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[(HE] B Wit aEWRs ik CT L% 1% % (coronary CT angiography, CCTA) | IfiL i 5 & 14 AH ¢ # 15 i
A2 (lipoprotein-associated phospholipase A2, Lp-PLA2) | Il 4 /£ & & # & 1 3 (angiopoietin-like protein 3,
ANGPTL3) 2 Wi 5 L 5 (coronary heart disease, CHD) [ & iR Sh ik Be 2 FEFE M B . F7iE 0 RE WIS R AF o 14
LB 2022 4F 8 A —20254F 8 F o # B2 BF A 2 Bt I8 Jb 5 & 11 5 BE IR 19 CHID F 35 292 6], SR B 807 06l 32 1l 48 i
#% (digital subtraction angiography , DSAD A Jy 4 A7 #E ¥ A 78 4R 2y ik o 2 72 i, AR 4% 56 IR 3l ko ple 7= A8 B2 43 o 0
H(n=89) .M EH (n=97) R EH (=106, i 34 —MFH . CCTA ZSH[ 5K 3 ki /NE I B4 (minimum
lumen diameter, MLD) | %% %% 1fj 1 & 43 H (stenosis area percentage, % AS) | B2 %5 B 42 & 43 I (stenosis diameter
percentage, % DS) & /N JFE [ F1 (minimum lumen area, MLA) | L3 Lp-PLA2 ANGPTL3 7K ¥, Hb 8 A [ I PR4F
TEEBFH CCTA S B M Lp-PLA2 ANGPTL3 K ¥, Spearman 43 #f CCTA 8 L 7 Lp-PLA2 ANGPTL3 5 &
IR B kP 78 B B I A SG 1  SR H 32 T /B4 1E (receiver operating characteristic, ROC) 1 2843 #F CCTA 24 (L7
Lp-PLA2 ANGPTL32Wr i j H RS ORI M. SR TRADNE L SR 3305 0T EE NYHA 43 %
%5 b YDS % AS Kt i Lp-PLA2 ANGPTL3 /K i F g4l R4l , MLD MLAMR T4l gl ,
JE A AE R3S DD IIRE NYHA 2382 [ 2% 5t . % DS L % AS Kl iE Lp-PLA2 ANGPTL3 K TRIEA,
MLD ., MLA & T 5% F 4 (P<0.05) . ¥ NYHA 43 %% [ 4% CHD £ # i MLD MLA & T 1 ~ [l % /&
F,%DS % AS Kl Lp-PLA2 ANGPTL3 /K& F 1 ~ T HHH ;08748 240 3 52 CHD £ # 1) MLD \MLA ik
FT<2HHEH, UDS.YAS K% Lp-PLA2 ANGPTL3 /K ¥ F<<2 X i # (P<0.05), MLD MLA 5 CHD i
F IR Bl K P A T S B R 6 (1, =-0.790,-0.726 , ¥ P<<0.05), % DS, % AS K IfiL 3 Lp-PLA2 ANGPTL3 k¥ 5
6 R B Bk Pk 78 R I 5L OE M 56 (1,=0.747 ,0.752,0.760,0.796,, #] P<<0.05) . MLD MLA.% DS % AS.Lp-PLA2,
ANGPTL3 5 K I A 12 Wb B2 5w 4R 8l ikopk 28 19 AUC 4353 2 0.779.0.769.0.764.,0.796 ,0.774,0.789 ,0.917 , Bk &
B WY AUC H K (£=3.405,3.850,3.980,3.015.3.753.,3.382, P=0.002.,0.001,0.001,0.004,0.001,0.003) ; MLD ,
MLA.%DS.%AS . Lp-PLA2 ANGPTL3 Hjl J Bk 5 12 Wi 7 32 5 R 30 Ik ke 28 19 AUC 4393 29 0.786 ,0.791.,0.801
0.789.0.805.0.794.0.920, 52 Wr i) AUC #it K (Z=3.486.3.521.3.213.3.667.3.483.3.244, P=0.002 ,0.001,0.003 ,
0.001,0.001.,0.003), Z&i# CCTAZ M5 Lp-PLA2 ANGPTL3 /K5 CHD Ik 3 bk e 745 T % 1A o6, &%
SR LT i BRI X 8 A IR 2l Kk e A B LA — S WO (B, I DRIV Al SR A8 IR Bl Bk pe g AR R AR AL S
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[ Abstract]
lipoprotein-associated phospholipase A2 (Lp-PLLA2) and angiopoietin-like protein 3 (ANGPTL3) for the severity of

