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Predictive value of serum adropin and eosinophil cationic protein for coronary slow flow
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Abstract Objective This study aimed to investigate the associations of serum adropin (AD) and eosinophil cationic protein (ECP)
levels with the occurrence of coronary slow flow (CSF) and to evaluate their predictive value for CSF. Methods A total of 82 consecutive
patients with suspected coronary heart disease who underwent coronary angiography at the Affiliated Hospital of Chengde Medical College
between January 2023 and May 2024 were enrolled. Of these,41 patients who met the diagnostic criteria for CSF were assigned to the
CSF group,while 41 patients with normal coronary flow were included in the control group (CSN group). Serum AD and ECP levels were
measured using enzyme-linked immunosorbent assays. Receiver operating characteristic (ROC) curve analysis was performed to evaluate
the diagnostic performance of AD,ECP,and their combination for CSF. Multivariate logistic regression analysis was conducted to identify
independent factors associated with CSF. The variance inflation factor was calculated to assess multicollinearity. Restricted cubic spline
analyses and sensitivity analyses were also performed. Results Compared with the CSN group,the CSF group had significantly higher
prevalences of chest pain, hypertension, dyslipidemia, and age=60 years,as well as higher serum ECP levels and lower serum AD levels
(all P < 0.05). ROC curve analysis identified optimal cutoff values of 6.29 ng/mL for AD and 15.17 ng/mL for ECP for predicting CSF. For
AD alone, the sensitivity and specificity were 65.9% and 80.5% ,respectively (area under the curve [AUC] = 0.802). For ECP alone, the
sensitivity and specificity were 68.3% and 87.8%, respectively (AUC = 0.775). The combined model yielded a sensitivity of 82.9% and a
specificity of 63.4% (AUC = 0.798). Multivariate logistic regression analysis showed that serum AD <6.29 ng/mL,serum ECP =15.17

ng/mL, hypertension, and age =60 years were independent factors associated with CSF (all P < 0.05). No evidence of multicollinearity was
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observed among these variables. Conclusion Serum ECP and AD levels are associated with the pathogenesis of CSF. Higher ECP and

lower AD levels are associated with an increased risk of CSF,suggesting that these biomarkers may play important roles in the regulation

of coronary blood flow. Serum ECP and AD may therefore serve as promising biomarkers for identifying patients with CSF.

Keywords coronary slow flow; adropin; eosinophil cationic protein; predictive value
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Tab.1 Comparison of baseline characteristics between the two groups

Item CSN group (n =41) CSF group (n = 41) X 1ZIT P

Sex [n (%) | 0.055 0.814

Male 13(31.71) 14(34.15)

