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[Abstract]  Objective To analyze the differences in computed tomography (CT) myocardial perfusion
parameters between type 2 diabetes mellitus (T2DM) patients and nondiabetic patients diagnosed with non-obstructive
coronary artery disease (CAD), using a one-stop cardiac CT scanning protocol that combines coronary CT angiography
(CCTA) with dynamic CT myocardial perfusion imaging (CT-MPI). In addition, we investigated the effect of T2DM on
coronary microcirculatory ischemia. Methods After balancing the baseline levels with propensity score matching, 92
T2DM patients (the T2DM group) and 92 nondiabetic patients (the nondiabetic group) with non-obstructive CAD were
enrolled eventually. The clinical characteristics and the CCTA and CT-MPI results of the two groups were compared. A
directed acyclic graph was used to analyze the causal relationships between the variables and to identify key confounding
factors. A multivariable regression model was established to evaluate the independent effect of T2DM on the occurrence
of coronary microcirculatory ischemia after adjusting for confounding factors. Results There were no statistically
significant differences between the T2DM group and the nondiabetic group in terms of age, sex, hypertension,
hyperlipidemia, smoking history, body mass index, chest symptoms, calcium score, CAD-reporting and data system
(CAD-RADS) score, and radiation dose. In the T2DM group, the mean values of myocardial blood flow (MBF) were
significantly reduced both globally and in all myocardial segments (basal, mid, and apical segments) compared to those of
the nondiabetic group (P<0.05). Furthermore, the incidence of coronary microcirculatory ischemia in the T2DM group
was significantly higher than that in the nondiabetic group (21.7% [20/92] vs. 5.4% [5/92], P=0.01). Multivariable logistic
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regression analysis showed that T2DM was an important independent risk factor for coronary microcirculatory ischemia

(odds ratio=5.095, 95% confidence interval: 1.753-14.805). Conclusion According to our assessment with a one-stop

cardiac CT scanning protocol combining CCTA and dynamic CT-MPI, patients with non-obstructive CAD and T2DM

have reduced global MBF, which makes them more prone to coronary microcirculatory ischemia. Furthermore, T2DM is

independently associated with coronary microcirculatory ischemia.
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Patients undergoing CCTA +
dynamic CT-MPI (n=958)

Exclusion criteria:

a. History of revascularization and
myocardial infarct (n=388)

b. Diagnosed as obstructive coronary
artery disease (n=306)

c. Cardiomyopathy (n=12)

d. Severely impaired CT image quality

due to motion or breathing (n=15)
e. Rule out TIDM patients (n=23)

T2DM patients (n=103)
and patients without
diabetes patients (n=111)

Propensity score matching

| T2DM patients (n=92) | | Patients without diabetes (Vl:92)|

B 1 AR ABRNRER
Fig 1 Flow chart of the study population enrolled
CCTA: coronary computed tomography angiography; CT-MPI: computed
tomography myocardial perfusion imaging; TIDM: type 1 diabetes mellitus;
T2DM: type 2 diabetes mellitus.
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Table 1 Comparison of baseline characteristics between the two groups of patients before and after propensity score matching

Before PSM After PSM
Characteristic
Nondiabetic patients (n=111) T2DM patients (n=103) P Nondiabetic patients (n=92) T2DM patients (1=92) P

Agelyr." 58.00 (50.00-66.00) 64.00 (57.00-73.00) <0.001 61.00 (54.00-67.25) 63.00 (55.75-70.00)  0.076
Male/case (%) 75 (67.6) 61 (59.2) 0.205 61 (66.3) 54 (58.7) 0.361
Hypertension/case (%) 62 (55.9) 59 (57.3) 0.833 54 (58.7) 52 (56.5) 0.881
Hyperlipidemia/case (%) 30 (27.0) 37 (35.9) 0.161 26 (28.3) 33 (35.9) 0.343
Smoking/case (%) 31(27.9) 22 (21.4) 0.266 25(27.2) 19 (20.7) 0.388
BMI/(kg/m?)" 23.88 (21.89-26.12) 24.22 (21.72-27.06) 0.403 23.88 (21.85-26.06) 2422 (21.76-27.08)  0.487
Palpitations/case (%) 9(8.1) 12 (11.7) 0.611 11 (12.0) 5(5.4) 0.191
Angina/case (%) 25 (22.5) 27 (26.2) 0.529 18 (19.6) 24 (26.1) 0.380
CACS 0.00 (0.00-7.20) 0.00 (0.00-20.00) 0.077 0.00 (0.00-9.95) 0.00 (0.00-23.25)  0.101
CAD-RADS category 0.002 0.820

0 72 (64.9) 56 (54.4) 58 (63.0) 56 (60.9)

1 2(1.8) 15 (14.6) 2(2.2) 4(4.4)

2 37(33.3) 32 (31.1) 32 (34.8) 32 (34.8)
Radiation dose/mSV" 7.38 (5.46-9.79) 7.22 (5.28-10.18) 0.902 7.23 (5.41-9.63) 7.65 (5.42-10.18) 0.510

