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Abstract

Objective: To investigate the predictive value of serum homocysteine (Hcy), N-terminal pro-brain
natriuretic peptide (NT-proBNP), and fibrinogen-to-albumin ratio (FAR) for coronary artery lesions
(CAL) in children with Kawasaki disease (KD), and to develop a quantitative stratified pharmaco-
logical intervention pathway based on the combined model. Methods: Clinical data from 60 children
with KD (26 in the CAL group and 34 in the non-CAL group) were retrospectively analyzed. Multi-
variate logistic regression analysis was performed to identify independent risk factors for CAL and
to construct a predictive model. The performance of the model was evaluated using receiver oper-
ating characteristic (ROC) curves. Subsequently, a clinical stratified medication protocol was devel-
oped based on the model-derived risk scores. Results: 1) The serum levels of Hcy, NT-proBNP, and
FAR in the CAL group were significantly higher than those in the non-CAL group (all P < 0.001). Cor-
relation analysis revealed that Hcy (r = 0.685), NT-proBNP (r = 0.668), and FAR (r = 0.693) were all
significantly and positively correlated with coronary Z-scores (all P < 0.05). 2) Multivariate logistic
regression analysis identified that age (OR = 0.218, P = 0.002) and Hcy (OR = 2.457, P = 0.02) were
independent risk factors for CAL in children with KD. 3) A combined prediction model based on age,
serum Hcy, NT-proBNP, and FAR was constructed. The model yielded an AUC of 0.909. At an RS cutoff
value of 0.515, the sensitivity and specificity were 88.50% and 91.20%, respectively, suggesting that
the model may have good discriminatory performance for the early risk assessment of CAL. Conclu-
sion: Age and Hcy were independent factors associated with the development of CAL in children
with KD. The combined prediction model based on age, Hcy, NT-proBNP, and FAR showed good pre-
dictive performance and may serve as a preliminary tool for the early risk assessment of CAL.
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1. 5|18

JLE )1[iRj J§ (Kawasaki Disease, KD)J2& —F LA 4> & ML %8y 3 0 BLRFAE 1) LA S R B e[ 1]-
[5]o FoWilR AR SE A B, (H AN 584 5 AN TE B GL il R T IR g e 3 I A R [6]. SRV A ER
VO N KRR ZE R, (BRI RS E T HE S O 3 BA U DG E = [ 7]-[11].

e R Bl k995 48 (Coronary Artery Lesions, CALs) A& KD &)™ R FFKAE, &AM T, ERAEREE
25% [12]. CALs SHURRARBNIKY 5K SR S MARTE R, A2 LB SRAF M o I S P B ) = 2 S R [ 13 ]
[14]. HHT, K7 EEKES R R ER 2 A (Intravenous Immunoglobulin, IVIG) &4 B & VT AR /& FiBli CALs K
FRUETT Z[15]. 2R1M, IGRIRHFLIH 10%~20% 118 LRI IVIG AEURK, 1XFEE LKA CALs 1R %3
T, AT 7 M LA A2 IR [16]. R, Wl 7E 2k 1R CALs &ifE & ) LI 5 it 544
W IE T CRONIRIR 2% 5 ) LRHS T R RI AR R

Hcy (Homocysteine, Hey)E 9 N B2 D) Re G I BUR IR AR, HoKF S KD B LILE N R R R 2
YIFH[17] [18]o NT-proBNP (N-terminal pro-B-type Natriuretic Peptide, NT-proBNP)U| fit B s ey L 52
B R B s, 5 CALs (R AE KiEAR IEMIS[19]. b4k, FAR (Fibrinogen-to-Albumin Ratio, FAR){E
N AEEG VIR, [FII RO 7 LR IRE I D Ae PR AG AN SOREIRAS, ARk FE K I KD &) LE)
A AR B TN B [20]. BAR EIR4EAR S HAL S, B H ATk =08 =2 S M @B DL E 8 S
PREGI L3R B A A 7

ARSI /41 Hey. NT-proBNP &2 FAR %} CALs TG, 2 4ef B AR, AFET
REATAN = T A5 R B 72, ASHIE 55 1 E S A Y AR Bl ) XUBS M 26 (P ) 2 S 5 2450 03 )2 T RS, %
BITIE N CRIVEEIR” en CEACKHELS 27, DUHAE GRS [A) 1 A BRI R Ik A E ARtk KD
BILIAMEA 256 TT BT

2. ENERE
2.1. —RESER

2.1.1. ARMNRSHRIE
JEEY 2024 4 9 A& 2025 4 12 AA LT A OEEBEIGA T 60 6 KD &)L, AHE A ™48 2 A0 2
FEARJEN], 2 skmdOEREECEZ N diuE S (S 2025-YIS 185 -007 5).