Objective To investigate the diagnostic values of coronary CT angiography (CCTA) , serum

coronary artery stenosis in patients with coronary heart disease (CHD). Methods A prospective study was
performed, and 292 patients with CHD admitted to Beijing Friendship Hospital, Capital Medical University from
August 2022 to August 2025 were enrolled. Digital subtraction angiography (DSA) was used as the gold standard to
evaluate coronary stenosis severity. Subjects were stratified into severe group (n=89) , moderate group (n=97) and
mild group (n=106) according to stenosis severity. The general data, CCTA parameters [minimum lumen
diameter (MLD) ,
area (MLAD |,

parameters and serum Lp-PLA2 and ANGPTL3 levels were also compared among patients with varied clinical

stenosis area percentage (% AS) , percent stenosis diameter (% DS) , minimum lumen

serum Lp-PLA2 and ANGPTL3 levels were compared among the three groups. Differences in CCTA

features. Spearman correlation analysis was adopted to assess correlations between CCTA parameters, serum Lp-
PLA2, ANGPTLS3 and coronary stenosis severity. Receiver operating characteristic (ROC) curve analysis was used to
evaluate the diagnostic value of CCTA parameters, serum Lp-PLLA2 and ANGPTL3 for moderate and severe coronary
artery Results  The and New York Heart
Association (NYHA) class Il , % DS, % AS, serum Lp-PLA2 and ANGPTL3 levels were significantly higher,

whereas MLLD and MLA were markedly lower in the severe group compared with the moderate and mild groups; the

stenosis. proportions of patients with three-vessel lesions

moderate group presented higher proportions of three-vessel lesions and NYHA class Il , elevated % DS, % AS,
serum Lp-PLA2 and ANGPTL3, and reduced MLLD and MLA relative to the mild group (all P<C0.05). Among CHD
patients, those with NYHA class Il had lower MLD and MLA and higher % DS, % AS, serum Lp-PLA2 and
ANGPTL3 levels than patients with NYHA class I — Il ; patients with three-vessel lesions showed decreased ML.D
and ML A and increased % DS, % AS, serum Lp-PLA2 and ANGPTL3 levels compared with those with <<2 affected
vessels (all P<C0.05). MLD and MLA were negatively correlated with the severity of coronary artery stenosis in CHD
patients (,=-0.790, -0.726, both P<C0.05), while % DS, % AS and serum Lp-PLA2 and ANGPTL3 levels were
positively correlated with stenosis severity (r,=0.747, 0.752, 0.760, 0.796, all P<<0.05). The areas under the
curve (AUCs) of MLD, MLA, % DS, % AS,
moderate coronary stenosis were 0.779, 0.769, 0.764, 0.796, 0.774, 0.789, 0.917, respectively, with the combined
model yielding the highest AUC (Z=3.405, 3.850, 3.980, 3.015, 3.753, 3.382, P=0.002, 0.001, 0.001, 0.004,
0.001, 0.003). For severe coronary stenosis, the corresponding AUCs of the above indicators alone and in combination
were 0.786, 0.791, 0.801, 0.789, 0.805, 0.794 and 0.920, respectively, and the combined approach still achieved the
maximal AUCs (Z=3.486, 3.521, 3.213, 3.667, 3.483, 3.244, P=0.002, 0.001, 0.003, 0.001, 0.001, 0.003).
CCTA parameters and serum Lp-PLA2, ANGPTL3 levels are closely correlated with the severity of

