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[bookmark: OLE_LINK4]Materials and Methods
Reagents, Antibodies, and Cell Lines
[bookmark: _Hlk185697189]3-Isobutyl-1-methylxanthine (IBMX, HY-12318), recombinant human insulin-like growth factor 1 (rIGF1, HY-P70788, G49-A118), and selective IGF1 receptor (IGF1R) antagonist (Picropodophyllin, AXL1717, HY-15494) were purchased from MedChemExpress (MCE, USA). Indomethacin (No. 53-86-1) was purchased from Adamsa (Shanghai, China). Dexamethasone (ST1258) and recombinant human insulin (P3376-400IU) were obtained from Beyotime (Shanghai, China). Palmitic acid (PA, P5585, Sigma-Aldrich, USA) was dissolved in 75% ethanol at 70°C to prepare a 300 mmol/L stock solution. Sterilized phosphate-buffered solution (PBS) was subsequently used to prepare 10% FFA-free bovine serum albumin (BSA, B2064, Sigma-Aldrich, USA). Then, a mixture of 0.1 mL PA and 5.9 mL 10% FFA-free BSA was made at 55°C and shaken overnight at 4°C to obtain a 5.0 mmol/L PA stock solution. Final PA stock solution was sterilized by filtration using 0.22-µm membrane filter and stored at -80℃ until subsequent experiments. Mannitol (MA, BS187) and glucose powder (BS099) were purchased from Biosharp (Beijing, China) and dissolved in sterilized distilled water, respectively. Matrigel (KGL5101-1) was obtained from KeyGEN BioTECH (Nanjing, China). Collagenase type II (LS004176) was obtained from Worthington Biochemical Corporation (New Jersey, USA). 
[bookmark: OLE_LINK1]Anti-IGF1 polyclonal (WL04589) antibody was obtained from Wanleibio Co., Ltd (China). Anti-lymphatic vessel endothelial receptor-1 (LYVE-1) polyclonal (ab281587), anti-α-Tubulin monoclonal (ab52866), anti-GAPDH (ab9485) polyclonal, and Goat anti-Rabbit IgG H&L (HRP) secondary (ab6721) antibodies were obtained from Abcam (UK). Anti-IGF1R polyclonal (Cat No. 20254-1-AP), anti-insulin receptor substrate-1 (IRS1) polyclonal (Cat No. 17509-1-AP), anti-vascular endothelial growth factor A (VEGFA) monoclonal (Cat No. 66828-1-Ig), and anti-adiponectin polyclonal (Cat No. 21613-1-AP) antibodies were obtained from Wuhan Proteintech Group (Hubei, China). Anti-CD68 polyclonal (GB113150), HRP-labeled Goat anti-Rabbit IgG (H+L) secondary (GB23303) antibodies, iF555-labeled tyramide (G1233), and iF488- labeled tyramide (G1231) were obtained from Servicebio (Wuhan, China). Anti-AKT monoclonal (#4691T), anti-phospho-AKT (Ser473, p-AKT) monoclonal (#4060T), and anti-phospho-IRS1 (Tyr895, p-IRS1) polyclonal (#3070) antibodies were provided by cell signaling technology (CST, Massachusetts, USA). 
Human preadipocytes (Catalog No. FH-H124) were obtained from FuHeng BioLogy (Shanghai, China). Human dermal lymphatic endothelial cells (LECs, Catalog No. CP2010) were provided from ScienCell Research Laboratories (San Diego, California, USA). 

Demographic Information and Clinical Data Collection
Clinical information, laboratory testing, electrocardiogram (ECG), echocardiography, computed tomography (CT) images, and coronary angiography were collected using the hospital’s electronic medical record (EMR) system. The sonographers, electro-cardiologists, and coronary angiography operators were blinded to the study’ protocol. Detailed clinical information involved demographics, smoking history, alcohol history, coexisting chronic diseases, New York Heart Association (NYHA) classification, and history of medication use. Body surface area (BSA) was calculated according to the formula: BSA (m2) = 0.0061*Height (cm) + 0.0128*Weight (kg)-0.1529. Body mass index (BMI) was calculated according to the formula: BMI (kg/m2) = Weight (kg)/[Height (m)]2. 
The diagnoses of comorbidities were defined according to current Chinese clinical guidelines. Hypertension was determined following the 2022 Chinese Hypertension Guidelines (Chinese Journal of Cardiology, 2022, Vol. 50). Diabetes mellitus (DM) was diagnosed according to the 2021 Chinese Guidelines for Type 1 DM (Chinese Journal of Diabetes Mellitus, 2022, Vol. 14) or the 2020 Chinese Guidelines for Type 2 DM (Chinese Journal of Diabetes Mellitus, 2021, Vol. 13). Chronic lung disease (CLD) was defined as the presence of one or more of the following conditions: chronic bronchitis (CB), emphysema (Emp), or chronic obstructive pulmonary disease (COPD), in accordance with the 2023 Global Strategy for COPD and the 2021 Chinese COPD Guidelines (Chinese Journal of Tuberculosis and Respiratory Diseases, 2021). Chronic kidney disease (CKD) was defined as abnormalities in renal structure or function persisting for more than 3 months in accordance with the 2022 Chinese CKD Guidelines (Chinese Journal of Nephrology, 2022), with estimated glomerular filtration rate (eGFR) calculated using the Modification of Diet in Renal Disease (MDRD) equation.
[bookmark: _Hlk195995860][bookmark: _Hlk215834783][bookmark: _Hlk214991492][bookmark: _Hlk172558302]All blood samples of patients were drawn after overnight fasting. Serum high-density lipoprotein cholesterol (HDL-C), triglyceride (TG), total cholesterol (TC), low-density lipoprotein cholesterol (LDL-C), lipoprotein(a) [Lp(a)], fasting blood glucose (FBG), aspartate aminotransferase (AST), alanine aminotransferase (ALT), albumin (ALB), blood urea nitrogen (BUN), serum creatinine (sCr), high-sensitivity C-reactive protein (hsCRP), white blood cell (WBC), and neutrophils-to-leukomonocyte ratio (NLR) were recorded. The missing rates of all indicators are shown in Table S1, and variables with missing rates exceeding 30% were excluded from further analyses. Hemoglobin A1c (HbA1c) was not routinely measured during the study period, resulting in missing preoperative HbA1c data in 58.75% of patients. As HbA1c availability was largely determined by clinical practice variability and timing of hospital admission rather than study design, its missingness was substantial and non-random. To minimize potential selection bias, HbA1c was therefore not included in the baseline characteristics (Table 1) or in the adjusted statistical models (Table 2). All missing data were handled using multiple imputation method by the R programming language, specifically utilizing the “mice” package (version 3.12.0), generating 10 imputed datasets, from which the average values were used for the final clinical cohort. No normalization or other preprocessing was applied to variables. Binary categorical variables (e.g., smoking, alcohol history, medications, and chronic comorbidities) were coded as 0 (absent) or 1 (present), while the ordered categorical variable (NYHA) was coded from I to VI. No additional feature transformation or encoding was performed.