Female 28(68.29) 27(65.85)
Age (year) 54.44 £ 648 59.10 £ 8.27 8.067 0.006
BMI (kg/m®) 2411291 24.95+2.84 1.786 0.185
Systolic blood pressure (mmHg) 127.27 £ 16.42 130.51 £ 19.04 0.682 0.411
Diastolic blood pressure (mmHg) 77.24 +9.70 81.00 + 12.46 2.320 0.132
Heart rate (heats/min) 7517 £ 12.11 77.93 £ 14.09 0.903 0.345
Age=60 years [n (%) | 6(14.63) 21(51.22) 12.424 <0.001
Chest pain[n (%) | 18(43.90) 34(82.93) 13.456 <0.001
Palpitations [n (%) | 15(36.59) 21(51.22) 1.783 0.182
Hypertension [n(%) ] 15(36.59) 31(75.61) 12.676 <0.001
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Ttem CSN group (n = 41) CSF group (n = 41) X 11T P
Type 2 diabetes mellitus [n (%) ] 3(7.32) 6(14.63) 0.499 0.480
Dyslipidemia [n (%) ] 11(26.83) 20(48.78) 4.201 0.040
Smoking[n (%) ] 11(26.83) 11(26.83) 0.001 1.000
Cerebral infarction [n (%) ] 3(7.32) 8(19.51) 2.625 0.105
ST-segment depression on electrocardiogram [n (%) ] 2(4.88) 8(19.51) 4.100 0.043
LA (mm) 32.24 +3.75 34.98 +7.16 4.681 0.033
Left ventricular end-diastolic diameter (mm) 48.15 + 4.00 48.80 = 5.01 0.433 0.513
Left ventricular ejection fraction (%) 62.20 + 5.04 60.24 + 7.86 1.791 0.185
WBC ( x 10°/1) 559+ 1.35 739 +2.38 14.793 <0.001
PLT (x 10°/L) 228.20 + 48.06 225.63 +50.48 0.055 0.542
Neutrophil percentage (%) 61.34+9.97 63.60 + 12.44 0.830 0.365
EP[%] 1.00 (0.70-1.80) 1.70(1.10-3.30) 10.168 0.001
HCT (%) 41.10(38.00-43.60) 42.80(40.70-46.40) 5.883 0.015
Creatinine (mmol/L) 5431 +11.35 62.36 +16.2 6.784 0.011
TC (mmol/L) 426+ 1.04 4.67 +0.84 3.877 0.052
TG (mmol/L) 1.00 (0.68-1.54) 1.47(0.93-1.91) 5.355 0.021
FPG (mmol/L) 531+ 1.43 5.61+1.27 1.006 0.319
ALB (g/1) 41.70(39.40-45.50) 40.90 (38.78-44.90) 0.279 0.597
CTFC 24.73 +2.00 3224 £3.65 133.369 <0.001

CSNZH | CSFALIMIEECP/K 43514 (13.75 + 7.00)
ng/mL. (26.79 = 18.15) ng/mL, IfiL {EADIK *F 43 5 A
(9.48 + 4.14) ng/mL. (5.69 + 2.49) ng/mL, CSFAL MG
ECP/K - i 2% 1 T CSNEH, 1M1 1ML 35 ADZK S g K T
CSNA , =5 H A5 T3 L (P <0.001)

23 CTFCS I3 AD .ECP/K -, EPSECP/K A 41
Ko

2 ARBE S R CTFCH (28.48 £4.78) i, EPy
(1.89 + 1.64) %, IfiL iEADH (7.58 + 3.90) ng/mL, Il
ECP (20.27 + 15.16) ng/mL o AH 45 5 s
MIEECP/KFE-5CTRCAIEA K (r = 0.543,P < 0.05),
IML3E ADZKAF- 5 CTRCE FAHE (r = -0.520,P < 0.05) 5
EPHECP/KF-RIEAH X (r=0.569,P <0.05) .

2.4 IfTEAD ECP/K- K — 3 WA Kl X CSFY 7
HHE

ROCHIZR A3 Hr 45 R i, M5 AD (ECP S Fii il
CSFIY AL RWTE 23971 6.29 ng/mL . 15.17 ng/mL,
B H65.9% .68.3% , 1 7 i 4180.5% .87.8% , M1 £k
T FH (area under the curve, AUC) “50.802 (95%CI :

0.705~0.890).0.775 (95%CI :0.672~0.878) . — # Ik
ARMAUCH0.798 (95%CI:0.705~0.890), R AHFE A
82.9% , %75 % }180.8% , WK1,
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Fig.1 ROC curves of serum ECP, AD and their combination for
predicting CSF
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I 53 A AR I =602 FNAT <604 2401 ; I 75 AD .ECP
)12 Wt LA 43 M AD>6.29 ng/mLFIAD <6.29 ng/mL 2
ZH ,ECP=15.17 ng/mLHIECP <15.17 ng/mL. 24, 5AD
JECPA FHIC M R R AN ARLHY Forp B[R 2R [l )5
BEHI P < 0.0519 R R 91 A Z T FKlogisticnl T A
hH ﬁﬁﬁ%ﬂﬁ ¥ (variance inflation factor, VIF) £

