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Abstract

Purpose of Review The study aims to describe methods for detecting subclinical coronary artery disease (CAD) and their
potential implications in asymptomatic patients with diabetes.

Recent Findings Imaging tools can assess non-invasively the presence and severity of CAD, based on myocardial ischemia,
coronary artery calcium score, and coronary computed tomography coronary angiography. Subclinical CAD is common in
the general population ageing 50 to 64 years with any coronary atherosclerosis present in 42.1% and obstructive CAD in
5.2%. In patients with diabetes, an even higher prevalence has been noted. The presence of myocardial ischemia, obstructive
CAD, and the extent of coronary atherosclerosis provide powerful risk stratification regarding the risk of cardiovascular
events. However, randomized trials evaluating systematic screening in the general population or patients with diabetes have
demonstrated only moderate impact on management and no significant impact on patient outcomes.

Summary Despite providing improved risk stratification, systematic screening of CAD is not recommended in patients with
diabetes.

Keywords Coronary artery disease - Coronary CT angiography - Coronary calcium score - Myocardial perfusion imaging -

Screening - Diabetes

Introduction

Coronary artery disease (CAD) is a major cause of mortality
and morbidity in patients with diabetes, although the risk
of cardiovascular events has decreased over time [1, 2]. A
meta-analysis of 102 prospective studies including 698,782
individuals found that diabetes confers a two-fold excess risk
of CAD (hazard ratio [HR] 2.0, 95% CI 1.8-2.2) [1]. Studies
also show that clinical symptoms of CAD in patients with
diabetes are often less severe and atypical in presentation
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as compared to individuals without diabetes [3]. Current
standard of care emphasizes comprehensive management
of cardiometabolic risk factors guided by systematic risk
stratification based on the age, the number of associated
conventional risk factors for cardiovascular disease, diabe-
tes-specific information (type of diabetes, age at diabetes
diagnosis, degree of hyperglycemia, and renal function),
the presence of atherosclerotic cardiovascular disease, and
target organ damage [4]. However, the high cardiovascular
risk in diabetes has generated interest for early detection of
asymptomatic CAD using screening tests.

The primary purpose of screening for CAD in patients
with diabetes would be to improve risk prediction at an
individual level and thereby, identify patients whose prog-
nosis could be improved with an intervention (medication
for risk factor modification or coronary revascularization).
Recent technological advances have produced sophisticated
imaging tools to assess non-invasively the presence and
severity of CAD, including functional tests for myocardial
ischemia, coronary artery calcium (CAC) scan, and coro-
nary computed tomography coronary angiography (CTA)
[5]. In asymptomatic individuals, evaluation of the prog-
nostic value, impact on treatment decisions and outcomes,
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cost—benefit ratio, and potential harms of these imaging tools
are particularly important. This focused review aims at pre-
senting imaging methods to detect CAD and their potential
implications in asymptomatic patients with diabetes.

Screening Tests and Prevalence of CAD
in Diabetes

Asymptomatic CAD in patients with diabetes includes ather-
osclerotic lesions that do not cause luminal narrowing to the
extent that provokes myocardial ischemia and those obstruc-
tive lesions that can produce ischemia during stress testing,
but may not be appreciated clinically by the patient. The
prevalence of asymptomatic CAD in patients with diabetes
depends significantly on the method of screening and what
test result is considered diagnostic for CAD. The accuracy of
diagnostic tests for obstructive CAD has been summarized
in meta-analysis published in 2018 [5]. However, in this
meta-analysis, the patients were largely referred for testing
because CAD was suspected, whereas the findings may not
apply to a screening population.