T2DM: type 2 diabetes mellitus; BMI: body mass index; CACS: coronary artery calcium scoring; CAD-RADS: coronary artery disease-reporting and data
system. " Median (Q1-Q3).
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Table2 Comparison of CT myocardial perfusion parameters between T2DM patients and nondiabetic patients

Parameter Nondiabetic patients (1=92) T2DM patients (1=92) P Corrected P
Basel segment*
MBF/(mL/[min-100 mL]) 162.14 (140.99-183.18) 142.41 (125.61-164.65) <0.001 0.005
MBV/(mL/100 mL) 17.54 (15.69-18.83) 16.77 (14.82-18.45) 0.100 1.000
PCBV/(mL/100 mL) 10.43 (8.80-12.42) 9.82 (7.53-11.41) 0.031 0.492
TTP/s 10.30 (9.54-11.23) 11.07 (10.01-12.29) 0.001 0.022
Mid-ventricular segment”
MBF/(mL/[min-100 mL]) 177.23 (152.94-201.75) 158.33 (136.33-174.08) <0.001 0.001
MBV/(mL/100 mL) 19.13 (17.20-20.39) 18.01 (16.44-19.68) 0.031 0.500
PCBV/(mL/100 mL) 11.77 (9.35-13.52) 10.42 (8.70-11.93) 0.030 0.480
TTP/s 10.07 (9.46-10.97) 10.88 (9.86-12.08) 0.001 0.021
Apical segment”
MBF/(mL/[min-100 mL]) 171.72 (150.60-197.22) 156.35 (130.88-172.06) <0.001 0.003
MBV/(mL/100 mL) 19.06 (16.80-20.20) 17.66 (16.03-19.43) 0.036 0.570
PCBV/(mL/100 mL) 10.89 (9.11-12.77) 10.09 (8.04-11.92) 0.025 0.405
TTP/s 10.15 (9.55-11.00) 11.07 (9.93-12.35) 0.001 0.012
Globel’
MBF/(mL/[min-100 mL]) 171.04 (149.77-195.03) 153.84 (133.44-172.29) <0.001 0.002
MBV/(mL/100 mL) 18.45 (16.53-19.96) 17.50 (15.93-19.07) 0.042 0.666
PCBV/(mL/100 mL) 11.21 (9.00-13.00) 10.13 (8.03-11.53) 0.008 0.134
TTP/s 10.16 (9.55-11.04) 10.98 (9.89-12.25) 0.001 0.020
Coronary microcirculatory ischemia/case (%) 5(5.4) 20 (21.7) 0.001

T2DM: type 2 diabetes mellitus; MBF: myocardial blood flow; MBV: myocardial blood volume; PCBV: perfused capillary blood volume; TTP: time to peak.

Given the 17 segment model of the left ventricle, the quantitative parameters presented are the mean values derived from the analysis of the basal (segments 1-

6), mid-ventricular (segments 7-12), and apical (segments 13-16) segments. Coronary microcirculation ischemia is identified when the mean MBF is found to

be less than or equal to 100 mL/(min-100 mL) in at least one myocardial segment in patients with non-obstructive CAD. " Median (Q1-Q3).

2 #EEHE
Fig 2 Representative cases of nondiabetic patients and T2DM patients

LAD: left anterior descending artery; LCx: left circumflex artery; RCA: right coronary artery; the other abbreviations are explained in the note to Tab. 2. Case 1: A 52-

year-old nondiabetic female patient presenting with chest pain of undetermined cause. A,-C,, curved planar reconstruction from CCTA shows no significant coronary

artery stenosis; D,-G,, dynamic CT-MPI shows MBF ranging from approximately 157 to 280 mL/(min-100 mL), which is within the normal range. Case 2: A 66-year-old

diabetic female patient presenting with chest pain of undetermined cause. A,-C,, CPR from CCTA shows no significant coronary artery stenosis; D,-G,, dynamic CT-MPI

shows diffusely decreased MBF, ranging from approximately 65 to 99 mL/(min-100 mL), indicating the presence of coronary microcirculation ischemia.
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3 ELEBRARXRZNARLIRE
Fig 3 A directed acyclic graph of the causal relationships between
variables
BMI: body mass index; T2DM: type 2 diabetes mellitus. The exposure is

diabetes and the outcome is microvascular ischemia.
Wi2H (21.7% vs. 5.4%, P=0.001) (#£2)
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AU A% F 7S i 5 S DK GG PR 0L 22 ] 1) SCHR o AR ALAL
1E TR Z 2, 45 5L 1 7R T2D MU 76 Jik e 178 20 ot i, ) 2ok
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Table 3 Multivariate logistic regression analysis of microcirculatory

ischemia in coronary arteries of patients with non-obstructive

CAD
Multivariable analysis
Variable
Odds ratio 95% CI P

T2DM 5.095 1.753-14.805 0.003
Age 1.013 0.972-1.056 0.537
Sex 1.862 0.673-5.150 0.231
Hypertension 1.513 0.557-4.105 0.417
Hyperlipidemia 0.333 0.105-1.054 0.062
Smoking 1.218 0.347-4.279 0.758
BMI 1.075 0.944-1.224 0.276

CAD: coronary artery disease; CI: confidence interval; T2DM: type 2
diabetes mellitus; BMI: body mass index.
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