2.1.2. ANEHBRIRE

Zi (b E ) LE )R 1297 P UETE FE (2023 4F)) [21].

PINFRE: 1) A KD Z2WibsiE; 2) S8 < 12 A% 3) SMCRH 10 d W BAEAH TVIG 7178 %
Hey. NT-proBNP. FAR ZE4EFREGI: 4) Il pR S BED7 Bk 6 5 .

HeBRARAE: 1) A RO BU AR O IE R TR AR 2) ABEAT C#Z R4R)T: 3) &S
IhREA A M S IR A M s 4) ABEal 72 CALs.

22. ARFE

2.2.1. BuEleE

KT 2\ 2 IEE KL, #:01 Hey NT-proBNP. £ 4k 4 i (Fibrinogen, FIB) }2 (4 & 4 (Albumin,
ALB), #i1-% FAR (FIB/ALB). [A] i it 5% 4 41 i i1 % (White Blood Cell count, WBC). C % N 5 [ (C-reactive
Protein, CRP). [%%%5 % Ji (Procalcitonin, PCT)%5 5 MR A5 o
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222, EERES 2 EHITE

RN AR VR % R AR R T A (Body Surface Area, BSA)RIBR[22], AW 5751 A& T BSA Frik
) Z E 7 R 40[23]. ZEHARSRIMTURTHE RS, %M Dallaire A3, AR K H X 2 8] A 77 72

.- In (WFHE) +( B, + B, xIn(BSA))
N TR e 22

PPN 3 75 2240 R 8 2 3 B 75 2 W23 0l D B 91 F 504G 7tk Bl ik (Right Coronary Artery, RCA)-
e AR B K (Left Coronary Artery, LCA). /£ Hij B4 32 (Left Anterior Descending Artery, LAD) & /£ [A] JjE 3 (Left
Circumflex Artery, LCX)PY>Z F Zb ik i) Z B, B EUE R & & 109 Zmax B Z 5, 1EAVPAL &)Lk
RAEWAZ L FEFE -

T4k, K H Haycock /A 301+ 5 BSA [24] [25]. 1) fAHE <30kg: BSA (m?)=({K&E x0.035)+0.1; 2)
{AE >30kg: BSA (m?) =1.05+ ({AE —30)x0.02.

AW GG (HE)LE )27 I IE T #2023 ) [21]3E7T 72K

1) IEH: Z{4 <2.0; 2) BERIREIMKY IK: 2.0<Z 1l <2.5; 3) FERIRSIBRZECN - FHREEIR
kR 2 >2.5 H<10, BURREIKAE <8 mm; 4) FEEARSIKIFHAZ(E K EIREOR): 2 8 >
10 BUEARBIK N E > 8 mm. 5) EfEbRENNKFAS: S aRsh ke zs . AR S, oLk I B0 T g
ARG IES . 45, AUFFRCRAREERME Z > 2.0 fE8i2H KD &% CAL MBIE. %
PR E AR UE(Z > 2.5) 5 BURK, I R SE 0 B L 9 1805 5 T 26 ] .
2.2.3. IEFR45r4A

RPEHE OB R, LUERSIIKR AR (CALs) A E AR HE[27] [28], ¥ KD 4143 Nl Rah kAR 41
CAL #H(CAL #H, ZfH >2.0, n=26 B)FIIEIRZN K LHNCAL H, ZMEH <2.0, n=34H#l).
2.2.4. FEHMTFIRERINE

FET A TS A AR IR XU PF-43 (Risk Score, RS) LT 73 /= 1297

mfEE )L R “BRdE TR + BHIBER” seiL T,

WA L PATARAE T RAVIG BEA BT VTAR), FEUTHCAH R R O 3l I AT o

FT A B LY 75 1E S 1 KB U5 B AT VO AL P 5 O T B SRR YT, IR e IV AN RO
2.3. GtERE

KH SPSS 27.0 B At tHEBTRHMRYE IEA TR I 7 0 ASEL + AniEZ(X  +5)BM (Q1, 03)]%
N, YLIAEL SR ST AR A ¢ #2596 5k Mann-Whitney U #8565 05 R DL n(%)3or, AIAIELECR K7 2
KOG o BEA TR R ] 2 [R5 Logistic [A]H(Enter )/ . P <0.05 NERAGIHHE L.
3. R
3.1. KD NCAL A5 KD CAL 4HIFKREHE R ISHREL SR

