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ABSTRACT

Background and aims: The prognostic impact of non-obstructive coronary artery disease (CAD) has long
been underestimated due to its mild stenosis (<50% stenosis). We aim to investigate the prognostic value
of atherosclerotic extent in DM patients with non-obstructive CAD.
Methods: The analysis was based on a single center cohort of DM patients referred for coronary
computed tomography angiography (CCTA) due to suspect CAD in 2015—2017. Based on coronary ste-
nosis combined with segment involvement score (SIS), the study population were divided into four
groups: normal (0% stenosis), non-obstructive SIS<3, non-obstructive SIS>3 and obstructive (>50%
stenosis). The intra-class correlation (ICC) was used to test the inter-and intra-reviewer agreement.
Multivariate Cox model and Kaplan-Meier method were used to evaluate the effect size of atherosclerotic
extent on the prognosis.
Results: In total, 1241 patients (age 60.2 + 10.4 years, 54.1% male) were included, of which 50.2% were
non-obstructive. During a median follow-up of 2.6 years, 131 MACEs (10.6%) were adjudicated, including
17 cardiovascular deaths, 28 non-fatal myocardial infarctions, 64 unstable anginas requiring hospitali-
zation and 22 strokes. Incremental event rates could be observed across the four groups. After adjust-
ment for age, gender, hyperlipidemia and presence of high-risk plaque, Hazard Ratio (HR) for non-
obstructive SIS<3, non-obstructive SIS>3 and the obstructive group was 1.84 (95%Cl: 0.70—4.79), 3.71
(95%CI: 1.37—10.00) and 5.46 (95%CI: 2.18—13.69), respectively. Compared with non-obstructive SIS<3,
non-obstructive SIS>3 showed a significantly higher risk (HR:2.02 95%CI:1.11—3.68, p = 0.021). Similar
results were demonstrated when Leiden risk score was used for sensitivity analysis.
Conclusion: In DM patients with non-obstructive CAD, atherosclerotic extent was associated with higher
risk of major adverse cardiac events at long-term follow-up. Efforts should be made to determine risk
stratification for the management of DM patients with non-obstructive CAD.
© 2021 6th Medical Center of Chinese PLA General Hospital. Published by Elsevier B.V. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

indicates a demand for further functional assessment and intensive
treatment. On the other hand, though commonly detected by CCTA,

Coronary computed tomography angiography (CCTA) has been
proved effective in providing comprehensive information on cor-
onary artery disease (CAD) for the presence and constituents of
atherosclerotic plaque even in the absence of flow-limiting disease
[1,2]. On one hand, obstructive CAD (>50% stenosis by CCTA)

* Corresponding author. Department of Cardiology, Chinese PLA General Hospital,
28 Fuxing Rd, Haidian District, Beijing, 100853, PR China.
** Corresponding author.
E-mail addresses: cyundai@vip.163.com (Y. Chen), fearlessyang@126.com
(J. Yang).

https://doi.org/10.1016/j.athplu.2021.07.021

the optimal treatment strategy for non-obstructive CAD remains to
be determined. In addition, increasing evidence have consistently
demonstrated the prognostic impact of non-obstructive CAD,
indicating that the cardiac risk of this kind can no longer be ignored
[3,4]. The extent of CAD derived from CCTA has been shown to
provide more prognostic information among patients without
obstructive CAD, and may act as a potential approach for risk
stratification in non-obstructive CAD [5,6].

The prevalence of diabetes mellitus (DM) is increasing rapidly
due to a growing obesity epidemic and an aging population. With
the extensive vascular disease and lack of typical symptoms in the
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early stage, DM patients were more likely to suffer from cardiac
events [7,8]. However, little relevant supporting evidence existed
for the prognostic value of DM patients with non-obstructive CAD,
and it remains uncertain if atherosclerotic extent derived from
CCTA can be applied to this special DM population. Therefore, we
sought to investigate the impact of the atherosclerotic extent
detected by CCTA on clinical outcome in DM patients with non-
obstructive CAD.