Pk

Z N Klogistic PN /325 R, MEAD<6.29
ng/mLAFCSF & A= XU N5.4166% (OR=6.416,95%CI :
1.377~29.902), ML ECP=15.17 ng/mL ffi CSF /& 4= X
6 14411582817 (OR=6.828,95%C1 : 1.439~32.397) .
FAh, FILE A =602 $ CSF & A Bl ST fa s

2% A5 i (R IR Ze M VIF N 1~4, & g e a2 IR (P <0.05), 32,
*2 CSFRERBEERRZERKlogisticElA53 7
Tab.2 Univariate and multivariate logistic regression analyses for the occurrence of CSF
Univariate analysis Multivariate analysis

Variable n VIF

OR (95%CI) P OR (95%CI) I3
Creatinine 82 1.044 (1.008 - 1.080) 0.015 1.043(0.985 - 1.105) 0.150 1.081
AD=<6.29 ng/mL 30 8.235(2.837 - 23.909) <0.001 6.416 (1.377 - 29.902) 0.018 1.149
ECP=15.17 ng/mL 40 6.591(2.513 - 17.287) <0.001 6.828 (1.439 - 32.397) 0.016 1.237
WBC>9 x 10°/L 11 5.484(1.105 - 27.208) 0.037 5.951(0.627 - 56.498) 0.120 1.258
Chest pain 52 6.206(2.236 — 17.227) <0.001 3.986 (0.698 — 22.762) 0.120 1.109
LA>35 mm 20 3.025(1.027 — 8.908) 0.045 3.318(0.558 - 19.715) 0.187 1.256
ST-segment depression 10 4.727(0.938 - 23.824) 0.060 6.054 (0.467 - 78.504) 0.168 1.141
Age=60 years 27 6.125(2.121 - 17.691) <0.001 6.732 (1.297 - 34.935) 0.023 1.189
Hypertension 46 5.373(2.068 — 13.963) <0.001 5.948(1.285 - 27.519) 0.023 1.137

2.6 LI AD KX ECP/K V-5 CSF#a #ME A 56 FIRCS
vl

L 75 AD KECPAK Y1 = 43 (i B0 5 CSFAY A ¢

S AT AN ZR3FT R . AADINT LN 2 B8, Bl 5 175 AD

IR T1 i , CSFR A KUK W7 T B . LIECPRIT1 R 2

W8 B ECP/K T , CSFA i AU 2 87 b T ""ﬁﬁ
RCSHTZE AT ALAD \ECP5 CSFRU: (1) 56 2 . 45 1

N, JI[LY%EAD&ECP7J(—TP5CSF7JZ§515‘J%?32‘T$$HEé, BE
K2,

2.7 3RS B A HAE A

£3 ETIER=HMEAICSFilogistic/RUR Lt 5 @ 345
Tab.3 Logistic proportional hazard regression model of CSF according to tertiles of indices

Variable Tertiles1-3 OR (95%CI) P
AD T1 1 (reference) -
T 0.40 (0.08-1.89) 0.245
T3 0.12(0.03-0.59) 0.009
P for trend 0.35(0.16-0.77) 0.009
ECP Tl 1 (reference) -
T2 1.96(0.40-9.72) 0.410
T3 11.19(2.17-57.61) 0.004
P for trend 3.28(1.46-7.37) 0.004

FEME S (R e it s CH ) 22 TR (Y
o) MLl S8 CH /IO WM CR /) BIASREZ A

PEAL MIEAD \ECP/K -5 CSF & A AR ek 45 5 i
7 A2 BN PR R B 22 R C G2 A 7 X, oy
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WA B/ REFAGE L, HAD ECP 2Tif5hs  FHACHAEH (33 Pyy>0.05) S ULKE3,
SR e IR 2 UBE PRI AL SR RO 4 TG