Lp-PLA2, ANGPTL3 alone and in combination for diagnosing

Conclusion
coronary stenosis in patients with CHD. Combined detection of these parameters and serum biomarkers has satisfactory
diagnostic efficacy for coronary stenosis, providing evidence for clinical evaluation of stenosis severity.
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1.1 — kR HEARRMMEAX: = (Z,) >
p* (1—p) /&%, Z,.. B 1.96, P ¥l 1 &5 Jgk B A
FrS s, FScu®oN0.87, d (RiFiR2E) WH
H90.04, H/ANEEAE R 272060, AUFITJE T HrBETE
WF5E, BEEL 2022 4F 8  —2025 4 8 F 1 #l B Bl k24
B )& db 5t A3 I e CHD 35 292 il 4 A i 52 5 42 .
PAARME: OCHDfF 5 (ke ke &k 2z th
HIZIRAEE (2019 )" 2WibsiE; O RHE
¥ CCTAK &, SR RBR ., TRALE
SE; QBIER, BERCA 78 W4 Tk 28 ALIG R
FORLRAE . HEBRARUE . O R MO BER . KGR
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1.2.1 SR Sh kA A R VA AR E SRS GE
A H INNOVA 2100 DSA 76 A 40 24 K #6 # , ¥
BN, 6 2E 0 B Bk AT R L AT R B R
XFRE B Bk ZE M, BN SF S, W N E AR
(WP, EXEERTEARE, FEL
Wbk / e bk . £k, RA&EAL. HERD)
fk 7 1, 4 B8 5 A 4 U B 55~
65 mL (JE# K 5.5m/s). BAEA RN £ B
IR A G, WS SRE IR Bl Bk i 4 R B L 4 3 ROk
AARRAL, WEREGE A, BIEEFEKEERZ,
TR s ks 2 R B 1 = OB BT 0 i I
I B AR X RAE A HA) /P28 Bt O i 1M 45 1F

WOHAR X100, <5000 AEEPERA, 50%0~T74%
R BERR S, 7500 ~100% S E MR . 292 B i
ARG AR B Wk A= B Sy S A (R AT
n=89) . WM (REERA, n=97), BEH (B
FEBRAE, n=106). ¥ 2 4450 F & 1Y & 4 5 B
D S i VA Y = WU NS R o 1 T A =i
1.2.2 BERHGSE  DUE A RSB e — vk,
WAGEN . R IRERES. AR WL ik
LT N =0 (1A SN 7 TSI =0 = 1 TN 7 Y G
DIHENYHA 43 %% .
123 CCTA f & 77k R K HE GE 2
Revolution CT £ AL I HEAT KA, K Arni 4 hAE &
AR, TR UE B E L R G <70 K /min, H
RN, R B XI5 1.0 em 2.0 )
e, S 8 R R 0.625 mm. IfE B4R
0.625 mmXx0.625 mm, 4 H J 120 kV., H i
900 mAs, e M 0.28 s/F o 434l i 78 b # Bk
E ST U R 55~65 mL RN 5.5 m/s), A
B TS 30 mL A HER K (IR 5 mL/s) .
PN G B Lk 2 A8 TR,
FHXF Fe R s i v, 78 3 2l DO &8 2 i Jg% % i Xk,
Vi 2 2 250 F 5 0 s AR Y R RAE AT, B
— Fp L R B oeE o 2 A Sl BESR S B B R )
I A8 R A G B, W IR I A R D
2 (minimum lumen diameter, MLD) . &% 1fij 2
H 4 H (stenosis area percentage, % AS) ., KA H
& B 43 b (stenosis diameter percentage, % DS) |
e /NVE AL (minimum lumen area, MLA)D,
1.2.4 If7% Lp-PLA2 ANGPTL3 /K> WA
HBE A YL 25 I # Bk 3 mL, LA 3 000 r/min,
7212 em #5010 min B E W, SR IR S % W Y
PA I 175 Lp-PLA2, ANGPTL3/K¥,
1.3 Gtk I SPSS 28. 0 4 i 14F 4 i
B o PR AR (YO FoR, FERCRH R
55 1F & 9B # 17 Kolmogorov-Smirnov K %
Levene ki 55, fF A IE& M it H R L 2Es £
N, LWBCR A ek g . BRI ER 5 22 43 BT F SNK-¢ K
¥ ; K H Spearman 43 #f CCTA & %4 . 1L ¥ Lp-
PLA2., ANGPTL3 55 R 3l Bk 2 7% #2 B2 /Y AH ¢
PE o R Z i & T AE%F AR (receiver operating
characteristic, ROC) BHZPEAE CCTA &80, MG
Lp-PLA2, ANGPTL3Xf B | 5 5 iR 3l ik gk
EMWE, THR M4 T 1 (area under the
curve, AUC), & Logistic [a] 7 ¥ B 5 12 W7 #
B, ORTE AUC He# R DeLong K5 . P<<0.05
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Table 1 Comparison of general data among the three groups
£ 51 1% PEANCEVEL 70 ERS (FEs, ) R () WL (Tt s, 4D
Tk 1k