Patients and methods
Study population

Our study was a prospective single-center study. Patients who
underwent CCTA in PLA General Hospital because of suspect CAD
between Jan. 2015 and Dec. 2017 were included. Exclusion criteria:
1) known CAD or a history of revascularization, either percutaneous
coronary intervention or coronary artery bypass grafting (n = 377),
2) a medical history of myocardial infarction or myocarditis
(n = 115), 3) revascularization driven by CCTA results within 3
months (n = 331), 4) uninterpretable CCTA imaging because of poor
image quality (n = 13), 5) incomplete clinical baseline data for
further analysis (n = 7), 6) lost to follow-up (n = 51) (Fig. 1). Finally,
1241 patients were included for further analysis.

The study protocol conforms to the ethical guidelines of the
1975 Declaration of Helsinki and the ethics approval of this pro-
spective observational study was obtained from the Ethics Com-
mittee of Chinese PLA General Hospital. Informed consent was
obtained from all participants.

Clinical data

Demographic characteristics and cardiac risk factors were
collected retrospectively by review of medical records or patient
interviews. According to 2019 ADA guidelines [9], DM was defined
as fasting blood glucose > 7.0 mmol/L, 2-h plasma
glucose > 111 mmol/L during oral glucose tolerance test,
A1C > 6.5% (48 mmol/mol) or the use of oral hypoglycemic agents/
insulin. Patients were given advices on healthy lifestyles and diet
plans when they visited the doctor. Diet was self-reported by pa-
tients in follow-up phone calls but was conducted under the
guidance of physicians. Risk factors were recorded as follows: 1)
presence of hypertension (defined as systolic blood
pressure>140 mmHg or diastolic blood pressure>90 mmHg or
receiving antihypertensive therapy), 2) hypercholesterolemia
(serum total cholesterol >230 mg/dl or serum triglycerides
>200 mg/dl or treatment with lipid-lowering medication), 3)
family history of CAD (presence of CAD in first-degree family
members at <55 years in men and <65 years in women), 4)
smoking (current smoking or previous smoking within the last 3
months of CCTA).

CCTA acquisition and image analysis

All CCTA scans were performed on a dual-source CT scanner
(Somatom Definition Flash CT, Siemens Medical Solutions, For-
chheim, Germany). Coronary lesions were assessed according to
the 17-segment model from the modified American Heart Asso-
ciation classification. The CAD-RADS system was introduced as a
quantitative index of lesion severity [16]. Stenosis severity was
assessed for each plaque visually, and was categorized as: normal,
minimal (1%—24%), mild (25%—49%), moderate (50%—69%), severe
(70%—99%) and total occlusion. Non-obstructive lesion was
defined as lumen stenosis less than 50%. Plaque composition was
recognized as calcified plaque (plaques with high density of
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2135 DM patients who underwent
CCTA for suspect CAD between
Jan.2015 and Dec.2017

Excluded Patients who had known CAD or a
-------- P+ history of revascularization, either by
PCl or CABG (n=377)
Patients who had a medical history of
-------- P myocardial infarction or myocarditis
(n=115)
Patients who had revascularization
"""" > driven by CCTA within 3 months
(n=331)
Uninterpretable CCTA imaging (n=13)
"""" > or incomplete clinical baseline data
(n=7)
““““ | Lost to follow-up (n=51)
Y

1241 DM patients
were included

Fig. 1. Flow chart of the study population.

CAD, coronary artery disease; DM, diabetes mellitus; CCTA, coronary computed to-
mography angiography; PCI, percutaneous coronary intervention; CABG, coronary ar-
tery bypass grafting.

>130HU), noncalcified plaque (having lower density compared
with the contrast-enhanced lumen) and mixed plaque (both
calcified and noncalcified elements existed). For further analysis,
high-risk plaque (HRP) was defined as the coexistence of at least
two high-risk characteristics [10—12], including spotty calcifica-
tion (a <3 mm calcified plaque surrounded by non-calcified pla-
que) [13], low CT attenuation plaques (<30 HU average
attenuation) [14], napkin ring sign (a low attenuation central area
surrounded by a ring-like comparative higher attenuation plaque
tissue) [15] and positive remodeling (the diameter of outer vessel
where atherosclerotic exists was 10% greater than the mean of the
diameter of the segments immediately proximal and distal to the
plaque) [14,15].

