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Exploration of HDL functional measurement as a novel biomarker for
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This study examined the association between the HDL functionality and
coronary atherosclerosis, as assessed by intravascular ultrasound (IVUS), in patients with stable
coronary artery disease (SCAD) who had type 2 diabetes mellitus (T2DM), using multivariate data
analysis (MVDA). HDL efflux capacity and HDL inflammatory index were used as functional measurement
of HDL. Coronary plaque volume/area and_composition of target lesion were measured using ?ray—scale
IVUS and IB-1VUS. OPLS (orthogonal partial squares projections of latent structures) model indicated

that HDL inflammatory index was associated with both the fibrosis content and the thickness of
fibrous cap of coronary plaque, while HDL efflux capacity and apolipoprotein A-1, the major protein
of HDL, was mainly associated with the fibrosis content of coronary plaque. This finding suggests
that HDL function is related to the vulnerability of coronary plaque in SCAD patients with T2DM..
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1. Characteristics of SCAD patients with

T2DM
Overall Men Women P
(n=38) (n=26) (n=12) value
Age,y 70+9 70+8 70 £11 0.90
BMI, Kg/m? 25+4 25+ 4 24+5 0.50
Smoking, n (%) 5 (13%) 4 (15%) 1 (8%) 0.55
Hypertension, n (%) 30 (79%) 21 (81%) 9 (75%) 0.69
Dyslipidemia, n (%) 32 (84%) 22 (85%) 10 (83%) 0.92
Hyperuricemia, n (%) 6 (16%) 6 (23%) 0 (0%) 0.07
CKD, n (%) 20 (53%) 15 (58%) 5 (42%) 0.36
Prior M, n (%) 8 (21%) 5 (19%) 3 (25%) 0.69
Prior PCI, n (%) 15 (39%) 9 (35%) 6 (50%) 0.37
Prior CABG, n (%) 1 (3%) 1 (4%) 0 (0%) 0.49
Number of diseased vessel, n
1/2173 18/11/9 14/8/4 4/3/5 0.20
(47%/ 29%/ 24%) 54%/ 31%/ 15% 33%/ 25%/ 42%
Target vessel, n
LAD /LCx/RCA/LMT 14/5/18/1 8/3/14/1 6/2/4/0 0.54
Stent, n
DES/BMS 37/1 25/1 12/0 0.49
Medications, %
Statin 37 (97%) 25 (96%) 12 (100%) 0.49
Ezetimibe 3 (8%) 3 (12%) 0 (0%) 0.22
EPA 7 (18%) 5 (19%) 2 (17%) 0.85
Sitagliptin 17 (45%) 10 (38%) 7 (58%) 025
Insulin 10 (26%) 5 (19%) 5 (42%) 0.14
Biguaniade 11 (29%) 8 (31%) 3 (25%) 0.72
Sulfonylurea 5 (13%) 5 (19%) 0 (0%) 0.10
a-Gl 11 (29%) 7 (27%) 4 (33%) 0.69
Thiazolidine 4 (11%) 3 (12%) 1 (8%) 0.76
ARB 25 (66%) 18 (69%) 7 (58%) 0.51
ACE-I 2 (5%) 1 (4%) 1 (8%) 0.56
ccB 26 (68%) 16 (62%) 10 (83%) 0.18
B-blocker 3 (8%) 3 (12%) 0 (0%) 0.22
Diuretics 9 (24%) 8 (31%) 1 (8%) 0.13
Aldosterone blocker 3 (8%) 1 (4%) 2 (17%) 017
Long-acting nitrate 2 (5%) 1 (4%) 1 (8%) 0.56
Nicorandil 1 (3%) 1 (4%) 0 (0%) 0.49
Aspirin 38 (100%) 26 (100%) 12 (100%)
Thienopyridine 38 (100%) 26 (100%) 12 (100%)
OAC 2 (5%) 1(4%) 1.(8%) 0.56
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lipoproteins and clinical laboratory data
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3. Gray-scale IVUS and IB-1VUS
parameters of SCAD patients with T2DM

Overall Men Women P
(n=38) (n=26) (n=12) value
Gray-scale VUS parameters
3D VUS parameters
PAV, % 734 +55 729 +58 1.0

TAV, m® 97.9 +33.3 69.7 £208  0.005
Vessel volume, m® 1327419 965+328 0005
Lumen volume, m* 348 +12.1 268 +150  0.013