Exercise ECG in patients with diabetes is attractive due
to low cost, simplicity, and wide availability. In asympto-
matic patients with diabetes, the sensitivity and specificity of
exercise ECG in diagnosing obstructive CAD were 47% and
81%, respectively [6]. Compared with exercise ECG, non-
invasive functional imaging tests have superior diagnostic

Fig. 1 Coronary CT angiog-
raphy and positron emission
tomographic (PET) myocardial &
perfusion images in a 62-year- N
old man with atypical chest _
pain, diabetes, dyslipidemia,
and hypertension. Coronary
artery calcium (CAC) scan
showed moderate CAC score of
210. Coronary CT angiography
showed partially calcified ath-
erosclerosis in the left anterior
descending, left circumflex, and
right coronary arteries (LAD,
LCX, and RCA, respectively).
Maps of myocardial blood flow
(MBF) measured by '3O-water
PET showed no significant myo-
cardial ischemia and invasive
coronary angiography showed
no obstructive CAD. However,
based on PET, coronary flow
reserve was impaired (1.8), sug-
gesting coronary microvascular
dysfunction
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performance for the detection of obstructive CAD [5]. How-
ever, an exercise ECG provides complementary clinically
useful information beyond ECG changes about symptoms,
exercise tolerance, arrhythmias, blood pressure response,
and event risk [7, 8]. In 5,783 overweight or obese asymp-
tomatic middle-aged men and women with type 2 diabetes,
Curtis et al. found that exercise-induced abnormalities were
present in 22.5% of participants, such as impaired exercise
capacity in 12% and ST-segment depression in 7.6% [8].
Non-invasive functional imaging tests for CAD include
radionuclide myocardial perfusion imaging with single-pho-
ton emission computed tomography (SPECT) or positron
emission tomography (PET), stress echocardiography, or
stress cardiac magnetic resonance imaging (CMR) (Fig. 1).
Detection of obstructive CAD is based on perfusion abnor-
malities or ischemic wall motion abnormalities provoked
by exercise or pharmacological stress. Functional imag-
ing tests detect obstructive CAD with a high sensitivity
(85-90%) and specificity (70-85%) [5] and permit the detec-
tion of silent myocardial ischemia in patients with diabetes.
Patients with type 2 diabetes, who are generally older than
patients with type 1 diabetes, more frequently have silent
perfusion abnormalities during stress testing with a preva-
lence of approximately 22% in large, prospective cohorts
of asymptomatic high-risk diabetics [9-11]. The prevalence
of silent myocardial ischemia appears similar when either
radionuclide myocardial perfusion imaging or dobutamine
stress echocardiography is used [12]. Similar to the general
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population, the data in patients with diabetes suggest that
routine screening with myocardial perfusion imaging of all
asymptomatic patients is likely to have a low yield and a
limited effect on patient outcomes. The yield of ischemia
testing can be improved by focusing on a high-risk groups,
such as patients with symptoms, peripheral vascular disease,
carotid plaque, chronic kidney disease, an abnormal ECG, or
a high coronary artery calcium score [13, 14].

Coronary CTA is an anatomical imaging modality that
visualizes the coronary artery lumen and wall using an intra-
venous contrast agent (Fig. 1). Thereby, it visualizes the bur-
den of non-obstructive calcified or non-calcified plaques and
provides very high sensitivity of 97% for the detection of
obstructive CAD defined by invasive coronary angiography
[5]. Specificity of coronary CTA is lower than sensitivity,
particularly in studies using invasive fractional flow reserve
(FFR) rather than angiography as the reference standard
(53% and 78%, respectively) [S]. Stenoses estimated to be
50 -90% by visual inspection are not necessarily function-
ally significant; that is, they do not always induce myocardial
ischemia, and severe calcifications may lead to overestima-
tion of stenosis severity by coronary CTA [7].

Recent studies using coronary CTA have shown that
subclinical CAD is common in the general, middle-aged
population. In a randomly invited cohort of 25,182 indi-
viduals ageing from 50 to 64 years, CTA detected any coro-
nary atherosclerosis in 42.1% and obstructive CAD (=50%
stenosis) in 5.2% [15¢]. Studies in cohorts of patients with
diabetes indicate that the prevalence of subclinical CAD is
higher than would be expected in the general population. In
a substudy of the CONFIRM registry, which included 400
asymptomatic patients with diabetes and no prior history
of CAD, 70% of patients had any coronary atherosclero-
sis on coronary CTA and 27.8% showed obstructive CAD
[16]. However, it is notable that approximately 25 to 30% of
asymptomatic diabetic patients have no demonstrable plaque
on coronary CTA supporting the concept that diabetes itself
is not a CAD equivalent [16—-18].