10.01 P for overall :0.018 10.01 P for overall :0.004
! P for non-linearity : 0.177 P for non-liniearity : 0.186
501 501 ‘
E 20 =20
&) : &
EEN| s 2ol N\ mdemees
g F
g 0.5] ? 0.5
0.2 0.2
0.11 0.11
2 4 6 8 0 12 14 5 10 15 20 25 30 35 40
AD/ng*mlL" ECP/ng-mL™"
E 2 Inji5ADFIECPHIRCSHZ
Fig.2 The RCS curves of serum AD and ECP levels
Subgroup Variable ~ Total ~ Event (%) OR (95%CI) P for interaction
Male AD 27 14(51.9)  0.61(0.40-0.91) e
Female AD 55 27(49.1)  0.67(0.52-0.86) ~ 0.680
Hypertension=0 AD 36 10(27.8)  0.71(0.52-0.96) ——
Hypertension=1 AD 46 31(67.4)  0.59(0.42-0.84) —— 0.472
T2DM=0 AD 73 35(47.9)  0.58(0.45-0.76) e
T2DM=1 AD 9 6(66.7)  0.94(0.58-1.53) — 0.097
Dyslipidemia=0 AD 36 14(389)  052(032-0.84) ——@——
Dyslipidemia=1 AD 46 27(58.7)  0.70(0.54-0.90) —— 0.249
Smoke=0 AD 60 30(50.0)  0.68(0.54-0.86) ——
Smoke=1 AD 22 11(50.0)  0.48(0.26-0.89) ———@——— 0.241
025035050071 1.0 141
OR (95%CI)
Subgroup Variable ~ Total  Event (%) OR (95%CI) P for interaction
Male ESP 27 14(51.9)  1.27(1.04-1.56) oz
Female ESP 55 27(49.1)  1.08(1.01-1.15) — 0-062
Hypertension=0 ESP 36 10(27.8)  1.13(1.03-1.23) ——
Hypertension=1 ESP 46 31(67.4)  1.17(1.03-1.33) —e— 0633
T2DM=0 ESP 73 35(47.9) 1.11(1.04-1.18) @
T2DM=1 ESP 9 6(66.7)  1.15(0.87-1.53) . 0-786
Dyslipidemia=0 ESP 36 14(38.9)  1.14(1.04-1.26) e
Dyslipidemia=1 ESP 46 27(587)  1.11(1.01-1.22) o 0688
Smoke=0 ESP 60 30(50.0)  1.09(1.02-1.17) o
Smoke=1 ESP 22 11(50.0)  1.23(1.01-1.50) . 0-220
071 10 141
OR (95%CI)

A,AD;B,ESP.
B3 T4 & IEHR 5 CSFRFHEXIEM LA 5 #

Fig.3 Subgroup analysis for evaluating the association between the indices and CSF
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e I A8 (P < 0.05), T 1 1) 276 48 PR i A
B WA L A5 25 S e ge i (P> 0.05), $27R CSF
GERAE G A B, 5 Sanati%E 1 BF ST 4
RIEA B AR TR BT 5K R 05 S e 2 3 1 43
T, 24 e 22 T IG5 L, 5 Wang 5 iF
FEEFANLT . FARCSFA B LAK T CSNA , HZ A
Klogistic [T 07 R WL H 222 5, 504 A ks
BFFS GE AP AE 25 5 IR RS 9T 2 R, CSFER
FAIFGIE A0 E R RE R A O E NS B
1o T-CSNZH, HL2 1] [ J2 B2 55 CSFAM 7 A G, ax 4 2
SRR S AN TR REA RN O, SRR i — L
k.

ML AD S — Foft 43 900 750 JE A3 22 1, £ 98 1Y i
AR A AR A h R B ZAEH . ADZKFFEIR
5N R R — AR A BT YE T o —F b R AR
FHBE B FH G, DT 5 30 B A I 5 6 5K D i
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