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Abstract
With increasing incidence of diabetes mellitus worldwide, particularly in some areas of Middle East where almost 50% of patients presenting
with acute coronary syndrome have diabetes mellitus, the question of the best diagnostic approach to detect early coronary artery disease before
complications develop are of paramount importance. In this mini review, we present and discuss main recommendations, directions and current
issues for diagnosis of cardiovascular diseases according to the new 2019 ESC/EASD Guidelines for diabetes, pre-diabetes and cardiovascular
diseases.

Introduction
Diabetes mellitus (DM), per se, carries at least 2-fold risk for
cardiovascular diseases, with some areas in Middle East particularly
vulnerable to high prevalence of DM and cardiovascular diseases
(CVD) as complication of DM [1]. Although Type2 DM is far more
common than Type1 DM, both patients populations carries adverse
prognosis, particularly severe in the young onset female patients
with Type1 DM, underlying the need for early diagnosis, CDV risk
modification, strict adherence to non-drug and drug therapy and
systematic follow-up. In fact, patients with known DM and baseline
fasting blood glucose of ≥7mmol/L are at highest risk of coronary
artery disease (CAD), whereas patients with DM and regulated
glucose of <7mmol/L and patients without known DM and fasting
blood glucose concentration of ≥7mmol/L carries the same risk for
CAD [1]. CVD, particularly cardiac death and myocardial infarction
(CAD) accompanied by stroke, is by far most severe complication
of DM and diagnostic modalities to address this issue has been
discussed by the new ESC/EASD guidelines for diabetes, prediabetes cardiovascular diseases from 2019 [2].

According to the new 2019 ESC/EASD guidelines for diabetes,
pre-diabetes and cardiovascular diseases [2], the patients are
stratified into 3 CVD risk categories including very high-risk, high
risk and moderate risk for future adverse events. Very-high risk
group (10-year risk of CVD death >10%) include individuals with
DM and cardiovascular diseases (CVD), or DM with target organ
damage, such as proteinuria or renal failure (estimated glomerular
filtration rate (eGFR) <30 mL/min/1.73 m2), patients with DM
with three or more major risk factors, or with a DM duration of >20
years, and Type1 DM at the age of 40 years with early onset (i.e.
1-10 years of age) and particularly female. Patients of the young
age (<35 years) with type1 DM of short duration (<10 years), and
patients with T2 DM aged <50 years with a DM duration of <10
years and without major risk factors, are at moderate risk (<5% 10
year risk of CVD).
Yet, the most of the patients remains to the high risk group
(10 year risk of CVD death 5-10%) consisting of patients with
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DM of more than 10 years and without previous CVD, without
target organ damage and with at least one additional risk factor
including age, hypertension, dyslipidemia, smoking and obesity
[3]. According to the guidelines [2], the screening of these
patients remains challenging as the guidelines only recommended
resting ECG (Class I), whereas noninvasive functional imaging
(radionuclide myocardial perfusion imaging, magnetic resonance
imaging, or physical or pharmacological stress echocardiography)
or CT angiography imaging may only be considered (Class IIb) in
asymptomatic high-risk patients. In addition, the only other Class I
recommendation refers to routine assessment of microalbuminuria
as an indicator of risk of developing renal dysfunction or future CVD.

The addition of circulating biomarkers for CV risk assessment
has limited clinical value and is not recommended by the guidelines
(Class III) [2,3]. The reason for this suggestion is in the fact that in
asymptomatic patients with DM, measurement of C-reactive protein
or fibrinogen provides only minor incremental value to current risk
assessment [2,3]. The addition of hsTnT to conventional risk factors
has not shown incremental discriminative power in this group [3].
In individuals with type1 DM, elevated hsTnT was an independent
predictor of renal decline and CV events [4], whereas prognostic
value of N-terminal pro-B-type natriuretic peptide (NT-proBNP)
in an unselected cohort of people with DM (including known CVD)
showed that patients with low levels of NT-proBNP (<125pg/mL)
have an excellent short-term prognosis [5]. Therefore, and despite
some prognostic significance, routine clinical assessment of cardiac
biomarkers is not recommended for CVD risk stratification in any
patient group with DM [2].