Epicardial Adipose Tissue Volume (EpATv) Measurement
Patients’ chest CT images were acquired using a 64-section multidetector CT system (Discovery CT 750 HD; GE). The parameters of CT system under working status were set at 120 kVp, with an automatic tube current modulation (ranging from 150 mAs to 400 mAs), collimation of 64 mm × 0.625 mm, rotation time of 0.33 s, and pitch of 1 mm. Then, patients’ chest CT images were reprocessed to assess total EpATv based on previous publication[1]. In our study, total epicardial adipose tissue (EpAT) was defined as adipose tissue from the inferior surface of the left pulmonary artery origin to the apex of the left ventricle. The EpATv was measured in cubic centimeters (mL) by manually tracing the pericardial margin on the horizontal plane of every fourth section 1.0-1.5 mm thick using volume and density analysis software on a dedicated workstation. The coronal and sagittal views were used when necessary to help modify the accuracy of manual tracing. Finally, adipose tissue with a density range of -200 to -50 Hounsfield Units (HU) within this interest region was defined as EpAT by dedicated software (GE AW4.6 Volume Rendering 11.3). EpATv in selected regions was calculated and averaged by the two researchers using the dedicated software.

Assessment of Coronary Artery Lesion Severity
[bookmark: _Hlk215607739]The angiographic characteristics of coronary artery lesions in the patients were reviewed. The definition of coronary artery disease (CAD) was dependent on the presence of > 50% coronary artery stenosis in at least one major epicardial artery segment, evaluated by two experienced interventional cardiologists according to coronary artery angiography. The severity of coronary artery stenosis in the patients was evaluated using the SYNTAX scoring. The SYNTAX score was originally developed as an angiographic tool to objectively assess lesion complexity and grade revascularization strategies in patients with multivessel and/or left main coronary disease[2, 3]. Lesion with ≥ 50% diameter stenosis in vessels ≥ 1.5 mm were scored based on its segmental location and lesion characteristics, including number of lesions, presence of bifurcation or trifurcation, chronic total occlusion, severe calcification, thrombus, small vessel disease, vessel tortuosity, and other adverse features. Points assigned for each lesion feature were summed to generate a total SYNTAX score. While reproducibility of the SYNTAX score depends on operator training and lesion complexity[4], prior studies reported reasonable inter- and intra-observer agreement among trained observers or core-lab technicians, though variability may be substantial for certain lesion subtypes and without standardized training[4, 5]. To minimize variability in this study, SYNTAX scoring was independently performed by two experienced researchers blinded to clinical outcomes, with discrepancies resolved by consensus. Scoring was conducted using an online calculator available at https://syntaxscore.org/, and final scores were averaged. Scores were obtained for all coronary arteries (SYNTAX) as well as specifically for the left anterior descending coronary artery (SYNTAX-LAD).

[bookmark: OLE_LINK2]Human Pericoronary Adipose Tissue (PCAT) Harvesting
[bookmark: _Hlk185698228][bookmark: OLE_LINK6]PCAT from the middle section of the left anterior descending coronary artery was collected during cardiac surgeries. Harvested PCAT was washed with precooled PBS (pH = 7.2-7.4) to remove residual blood and debris. The samples were fixed in 10% formalin solution overnight at 4℃ to prepare paraffin sections for pathological, immunohistochemistry (IHC), and immunofluorescence (IF) staining. Part of samples was minced into 1-2 mm3 fragments. Explant pieces were transferred to 12-well plates and incubated in serum-free high glucose Dulbecco’s Modified Eagle Medium (DMEM, Gibco, China) at 37℃ with 5% CO2 for 24 hours (a ratio: 500 μL DMEM/100 mg adipose tissue). After 24 hours, the medium was collected and centrifuged at 3000 rmp for 10 minutes to obtain culture supernatant. The detailed flowchart is illustrated in Figure S1.

Pathological Evaluation and IHC Staining
Paraffin-embedded PCAT sections were subjected to deparaffinization, rehydration, and staining with hematoxylin-eosin (HE) and Masson’s trichrome (Masson) for pathological assessment. Stained sections were imaged using CaseViewer Software (version 2.4.0, 3DHISTECH Ltd). Cross-sectional area of adipocytes and interstitial fibrosis levels in PCAT were quantified by averaging 3-4 fields per section using Image J software. 
[bookmark: OLE_LINK5]Paraffin-embedded PCAT was sectioned at 4.0 μm of thickness, deparaffinized using xylene, and rehydrated with a gradient of ethanol. Subsequently, antigen retrieval was performed at heat conditions, followed by blocking endogenous enzymes with hydrogen peroxide (0.3%) and nonspecific antigens with 5% BSA. Human PCAT sections were incubated overnight at 4°C with primary antibodies against CD68 (1:1000) and LYVE-1 (1:1000). Sections were followed by incubation of horseradish peroxidase (HRP)-conjugated secondary antibody (G1302, Wuhan Servicebio, China) at room temperature for 30 minutes. Diaminobenzidine (DAB, MXB, Fuzhou, China) solution was used to visualize the chemical reaction for the assessment of protein expression. The stained sections were observed and imaged using CaseViewer Software (version 2.4.0, 3DHISTECH Ltd). The number of CD68-positive macrophages per unit was counted. Lymphatic vessel density labeled with LYVE-1 protein per unit was calculated.
To rule out the influence of confounding factors on pathological results between CTRL and CAD patients, 1:1 propensity score matching (PSM) was performed using a caliper width of 0.3 and a 95% confidence interval (CI). CAD served as the dependent variable, with covariates including age, sex, BSA, BMI, atrial fibrillation (AF), and DM.