The segment involvement score (SIS) was obtained to quantify
the atherosclerotic extent as Min. et al. described [17]. It was
calculated as the sum of the number of coronary artery segments
that exhibit any plaque within each segment, irrespective of the
degree of stenosis (ranging from 0 to 16). In line with a previous
study [18], atherosclerotic extents were stratified by SIS: SIS <3
and SIS >3. For sensitivity analysis, Leiden risk score was used
based on the presence and component (plaque weighting factor,
range 0—1.3), stenosis (stenosis weighting factor, range 1.0—1.4)
and location (location weighting factor, range 0—6) depending on
different system dominance [19]. For each segment, the score was
calculated as the multiplication of the three weighting factors and
summed to a total Leiden score (range 0—42) (Fig. 2) (Supplement
Fig 1). Furthermore, this continuous variable was also stratified
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Fig. 2. A schematic representation of the risk score computation.

(A) is a schematic illustration of coronary artery tree model. Three marked lesions correspond to the vascular lesion (arrow) respectively in CCTA images(B). SIS was calculated by
summation of the segments exhibiting plaque, i.e., the proximal right coronary artery (1) +proximal left circumflex artery (1) +middle left anterior descending artery (1). So, in this
example, the segment involvement score is 3 out of a possible 16. Leiden score is calculated by summation of segment score quantified as plaque weight factor x stenosis weight
factor x location weight factor, i.e., a right dominant system with a non-calcified plaque with <50% stenosis in the proximal right coronary artery(1 x 1.2 x 1)+ a calcified plaque
with <50% stenosis in the proximal left circumflex artery(1.5 x 1.1 x 1)+ a mixed plaque with >50% stenosis in the middle left anterior descending artery(2.5 x 1.3 x 1.4), so the
Leiden score is 7.4. CCTA = coronary computed tomography angiography; RCA = right coronary artery; LCX = left circumflex coronary artery; LAD = left anterior descending

coronary artery.

into Leiden score <5 and Leiden score >5 to represent athero-
sclerotic extent. Two experienced readers were responsible for
the CCTA imaging and both of them were blind to clinical out-
comes. When disagreements existed, the final decision would be
made through consultation or the intervention of a third experi-
enced physician.

Follow-up and study endpoint

The survival status of the patients was obtained by reviewing
the electronic medical record system or patient interview at least
90 days after CCTA examination. MACEs were recorded as the
outcome endpoint of the present study, including cardiovascular
death, non-fatal myocardial infarction, stroke and unstable angina
requiring hospitalization. Each event was judged independently by
two physicians and the categorization of MACEs was performed
blinded to the CCTA result or other study data.

