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Peri-coronary Adipose Tissue Attenuation and Its Association with Plaque Vulnerability and Clinical Outcomes in Coronary Artery Disease Using Combined CCTA and OCT

Supplemental Appendix 1. Methods 
1. stable angina pectoris (SAP), acute coronary syndromes definition
(1) STEMI was defined as ischaemic symptoms with ST-segment elevation on the electrocardiogram (ECG) and elevated cardiac biomarkers, and NSTEMI was defined as ischaemic symptoms without ST-segment elevation on the ECG and elevated cardiac biomarkers. UAP was defined as new or accelerated exertional ischaemic symptoms or resting angina without biomarker release within 2 weeks.
(2) SAP was defined as exercise chest pain with no change in the frequency, intensity and duration of symptoms in the last 4 weeks and a positive load test.
(3) Coronary angiography identified the lesion with the most severe luminal stenosis or the site of percutaneous coronary intervention (PCI) as the lesion vessel. In cases of multivessel PCI, the vessel with the most severe stenosis was designated as the lesion vessel1. 
2. OCT criteria for plaque diagnosis2,3
(1) Plaque rupture is characterized by the disruption of the continuity of the fibrous cap, leading to communication between the necrotic core and the lumen, which can result in cavity formation.
(2) Plaque erosion was defined as the presence of attached thrombus overlying an intact and visualized plaque.
(3) Fibrous plaque exhibits homogeneous, signal-rich (highly backscattering) regions.
(4) Calcified plaque exhibits signal-poor regions with sharply delineated borders and limited shadowing.
(5) Lipid plaque exhibits signal-poor regions with diffuse borders (lipid pool) and overlying signal-rich bands (fibrous caps), accompanied by high signal attenuation.
(6) TCFA is defined as a lipid plaque in which the minimum thickness of the fibrous cap is less than a predetermined threshold and lipid occupies >90° in circumference.
(7) Neovascularization (NV) was confirmed by observing a circular or tubular structure traversing the neointimal tissue in no fewer than three consecutive frames.
(8) Macrophages appear in OCT as signal-rich, distinct, or confluent punctate regions that exceed the intensity of background speckle noise.
3. Definition of vulnerable plaque4
The vulnerable plaque is described as a plaque with a lipid-rich core, a thin fibrous cap, and inflammatory infiltrates.
4. Related Definitions or Diagnostic Criteria:
(1) According to the American Heart Association’s coronary artery segmentation method, the Gensini score5 was used to quantitatively assess the degree of vascular stenosis in all coronary artery lesions. 
The Gensini score was defined as follows: a total score ≤30 points represents mild stenosis (n=61), 31-60 points represents moderate stenosis (n=44), and >60 points represents severe stenosis (n=6). Based on coronary angiography results, patients were divided into two groups according to the number of affected coronary vessels: single-vessel disease group (affected vessel = 1, n=75) and multi-vessel disease group (affected vessels ≥ 2, n=36). Based on clinical classification, patients were grouped into stable angina (n=89) and acute coronary syndrome (n=22). According to treatment strategy, patients were divided into drug-eluting stent group (n=96), drug-coated balloon group (n=11), and conservative drug therapy group (n=4).
(2) Coronary artery disease (CAD) is defined as the presence of at least one vessel or its branch with a diameter stenosis ≥50% in the left main coronary artery, left anterior descending artery, left circumflex artery, or right coronary artery, with or without elevated myocardial enzymes, BNP, or dynamic ST-T changes on electrocardiogram6. 
(3) Heart failure is a complex clinical syndrome caused by abnormal changes in the heart’s structure and/or function due to various factors, leading to impaired ventricular systolic and/or diastolic function. It is primarily characterized by symptoms such as dyspnea, fatigue, and fluid retention (pulmonary congestion, systemic congestion, and peripheral edema)7. In this study, post-discharge heart failure recurrence is redefined as the occurrence of dyspnea, fatigue, and fluid retention (pulmonary congestion, systemic congestion, and peripheral edema) after hospital discharge, or the need for hospitalization for treatment of heart failure.
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Table S1 Univariate and multivariate logistic regression analysis to determine the independent factors affecting the presence of Lipid plaques.
	