Outlier Detection and Handling
Potential outliers were systematically identified using the interquartile range (IQR) method. For each continuous variable, the first quartile (Q1) and third quartile (Q3) were calculated, and the IQR was computed as Q3-Q1. The lower and upper bounds for outlier detection were defined as Q1-1.5*IQR and Q3+1.5*IQR, respectively. Data points falling outside these bounds were flagged as statistical outliers.

IF Staining
[bookmark: _Hlk205067752]To assess expression levels of IGF1 protein in mature adipocytes, we performed IF co-staining of IGF1 and adiponectin through tyramide signal amplification (TSA) technology. Briefly, sections were subjected to deparaffinization, rehydration, antigen retrieval (heating under condition of citrate buffer), and blocking in 3% H2O2 for 25 min and 3% BSA for 30 min at room temperature. The sections were incubated with primary antibody (IGF1, 1:400) overnight at 4°C and then followed by HRP conjugated Goat Anti-Rabbit IgG (H+L) (1:500) secondary antibody for 50 minutes at room temperature. The sections were washed using PBS and incubated with iF555-labeled tyramide for 10 minutes at room temperature. Continuously, the sections were again performed antigen retrieval, blocking (3% BSA), incubated with primary antibody (adiponectin, 1:500) overnight at 4°C, and followed by a subsequent incubation of HRP conjugated Goat Anti-Rabbit IgG (H+L) (1:500) secondary antibody and iF488-labeled tyramide according to mentioned procedures. Next, DAPI resolution was used to stain nucleus of the sections. The sections were photographed and imaged using CaseViewer Software (version 2.4.0, 3DHISTECH Ltd).

[bookmark: _Hlk215437054][bookmark: _Hlk215313076][bookmark: _Hlk215130902]Stromal Vascular Fraction (SVF) Cells Isolation, Culture, and Administration
[bookmark: _Hlk193997089]Clinical characteristics of the CAD patients without DM who provided isolated SVF cells are shown in Table S5. Briefly, pericardial adipose tissue was obtained during undergoing cardiac surgery and placed in precooled PBS (containing 1% penicillin-streptomycin) to remove residue and blood. Fat tissue was minced and digested in 0.2% collagenase type II solution at 37°C 120 rpm for 45 minutes. The enzyme solution was then neutralized using high-glucose DMEM containing 10% fetal bovine serum (FBS, v/v) and 1% penicillin-streptomycin. Cell suspension was next filtered through a 100-μm cell filter to remove tissue debris, and the filtrate was centrifuged at 2400 rpm for 10 minutes. Cell precipitates were subsequently resuspended in high-glucose DMEM supplemented with 10% FBS and 1% penicillin-streptomycin. After contact inhibition of SVF cells, 0.5 mmol/L IBMX, 1.0 μmol/L dexamethasone, and 10 μg/mL insulin were added into high-glucose DMEM medium (containing 10% FBS and 1% penicillin-streptomycin) for 2 days. Next, 10 μg/mL insulin was continuously added to culture medium for 4 days. The medium was replaced with high-glucose DMEM supplemented with 5% FBS and 1% penicillin-streptomycin every other day for 10-14 days to induce mature adipocytes. Differentiated mature adipocytes were exposed to stimulation of high concentration glucose (HG, 40 mmol/L) and PA (200 μmol/L) for 36 or 48 hours to establish an in vitro diabetes model, while mannitol and BSA were added to the control group (Figure S1). 

Human Preadipocytes Culture, Differentiation, and Administration
Human preadipocytes were cultured in high-glucose DMEM supplemented with 2% FBS and 1% penicillin-streptomycin at 37 °C with 5% CO2. To induce differentiation into mature adipocytes, the culture medium was supplemented with insulin (8.5 μmol/L), IBMX (2.5 mmol/L), indomethacin (1.0 mmol/L), and dexamethasone (0.1 μmol/L). The medium was refreshed every two days. After 8-10 days of induction, human adipocytes were exposed to HG (40 mmol/L) and PA (200 μmol/L) for 36 hours to establish an in vitro diabetes model. In the control group, MA and BSA were added instead (Figure S1).

Immunoblotting Analysis
Total proteins were extracted using RIPA lysis buffer (P0013B, Beyotime, Shanghai, China), and protein concentrations were quantified using a bicinchoninic acid (BCA) assay kit (P0010, Beyotime, Shanghai, China). The protein samples were then separated by SDS-PAGE (EpiZyme, Shanghai, China) and transferred onto polyvinylidene fluoride (PVDF) membranes (Merck Millipore, Billerica, USA). The membranes were incubated with primary antibodies against α-Tubulin (1:5000), IGF1 (1:1000), IGF1R (1:1000), AKT (1:1000), p-AKT (1:2500), IRS1 (1:2500), p-IRS1 (1:2500), VEGFA (1:2000), and GAPDH (1:5000), subsequently followed by incubation with HRP-conjugated secondary antibody (ab6721, 1:15000) for 60 minutes at room temperature. The protein signal detection and quantification were performed using chemiluminescence (ECL) solution (E411-05, Vazyme Biotech, Nanjing, China) and the Multi Tanon 5260 imaging system. Blot density was quantified using Image J software.