12

Statistical analysis

All statistical analysis was performed with R version 3.6.3 and
SPSS version 26.0 (SPSS, IL, USA). The continuous variables were
represented as mean + standard deviation or median (interquartile
range, IQR) while categorical variables were represented as per-
centage and frequency. The intra-class correlation (ICC) statistic
was applied to assess intra- and inter-reviewer reproducibility of
CCTA findings and scoring results. The criteria of ICC: poor agree-
ment (0.01—-0.20); fair agreement (0.21—0.40); moderate agree-
ment (0.41—-0.60); good agreement (0.61—0.80) and excellent
agreement (0.81—1.0). Patients were divided into 4 groups by CCTA
results with risk score as normal, non-obstructive SIS<3, non-
obstructive SIS>3 and obstructive. Cumulative event rates were
estimated using the Kaplan-Meier method and compared using the
log-rank test. Multivariate analysis was performed using the Cox
proportional hazards method. P-value <0.05 was rendered as sta-
tistical significance.
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Table 1
Baseline characteristics.
Characteristic Total (n = 1241) Event P-value
No (n =1110) Yes (n = 131)
Age, years 60.2 + 104 59.9 + 10.2 633 +114 0.001
Male 671 (54.1%) 592 (53.3%) 79 (60.3%) 0.130
Body mass index, kg/m? 26.2 +3.6 262 +3.6 262 +3.8 0.779
Cardiac risk factors
Hypertension 824 (66.4%) 732 (65.9%) 92 (70.2%) 0.326
Hyperlipidemia 665 (53.6%) 578 (52.1%) 87 (66.4%) 0.002
Current smoking 340 (27.4%) 295 (26.6%) 45 (34.4%) 0.059
Family history of CAD 295 (23.8%) 267 (24.1%) 28 (21.4%) 0.496
CCTA findings
High-risk plaque 66 (5.3%) 43 (3.9%) 23 (17.6%) <0.001
CAD-RADS
0 190 (15.3%) 185(16.7%) 5(3.8%) <0.001
1 121 (9.8%) 117 (10.5%) 4(3.1%) 0.006
2 502 (40.5%) 461 (41 5%) 41 (31.3%) 0.024
3 215 (17.3%) 188 (16.9%) 27 (20.6%) 0.293
4 189 (15.2%) 140 (12.6%) 49 (37.4%) <0.001
5 24 (1.9%) 19 (1.7/) 5(3.8%) 0.098
Segment Involvement Score 2(1-3) 1(1-3) 3(2-5) <0.001
Leiden Risk Score 5.1 (2.8-8.9) 4.6 (2.3-8.1) 10.6 (6.4—13.4) <0.001
Medication
Anti-platelet 480 (38.7%) 435 (39.2%) 45 (34.4%) 0.280
Beta blocker 408 (32.9%) 368 (33.2%) 40 (30.5%) 0.550
ACEI/ARB 287 (23.1%) 252 (22.7%) 35 (26.7%) 0.300
Statin 482 (38.8%) 418 (37.7%) 64 (48.9%) 0.013
Calcium channel blocker 262 (21.1%) 230 (20.7%) 32 (24.4%) 0.330
Diabetic treatment
Diet only 248 (20.0%) 226 (20.4%) 22 (16.8%) 0.330
Oral hypoglycemic agent 901 (72.6%) 806 (72.6%) 95 (72.5%) 0.980
Insulin 300 (24.2%) 266 (24.0%) 34 (26.0%) 0.610

Values are mean + SD or n (%).
CAD, coronary artery disease; CCTA, coronary computed tomography angiography.

Results
Baseline characteristics

A total of 1241 patients were finally included, with a mean age of
60.2 + 10.4 years and 54.1%(671) were male. Non-obstructive CAD
was observed in 50.2% of the CCTA examinations while 34.5% had
obstructive CAD. Baseline characteristics and CCTA results were
summarized in Table 1. The prevalence of hypertension, hyperlip-
idemia, smoking and family history of CAD were 66.4%, 53.6%, 27.4%
and 23.8% respectively. In 248 patients, blood glucose levels were

controlled by diet only, 901 patients received oral hypoglycemic
agent, and the others benefited from insulin. Examined by CCTA, 66
high-risk plaques were detected and 428 subjects were rendered as
obstructive CAD.

Inter- and intra-reviewer agreement for CCTA findings and risk score

Inter-reviewer agreement for stenosis evaluation revealed by
CAD-RADS system was excellent agreement (ICC = 0.882—0.961) as
well as the intra-reviewer agreement (ICC = 0.921—0.986). For HRP,
an excellent agreement was observed both in inter- and intra-

Table 2
Univariate and multivariate analysis of SIS x CAD for major cardiovascular events.
Univariate HR (95%CI) p-Value SIS x CAD
Multivariate HR (95%CI) p-Value
Age, yrs 1.03 (1.01-1.05) <0.001 1.02 (1.00—-1.04) 0.021
Male 1.31(0.92—-1.85) 0.136 1.17 (0.81-1.68) 0.409
BMI (kg/m?) 1.00(0.95—-1.05) 0.994
Cardiac risk factors
Hypertension 1.19(0.82—-1.73) 0.372
Hyperlipidemia 1.69 (1.18—2.43) 0.004 1.83 (1.27-2.63) 0.001
Current smoker 1.42(0.99—-2.04) 0.057
Family history of CAD 0.84(0.55—1.27) 0.401
CCTA findings
High-risk plaque 4.71 (3.00—7.40) <0.001 3.15 (1.97-5.04) <0.001
Segment involvement score 1.22 (1.15-1.30) <0.001
Leiden Risk Score 1.08 (1.06—1.10) <0.001
CAD severity (SIS x CAD)
Normal 1 1
Non-obstructive SIS<3 2.07 (0.80—5.39) 0.136 1.84 (0.70—4.79) 0214
Non-obstructive SIS>3 4.65 (1.74—12.46) 0.002 3.71 (1.37—-10.00) 0.010
Obstructive 7.63 (3.09—18.84) <0.001 5.46 (2.18—13.69) <0.001