Gl 89 55(61.80) 34(38.20) 60.28+7.35 23.81+1.84 10.13+2.52
T4l 97 54(55.67) 43(44.33) 59.13+7.12 23.60+1.79 9.76-+2.45
REA 106 57(53.77) 49(46.23) 58.36-+7.62 23.45+1.75 9.48+2.37

Y2/ F Al 1.352 1.615 0.979 1.714

P{H 0.509 0.195 0.377 0.182

a5 _— W s (%5, 96) R s (K, 6) o i (B, %) BRI (B, %)

H J H Jc H P A ¥

A 89 29(32.58)  60(67.42)  20(22.47)  69(77.53)  48(53.93) 41(46.07)  22(24.72)  67(75.28)
AL 97 27(27.84)  70(72.16) 18(18.56)  79(81.44)  46(47.42) 51(52.58) 19(19.59)  78(80.41)
REA 106 26(24.53)  80(75.47) 15(14.15)  91(85.85)  45(42.45) 61(57.55) 18(16.98)  88(83.02)

Y/ F A 1.559 2.271 2.558 1.831

Py 0.459 0.321 0.278 0.400

15 - iei i o A (R, %) 9 75 AL (BIEL, %) DYIHE NYHA 5% (B%K, %)

H J 2% 3% I~ Il %%

HEY 89 25(28.09) 64(71.91) 52(58.43) 37(41.57) 56(62.92) 33(37.08)
AL 97 22(22.68) 75(77.32) 71(73.20) 26(26.80)" 75(77.32) 22(22.68)"
B4 106 23(21.70) 83(78.30) 91(85.85) 15(14.15) 94(88.68) 12(11.32)

Y2/ F Al 1.218 18.504 18.161

P{H 0.544 <0.001 <0.001
TPAE<0.05 5IRBEA I PP <0. 055t 2 LU (SNK-g K 3 o 4 )

2.2 341 CCTAZH I Lp-PLA2 ANGPTL3
KFHE HEEH CCTAZHE MLD, MLA KT
Y BEA, %DS. %AS KIiE Lp-PLAZ,
ANGPTL3 K Vi THEEH . BREH, TEH

MLD. MLAE TR E4, %DS. %AS K i i&
Lp-PLA2. ANGPTL3/K ¥ TREH, 27H
it E L (P<0.05). W2, CCTA LMK %
UL,

*2 3ZACCTAS#H R ME Lp-PLA2 . ANGPTL3 K F Lk %
Table 2 Comparison of CCTA parameters and serum Lp-PLA2 and ANGPTL3 levels among the three groups

(T£s)
L . T R
B 89 0.9840.19" 2.4540.47F 54.8610.32° 75.12411.63 302.75+51.36" 33.65+5.27°
AL 97 1.1340.22° 2.8740.53" 49.2149.75" 67.484+10.59" 261.43+48.32° 28.164-4.83"
R 106 1.35+0.24 3.1940.55 41.5749.20 58.26+9.48 220.53+41.59 23.404+4.51
Ffd 70.759 49.011 45.935 62.575 74.253 107.714
P{d <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

PE<0.055REH K “PE<0.055d 4 A (SNK-¢ K1)

2.3 A R AR AE B CCTA Z % M i % Lp-
PLA2 . ANGPTL3 K F b8 AR . AF
i FE CHD % 1 MLD. MLA. %DS. %AS X
% Lp-PLA2, ANGPTL3 /K ¥ b, 2R LS

P2 L (P>0.05) 5 O Y3 EE NYHA 4r ¢ Il %
CHD # % % MLD, MLA & T | ~ I % &
&, DS, % AS K Lp-PLA2, ANGPTL3
AKFm T L~ N HEH; wE 332 CHD ¥
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Figure 1 CCTA images in the three groups