[bookmark: _Hlk136261993]Real-Time Polymerase Chain Reaction (RT-PCR)
[bookmark: _Hlk132647146][bookmark: OLE_LINK7]Total RNAs were extracted from LECs with Trizol RNA reagent (Invitrogen, USA) and subjected to conventional cDNA synthesis by HiScript III RT SuperMix for qPCR (+gDNA wiper, R323-01, Vazyme Biotech, Nanjing, China), followed by cDNA amplification using a ChamQ Universal SYBR qPCR Master Mix Kit (Q711-02/03, Vazyme Biotech, Nanjing, China). The procedures of cDNA amplification included a pre-condition at 95°C for 30 sec, subsequently followed by a total of 40 cycle processes (denaturation at 95°C for 10 sec, annealing at 60°C for 30 sec) and extension at 95°C for 15 sec, 60°C for 60 sec, and 95°C for 15 sec. The cycle threshold (Ct) values of gene were obtained from Gene Amp PCR System 9700 (Applied Biosystems, USA). The housekeeping gene of glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was employed to normalize the expression levels of the target genes. The relative expression levels of the genes were calculated using the 2−ΔΔCt method. The primers were obtained from Shanghai Sangon Biotechnology (China) and are listed in Table S6.

Enzyme-Linked Immunosorbent Assay (ELISA)
[bookmark: OLE_LINK14]IGF1 protein levels in culture supernatant were measured using Human IGF1 ELISA Kit (EK1131, MULTI SCIENCES, Hangzhou, China) according to the standard protocol. Briefly, supernatant was collected, centrifuged at 3000 g for 10 minutes, and stored at -80°C or diluted as needed. IGF1 ELISA was performed by adding 100 μL of standards or samples plus the detection antibody to pre-coated 96-well plates. After incubation for 2 hours, the plate was washed six times. Streptavidin working solution was added into all wells for incubation of 45 minutes. Next, 100 μL of TMB substrate was used for color reaction, and reaction was stopped with 100 μL of stop solution. Absorbance was measured at 450 nm and 570 nm using microplate reader.

Oil Red O (ORO) Staining
[bookmark: OLE_LINK9]Both adipocytes derived from SVF cells and preadipocytes were fixed with 4% paraformaldehyde for 15 minutes at room temperature. After fixation, cells were washed with PBS twice and stained with Oil Red O solution (D027-1-1, Nanjing Jiancheng Bioengineering Institute, Jiangsu, China) for 15 minutes. Stained lipid droplets in cells were observed and imaged under a light microscope (Olympus Bx4I microscope).

Human LEC Culture and Administration
[bookmark: OLE_LINK16]     Human LECs were cultured in lymphatic endothelial medium (iCell-0071a-001b, Cellverse Co., Ltd., Shanghai, China) at 37°C in a humidified atmosphere containing 5% CO2. LECs were exposed to HG (40 mmol/L) and PA (200 μmol/L) for 24 hours, while the control group was treated with MA and BSA under identical conditions. Different concentration rIGF1 (10 ng/mL, 100 ng/mL) with or without IGF1R antagonist (1.0 μmol/L) were added to the HG+PA group during the stimulation period.

In Vitro Insulin Resistance Assay
[bookmark: _Hlk215419515]Adipocytes derived from SVF cells were exposed to HG (40 mmol/L) plus PA (200 μmol/L) for 48 hours, and LECs were stimulated with the same HG and PA conditions for 24 hours. At the end of each treatment period, both cells were stimulated with human recombinant insulin (100 nmol/L) for 15 minutes. Then, adipocytes and LECs were immediately washed with ice-cold PBS and lysed for western blot analysis of insulin-signaling proteins, including p-Akt, total Akt, p-IRS-1 and total IRS-1 levels.

Human LEC Viability Assay
LEC viability assay was conducted using a CCK-8 Kit (Beyotime, Shanghai, China). LECs were seeded in 96-well plates at an initial density of 5×103 cells/well. LECs were exposed to HG and PA in the presence or absence of rIGF-1 plus an IGF1R antagonist (AXL1717) for 24 hours. Following this period, 10 μL of CCK-8 solution was added to each well, and the cells were continuously incubated for 2 hours under standard conditions. Optical density (OD) values were measured at 450 nm using a microplate reader. The viability of LECs in the experimental groups was normalized relative to the control group, which was set as 100%.

Human LEC Migration Assay
LEC migration was tested using a standardized scratch wound assay with physical inserts. Briefly, LECs at approximately 80% confluence were trypsinized, resuspended at 5 × 10⁵ cells/mL, and seeded (80 µL/well) into sterile culture inserts placed in a multi-well plate. After 24 hours of incubation to allow monolayer formation, the inserts were removed to generate uniform wounds (0 hour), and the images were immediately captured using a phase-contrast microscopy (Olympus Bx4I microscope). LECs were then incubated for an additional 24 hours in serum-free medium containing corresponding treatments. Post-incubation images (24 hours) of the same wounds were acquired. Migration distance was quantified by measuring closure based on the reduction in wound area over time.