	Univariable
	Multivariable 

	Influence factor
	OR (95% CI)
	p-value
	OR (95% CI)
	p-value
	VIF

	High PCAT attenuation
	4.92 (1.84-3.18)
	0.002
	4.98 (1.82-13.59)
	0.002
	1.009

	Male
	1.18 (0.50-2.79)
	0.700
	
	
	

	Age, year
	1.00 (0.97-1.05)
	0.819
	
	
	

	Current smoker
	1.12 (0.51-2.44)
	0.779
	
	
	

	Hypertension
	1.37 (0.63-2.98)
	0.432
	
	
	

	Diabetes mellitus
	1.17 (0.47-2.92)
	0.737
	
	
	

	Neutrophils
	1.32 (0.98-1.79)
	0.065
	1.25 (0.91-1.73)
	0.174
	1.213

	eGFR
	0.99 (0.97-1.02)
	0.716
	
	
	

	LDL-C
	0.88 (0.54-1.42)
	0.593
	
	
	

	WBC
	1.14 (0.92-1.41)
	0.237
	
	
	

	CKMB
	1.05 (0.99-1.11)
	0.086
	1.05 (0.98-1.11)
	0.161
	1.209

	MLA, mm2
	0.95 (0.86-1.06)
	0.380
	
	
	

	MLD, mm
	0.73 (0.33-1.61)
	0.442
	
	
	

	AS % (MLD site)
	1.00 (0.96-1.04)
	0.909
	
	
	

	AS % (MLA site)
	1.00 (0.96-1.04)
	0.982
	
	
	


CKMB=Creatine Kinase-MB, CI=confidence interval, eGFR=estimated glomerular filtration rate, LDL-C=low-density lipoprotein cholesterol, LVEF= left ventricular ejection fraction, MLD = Minimum lumen diameter, MLA= Minimum lumen area, PCAT=peri-coronary adipose tissue, WBC=white blood cell.

Table S2 Univariate and multivariate logistic regression analysis to determine the independent factors affecting the presence of Macrophages.
	

	Univariable
	Multivariable 

	Influence factor
	OR (95% CI)
	p-value
	OR (95% CI)
	p-value
	VIF

	High PCAT attenuation
	3.67 (1.48 ~ 9.05)
	0.005
	3.31 (1.28 ~ 8.55)
	0.014
	1.093

	Male
	1.69 (0.71-4.02)
	0.238
	
	
	

	Age, year
	0.98 (0.94-1.01)
	0.207
	
	
	

	Current smoker
	0.91 (0.42-1.97)
	0.055
	
	
	

	Hypertension
	1.28 (0.60-2.77)
	0.523
	
	
	

	Diabetes mellitus
	1.36 (0.55-3.38)
	0.508
	
	
	

	LVEF
	1.00(0.96-1.04)
	0.951
	
	
	

	eGFR
	0.99 (0.97-1.01)
	0.413
	
	
	

	LDL-C
	0.86 (0.53-1.40)
	0.545
	
	
	

	WBC
	1.14 (0.90-1.20)
	0.623
	
	
	

	Neutrophils
	1.05 (0.84-1.32)
	0.661
	
	
	

	MLA, mm2
	1.02 (0.96-1.08)
	0.585
	
	
	

	MLD, mm
	0.49 (0.18-1.33)
	0.162
	
	
	

	AS % (MLD site)
	1.04 (1.00-1.08)
	0.056
	1.02 (0.98 ~ 1.07)
	0.341
	1.115

	Proximal reference area, mm2
	1.13 (0.97-1.31)
	0.127
	
	
	

	Proximal reference diameter, mm
	2.02 (0.88-4.63)
	0.096
	1.91 (0.83 ~ 4.41)
	0.127
	1.022


CI=confidence interval, eGFR=estimated glomerular filtration rate, LDL-C=low-density lipoprotein cholesterol, LVEF= left ventricular ejection fraction, MLD = Minimum lumen diameter, MLA= Minimum lumen area, PCAT=peri-coronary adipose tissue, WBC=white blood cell.