CAD, coronary artery disease; CCTA, coronary computed tomography angiography.
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Fig. 3. Cumulative risk of the composite endpoint on the basis of CAD severity
with segment involvement score. CAD, coronary artery disease; SIS, segment
involvement score.

reviewer agreement (ICC = 0.843 and 0.926, respectively). As to the
risk score, both SIS and Leiden score showed excellent agreement
(ICC of inter-reviewer agreement: 0.987 and 0.942; of intra-
reviewer agreement: 0.991 and 0.957 respectively).

Predictors of outcome events

Of the univariate analysis, age, hyperlipidemia, the presence of
HRP and SIS score were associated with outcome events (Table 2).
Compared with normal coronary artery patency, HR was 2.07 (95%
C1:0.80—5.39, p = 0.136) for the group of non-obstructive SIS<3,
4.65 (95%Cl:1.74—12.46, p = 0.002) for non-obstructive SIS>3 and
7.63 (95%ClI:3.09—18.84, p < 0.001) for obstructive, respectively
(Table 2).

After adjustment of age, gender, hyperlipidemia and presence of
HRP, SIS remained a significant predictor of outcome event risk
(HR:1.17; 95%Cl:1.10—1.25; p < 0.001) (Table 2). Compared to
normal group, non-obstructive CAD SIS>3 group had a higher
hazard ratio (HR:3.71; 95%Cl:1.37—10.00; p = 0.010) and a much
higher risk was observed in obstructive CAD (HR: 5.46; 95%
Cl:2.18—-13.69; p < 0.001) (Table 2). Furthermore, non-obstructive
SIS>3 group was associated with a higher risk of outcome events
in comparison to non-obstructive SIS<3 group (HR:2.02; 95%
Cl:1.11-3.68; p = 0.021). Survival analysis based on medication
(Supplement Table 1) was performed as well and the glucose
lowering therapies did not have an effect on the outcomes
(p=0.453~0.968).

Survival analysis

A similar incremental trend of event rate was demonstrated in
Fig. 3. During a median follow-up duration of 31 months (IQR
27.6—37.3), 131 MACEs occurred, including 28 non-fatal MI, 64
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unstable anginas requiring hospitalization, 22 strokes and 17 car-
diac deaths. The annual MACE rate among patients in the normal
group was 0.99 events per 100 person-years. The annual MACE
rates among non-obstructive SIS<3 and non-obstructive SIS>3
were 2.06 events and 4.66 events per 100 person-years, respec-
tively, while the rate for obstructive CAD was 7.55 events per 100
person-years (p < 0.01).

Sensitivity analysis

For further analysis, SIS was replaced by Leiden risk score to
quantify the atherosclerotic burden. A similar distribution of event
rate has been noticed (Fig. 4), which were 2.63%, 4.96%, 10.83% and
18.93% respectively. After adjustment for age, gender, hyperlipid-
emia and HRP, Leiden score was found a significant predictor as
well (Table 2). In an adjusted Cox analysis, an increase was
conferred in MACEs risk over those with normal CCTA results (non-
obstructive Leiden score<5 HR: 1.69; 95%Cl: 0.63—4.52; p = 0.299;
non-obstructive Leiden score>5 HR:3.24; 95%Cl: 1.24—8.47,;
p = 0.017; obstructive HR: 5.46; 95%Cl: 2.18—13.68; p < 0.001)
(Table 3). Furthermore, non-obstructive Leiden score>5 group was
associated with a higher risk of outcome events in comparison to
non-obstructive Leiden score<5 group (HR:1.92; 95%Cl:1.06—3.48;
p = 0.032).