Human LEC Tube Formation Assay
LEC Matrigel tube formation assay was conducted. Briefly, 24-well plates were pre-coated with growth factor-reduced Matrigel for 45 min at 37°C. Cells were pretreated with HG and PA in the presence or absence of rIGF-1 or IGF1R antagonist (AXL1717) for 24 hours. Subsequently, LECs were seeded onto solidified Matrigel and incubated for 6 hours at 37°C with 5% CO2. Images of LEC tube formation were then captured using an inverted phase-contrast microscope (Olympus Bx4I microscope). The tube length and number of branching points were quantified using NIH ImageJ software or Tube Formation ACAS Image Analysis software (ibidi, Munich, Germany).
[image: ]
Figure S1. Detailed flowchart of pericoronary adipose tissue (PCAT) culture and adipocyte experiments. (A) PCAT harvesting and culture in vitro; (B) Differentiation and stimulation of stromal vascular fraction (SVF) cells; (C) Differentiation and stimulation of human preadipocytes. IBMX, 3-Isobutyl-1-methylxanthine; Dex, dexamethasone; Indos, indomethacin.
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描述已自动生成]
Figure S2. The relative importance of the variables identified in logistic regression model is in increasing order. HDL-C, high-density lipoprotein cholesterol; AF, atrial fibrillation; Lp(a), lipoprotein (a); hsCRP, high-sensitivity C-reactive protein.
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Figure S3. Model performance for the parsimonious classifier model. (A-F) Receiver operating characteristic (ROC) curve was used to evaluate the predictive performance of epicardial adipose tissue volume (EpATv) with or without other variables for coronary artery disease (CAD). Model 1: EpATv; Model 2: EpATv, high-sensitivity C-reactive protein (hsCRP); Model 3: EpATv, hsCRP, lipoprotein (a) [Lp(a)]; Model 4: EpATv, hsCRP, Lp(a), atrial fibrillation (AF); Model 5: EpATv, hsCRP, Lp(a), AF, high-density lipoprotein cholesterol (HDL-C); Model 6: EpATv, hsCRP, Lp(a), AF, HDL-C, Sex.
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Figure S4. Box plot diagrams of adipocyte cross-area, EpATv, and CD68+ macrophage numbers and correlation analyses after exclusion of outliers. (A-C) Box plot diagrams display data distribution of cross-area of epicardial adipocytes, EpATv, CD68-positive macrophage numbers within 54 PCAT samples; (D-E) Correlation analyses between cross-area of epicardial adipocytes and EpATv (n=51) and CD68-positive macrophage numbers (n=51). A-C: Data are shown as box and whiskers (Min to Max. show all points). Pearson’s correlation analysis (D-E). EpATv, epicardial adipocyte tissue volume; PCAT, pericoronary adipose tissue. The CTRL group represents patients with heart valve surgery. The CAD group represents patients with coronary artery bypass grafting (CABG) surgery.
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Figure S5. Box plot diagrams of adipocyte cross-area, CD68+ macrophage numbers, SYNTAX, SYNTAX-LAD and correlation analyses after exclusion of outliers. (A-D) Box plot diagrams display data distribution of cross-area of epicardial adipocytes, CD68-positive macrophage numbers, SYNTAX scores, and SYNTAX-LAD scores within 36 PCAT samples; (E-G) Correlation analyses between cross-area of epicardial adipocytes and SYNTAX (n=35), SYNTAX-LAD (n=34), and CD68-positive macrophage numbers (n=35) in CAD patients. A-D: Data are shown as box and whiskers (Min to Max. show all points). Pearson’s correlation analysis (E-G). PCAT, pericoronary adipose tissue. The CAD group represents patients with coronary artery bypass grafting (CABG) surgery.
 

[image: ]
Figure S6. Decreased lymphatic vessel density in pericoronary adipose tissue (PCAT) is observed in coronary artery disease (CAD). (A) Representative images of LYVE-1 immunohistochemistry (IHC) staining and negative control. (B) Quantitative analysis of lymphatic vessel numbers in PCAT among the CTRL (n=18) and CAD (n=36) groups before matching; (C) Quantitative analysis of lymphatic vessel numbers in CTRL (n=11) and CAD (n=11) patients after 1:1 matching. (D) Quantification of lymphatic vessel numbers between the male population of the two disease groups (n=12-17). (E) Quantification of lymphatic vessel numbers between female (n=6) and male (n=12) patients of the DM group. B-E: Data are shown as Mean ± Standard Error (SEM). Unpaired Student’s t-test (B-E). DM, diabetes mellitus. The CTRL group represents patients with heart valve surgery. The CAD group represents patients with coronary artery bypass grafting (CABG) surgery. **p<0.01, ***p<0.001, ****p<0.0001.
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Figure S7. Box plot diagram of lymphatic vessel numbers and correlation analyses after exclusion of outliers. (A) Box plot diagram displays data distribution of lymphatic vessel numbers within 36 PCAT samples; (B-C) Correlation analyses between lymphatic vessel numbers and SYNTAX-LAD (n=35) and cross-area of epicardial adipocytes (n=35) in coronary artery disease (CAD) patients. A: Data are shown as box and whiskers (Min to Max. show all points). Pearson’s correlation analysis (B-C). PCAT, pericoronary adipose tissue. The CAD group represents patients with coronary artery bypass grafting (CABG) surgery.
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[bookmark: OLE_LINK3][bookmark: OLE_LINK20]Figure S8. Differences in the cellular composition of pericoronary adipose tissue (PCAT) between diabetes mellitus (DM) and non-DM in coronary artery disease (CAD) patients. (A) Uniform manifold approximation and projection (UMAP) of all nuclei color coded by identified cell types in CAD patients; (B) Expression distribution of the canonical markers for each cell type; (C) The proportion distribution of each cell type in CAD patients; only cell types with a proportion greater than 1.0% are shown here; (D-E) UMAP plots showing cell distribution of each cell type for the two disease groups; (F) The proportion distribution of each cell type in CAD patients with or without DM; only cell types with a proportion greater than 1.0% are shown here. Eight samples in each group were performed with single-nucleus RNA sequencing (snRNA-seq) analysis. ASPC, adipose stem and progenitor cell; VEC, vascular endothelial cell; TC, T cell; SMC, smooth muscle cell; LEC, lymphatic endothelial cell.
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Figure S9. Adipocytes are stained with Oli Red O (ORO) solution. (A) ORO staining of adipocytes derived from preadipocytes of human visceral adipose tissue (VAT) at different time points; (B) ORO staining of adipocytes derived from stromal vascular fraction (SVF) cells of human pericardial adipose tissue (PCdAT) at different time points.
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[bookmark: OLE_LINK8]Figure S10. Insulin resistance is assessed by calculating ratios of phosphorylated AKT to total AKT (p-AKT/AKT) and phosphorylated insulin receptor substrate-1 (IRS1) to IRS1 (p-IRS1/IRS1) proteins. (A-C) Representative western blot images and quantification of p-AKT/AKT and p-IRS1/IRS1 proteins in human adipocytes derived from SVF cells (n=3); (D-G) Representative western blot images and quantification of p-AKT/AKT and p-IRS1/IRS1 proteins in LECs (n=3). B-C, E-F: Data are shown as Mean ± Standard Error (SEM). One-way analysis of variance (ANOVA), then followed by a Sidak multiple comparison post hoc test (B-C and E-F). SVF cells, stromal vascular fraction cells; LECs, lymphatic endothelial cells. BSA, FFA-free bovine serum albumin; MA, mannitol; PA, palmitic acid; HG, high concentration glucose. *p<0.05, **p<0.01, ***p<0.001, ****p<0.0001.
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Figure S11. VEGFA protein expression of SVF-derived adipocytes and LECs after PA and HG exposure. (A-C) Representative western blot images and quantification of VEGFA protein in SVF-derived adipocytes (n=3) and LECs (n=3). B-C: Data are shown as Mean ± Standard Error (SEM). Unpaired Student’s t-test (B-C). VEGFA, vascular endothelial growth factor-A; SVF cells, stromal vascular fraction cells; LECs, lymphatic endothelial cells; MA, mannitol; BSA, FFA-free bovine serum albumin; PA, palmitic acid; HG, high concentration glucose. *p<0.05.