AHF TGN 60 B KD Lo PELE A A R K CRP /KT 2 F TG i3 L. 5 NCAL 4L,
CAL 4B )LRREREM, KMREFELK, HIHE WBC. Hey. FAR. PCT & NT-proBNP 7KV & 2 7+
(L 1)
3.2. #&ibiEiRE R ERENX RS

BRI BRI 2), W& AR N, &)L Hey. NT-proBNP /% FAR /K-35 23
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B2 BB R b S, R R 2R R AP <0.001). IR LLELE R, Ll bR rE 1E R 4
B2 PO e A B P AL IR A 2 R ) B Bt UL R EL B P AE LR 3).

Table 1. Comparison of clinical characteristics and related indicators between NCAL group and CAL group

5% 1. 3F CAL 45 CAL ‘Bl R4FIE R 25 FRELEE

Bl 4k CAL #(n =34) CAL #(n =26) Giit& 22 P{a
M5 /%) 20/14 15/11 0.034 0.855
(D) 3.00 (2.00~3.25) 1.00 (1.00~1.25) -5.225 <0.001
RARH(d) 6.00 (5.00~7.00) 7.00 (6.00~9.25) 3 0.003
WBC (x10%/L) 18.20 (14.63~20.13) 22.00 (18.15~25.13) 3.334 0.001
CRP (mg/L) 69.45 (47.10~85.82) 73.80 (48.33~139.40) 1.753 0.080
PCT (ng/mL) 0.26 (0.16~0.32) 0.61 (0.42~0.71) 3.082 0.002
Hcy (umol/L) 7.70 (6.85~8.48) 9.20 (8.15~10.53) 3.934 <0.001
NT-proBNP (pg/mL) 310.0 (142.5~453.5) 665.0 (455.0~1055.0) 2.991 0.003
FAR 0.102 (0.091~0.110) 0.128 (0.113~0.149) 3.663 <0.001

Table 2. Trend of various indicators with progressive coronary artery injury and correlation analysis

5% 2. EUUETRME B BKIRG N E R R AR X ST
Ei=2an IEHHn =34) BIEHM =16) hEEHN=10) EHAZM MEREHEr PH
Hey (umol/L) 7.70 (6.55~8.27)  8.40 (8.12~9.20)*  10.90 (10.35~11.38)**  6.437 0.685  <0.001

NT-proBNP (pg/mL) 10.15 (8.45~10.70) 11.55 (10.05~13.01)* 15.60 (14.25~16.45)*  5.886 0.668  <0.001

FAR 3.30 (1.65~5.37)  4.95(3.53~6.43)"  11.50 (9.55~14.80)*  5.759 0.693  <0.001
R () 2.50(1.95~3.25)  1.00 (0.80~1.50)°  0.78 (0.52~0.95)*  —6.473  —0.506  <0.001

¥: B3 Z 154 Jonckheere-Terpstra frIn 4t vl & MHOC R %L r 4 Spearman FAAH K R, SIEHHALE, "RRERE
Gt SREHNE, *RRERG SR SRR B EAR P E IR 3). R EEER A AL E (5 fr
[8] PE) IR o

Table 3. The exact P-values of pairwise comparisons for each indicator among the three study groups

% 3. MR R EZENEIRAFE L RIS P {E(£ Bonferroni #1E)

Eb A 40 1 Hcy NT-proBNP FAR RS
IEHHSREN 0.024 0.031 0.019 0.001
RIS EEY 0.006 0.014 0.003 0.042
IEH AR EEH <0.001 <0.001 <0.001 <0.001

Spearman <Mt —PAESE, Hey. NT-proBNP. FAR /K5 KD 8 ) LR 3h k4545 1) 7™ B A2 FE
PR EZFEIEMAR, Hr FAR FIAHHER VR M 8 LFER SRR E 2R A0 . LRI IEES
AR AR ) 2 e s A8 T AR T St T R B AR A AR

3.3. KD #% CAL £MEFEAIZEFE Logistic BV 47
PR RAE CAL (0 = KR4, 1= RAEYNFEAR, HIKKZOERMPANZEER Logistic [ )11 4Y
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(Enter 7). £ EIRULE 4), M5 Hey (P = 0.020) ZAE#(P = 0.002)5& KD &)L KR CAL Ak fa i [l
#; 1 NT-proBNP (P = 0.757). FAR (P = 0.305) % K #HKEUP = 0.279)(EA R v 22 G 1T 43 o