Similarly, and once popular in risk evaluation, carotid
ultrasound intima-media thickness should not be recommended
for screening CV risk [2], whereas assessment of carotid and/
or femoral plaque burden with arterial ultrasonography should
be consider as risk modifier in asymptomatic patients with DM.
So, arterial ultrasonography remains one of the imaging tests
that should be performed in asymptomatic patients with DM not
for stratification but comprehensive consideration in diagnostic
algorithm.
Non-invasive estimation of the atherosclerotic burden, based
on the coronary artery calcium score, can also be performed in
asymptomatic patients for the risk assessment. In fact, patients
with DM have a higher prevalence of coronary artery calcification
compared to non-DM individuals [6] a CAC score of 0 (Agatston
score) is associated with favorable prognosis, whereas incremental
coronary artery calcium score from 1-99 (minimal to mild), 100399 (moderate), and ≥400 (severe calcification) is associated
with a substantial higher relative risk of mortality of 25-33% [3].
Therefore, coronary artery calcium score may be considered by the
guidelines [2] as a risk modifier in CV assessment in asymptomatic
patients with moderate risk.
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The most of the controversies and challenges regarding
diagnosis of CAD in asymptomatic patients carries evaluation of
myocardial ischemia with noninvasive functional testing and/
or noninvasive imaging of coronary arteries. Stress testing with
myocardial perfusion imaging or stress echocardiography allows
the detection of myocardial ischemia, particularly silent form
which is more prevalent in patients with DM [7-9]. Randomized
trials evaluating the impact of routine screening for CAD in
asymptomatic DM and no history of CAD have shown no differences
in the outcome (cardiac death and unstable angina) in those who
underwent stress testing or CT angiography, or not [9-13]. In fact,
four randomized trials (DIAD, DYNAMIT, FACTOR-64, DADDY-D)
[9,11-13] including form 520 up to 1123 patients have shown no
significant decrease in the rate of cardiac events, except for the
last DADDY-D study [13] that demonstrated significant decrease in
cardiac events in the subgroup of patients over 60 years undergoing
routine exercise stress testing. In addition, study by Faglia et al. [14]
using also exercise stress testing or stress echocardiography also
demonstrated better outcome in patients undergoing functional
testing for myocardial ischemia. Taken together, the studies showed
obvious disparities in the testing modality, patient population,
the rate of invasive coronarography following positive testing
(15-93%!), treatment strategy following testing (usually left to
discretion of the treating physician), whereas the annual rate of
major adverse cardiac events was very low ranging from 0.6-1.9%.
In fact, this rate annual rate of adverse events correspondents to
moderate to high risk group of asymptomatic patients with DM.
In addition, a meta-analysis including 3299 asymptomatic
subjects with DM showed that non-invasive imaging for CAD did
not significantly reduce event rates of non-fatal MI (relative risk
0.65; p=0.062) and hospitalization for HF (relative risk 0.61; p=0.1)
[10]. Accordingly, routine screening of CAD in asymptomatic DM
is not recommended [2]. However, CTCA or functional imaging
(radionuclide myocardial perfusion imaging, stress cardiac
magnetic resonance imaging, or exercise or pharmacological
stress echocardiography) may be considered in asymptomatic
(presumable high risk) patients with DM for screening of CAD (Class
IIb), whereas stress testing or CT angiography may be indicated in
very high-risk asymptomatic individuals (with peripheral arterial
disease (PAD), a high CAC score, proteinuria, or renal failure) [2,15].

2019 ESC guidelines for management and treatment of patients
with chronic coronary syndrome [16], proposed unique diagnostic
algorithm guiding revascularization in patients with anginal
symptoms, and without any relevant differences for patients with
diabetes. In brief, myocardial revascularization is now strongly
based on functional evaluation of coronary stenosis, unless coronary
stenosis is critical defined as more than 90% luminal stenosis,
or in case or poor left ventricular ejection fraction (EF<35%). In
addition, in case of clear previous evidence of myocardial ischemia
correspondent to the territory with intermediate coronary lesions
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revascularization is indicated, however in patients with multivessel coronary artery stenoses, invasive functional testing is
warranted and should be performed to interrogate each coronary
lesion of intermediate significance. Regarding invasive functional
parameters, the guidelines recommend both fractional flow reserve
(FFR) or instantaneous wave-free flow reserve (iFR) with cut-off
points of 0.80 and 0.89, respectively, and without any particular
notion about possible interaction in patients with diabetes, or
differences between FFR and iFR. In fact, previous large randomized
studies (FAME, iFR SwedeHeart, Define Flair) have shown no
difference in the outcome between patients with and without DM
[17-19].

On the other hand, some studies focused on diabetic population,
have shown that the outcome of patients with and without DM may
not be the same, i.e. DM patients with negative FFR had inferior and
almost 2 times higher event rate [20] than non-diabetic patients.
However, none of these studies have been powered enough to
evaluate differences in the outcome between diabetes and nondiabetic patients. Regarding comparison of functional parameters,
although there was no difference in the outcome between FFR and
iFR group, iFR group had consistently demonstrated less stenting
[18,19]. On the other hand, the data on iFR in diabetic patients,
which is not a surrogate of FFR, but incorporates the hemodynamic
status of microcirculation, which is particularly vulnerable in DM
patients, are limited.

Conclusion

With emerging role of CT angiography and advanced functional
imaging techniques (magnetic resonance imaging, strain, coronary
flow reserve), on one hand, and exciting new therapeutic drug
options, diagnosis of CAD is particularly challenging in moderate
and particularly high risk diabetic patients, and relies on the
capacity of the health care system, as well as imaging capacities
and expertise, having in mind prevalence of diabetic patients in
the population. On the other hand, diabetic patients with known
CVD and symptomatic patients are per se high risk group and
should promptly undergo functional imaging testing and invasive
evaluation with functional interrogation of intermediate coronary
stenosis. The threshold for revascularization remains the same as
in non-diabetic patients, including comprehensive evaluation of
each patient.
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