I MLD, MLAMRF<2 B #E, %DS. %WAS K
M7 Lp-PLA2, ANGPTL3 /K& T<<2 X #®¥&,
ZRAGI#E X (P<0.05). W3,

2.4 CCTAZBH . MW Lp-PLA2 ANGPTL3 55
AR B ik e 78 72 B A9 AH X ME Spearman AH 56 P 43 B
g ok, MLD., MLA 5 CHD # & 51k 3h ik 5%
ARE (RE=1, WE=2, HE=3) 2HNH
% (r=-0.790, -0.726, ¥ P<0.05), %DS. %
AS J I3 Lp-PLA2, ANGPTL3 /K F 5 CHD i
bR Bl ko 2 B B R OEAHOG (=0 7470 0.752,
0.760. 0.796, ¥ P<0.05 ., WK 2,

2.5 CCTAZH . ML Lp-PLA2 ANGPTL3 £
th SR S Bk e A AN M LR BE AR S B
FEHAE MM A, ROC 0 ¥ 8 28, MLD,
MLA. % DS. % AS. Lp-PLA2. ANGPTL3 #
Moz Wb B IR 3h Bk Bk 2 19 AUC 4 Bl
0.779 (95%CI: 0.716~0.834) . 0.769 (95%CI:
0.705~0.825), 0.764 (95%CI: 0.700~0. 821,
0.796 (95%CI: 0.734~0.849 . 0.774 (95%CI:
0.710~0.829) 0.789  (95%CI:  0.726~
0.843), £ 1§ 45 Wk & 12 Wr v B2 5 AR 3h Bk B 25 (1
AUC H} 0.917 (95%CI: 0.870~0.951) ; il i
Logistic [ I #1 £1 %} MLD, MLA, % DS, %AS,
Lp-PLA2, ANGPTL3 #1741 & #4718 & 12 W,
ROC/r#T iR, BRG 12 AUC K T % 48 45 F

Wi AUC, ZR A ZRIF%¥E X (Z=3.405,
3.850, 3.980. 3.015. 3.753. 3.382, P=0.002.
0.001, 0.001, 0.004, 0.001, 0.003) ., W %
4. B3,

2.6 CCTAZH . M7 Lp-PLA2 ANGPTL3 & K
e IR B Bk 78 (A 3 b DA BEEALAE )
P, EEAENHEEL, ROCH &R,
MLD. MLA. % DS. % AS. Lp-PLAZ,
ANGPTL3 Hophi2 W 8 B 56 4R 3l ikope 4% 19 AUC 43
Bk 0.78  (95%CIL 0.720~0.843)
0.791 (95%CI: 0.725~0.847). 0.801 (95%ClI:
0.736~0.855) 0.789  (95%CI: 0.723~
0.845) 0.805 (95%CI: 0.741~0.859)
0.794 (95%CI: 0.728~0.849), &Il 412
W 5 B 5 bR Bh Bk B 45 1) AUC 4 0. 920 (95%CI:
0.872~0.955); BEA Wi AUC K T £ 5 br o
M2 W AUC, 2R A G it5 3 L (£=3.486,
3.521, 3.213, 3.667. 3.483. 3.244, P=0.002.
0.001. 0.003, 0.001, 0.001, 0.003) . M, %
5. K4,

