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EDITORIAL COMMENT

Paradigms of Noninvasive Assessment
of Coronary Atherosclerosis in
Diabetic Patients
Insights From the PARADIGM Registry*
Maros Ferencik, MD, PHD, MCR

T

he prevalence of diabetes mellitus has been

coronary CT angiography allows us to evaluate

increasing over the past 2 to 3 decades,

changes in plaque volumes and monitor effects of

with an estimated 23.4 million adults with

medical therapies (12). The prognostic value of coro-

diagnosed diabetes living in the United States in

nary artery calcium progression for future cardio-

2018 (1). Diabetes mellitus is a major cardiovascular

vascular events is well established (13). There is also

risk factor, and patients with diabetes have an

growing interest in imaging of noncalciﬁed athero-

approximately 2-fold increased risk of all-cause

sclerotic plaque and high-risk plaque features for the

death, vascular death, and coronary artery disease

prediction of future events (9,14). The speciﬁc plaque

(2,3). Diabetic patients also have an increased preva-

characteristics of coronary plaques and natural his-

lence of subclinical atherosclerosis, determined as

tory of plaque progression in patients with diabetes

the presence of coronary artery calcium, higher cal-

mellitus have not been fully evaluated.

cium scores, and faster progression of coronary calcium (4,5). However, in diabetic patients with no or
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low coronary artery calcium scores, cardiovascular

In this issue of iJACC, Kim et al. (15) report the

event rates were very low, suggesting that diabetes

results of the detailed coronary plaque analysis in the

cannot be used as coronary artery disease equivalent

PARADIGM (Progression of AtheRosclerotic PlAque

in all patients (6). The relationship between tradi-

DetermIned by Computed TomoGraphic Angiography

tional cardiovascular risk factors and cardiovascular

IMaging) registry. The authors speciﬁcally focused on

events was only partially explained by coronary cal-

the subgroup of patients with diabetes mellitus. The

cium scores, suggesting that noncalciﬁed plaque

analyses included 1,602 patients, of whom 372 had a

and/or other nonatherosclerotic factors were also

history of diabetes mellitus. To account for the

signiﬁcantly contributing to the increased risk of car-

baseline differences between diabetic and nondia-

diovascular events (7).

betic patients, the authors performed propensity

Coronary computed tomography (CT) angiography

matching in a subgroup of patients. All patients

is a reliable noninvasive technique for the evaluation

included in the study underwent 2 coronary CT

of coronary plaque, including noncalciﬁed plaque

angiography examinations over a period of at least 24

components, quantitative plaque measurements, and

months. This approach permitted serial assessment of

high-risk plaque detection (8–11). Serial assessment of

quantitative and qualitative coronary atherosclerotic
plaque characteristics. The mean time between the
ﬁrst and second CT scan was almost 4 years. A few
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ment with statins was protective against plaque progression in multivariable analysis. Among patients
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plaque

the occurrence of major cardiovascular events. The

burden $75% at baseline were associated with plaque

male

sex

and

mean

event rates for hard cardiovascular events (death or

progression. In the matched analysis, patients with

myocardial infarction) were very low. The majority of

diabetes displayed a greater percent change of total

reported

plaque volume and necrotic-core plaque volume (low

vascularizations. The authors only reported numbers

CT attenuation plaque) during follow-up. In the

and percentages of events. They did not perform

qualitative analysis of high-risk plaque features,

survival analysis, which would be more informative.

there was a trend toward an increase in low CT

We

attenuation plaque and spotty calcium in patients

vascularizations occurred shortly after the second CT

major

may

cardiovascular

speculate

that

the

events

were

majority

of

re-

re-

with diabetes. Interestingly, patients with diabetes

scan and perhaps reﬂected the ﬁndings of obstructive

had lower low-density lipoprotein cholesterol at

coronary artery disease on coronary CT angiography.

baseline and follow-up, but despite this, they showed

From that perspective, the selection of patients who

more pronounced progression of atherosclerosis.

underwent clinically indicated second CT scan biases

Furthermore, the progression of plaque was associ-

toward imaging patients who had clinically signiﬁ-

ated with higher levels of hemoglobin A1c. There was

cant progression of coronary artery disease.