Table 4. Multivariate logistic regression analysis of independent influencing factors for KD complicated by CAL

%z 4.KD H%& CAL My MEZEMZEE Logistic EYASH

HAA & B (EE 250 S.E. (brifER) Ve P1{H OR (95% CI)
Hey (umol/L) 0.899 0.385 5.451 0.020 2.457 (1.155~5.226)
NT-proBNP (pg/ml) -0.04 0.129 0.096 0.757 0.961 (0.747~1.237)
FAR -0.183 0.179 1.052 0.305 0.833 (0.587~1.181)
RRE 0.26 0.24 1.173 0.279 1.296 (0.810~2.074)
TE W -1.521 0.497 9.355 0.002 0.218 (0.082~0.579)
W —-4.752 2.619 3.291 0.070 0.009

A5 K 2 R % Logistic [11H(Enter 1)/ B A TERIAL . [ AR SR AR ES | [ Hey NT-proBNP
J FAR, BB NRERE CAL (0= KKE, 1= KAE). BEBITTIERN:
Logit(P) = —4.752 — 1.521 x 4F#% +0.899 x Hcy — 0.04 x NT-proBNP — 0.183 x FAR
Hrp P ok A CAL BT M2 (Risk Score, RS). AL AR A0 K 4F (Nagelkerke R? = 0.706).

3.4. BUEHR*T KD €3 CAL BiSHRiNME S

AR #H TAERFE(Receiver Operating Characteristic, ROC)HHZ8 43 #T 2 n (W& 5), H4EES. Hey. NT-
proBNP Jz FAR #JEECG 2 Wi B Tl CAL BIRKRE SN B3, SEIL T RS S50 7 FE RO A,
TR ME B AL T & DUR TR bR . fERDFRR T, R AIZH kR fsR, H IO~ Hey. I65), FAR 5 NT-
proBNP X CAL [kt A HE S H M .

Table 5. Diagnostic value of age, Hcy, NT-proBNP, and FAR in children with Kawasaki disease complicated by coronary
artery injury
5. £, Hcy. NT-proBNP & FAR %fJLE)I|IEHR & FH 2 Bk IRB RIS BN &

IZL LD AUC 95%CI PMH  REEWTE  BURE%)  RRE%) N8R
Hey (umol/L) 0.798  0.686~0.910  <0.001 8.05 84.60% 61.80% 0.464
NT-proBNP (pg/ml)  0.727  0.592~0.862  0.003 4 84.60% 61.80% 0.464
FAR 0.778  0.644~0911  <0.001 11.05 80.80% 79.40% 0.602
R 0.895  0.798~0.991  <0.001 1.05 69.20% 94.10% 0.633
XA 12T Y 0.909  0.812~1.000  <0.001 0.515 88.50% 91.20% 0.797

T KRG WAL T Logistic MR MO TRIIMES: I T4E# S CAL KAERGUME, KA LN H (Area Under
Curve, AUC) Sz A7 {F O 4 Ak B2 DL (A B HE T A48

WA TR A A AE B AU P28 (RS),  AHIEFEI0E 73 R 4R 2 e . S fa (RS> 0.515) i W AEbr#E IVIG
A B = DUAR ISl b, FAHACRE 10 d P)BEFRE R U, Wi FRJE 2 mg/(kg-d)itfbiayT, JFina
PRI G~5 d/AR)s H K AL(RS < 0.515) AT bk /7 SR YT I 4 RrH FPTRE(A 1)

BHAR T RA1F[29]: G B LAERRHEIR T (IVIG 2 ghkg P57 & Bk IE + B0 & DCAK 20E 8 30~50
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mg/(kg-d))FERt_E, FIACKIHE 10 d POIIH IR 2 mg/(kg-d)FfBkFTE 3~5 d, JEHRHE 2 REFR bR LI IR
SR I, (R A O S B R N 25 2 BN A 3~5 d BBk, FYLEEIREIK Z 4
FHASAA . XU BB LI AR bRt TVIG BES B =) UCARVATT K B F0 W I A K

o ROCHli £k
' — ] PSS

‘":‘* —Hey
JJJ A —4Fiik <12

0.8

— YR A S A &R H L E2
f~ — NAR Syl $ A I 142

J — TR

/ SHL

Regcuc
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W
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Figure 1. ROC curves of age, Hcy, NT-proBNP, FAR and their combined models for diagnosing KD with CAL
1. F£#8. Hey. NT-proBNP., FAR REBAERANT KD &3 CAL i2HIHI ROC #hik