3 i i

CCTA £&—FhaAE = AER O LB 4K & T
e, HEIE O AL B R IR Bh Bk e R 2R A5 R, AR AN e
R Bl ok B 28 Fn b ZE | R BEER B RS i B A R
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Table 3 Comparison of CCTA parameters and serum Lp-PLA2 and ANGPTL3 levels in patients with different clinical
characteristics
(z+s)
s i (,?(,IA72<4?SI ‘ ‘ JIL[‘{%E?ETB?‘ _
MLD(mm) MLA(mm?*) %DS(%) %ASCY) Lp-PLA2(pg/1.) ANGPTL3(pg/1)
P
5 166 1.1540.22 2.820.53 48.85410.38  67.03411.96  261.84+52.26 28.35--5.36
ik 126 1.17+£0.24 2.9140.56 47.254+10.29  65.714+11.74  255.68+51.81 27.79+5.18
tfH 0.740 1.402 1.309 0.942 1.001 0.897
P{H 0.460 0.162 0.191 0.347 0.318 0.370
AR
=60% 127 1.147+0.22 2.7940.51 48.91+10.40  67.12411.85  262.37+52.18 28.46+5.25
<60% 165 1.1870.24 2.9140.56 47.58+10.31  65.95%=11.77  256.72451.86 27.84+5.19
HH 1.464 1.887 1.089 0.840 0.920 1.007
P 0.144 0.060 0.277 0.402 0.358 0.315
=104F 115 1.1470.23 2.79740.53 48.95+10.41  67.20411.87  263.18%52.30 28.5145.28
<104 177 1.1740.24 2.9140.55 47.6510.29  65.98+11.75  256.58451.79 27.85+5.17
18 1.061 1.848 1.050 0.863 1.060 1.057
PfH 0.290 0.066 0.295 0.389 0.290 0.291
3% 78 1.084:0.20 2.580.49 52.734:10.43  73.45+£11.95  297.56452.61 32.05+5.33
<23 214 1.1940.24 2.9640.55 46.49410.12  63.91410.64  245.19449.38 26.67+4.96
tfH 3.615 5.373 4.624 6.555 7.878 8.037
P{H <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
L UIHENYHA 5%
I % 67 1.0940.20 2.60740.50 52.61410.41  73.2911.92  295.84752.37 31.8645.29
I~1% 225 1.1870.24 2.94740.54 46.8310.15  64.43210.70  248.2674-49.52 26.9944.98
1l 2.793 4.599 4.068 5.793 6.812 6.926
P 0.006 <0.001 <0.001 <0.001 <0.001 <0.001
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Figure 2 Correlation analysis of CCTA parameters, serum Lp-PLA2 and ANGPTL3 with the severity of coronary artery

stenosis
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Table 4 The value of CCTA parameters, serum Lp-PLA2 and ANGPTL3 in the diagnosis of moderate coronary stenosis

BN AUC 95%CI R EED U (V) FESEE Y0 PAH
MLD 0.779 0.716~0.834 1.22 mm 72.16 76.42 <0.001
MLA 0.769 0.705~0.825 3.00 mm® 80.41 66.04 <0.001
% DS 0.764 0.700~0.821 46.25% 70.10 77.36 <0.001
%AS 0.796 0.734~0.849 64.10% 74.23 77.36 <0.001
Lp-PLA2 0.774 0.710~0.829 245.18 pg/L 69.07 74.53 <0.001
ANGPTL3 0.789 0.726~0.843 26.02 pg/L 82.47 63.21 <0.001
412 Wr 0.917 0.870~0.951 — 83.51 91.51 <0.001
REIR kB B, MEEREASSAAELRER RS D,

:ﬁi mmquuﬁﬁaw&m,M%mwmﬁﬁm\

%S Bk o AR B AL TR i 2. CHD B 3% IfL 3 Lp-PLA2

e AR OB R B OBk s B AT 56, B gh

:g@% 2 W R IR Bl Bk B A R B — 2 112 K

B AR RE/xR, HEH Lp-PLA2>HEF

0.0 0.2 0.4 0.6

1455
Lp-PLA2 ANGPTL3 2 I th £ 5@ 4

0.8 1.0

B3 CCTAS#.MmiE
BBk 3R E B ROC B £
Figure 3 ROC of CCTA parameters, serum Lp-PLA2
and ANGPTL3 in the diagnosis of moderate coronary

stenosis
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Table 5 Analysis of the value of CCTA parameters, serum Lp-PLA2 and ANGPTL3 in the diagnosis of severe coronary

stenosis
AR AUC 95%CI W R (20D Fe 5 (20D PAi
MLD 0.786 0.720~0.843 1.04 mm 77.53 65.98 <0.001
MLA 0.791 0.725~0.847 2.60 mm® 77.53 63.92 <0.001
%DS 0.801 0.736~0.855 52.83% 79.78 70.10 <0.001
%AS 0.789 0.723~0.845 72.15% 70.79 77.32 <0.001
Lp-PLA2 0.805 0.741~0.859 285.46 pg/L 73.03 76.29 <0.001
ANGPTL3 0.794 0.728~0.849 31.20 pug/L 77.53 71.13 <0.001
512 W 0.920 0.872~0.955 86.52 86.60 <0.001
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Figure 4 ROC curves of CCTA parameters, serum Lp-
PLA2 and ANGPTL3 in the diagnosis of severe coronary

stenosis
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