Table S3 Univariate and multivariate logistic regression analysis to determine the independent factors affecting the presence of TCFA.
	
	Univariable
	Multivariable 

	Influence factor
	OR (95% CI)
	p-value
	OR (95% CI)
	p-value
	VIF

	High PCAT attenuation
	5.14 (2.27-11.67)
	0.000
	4.40 (1.77-10.93)
	0.001
	1.097

	Male
	0.66 (0.29-1.51)
	0.328
	
	
	

	Age, year
	0.98 (0.95-1.02)
	0.426
	
	
	

	Current smoker
	0.85 (0.40-1.81)
	0.667
	
	
	

	Hypertension
	2.41 (1.10-5.29)
	0.028
	3.07 (1.21-7.79)
	0.018
	1.097

	Diabetes mellitus
	0.78 (0.32-1.91)
	0.594
	
	
	

	eGFR
	0.99 (0.97-1.01)
	0.281
	
	
	

	LDL-C
	1.77 (1.06-2.97)
	0.030
	2.07 (1.12-3.81)
	0.020
	1.069

	Neutrophils
	1.26 (0.98-1.62)
	0.070
	1.37 (1.00-1.89)
	0.052
	1.037

	WBC
	1.16 (0.95-1.41)
	0.144
	
	
	

	MLA, mm2
	1.02 (0.97-1.06)
	0.441
	
	
	

	AS % (MLD site)
	1.05 (1.01-1.09)
	0.044
	1.03 (0.98-1.08)
	0.213
	1.123

	Proximal reference area, mm2
	0.93 (0.80-1.07)
	0.292
	
	
	

	Proximal reference diameter, mm
	0.75 (0.35-1.61)
	0.467
	
	
	


CI=confidence interval, eGFR=estimated glomerular filtration rate, LDL-C=low-density lipoprotein cholesterol, LVEF= left ventricular ejection fraction, MLD = Minimum lumen diameter, MLA= Minimum lumen area, PCAT=peri-coronary adipose tissue, WBC=white blood cell.




Table S4 Baseline characteristics.
	
	Overall (n=111)
	MACE ( n=22, 19.82%)
	Non-MACE (n=89, 80.18%)
	p-value

	
	
	
	
	

	General information
	
	
	
	

	
	Age, year
	58.56±9.87
	61.14±8.38
	57.92±10.14
	0.172

	
	Male, n (%)
	78 (70.3%)
	13 (59.1%)
	65 (73.0%)
	0.200

	
	Current smoker, n (%)
	63 (56.8%)
	11 (50.0%)
	52 (58.4%)
	0.475

	
	Hypertension, n (%)
	61 (55.0%)
	15 (68.2%)
	46 (51.7%)
	0.164

	
	Diabetes mellitus, n (%)
	27 (24.3%)
	5 (22.7%)
	22 (24.7%)
	0.845

	
	LVEF, %
	60 (57-62)
	58.5 (54.50-62.00)
	61.00 (57.00-62.00)
	0.073

	
	Creatinine, μmol/L
	76 (66-85)
	73.50 (61.75-88.25)
	76.00 (66.50-84.50)
	0.842

	
	eGFR, mL/min/1.73 m2
	92.41 (75.24-107)
	88.64 (65.73-99.87)
	98.89 (77.32-107.41)
	0.151