no signiﬁcant difference in the composite major

A more detailed analysis of traditional assessment

adverse cardiovascular events of death, myocardial

of coronary CT angiography for stenosis was not

infarction, and revascularization between patients

included in the paper. The authors reported the

with and without diabetes.

prevalence of signiﬁcant stenosis at baseline, but

The major strength of the paper is the inclusion of a

stenosis was not included in the multivariable models

large population of patients with detailed quantita-

assessing plaque progression. The progression of

tive and qualitative coronary plaque analyses. The

obstructive coronary artery disease between baseline

study underscores the ability of noninvasive plaque

and follow-up scan was not reported. We know from

imaging by CT to provide important mechanistic in-

prior studies that the presence of signiﬁcant stenosis

sights into the characterization and natural history of

is strongly associated with future cardiovascular

coronary atherosclerosis. There are some limitations

events (9,11,17,18). The progression to obstructive

that the readers need to take into account when

disease is also an important factor for prediction of

interpreting the results of the study. The population

clinical cardiovascular events. In future studies, it

predominantly included patients from East Asia with

will be important to evaluate plaque characteristics

fairly low body mass index (mean body mass index of

after adjusting for signiﬁcant stenosis and to also

w25 kg/m 2 compared with w28 to 30 kg/m 2 typically

study the natural history of the progression of

reported in North American and European studies).

obstructive coronary artery disease. The relationship

Despite favorable patient characteristics, almost 22%

among large plaque burden, high-risk plaques, and

of patients were excluded from the analysis due to

risk

image quality insufﬁcient for quantitative coronary

observed in both intravascular imaging and coronary

CT angiography measurements. This percentage is

CT angiography studies (18,19). High-risk plaque

higher than some previously reported exclusion rates,

characteristics play an important role in the rapid

and highlights the need for excellent image quality if

progression

prospective

through cycles of plaque rupture and healing (14).

studies

using

quantitative

plaque

assessment are considered (12,16).

of

future

of

cardiovascular

coronary

events

lesions

to

has

been

obstruction

Indeed, the PARADIGM study ﬁndings of higher pla-

The authors were unable to provide information

que progression, predictive value of larger plaque

on the original population of patients that was used

burden for plaque progression, and increase of

to select the PARADIGM registry patients. Only pa-

high-risk plaque prevalence and low CT attenuation

tients who had 2 consecutive CT scans that were

plaque volume during follow-up in patients with

both clinically indicated were included in the study.

diabetes provide a mechanistic explanation for the

This introduces an important selection bias, as only

observed increased risk of cardiovascular events in

patients who had an indication for a follow-up CT

other diabetic populations.

scan were included. It can be assumed that this was

The authors demonstrated higher levels of hemo-

a small minority of all patients who underwent the

globin A1c in subjects with plaque progression at

ﬁrst coronary CT angiography. Therefore, the results

follow-up CT scan. These ﬁndings suggest a potential

of the study are applicable to this very speciﬁc

role of tighter glucose control in preventing plaque

population.

progression, although the results from randomized

The authors followed the study participants for

trials showed only a modest effect of intensive

almost 4 years after the second CT scan and reported

glucose control on cardiovascular outcomes (20).
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The levels of low-density lipoprotein cholesterol

noninvasive coronary CT angiography, especially in

decreased from baseline to follow-up in patients with

the high-risk diabetic population. The results of the

diabetes. However, the average level of low-density

study provide information on the underpinnings of

lipoprotein cholesterol in patients with diabetes was

increased atherosclerotic risk in patients with dia-

87 mg/dl, not reaching the goal of <70 mg/dl. The

betes mellitus and support future interventional

observed higher progression of plaque and especially

studies focused on the improvement of outcomes.

low CT attenuation plaque volumes in diabetic pa-

Data from the study by Kim et al. (15) may play an

tients is a testament to the need for intense lipid

important role in planning interventional trials and

lowering that can lead to slowing or even reversal of

provide support for the use of CT-derived plaque

the progression of coronary atherosclerosis and also

measures as potential surrogate endpoints.

to a shift toward stable coronary lesions with increase
in dense calciﬁed plaque and decrease in low CT

ADDRESS

attenuation plaque (12,21,22).
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