2D VUS parameters
PAA, % 834 +59 816+44 0.23
TAA, m? 11.9 £44 8021 0.007
Vessel area, m” 22+08 18+06 0.16
Lumen area, m? 14.1 £5.0 98+25 0.006

IB VUS parameters

3D IVUS parameters

Plaque components
Lipid volume, m* 589+248  37.9+150 0010
Fibrosis volume, m* 333+158 269 +82 0.15
Dense fibrosis volume, m* 41+£25 32+19 0.26
Calcified volume, m° 1312 1313 068

Plague composition
Percent lipid volume, % 59.3 + 136 533 +94 0.13
Percent fibrosis volume, % 34.7 £ 106 39.9 +10.1 0.24
Percent dense fibrosis volume, % 4424 4621 0.63
Percent calcified volume, % 14+13 17+15 0.58

2D VUS parameters

Plaque components
Lipid area, m* 79+38 47+18 0.007
Fibrosis area, m2 33+16 2710 0.16
Dense fibrosis area, m” 04+03 03+02 0.17
Calcified area, m* 0.1£0.1 0.41%0.1 063

Plaque composition
Percent lipid area, % 64.4 + 145 56.8 + 12.9 0.12
Percent fibrosis area, % 29.6 + 103 352+ 109 0.14
Percent dense fibrosis area, % 43+33 40+21 0.94
Percent calcified area, % 1.5+ 2.0 14+15 0.79

in SCAD patients with T2DM
Overall Men Women P
(n=38) (n=26) (n=12) value
Serum lipids and lipoproteins
TG, mg/dL 149 £ 76 152 £75 144 + 82 0.69
LDL-C, mg/dL 88 + 24 84 + 26 96 + 20 0.12
sdLDL-C, mg/dL 32+15 32+15 34 £16 0.64
HDL-C, mg/dL 50 + 14 47 + 11 55+ 18 0.18
Functional mesurement of HDL
Cholesterol efflux capacity, (%) 14.2 + 1.4 139+13 147 +£15 0.12
HDL inflammatory index 1.10 £ 0.20 1.12 £0.19 1.05 +£0.24 0.18
Apolipoproteins
ApoA1, mg/dL 94 +22 89 +21 103 +22 0.10
ApoB, mg/dL 22+8 20 +6 26 +10 0.10
ApoC2, mg/dL 48 +18 47 +1.7 49+20 0.63
ApoC3, mg/dL 129 £3.3 12.8 £ 3.1 132 +£3.7 0.55
Free fatty acids
LA, pg/mL 34 +11 33 +12 37+9 0.18
AA, pg/mL 173 31 165 + 28 190 + 33 0.025
EPA, ug/mL 80 + 57 82 +53 77 £ 68 0.15
Ratio of EPA/AA 0.50 +0.42 0.53 + 0.42 043 + 043 0.06
DHA, pg/mL 125 + 35 125 £ 37 127 £ 34 0.76
Other clinical laboratory measurements
CRP, mg/dL 0.13 £0.20 0.13 +0.23 0.11 +0.10 0.75
eGFR, mL/min/1.73m? 61+15 59 + 14 64 +17 0.43
UA, mg/dL 52+14 56+14 44 +141 0.015
HbA1c, (%) 70+10 70+1.1 71+08 0.38
FBS, mg/dL 103 £ 23 106 + 21 98 + 26 0.20
SBP, mmHg 129 £17 131 £19 124 =11 0.43
DBP, mmHg 69 + 12 72 £12 64 +8 0.038
LVEF, (%) 66 £9 64 £ 10 69 +8 0.18
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1. Heat map for spearman correlations

between serum levels of lipids,

Spearman Correlation

lipoproteins, clinical laboratory data,

and coronary plaque parameters measured by

gray-scale IVUS and IB-1VUS in SCAD
patients with T2DM
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3. PCA loading plot of PC1 and PC2
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5. OPLS loading plot of PC1 and PC2



4. Explained variation of the 8
responses by the first and second OPLS
predictive components

M1.R2VY[1] M1.R2VY[2]

0.000 0.029
0.151 0.236
0.455 0.084
0.031 0.354
0.041 0.102
0.489 0.004
0.470 0.026
0.181 0.001
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6. VIP plot, which reflects the
importance of variables/terms in the
methods in the model both with respect to
Y, i.e., its correlation to all the
responses, and with respect to X (the
projection). Terms in the model with a VIP
>1 are important

5. VIP of predictors

M1.VIPpred
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