Table S1. Missing rates of all indicators included in this study.
	Variables
	Missing rate (%)
	Variables
	Missing rate (%)

	Age (years)
	0.00%
	LVEF (%)
	4.375%

	BSA (m²)
	0.00%
	Prolonged QT (%)
	3.750%

	BMI (kg/m²)
	0.00%
	Abnormal ST-T (%)
	3.750%

	EpATv (mL)
	0.00%
	TC (mmol/L)
	18.750%

	Sex (%)
	0.00%
	TG (mmol/L)
	18.750%

	Smoking history (%)
	0.00%
	LDL-C (mmol/L)
	23.125%

	Alcohol history (%)
	0.00%
	HDL-C (mmol/L)
	23.125%

	Hypertension (%)
	0.00%
	Lp(a) (mg/L)
	23.125%

	AF (%)
	0.00%
	FBG (mmol/L)
	1.875%

	NYHA (%)
	10.00%
	HbA1c (%)
	58.750%

	Stroke history (%)
	0.00%
	AST (U/L)
	3.125%

	DM (%)
	0.00%
	ALT (U/L)
	3.750%

	CLD (%)
	0.00%
	ALB (g/L)
	3.750%

	CKD (%)
	0.00%
	BUN (mmol/L)
	1.250%

	Antidiabetic drugs (%)
	0.00%
	sCr (μmol/L)
	1.250%

	Statins (%)
	0.625%
	hsCRP (mg/L)
	28.125%

	Antiplatelet drugs (%)
	0.00%
	WBC (10⁹/L)
	0.625%

	Antihypertensive drugs (%)
	0.625%
	NLR
	0.625%

	Beta-blocker (%)
	0.625%
	
	


BSA, body surface area; BMI, body mass index; EpATv, epicardial adipose tissue volume; AF, atrial fibrillation; NYHA, New York Heart Association; DM, diabetes mellitus; CLD, chronic lung disease, including chronic bronchitis (CB), emphysema (Emp), and chronic obstructive pulmonary disease (COPD); CKD, chronic kidney disease; LVEF, left ventricle ejection fraction; QT indicates QT interval; ST-T indicates ST-T segment; TC, total cholesterol; TG, triglyceride; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; Lp(a), lipoprotein (a); FBG, fasting blood glucose; HbA1c, hemoglobin A1c; AST, aspartate aminotransferase; ALT, alanine aminotransferase; ALB, albumin; BUN, blood urea nitrogen; sCr, serum creatinine; hsCRP, high-sensitivity C-reactive protein; WBC, white blood cell; NLR, neutrophils-to-leukomonocyte ratio. HbA1c was excluded because of more than 30% missing rate.




















Table S2. Descriptive statistics of the parameters used for correlation analyses.
	
	CTRL Group + 
CAD Group
	CAD Group

	
	Cross-area
	EpATv
	CD68+
numbers
	Cross-area
	Lymphatic vessel numbers
	SYNTAX
	SYNTAX-LAD
	CD68+ numbers

	Numbers
	54
	54
	54
	36
	36
	36
	36
	36

	Minimum
	2319
	32.00
	23.00
	2904
	10.00
	10.00
	6.00
	25.00

	Q1 (25% percentile)
	4110
	90.00
	36.75
	4327
	13.00
	23.25
	8.63
	53.00

	Median
	4475
	109.00
	57.50
	4619
	17.50
	30.50
	12.00
	65.00

	Q3 (75% percentile)
	4841
	161.80
	70.00
	5003
	22.00
	35.25
	14.75
	78.75

	Maximum
	5898
	234.00
	95.00
	5898
	30.00
	48.00
	24.50
	95.00

	Range
	3579
	202.00
	72.00
	2994
	20.00
	38.00
	18.50
	70.00

	Upper bound
	5937.5
	269.50
	119.88
	6017
	35.50
	53.25
	23.94
	117.38

	Lower bound
	3013.5
	-17.70
	-13.13
	3313
	-0.50
	5.25
	-0.56
	14.38


Upper bound=Q3+1.5*(Q3-Q1); Lower bound=Q1-1.5*(Q3-Q1). Q3 indicates 75% percentile; Q1 indicates 25% percentile. Values above the upper bound or below the lower bound were defined as outliers. The CTRL group represents patients with heart valve surgery; The CAD group represents patients with coronary artery bypass grifting surgery.










Table S3. Propensity-matched non-DM and DM patients for characteristic comparison.
	Variables
	Total (n = 36)
	Non-DM group (n = 18)
	DM group (n = 18)
	Statistic
	P value

	Age (years)
	63.14 ± 10.82
	60.56 ± 11.00
	65.72 ± 10.30
	t=-1.455
	0.155

	BSA (m²)
	1.78 ± 0.15
	1.83 ± 0.15
	1.73 ± 0.13
	t=2.250
	0.031

	BMI (kg/m²)
	25.61 ± 3.65
	26.38 ± 3.80
	24.84 ± 3.43
	t=1.280
	0.209

	Male (%)
	29 (80.56)
	17 (94.44)
	12 (66.67)
	-
	0.088

	Smoking history (%)
	13 (36.11)
	7 (38.89)
	6 (33.33)
	-
	1.000

	Alcohol history (%)
	9 (25.00)
	5 (27.78)
	4 (22.22)
	-
	1.000

	Hypertension (%)
	29 (80.56)
	14 (77.78)
	15 (83.33)
	-
	1.000

	AF (%)
	2 (5.56)
	2 (11.11)
	0 (0.00)
	-
	0.486

	NYHA (%)
	
	
	
	Z=1.050
	0.294

	II
	11 (30.56)
	4 (22.22)
	7 (38.89)
	
	

	III
	25 (69.44)
	14 (77.78)
	11 (61.11)
	
	