Measurement of CAC score by non-contrast cardiac CT
is an inexpensive, low-radiation imaging method to detect
and quantify coronary artery atherosclerotic plaque burden.
Measurement of CAC score is an effective marker to refine
cardiovascular risk stratification in an asymptomatic popula-
tion [19, 20]. Across age groups, asymptomatic adults with
diabetes have higher median CAC scores than individu-
als without diabetes [21-23]. However, a meta-analysis of
eight studies (6521 patients) revealed that 28.5% had a CAC
score < 10, indicating that nearly 3 in 10 patients had very
little or no calcified coronary artery atherosclerosis [24].
Importantly, CAC scoring does not allow differentiation
between non-obstructive and obstructive CAD. However,
the extent of CAC has been shown to be associated with
the prevalence of inducible ischemia by SPECT myocardial

perfusion imaging [25]. The CAC score threshold at which
the prevalence of ischemia increases substantially is > 400
with 7% and 15% of asymptomatic non-diabetic individu-
als showing ischemia if CAC score was > 400 and > 1000,
respectively [25]. In patients with metabolic syndrome or
diabetes, a high prevalence of ischemia (13%) has been
noted even among patients with CAC scores of 100-399
[26].

In summary, with the exception of exercise ECG, all non-
invasive diagnostic tests for CAD have demonstrated very
high sensitivity and specificity for detecting obstructive
CAD. Despite higher prevalence of coronary atherosclerosis
and obstructive CAD in patients with diabetes as compared
to the general population, studies using coronary CTA and
CAC scan have shown that a relatively large proportion of
patients with diabetes has no or only minimal coronary ath-
erosclerosis, which may have implications for intensity of
preventive therapies.

Screening Tests of CAD and Prognosis

All non-invasive diagnostic tests for obstructive CAD predict
cardiac events based on the severity of their findings, also in
patients with diabetes mellitus [7, 14]. A meta-analysis of
prospective cohorts found a 3.5-fold increased risk of cardiac
events associated with silent myocardial ischemia [27]. In
the general population, a normal myocardial ischemia test is
associated with a low risk (< 1% per year) of cardiac events
[28]. However, the elevated cardiovascular risk in the dia-
betic patient alters the post-test risk assessment. In a meta-
analysis of 14 studies involving 13,493 diabetic patients,
a normal myocardial perfusion scan was associated with
a slightly higher risk of adverse cardiac events in diabetic
(1.6% per year) than non-diabetic patients (< 1% per year)
[29]. In 5456 patients undergoing stress echocardiography
of whom 749 had diabetes, diabetic patients had a 2.5-fold
greater annual event rate than non-diabetic patients during a
median follow-up of 31 months [30]. Notably, the warranty
period of a normal myocardial ischemia test appears to be
shorter in diabetic patients, with event-free survival curves
beginning to diverge from non-diabetic populations in the
second year after the index normal scan [13, 30, 31]. In 563
diabetic patients, there were no events in the first 2 years of
follow-up among patients with a normal stress echocardi-
ography, but at 3 and 5 years, the event rate for the normal
group was 2% and 8%, respectively [30].

The non-invasive assessment of coronary flow reserve
(CFR) using PET integrates the effects of focal coronary ste-
nosis, diffuse disease, and coronary microvascular function
[32]. A progressive decline in CFR from insulin resistance
to diabetes has been described [33]. Reduced CFR has been
found as a strong prognostic marker in patients with diabetes

@ Springer



Current Cardiology Reports

[34, 35]. A study by Murthy et al. found an equivalent and
low cardiac mortality risk between diabetic patients without
known CAD but with CFR > 1.6 and those without diabetes
[34]. In contrast, the subgroup of diabetic patients without
known CAD but with CFR < 1.6 had essentially the same
risk as patients without diabetes but with CAD [34].