Discussion

The present study found that atherosclerotic extent was asso-
ciated with long-term major adverse cardiovascular outcome in DM
patients with non-obstructive CAD, and an incremental prognostic
value could be conferred even after adjustment for traditional risk
factors and high-risk plaque profiles. Our results further supported
the notion that greater risk-stratification efforts should be needed
to promote management in DM patients with non-obstructive CAD.

0.254 Leiden x CAD
— no CAD
non-obstructive x Leiden<5
0.20 non-obstructive x Leiden=5
o — obstructive
©
= 015, Log-rank p<0.0001
g ;
(]
=
= 0.10
£
=
O
0.05
0.00 | 4:—'_'_‘_,7
0 10 20 30 40
Time (month)
Number of risk
()
P no-CAD{ 190 190 188 121 23
: 383 380 372 245 41
s 240 239 231 154 32
'E ob 428 404 376 243 46
0 10 20 30 40
Time (month)

Fig. 4. Cumulative risk of the composite endpoint on the basis of CAD severity
with Leiden score. CAD, coronary artery disease.
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Table 3
Univariate and multivariate analysis of Leiden x CAD for major cardiovascular events.
Univariate HR (95%CI) p-Value Leiden x CAD
Multivariate HR (95%CI) p-Value
Age, yrs 1.03 (1.01-1.05) <0.001 1.02 (1.00—1.04) 0.017
Male 1.31 (0.92—-1.85) 0.136 1.18 (0.82—1.71) 0.364
BMI (kg/m?) 1.00 (0.95—1.05) 0.994
Cardiac risk factors
Hypertension 1.19 (0.82—1.73) 0.372
Hyperlipidemia 1.69 (1.18—-2.43) 0.004 1.82(1.26—-2.63) 0.001
Current smoker 1.42 (0.99-2.04) 0.057
Family history of CAD 0.84 (0.55—1.27) 0.401
CCTA findings
High-risk plaque 4.71 (3.00—-7.40) <0.001 3.08 (1.93—4.91) <0.001
CAD severity (Leiden x CAD)
Normal 1 1
Non-obstructive Leiden<5 1.86 (0.70—4.99) 0.216 1.69 (0.63—4.52) 0.299
Non-obstructive Leiden>5 4.04 (1.55—-10.52) 0.004 3.24 (1.24-8.47) 0.017
Obstructive 7.63 (3.09—-18.83) <0.001 5.46 (2.18—13.68) <0.001

CAD, coronary artery disease; CCTA, coronary computed tomography angiography.

Among patients with angina, the absence of significant coronary
artery stenosis (>50%) is a relatively common finding. A compara-
tively lighter stenosis prevents non-obstructive CAD from stronger
downstream treatment and management, intensive medical ther-
apy or revascularization, with a consideration that it is a low-risk
disease with no flow-limiting. However, increasing data revealed
a potential high-risk population with non-obstructive CAD, asso-
ciated with worse outcome, even comparable to obstructive CAD
[2,20]. Some studies dedicated to discriminate these patients using
further stratification with combined risk factors including clinical
risk factors, demographic characteristics and other CCTA findings
like involved segments, calcium burden and epicardial adipose
tissue thickness [21—24]. These all indicated that non-obstructive
CAD should no longer be ignored in the setting of various risk
factors and it is worth further identification.

For DM patients, multi-vessel coronary artery disease and
microcirculation disturbance are more likely to occur on the basis
of vasculopathy. Previous studies confirmed that it is appropriate
for further cardiac risk stratification according to the degree of
diffusion detected by CCTA [23]. The assessment of atherosclerotic
extent may also produce incremental prognostic value over the
evaluation of plaque stenosis, especially in DM patients [25]. Of the
current CCTA derived risk scores, SIS is a simple and effective
approach to represent the extent of lesion, and is feasible in clinical
practice. Meanwhile, Leiden comprehensive risk score, combining
the information of both plaque location and stenosis composition,
was introduced for sensitivity analysis. Those results supported
that the measurement of atherosclerotic extent works in risk
stratification of cardiovascular outcome, especially for DM patient
with non-obstructive CAD.