4. Vg

KD Jf& CAL & JLIE f5 RHEOIFR I F 0, HomEid R & ) B8« O U B 980 A FR[30],
JUEHEAEFH IVIG, 5 # B IUEkZ 2[31]. AW &R, 74 Hey. FAR & NT-proBNP /K-F
b st ik g B 2 e B, B Z (AR IEMAHRGY P<0.001, r15>0.6), &R Ll ki As
PR YOG, TR R KO A RS VP B — & S H N E .

ERK R EH, 2P EFIHBUE Hey (OR =2.457)9 CAL FIMSLfER K 3, $7R  Hey i SR
PR P R P49 i I E 4G O AZ O R T [32] [33]. ZIE Logistic [BIIA40Hr4s B &R, AAERH
Hey #& CAL KAWL RIZ, 1 NT-proBNP f FAR 7E AR T BE it #m X, HERIEHR
b VR A PR 3R 5 R R R L RN {E . NT-proBNP g et 7 KD Btk S Co LRI 5 BB 1t o LA
FOK PR e ik SZ A5 N 2 T =i [34]: FAR I BEG{REES IR R, SR 7L 4 S P 1 48 i DR 7 )R
(351, BbAh, AW UGESE TR (R < 1.05 )& CAL KA Mok KM R 1. fEIR PRI 5T,
R NT-proBNP J& FAR AR FEIHLAMAL TN K, (4 4E%S . Hey NT-proBNP Jz FAR W NS 1AL ),
H ROC ik FHAAH] 0.909, &/ IZBA BAGRUAFIIX 368 . ImPRSEE A, *T44E%EN H Hey 7K
EIHE R KD L, RigEST CAL RAERKGHE, HH45A NT-proBNP. FAR ZEFEbRiEAT 25 & VP4l
DA SIS 3 SRR T3

AW FUE SUERE Hey NT-proBNP J FAR Mg TREALAY, BIEMNN R RIE - B O UE )
TURTAERE A CAL #EATHII . BARWIES [ T (Troponin T, TnT)& L AIRFEL Hifadr, {H KD &3 CAL
T3 B DL G A 5 10 el R 30 K I 98 S N B o 3 O URBE bR E A BB A A BR - NT-proBNP
B BNP Fase A, O REA 2805 BT I AR 38K o
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AT TR R SRR A CAL RS R 3y T B o e R T R 5 3o A B A Bl s PR T e 5730
W73 R H . S B XU E 2> RS> 0.515 I, o ULIFAC CAL YRR o 6 T 000 sy XU
ML, W PREE A P45 & /B LEARI T R I TR 1, 5 MGG T FIRE S 5Ens . 2521 220 TE R,
WA BIE TT S0 B B 5T 2 S amAL I RG] e B TR 7 i & KD S8 L ket 0 KUk, (H L B fid
FINTE B T B 75 58 2 AE TR Fe it — DA 53 4h, 7R 5wl A O s R I iR (i S 3 N &
3~5 REE—IK), #HUNBETENK Z E 852

AW TIAFAE—TERIRTE . ARy S G RUBPERR TC, W TUN SRV IR AT REAF AEIE 0 a7
MBI FEEE R A& . WEFCREAR BTN, JUHAE CAL ARG ECA IR, W REFRSTTT A2k
RE, JFMME AR RAEZ KR AT P AR E . S8k, AW SRR TN R AT 1 ARG, sk
ZASLANEROAS AL, HAZ A e TR RS PP st — 2D 1Al

Z5 L&, % Hey FAR J NT-proBNP 7KV 8% M S ke )1 i i ) Lk k447 (4 sl s st ad 72 1™
FRLE . ANHFFOM R 2 e LIRS TE RS, R0 Hey A& KD LK E CAL AL REmI R 38 . 5L T4F
¢+ Hey. NT-proBNP J FAR # AIB AL B os B I PN AL BE . W08 CAL A5 RS PPAS S 44
S o (HSE T AHT Oy Bt (Bl UV AT 7 EL ok = A ERIGAIE, 12 AT T 4020 TR, il R S 47
{IERCTE P TR IPN £ NN A SRV i1 i a7 T

SE
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