The prognostic value of coronary CTA findings in asymp-
tomatic individuals was evaluated in a prospective observa-
tional study where the findings remained clinically blinded,
thus reflecting the natural history of subclinical coronary
atherosclerosis [36]. In 9533 asymptomatic, mostly non-
diabetic individuals aged 40 years or older, obstructive and
extensive (atherosclerosis in > 5 coronary segments) disease
was associated with a 12-fold increased risk of myocardial
infarction as compared to those with normal coronary arter-
ies, despite adjustment for age, sex, known clinical risk fac-
tors, and concomitant therapies during a median of 3.5-year
follow-up [36]. Similar to non-diabetic patients, the absence
of atherosclerosis by coronary CTA is associated with very
low risk of cardiovascular events [16, 17]. A meta-analysis
of eight studies involving 6225 diabetic patients who under-
went coronary CTA due to suspected CAD found an annu-
alized event rate of 0.1% in the absence of any CAD [17].

Increased CAC in persons with metabolic syndrome and
diabetes is associated with increased cardiovascular events
[13, 37] and mortality [38, 39]. CAC was a better predic-
tor of incident cardiovascular events compared with the
Framingham risk score and the UKPDS (United Kingdom
Prospective Diabetes Study) (area under the curve 0.76,
0.70, and 0.69, respectively) and it improved classification
of risk [37]. In a population of 9715 individuals including
810 diabetics, the absence of CAC predicted a low short-
term risk of death (2.6% at 5 years) for diabetic patients,
which was slightly higher, but statistically similar to that of
non-diabetic patients [39]. In an observational study of 2384
patients with diabetes CAC allowed identification of patients
at lower risk for whom aspirin preventive treatment might
not be beneficial [40].

Does Screening for Subclinical CAD Improve
Outcomes?

Five prospective randomized trials have evaluated the impact
of routine screening for subclinical CAD on outcomes of
asymptomatic patients with type 2 diabetes [11, 41-44].

In a study of 1123 asymptomatic patients with type 2
diabetes conducted between 2000 and 2007 in the USA, the
DIAD investigators randomized patients with a normal rest-
ing ECG and no clinical evidence of CAD to either screen-
ing with adenosine-stress radionuclide myocardial perfusion
imaging or no screening [9, 42]. The prevalence of silent
myocardial ischemia was 22%, with high-risk imaging

@ Springer

results (defined as perfusion defects of at least 5% of the
myocardium) in 6%. However, there were no significant
differences with regard to medical treatment and the rate
of revascularization between groups. After a mean follow-
up of 4.8 years, there was no significant difference in the
primary endpoint (cardiac death or myocardial infarction)
between the screening and no-screening groups (2.7 versus
3.0%, respectively).

In a study of 631 asymptomatic patients with type 2
diabetes and at least two other cardiovascular risk factors
conducted between 2000 and 2005 in France, the DYNA-
MIT investigators randomized patients to either screening
of myocardial ischemia, primarily by exercise ECG, or no
screening [11]. In the screened group, the prevalence of
silent myocardial ischemia was 21.5%. After a mean follow-
up of 3.5 years, there was no significant difference in the
composite primary endpoint (all-cause mortality, myocar-
dial infarction, stroke, or heart failure requiring emergency
intervention) between the screening group and no-screening
group (2.6 versus 2.4% annually; adjusted hazard ratio [HR]
1.0,95% C10.6-1.7).

The FACTOR-64 trial, conducted between 2007 and 2014
in the USA, included 900 asymptomatic patients with type 1
or 2 diabetes who were randomized to coronary CTA screen-
ing or no screening [43]. Specific treatment targets for cho-
lesterol, blood glucose, and blood pressure were set based
on the CTA results. Furthermore, patients with obstructive
CAD were sent for further non-invasive testing or invasive
coronary angiography. Among patients randomized to CTA
screening, the prevalence of mild, moderate, and severe CAD
was 31, 46, and 12%, respectively. After a mean follow-
up of 4 years, there was no significant difference in the pri-
mary endpoint (all-cause mortality, myocardial infarction,
or unstable angina) following screening with coronary CTA
or no screening (6.2 versus 7.6%, HR 0.8, 95% CI 0.5-1.3).
Furthermore, differences in risk factor levels between both
groups were modest after treatment. Coronary angiogra-
phy and revascularization rates were slightly higher in the
screening arm compared with the standard-of-care arm.