	Stroke history (%)
	9 (25.00)
	4 (22.22)
	5 (27.78)
	-
	1.000

	CLD (%)
	2 (5.56)
	2 (11.11)
	0 (0.00)
	-
	0.486

	CKD (%)
	1 (2.78)
	1 (5.56)
	0 (0.00)
	-
	1.000

	Statins (%)
	5 (13.89)
	2 (11.11)
	3 (16.67)
	-
	1.000

	Antiplatelet drugs (%)
	11 (30.56)
	5 (27.78)
	6 (33.33)
	-
	1.000

	Antihypertensive drugs (%)
	27 (75.00)
	14 (77.78)
	13 (72.22)
	-
	1.000

	Beta-blocker (%)
	17 (47.22)
	8 (44.44)
	9 (50.00)
	-
	1.000

	LVEF (%)
	59.93 ± 11.14
	59.54 ± 10.98
	60.33 ± 11.60
	t=-0.207
	0.837

	Prolonged QT (%)
	3 (8.33)
	2 (11.11)
	1 (5.56)
	-
	1.000

	Abnormal ST-T (%)
	25 (69.44)
	15 (83.33)
	10 (55.56)
	-
	0.146

	TC (mmol/L)
	3.93 (3.02, 4.76)
	3.78 (2.86, 4.71)
	3.99 (3.34, 4.75)
	Z=-0.427
	0.669

	TG (mmol/L)
	1.68 (1.30, 2.69)
	1.69 (1.29, 2.72)
	1.68 (1.39, 2.03)
	Z=0.095
	0.924

	LDL-C (mmol/L)
	2.21 (1.64, 2.91)
	2.26 (1.65, 2.86)
	2.13 (1.59, 2.89)
	Z=0.380
	0.704

	HDL-C (mmol/L)
	0.98 ± 0.24
	0.93 ± 0.27
	1.04 ± 0.21
	t=-1.340
	0.189

	Lp(a) (mg/L)
	205.00 (104.00, 430.90)
	179.00 (80.00, 367.90)
	237.00 (119.00, 468.30)
	Z=-0.949
	0.343

	FBG (mmol/L)
	5.80 (4.70, 6.84)
	5.21 (4.62, 5.87)
	6.765 (5.55, 9.33)
	Z=-2.180
	0.029

	AST (U/L)
	19.00 (16.50, 27.00)
	19.50 (15.75, 22.75)
	19.00 (17.25, 27.00)
	Z=-0.365
	0.715

	ALT (U/L)
	19.00 (14.00, 25.25)
	19.00 (15.25, 23.75)
	19.00 (13.00, 25.75)
	Z=0.507
	0.612

	ALB (g/L)
	40.01 ± 4.03
	39.69 ± 4.26
	40.33 ± 3.89
	t=-0.474
	0.639

	BUN (mmol/L)
	6.55 (5.40, 8.73)
	6.40 (5.40, 7.28)
	6.95 (5.68, 9.28)
	Z=-0.887
	0.375

	sCr (μmol/L)
	88.50 (79.50, 107.00)
	87.00 (81.50, 100.25)
	93.50 (78.50, 110.00)
	Z=-0.316
	0.752

	hsCRP (mg/L)
	1.82 (0.68, 8.07)
	2.24 (0.96, 6.37)
	1.49 (0.59, 14.44)
	Z=0.301
	0.764

	WBC (10⁹/L)
	7.19 ± 2.13
	7.18 ± 2.03
	7.21 ± 2.29
	t=-0.042
	0.967

	NLR
	2.87 (1.77, 4.22)
	2.86 (1.84, 4.37)
	2.87 (1.66, 3.76)
	Z=-0.170
	0.864


Two-tailed Student’s t test or Mann-Whitney U test for continuous data was used where appropriate. Fisher’s exact test or Mann-Whitney U test for categorical data was used where appropriate. BSA, body surface area; BMI, body mass index; AF, atrial fibrillation; NYHA, New York Heart Association; CLD, chronic lung disease, including chronic bronchitis (CB), emphysema (Emp), and chronic obstructive pulmonary disease (COPD); CKD, chronic kidney disease; LVEF, left ventricle ejection fraction; TC, total cholesterol; TG, triglyceride; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; Lp(a), lipoprotein (a); FBG, fasting blood glucose; AST, aspartate aminotransferase; ALT, alanine aminotransferase; ALB, albumin; BUN, blood urea nitrogen; sCr, serum creatinine; hsCRP, high-sensitivity C-reactive protein; WBC, white blood cell; NLR, neutrophils-to-leukomonocyte ratio. “-” indicates Fisher’s exact test. The non-DM group represents coronary artery bypass grafting surgery patients without diabetes mellitus (DM). The DM group represents coronary artery bypass grafting surgery patients with DM.
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Table S4. Clinical characteristics of patients used for secreted IGF1 protein assay.
	Variables
	Total (n = 9)
	Non-DM group (n = 5)
	DM group (n = 4)

	Age (years)
	67.22 ± 13.87
	76.00 ± 7.71
	56.25 ± 12.04

	BSA (m²)
	1.75 ± 0.10
	1.73 ± 0.12
	1.76 ± 0.08

	BMI (kg/m²)
	23.52 ± 1.51
	22.72 ± 1.12
	24.51 ± 1.43

	Male (%)
	9 (100.00)
	5 (100.00)
	4 (100.00)

	Smoking history (%)
	4 (44.44)
	2 (40.00)
	2 (50.00)

	Alcohol history (%)
	3 (33.33)
	1 (20.00)
	2 (50.00)

	Hypertension (%)
	7 (77.78)
	4 (80.00)
	3 (75.00)

	AF (%)
	1 (11.11)
	0 (0.00)
	1 (25.00)

	NYHA (%)
	
	
	

	III
	7 (77.78)
	4 (80.00)
	3 (75.00)

	IV
	2 (22.22)
	1 (20.00)
	1 (25.00)

	Stroke history (%)
	1 (11.11)
	0 (0.00)
	1 (25.00)

	CLD (%)
	0 (0.00)
	0 (0.00)
	0 (0.00)

	CKD (%)
	1 (11.11)
	0 (0.00)
	1 (25.00)