	
	TG, mmol/L
	1.80 (1.29-3.25)
	1.52 (0.99-2.72)
	1.94 (1.38-3.43)
	0.114

	
	TC, mmol/L
	5.01 (4.20-5.71)
	5.46 (4.05-6.00)
	4.93 (4.21-5.70)
	0.371

	
	HDL-C, mmol/L
	1.19±0.25
	1.20±0.29
	1.18±0.24
	0.772

	
	LDL-C, mmol/L
	3.02 (2.38-3.50)
	3.31 (2.21-3.85)
	2.95 (2.40-3.43)
	0.214

	
	WBC (×10^9/L)
	6.38 (5.73-7.91)
	6.12 (5.31-8.11)
	6.41 (5.39-7.86)
	0.994

	
	CRP (mg/L)
	8.33 (1.64-69.61)
	8.95 (6.17-23.00)
	6.53 (1.09-69.61)
	0.317

	
	NT-pro BNP, pg/mL
	72.00 (30.00-214.00)
	99.50 (53.75-557.50)
	68.00 (26.50-199.50)
	0.071

	
	PCAT attenuation, HU
	-73.33 (-76.00, -68.67)
	-69.67 (-74.75, -65.59)
	-73.67 (-76.67, -69.50)
	0.037

	Lesion vessel
	

	
	RCA, n (%)
	27 (24.3%)
	6 (27.3)
	21 (23.6)
	0.392

	
	LAD, n (%)
	77 (69.4%)
	16 (72.7)
	61 (68.5)
	

	
	LCX, n (%)
	7 (6.3%)
	0
	7 (7.9)
	

	Gensini score

	
	≤30, n (%)
	61(55.0)
	9(40.9)
	52(58.4)
	0.010

	
	31-60, n (%)
	44(39.6)
	9(40.9)
	35(39.3)
	

	
	>60, n (%)
	6(5.4)
	4(18.2)
	2(2.2)
	

	Treatment strategie

	
	DES, n (%)
	96 (86.5)
	19 (86.4)
	77 (86.5)
	0.503

	
	DCB, n (%)
	11 (9.9)
	3 (13.6)
	8 (9.0)
	

	
	medication, n (%)
	4 (3.6)
	0
	4 (4.5)
	

	Number of blood vessels

	
	Single vessel, n (%)
	75 (67.6)
	14 (63.6)
	61 (68.5)
	0.660

	
	multivessel, n (%)
	36 (32.4)
	8 (36.4)
	28 (31.5)
	

	Clinical presentation

	
	SAP, n (%)
	89 (80.2)
	16 (72.7)
	73 (82.0)
	0.496

	
	ACS, n (%)
	22 (19.8)
	6 (27.3)
	16 (18.0)
	

	Medication 
	
	
	
	

	
	Aspirin, n (%)
	73 (65.8)
	16 (2.7)
	57 (64.0)
	0.442

	
	Statin, n (%)
	111 (100)
	22 (100)
	89 (100)
	

	
	ACEI/ARB, n (%)
	65 (58.6)
	13 (59.1)
	52 (58.4)
	0.955

	
	β-blocker, n (%)
	100 (90.1)
	21 (95.5)
	79 (88.8)
	0.588

	
	Antiplatelet, n (%)
	107 (96.4)
	22 (100.0)
	85 (95.5)
	0.583


ACS=acute coronary syndrome, ACEI=angiotensin-converting enzyme inhibitor, ARB=angiotensin II receptor blocker, CRP=high-sensitivity C-reactive protein, DES=drug-eluting stent, DCB=drug coated balloon, eGFR=estimated glomerular filtration rate, HDL-C=high-density lipoprotein cholesterol, LAD=left anterior descending; LCX=left circumflex, LVEF=left ventricular ejection fraction, LDL-C=low-density lipoprotein cholesterol, NT-proBNP =N-terminal pro-brain natriuretic peptide, PCAT=peri-coronary adipose tissue, RCA=right coronary artery, SAP=stable angina pectoris, TG= Triglyceride, TC=total cholesterol, Values are mean±SD, n (%), or median (25th–75th percentile), WBC=white blood cell.