The DADDY-D trial, conducted between 2007 and 2012
in a single center in Italy, randomized 520 patients with type
2 diabetes without known CAD and high cardiovascular risk
score to screening with exercise ECG versus no screening
[44]. Silent myocardial ischemia was documented in 20
(7.6%) patients and coronary revascularization was per-
formed in 12 (4.6%). Over a median follow-up of 3.6 years,
there were no differences in the occurrence of cardiovascu-
lar death, myocardial infarction, or the combination of both
endpoints.

The randomized controlled trials above may have been
underpowered to detect effects of screening due to low rate
of events (annual rate of major cardiac events < 1%). Data
from a meta-analysis of these five trials including total of
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3299 patients with diabetes found that non-invasive CAD
screening significantly reduced the rate of any cardiac event
(cardiac death, non-fatal myocardial infarction, unstable
angina, or heart failure hospitalization) by 27% (RR 0.73;
95% CI, 0.55-0.97; P=0.028), driven by non-significant
reductions in non-fatal myocardial infarction (RR 0.65;
P=0.062) and hospitalization for heart failure (RR 0.61;
P=0.1) [45]. There was no difference in cardiac death
between screening and no screening (RR 0.92; 95% CI,
0.53-1.60; P=0.77). In line with this, in a recently pub-
lished randomized controlled trial involving 46,611 men
aged 65-74 years, routine cardiovascular screening for
CAC, aortic aneurysm, atrial fibrillation, peripheral artery
disease, hypercholesterolemia, diabetes, and hypertension
did not significantly reduce the incidence of death from any
cause after a median follow-up of 5.6 years (HR 0.95; 95%
CI, 0.90-1.0, P=0.06), also in a pre-specified diabetes sub-
group [46e¢]. However, the study suggested a greater benefit
in a subgroup of patients ageing < 70 years [46e¢]. Finally,
The BARDOT trial prospectively recruited 400 asympto-
matic patients with type 2 diabetes and randomized those
with myocardial ischemia to revascularization or medical
therapy [10]. Although patients randomized to revasculari-
zation showed lower rate of asymptomatic CAD progression
(myocardial ischemia or new scar) on follow-up imaging
(54.3% vs. 15.8%; P <0.001) after 2 years, rates of major
adverse cardiovascular events (cardiac death, myocardial
infarction, or symptom-driven revascularization) were simi-
lar (P =0.215) between groups [10].

Practical Implications and Future Directions

European and American societies do not recommend sys-
tematic screening of CAD in asymptomatic diabetic patients
[4, 47], based on the negative results of the aforementioned
screening trials. Despite improved risk stratification, studies
have not shown outcome benefit from systematic screening
for subclinical CAD in diabetes. Furthermore, as long as car-
diovascular risk factors are treated, the results of screening
would have relatively limited impact on medical therapy in
diabetic patients, since aggressive preventive measures, such
as control of blood pressure and lipids, would already be
indicated. Indeed, in the aforementioned studies, the impact
of imaging findings on risk factor modification was modest.
Further large and appropriately powered trials are required
to allow a more precise analysis of the magnitude of benefit
and to assess pre-specified subgroups in which screening
strategies may offer larger benefits. Ongoing clinical trials
of targeting preventative therapies in persons screened for
subclinical CAD, such as the DANE-HEART (Computed
Tomography Coronary Angiography for Primary Preven-
tion; ClinicalTrials.gov: NCT05677386) and SCOT-HEART

2 (Computed Tomography Coronary Angiography for the
Prevention of Myocardial Infarction; ClinicalTrials.gov:
NCT03920176) trials, are expected to provide more insights
in this topic. Then, cost effectiveness studies should assess
the financial impact and economic benefits of a CAD screen-
ing program in diabetic patients.

Conclusions

Detection of subclinical CAD can provide improved risk
stratification in asymptomatic patients with diabetes, but
outcome studies do not support systematic screening for
CAD in diabetes.
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