	Statins (%)
	3 (33.33)
	1 (20.00)
	2 (50.00)

	Antidiabetics (%)
	0 (0.00)
	0 (0.00)
	0 (0.00)

	Antiplatelet drugs (%)
	4 (44.44)
	3 (60.00)
	1 (25.00)

	Antihypertensive drugs (%)
	7 (77.78)
	4 (80.00)
	3 (75.00)

	Beta-blocker (%)
	3 (33.33)
	2 (40.00)
	1 (25.00)

	TC (mmol/L)
	2.53 (2.17, 3.16)
	2.53 (2.48, 3.54)
	2.32 (2.10, 2.55)

	TG (mmol/L)
	1.98 (1.61, 2.96)
	1.98 (1.71, 3.67)
	1.88 (1.69, 2.06)

	LDL-C (mmol/L)
	1.31 (0.90, 1.68)
	1.31 (0.91, 1.92)
	1.17 (1.03, 1.31)

	HDL-C (mmol/L)
	0.94 (0.80, 0.95)
	0.94 (0.80, 0.95)
	0.73 (0.61, 0.84)

	Lp(a) (mg/L)
	177.70 (154.25, 301.65)
	210.00 (163.50, 393.30)
	161.35 (153.18, 169.52)

	FBG (mmol/L)
	5.15 (4.44, 6.62)
	4.91 (4.44, 5.15)
	6.16 (5.17, 8.22)

	hsCRP (mg/L)
	6.44 (4.45, 8.04)
	6.98 (6.02, 11.23)
	3.47 (2.20, 5.16)

	WBC (10⁹/L)
	6.39 ± 1.17
	7.11 ± 0.75
	5.50 ± 1.00

	NLR
	2.56 (1.98, 2.92)
	2.56 (2.01, 2.92)
	2.34 (1.74, 3.11)


[bookmark: _Hlk209517888]IGF1, insulin-like growth factor 1; BSA, body surface area; BMI, body mass index; AF, atrial fibrillation; NYHA, New York Heart Association; CLD, chronic lung disease, including chronic bronchitis (CB), emphysema (Emp), and chronic obstructive pulmonary disease (COPD); CKD, chronic kidney disease; TC, total cholesterol; TG, triglyceride; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; Lp(a), lipoprotein (a); FBG, fasting blood glucose; hsCRP, high-sensitivity C-reactive protein; WBC, white blood cell; NLR, neutrophils-to-leukomonocyte ratio. The non-DM group represents coronary artery bypass grafting surgery patients without diabetes mellitus (DM). The DM group represents coronary artery bypass grafting surgery patients with DM.
















Table S5. Clinical characteristics of the patients who provided isolated SVF cells.
	Variables
	Total (n = 11)
	Variables
	Total (n = 11)

	Age (years)
	65.55 ± 9.40
	HDL-C (mmol/L)
	1.05 ± 0.25

	BSA (m²)
	1.72 ± 0.20
	Lp(a) (mg/L)
	231.00 (211.15, 501.35)

	BMI (kg/m²)
	23.97 ± 3.93
	FBG (mmol/L)
	4.82 ± 0.65

	Male (%)
	10 (90.91)
	AST (U/L)
	20.00 (14.50, 24.00)

	Smoking history (%)
	3 (27.27)
	ALT (U/L)
	17.00 (11.00, 24.00)

	Alcohol history (%)
	3 (27.27)
	ALB (g/L)
	37.95 ± 6.06

	Hypertension (%)
	6 (54.55)
	BUN (mmol/L)
	6.12 ± 1.30

	AF (%)
	0 (0.00)
	sCr (μmol/L)
	82.73 ± 21.48

	DM (%)
	0 (0.00)
	hsCRP (mg/L)
	3.65 (2.52, 6.19)

	NYHA (%)
	
	WBC (10⁹/L)
	6.72 ± 2.22

	II
	2 (18.18)
	NLR
	2.65 (2.28, 3.45)

	III
	9 (81.82)
	
	

	Stroke history (%)
	2 (18.18)
	
	

	CLD (%)
	2 (18.18)
	
	

	CKD (%)
	1 (9.09)
	
	

	Statins (%)
	2 (18.18)
	
	

	Antiplatelet drugs (%)
	1 (9.09)
	
	

	Antihypertensive drugs (%)
	3 (27.27)
	
	

	Beta-blocker (%)
	3 (27.27)
	
	

	LVEF (%)
	61.00 (39.50, 68.50)
	
	

	Prolonged QT (%)
	0 (0.00)
	
	

	Abnormal ST-T (%)
	6 (54.55)
	
	

	TC (mmol/L)
	3.98 ± 1.03
	
	

	TG (mmol/L)
	1.46 ± 0.42
	
	

	LDL-C (mmol/L)
	2.30 ± 0.71
	
	


[bookmark: _Hlk215336307]BSA, body surface area; BMI, body mass index; AF, atrial fibrillation; DM, diabetes mellitus; NYHA, New York Heart Association; CLD, chronic lung disease, including chronic bronchitis (CB), emphysema (Emp), and chronic obstructive pulmonary disease (COPD); CKD, chronic kidney disease; LVEF, left ventricle ejection fraction; TC, total cholesterol; TG, triglyceride; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; Lp(a), lipoprotein (a); FBG, fasting blood glucose; AST, aspartate aminotransferase; ALT, alanine aminotransferase; ALB, albumin; BUN, blood urea nitrogen; sCr, serum creatinine; hsCRP, high-sensitivity C-reactive protein; WBC, white blood cell; NLR, neutrophils-to-leukomonocyte ratio.


















Table S6. Primers used in real-time polymerase chain reaction (RT-PCR).
	Gene
	Species
	Forward 5’ to 3’
	Reverse 5’ to 3’

	GAPDH
	Human
	GGAGCGAGATCCCTCCAAAAT
	GGCTGTTGTCATACTTCTCATGG

	IGF1
	Human
	GCTCTTCAGTTCGTGTGGA
	GCCTCCTTAGATCACAGCTCC

	IGF1R
	Human
	TCGACATCCGCAACGACTATC
	CCAGGGCGTAGTTGTAGAAGAG
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