Table S5 Clinical Outcome.
	Clinical Outcome
	Overall (n=111)
	High PCAT attenuation group
	Low PCAT attenuation group
	p-value

	Heart failure, n (%)
	7 (6.3)
	7 (17.9)
	0
	0.001

	UAP, n (%)
	12 (10.8)
	3 (7.7)
	9 (12.5)
	0.647

	NSTEMI, n (%)
	2 (1.8)
	2 (5.1)
	0
	0.121

	Non cardiogenic death, n (%)
	1 (0.9)
	0
	1 (1.4)
	1.000

	All, n (%)
	22 (19.8)
	12 (30.8)
	10 (13.9)
	0.033


NSTEMI = non–ST-segment elevation myocardial infarction, UAP = unstable angina pectoris.












Table S6 Univariate and multivariate Cox proportional hazards regression analysis of MACE.
	
	Univariable
	Multivariable 

	
	
	

	Influence factor
	HR (95% CI)
	p-value
	HR (95% CI)
	p-value
	VIF

	Age, year
	1.03 (0.99-1.08)
	0.159
	
	
	

	Male, n
	0.59 (0.25-1.39)
	0.230
	
	
	

	Current smoker
	1.29 (0.56-2.97)
	0.557
	
	
	

	Hypertension
	0.51 (0.21-1.27)
	0.150
	
	
	

	Diabetes mellitus
	1.05 (0.39-2.84)
	0.929
	
	
	

	ACS
	1.68 (0.65-4.29)
	0.281
	
	
	

	Creatinine
	1.00 (0.98-1.03)
	0.953
	
	
	

	LDL-C
	1.12 (0.73-2.01)
	0.453
	
	
	

	TC
	1.08 (0.76-1.53)
	0.684
	
	
	

	High PCAT attenuation
	2.46 (1.06-5.70)
	0.036
	2.41 (1.02-5.69)
	0.045
	1.039

	WBC
	1.13 (1.03-1.24)
	0.008
	1.12 (1.02-1.23)
	0.018
	1.020

	Lipid plaques
	0.87 (0.37-2.03)
	0.739
	
	
	

	Macrophages
	0.93 (0.40-2.19)
	0.874
	
	
	

	TCFA
	1.25 (0.54-2.90)
	0.600
	
	
	

	AS % (MLD site)
	1.03 (0.98-1.08)
	0.222
	
	
	

	AS % (MLA site)
	1.03 (0.98-1.09)
	0.205
	
	
	

	MLA, mm2
	0.72 (0.44-1.17)
	0.186
	
	
	

	MLD, mm2
	0.45 (0.14-1.48)
	0.190
	
	
	

	Thinnest FCT, μm
	1.00 (0.99-1.01)
	0.734
	
	
	

	Lesion vessel
	1.48 (0.18-12.31)
	0.719
	
	
	

	Implantation of stents
	1.06 (0.31-3.60)
	0.928
	
	
	

	Severe stenosis
	6.93 (2.12-22.57)
	0.001
	6.67 (2.23-19.99)
	0.000
	1.036

	Number of blood vessels
	1.30 (0.54-3.10)
	0.557
	
	
	


 FCT=fibrous cap thickness, LDL-C=low-density lipoprotein cholesterol, MLD = Minimum lumen diameter, MLA= Minimum lumen area, TC=total cholesterol, WBC=white blood cell.




















  


Figure S1. Comparison of PCAT attenuation between with ACS and SAP. 
[image: ]
ACS=acute coronary syndrome, PCAT=peri-coronary adipose tissue, SAP stable angina pectoris.
















Figure S2. Optical Coherence Tomography (OCT) features plaque in high versus low peri-coronary adipose tissue.TCFA, Lipid plaque, Macrophage and Red thrombus were more frequently observed in the high PCAT attenuation group than in the low group.
[image: ]

























Figure S3. Comparison of PCAT attenuation between with MACE and without MACE group. 
[image: 图MACE 7-12]






MACE=major adverse cardiovascular events, PCAT=peri-coronary adipose tissue.


















Figure S4. Receiver-operating characteristic curve for the ability of PCAT attenuation to predict MACE. 
[image: 图ROC 7-12]







MACE=major adverse cerebral and cardiovascular events, PCAT=peri-coronary adipose tissue.
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