Previous findings indicated a potential loss of information and
missed opportunity of preventive management in patients with
non-obstructive disease, especially in the presence of DM. In the
SCOT-HEART (Scottish Computed Tomography of the Heart) trial, a
hazard reduction of non-fatal myocardial infarction or cardiac
death was observed in patients assigned to an anatomic strategy
versus functional strategy (2.4% vs. 3.9%) [4], which may be asso-
ciated with detection of non-obstructive coronary atherosclerosis
and subsequent early-management. The PROMISE (Prospective
Multicenter Imaging Study for Evaluation of Chest Pain) trial
revealed that 67% of cardiac deaths or myocardial infarctions
occurred in patients with non-obstructive disease found by cardiac
CT and normal stress test at baseline [26]. Our results seem to
confirm this notion and further emphasized the importance of early
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management in DM patients with extensive non-obstructive cor-
onary artery disease. Thus, cardiac CT should be rendered as an
significant opportunity of earlier prevention or intensive treatment
in the process of disease, which has been proved effective in
reducing MACEs [27].

Our findings were broadly similar with previous study [2],
however, several disparities must be noted. A higher ratio of non-
obstructive/obstructive CAD was observed in the present cohort,
approximately half of them were non-obstructive, presenting a
comparative low-risk population, unlike the previous study [28].
This may be ascribed to a direct referral to the invasive examination
or revascularization driven by CCTA within 3 months, which has
met the exclusion criteria, in high-risk population. Nonetheless, a
slightly higher MACEs rate was presented, compared with an
annual events rate ranged from 1.5% to 16.9% as shown in a meta-
analysis [28], in which DM patients examined by CCTA were
investigated. One possibility is that we broadened enrollment to
MACEs with stroke and extended follow-up to a median of 31
months, which was a sufficient duration to capture more events.
Moreover, up to 4/5 patients received hypoglycemic therapy in
baseline, indicating a potential long duration of DM and higher
vascular risk. Another important observation from our study is that
in risk-adjusted hazard analysis, the presence of HRP was found an
independent predictor with a high HR of 3.15 (95%Cl:1.97—5.04).
This corresponds to the result from ICONIC study [29] that stressed
the importance of HRP lesions in non-obstructive CAD, which
exhibited comparable risk of becoming a culprit lesion to
obstructive HRP-free lesions. In view of this, we bring it into anal-
ysis, which has been done by little research before. However, after
adjustment for HRP, extensive non-obstructive CAD was still found
a significant indicator. This finding may inform future trials to
determine the potential role of non-obstructive CAD in the setting
of DM.

Study limitation

Firstly, as a prospective single center study, referral decision for
CCTA was made by physicians independently and some patients
were excluded finally due to various reasons, which may introduce
selection bias. Secondly, lack of the DM duration and biochemical
information on baseline might introduce bias into the research as
longer duration of DM is associated with increased CAD burden and
higher rate of MACE in CAD patients. Previous published studies
also failed to report the diabetes disease vintage [2,18,23]. However,
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nearly 75% of the patients only had a diet control or oral hypogly-
cemic agent to lower glucose, indicating a generally moderate
condition of DM and less heterogeneity in the present study pop-
ulation. Furthermore, because patients are more likely to have
relatively good compliance of treatment on traditional risk factors
due to follow-up visit in our clinic, a guideline-recommended
target of such biochemical information can be expected. Thirdly,
although some downstream treatments and management were
recorded, other treatments, such as diuretics and sacubitril/val-
sartan, were not recorded in the final analysis, which may bring in
potential confounders and impact the effect size of target variables.
Finally, the functional tests were not included in present study,
especially for the patients with microcirculation dysfunction,
which has been demonstrated to be independently associated with
MACEs in DM patients.

Conclusion

Atherosclerotic extent was associated with higher risk of
MACEs, and relevant risk score derived by CT imaging could allow
improving risk stratification for the management of DM patients
with non-obstructive CAD.
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