sinus rhythm with nonspecific ST changes.
Question: What would be the
appropriate screening test for L.B.?
An exercise stress test would help
to better assess her exercise tolerance,
a strong predictor of mortality, as well
as her hemodynamic response to activity. She would also be monitored for
HRR and ventricular ectopy during
the recovery phase. Her baseline ECG
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is abnormal, however, so an imaging
modality is recommended. In this case,
the stress test could be performed with
SPECT or echocardiography. Imaging
would also provide additional information regarding perfusion, systolic
function, and wall motion.
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