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Abstract

Objective: This study aimed to investigate the causal relationship between blood metabolites and
Kawasaki disease through a two-sample Mendelian randomization (MR) analysis, thereby providing
a potential scientific basis for identifying potential biomarkers of Kawasaki disease. Methods: A
two-sample Mendelian randomization analysis was employed to assess the association between
blood metabolites and Kawasaki disease. The inverse-variance weighted (IVW) method was used to
estimate causal effects. Sensitivity analyses were conducted using MR-Egger, weighted median, and
MR-PRESSO methods. Additionally, MR-Egger regression and Cochran’s Q statistic were applied to
evaluate potential heterogeneity and pleiotropy. Results: The study reveals that three metabolites
may be associated with Kawasaki disease. Among them, metabolite X-17654 showed a positive cor-
relation with Kawasaki disease risk (IVW:0R = 2.078, 95% CI: 1.157~3.732, P < 0.05). In contrast,
two metabolites 1-(1-enyl-palmitoyl)-2-palmitoleoyl-GPC (IVW:0OR = 0.476, 95%CI: 0.260~0.874, P <
0.05) and the succinate-to-proline ratio (IVW:0R = 0.184, 95%CI: 0.064~0.530, P < 0.05) were neg-
atively correlated with Kawasaki disease. Sensitivity analyses revealed no significant heterogeneity
or pleiotropy. Conclusion: This MR study highlights the causal role of metabolites in the pathogen-
esis of Kawasaki disease and identifies specific metabolites with potential risk or protective effects.
These findings may provide insights into the pathogenesis of Kawasaki disease, as well as its early
prevention and treatment strategies. However, the study also has certain limitations and shortcom-
ings, as the current research is constrained by the limited database resources and sample size,
which may introduce potential bias in the results.
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1. 5|

J110597 (Kawasaki Disease, KD)EAIHEE LA BIR R LAE SR AR, ARl DU IR I A 208 152
RIS B B S [1] [2] o RS A LA B 300 Ul A% 5 T L IR M G 2R 48 3 MR
. KD HHERENIE 258, FEODRSIKE BN Bl sk i R oty ™ E i SRS R3]
fikI&E, FROAVEIRBIBKIRAZ(CAL) [3]. BRAEWEFTHR 1)1 2B W] BEAFAE 2 DA HE b 5 i B e,
DLR I 55 1545 )1 Wy S8 3 R TR AR DR [4]-[7] o i iBAU ) S e 1 S i) A BIRIRA , AR AU
A, T HIE R EERAN B B ST #hEm . BE TR e SN R 7 DL R R
AR IS 54 24 Hehh, BAMEHILE T HRABE IR A MR S 0 0 45 531 7 e b AT AR O 73 [8] [9]

B R BENUHIE TR RAT IR AT FT b — A 0 i TR, M 5 TR S R PP A S e R 3R 5
SEFRIR 2 R R R OC AR [10] 0 R A B /RBEN LI FE A, DA A2 57 SO B AL 557 B TR 23 i 2 JE AR B, 36
AL FEATLS S B8 o XA 7 A Rl b 1 WL AT T 22 38 B VR A% DR AN AL AR SC R [11]. R
F R BEHVAE IR ZR G G R R 7 ) iz S, (H AT et SR HNZ A R A S5 KD Z A ]
RKFR Bk, AW S AR A BAEA FAEREENUEIT T, QS KD 218 iR R R,
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LA KD (B 5 s
2. MMEHE
2.1. BHEFIR

AW T B K S A AR 5% 0 A% T R 22 AP (SNPs) S FLadt AR R, I I 0% in B2 K FEZ 901
fiff 7% (Canadian Longitudinal Study on Aging, CLSA) B 51347 ft)— T 4 T ) 4 3 IR 41 < BET 7T (GWAS), 1%
WG | 8299 LTS 5H (CFFIEN 62.4 %, briliZEh 9.9 %, ¥ HARIMIMS), [HE 8299 4 KK
PHAMA ) 1091 B M 2R A PIAN 309 FRACHA) L ZAE AR T R AR & [12]. (SR AU 18 ML IR A 5 vk
W AR, Fe i KGR 3 A A S = 2 B SR B ™) o X SeARU S i 1 4 B AR SPIRES, HT
U B I8 B E AR WA B o AU A B 22 A8 AN R AR T 2H 2504 %2 (Human Metabolome Database,
HMDB) A ic 5% B AR 4 - B 1 o7 R B 2 Bl Bl a2 1 AR 0] B AR A K I B 2, X e R
EAE A B AR LR o XA R K A L X it A i 4 3R R ZH B e 4 T O RIE A E AR
1091 Ffi AR, A 850 Al AR T )\ /MEIEE, WIEIRM . AR SNEYIR . R T
e . MK Y. BRARER . BN 241 IS8 AR A B oy BAT RRE 9 1

DR 975 B B SV T 25 22 B4 P2 R10 (https://www.finngen.filen/access results) % 7 I S50 de,  $udiy
K FERPHAN AR, BFFE0T G TS 64 19735 1 399,355 44 0 BAZH . & i VA B8 3 B A TF R R 1
HARPE, vtk FE, O PAGH R RS B

22. TREZERIEEE

MR & — R A FH AL 52 BT S G vt B ok i e B iR 545 R MR /K RN TTVE. MR g A%
RN TEAROV), R4 =AM E R R R AT IV NS 2R YIS, OB 55 fm
gE, HFHSEFRARE R LR, HhRMH P < 1.0 x 108 {E A4 R N 525 WA IR U R, DU
A ERENAST . BFEBA T RE R E N 2= 0.001, kb =10,000, LMEBEBAFH(LD)EN . N
HEpRSS TRARE, Hak FE > 10 M THERHN MR 54T,

2.3. MR

BT U o BT R A, ACHIF S04 R 75 28 A2 (inverse-variance, IVW) 77 Pl A< MR 43
Href RN . IVW & MR BT I R B 7 1, el 80 MR 071, AR5 5 7 2 2 30 A
7, LA, ARERFUEAEH MR-Egger 70T AL A7, T EBARURTIMAUR AL SR MR 2 B i Ah 78071
2.4, RS

AW TR 2 BB S HT g, DLUERCORFRE PRI e MR R ERT H LR BH PR 45 R XS . R T
TR FTIIRRAENE, ABEAPAT T — RAVBUBREE 0T, Q3G R R . KOF 2 2O Al DR B — 2 #r .
Cochran’s Q 464 H T34k T HAR BRI S, 1 MR-Egger A1 MR £ X5k 2 M5 55 (H(MR-
PRESSO)#%: 56 Ul FH 40 22 2t . #5 MR-Egger [FIH#EE 5 E A7 7E B E M2 (P < 0.05), NHIRFIEL L
PR, pRAh, IR HERR N AL TR 2 4514 (Single Nucleotide Polymorphism, SNP), iz f B —ik
HEPIPAG AR, AR T HEMREN, BERIMLE RIS

3. R
3.1. TETENTHE
Wik F G, SNPs [E/N F A 21.67, #F4 FAE > 10 MEER, HERHF 5259 T HAS B Rt nf
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Figure 1. Circle diagram preliminary screening of metabolites that meet one of the five research methods of KD
E 1. BE, ¥VSHEHES)I8E 5 MifRmEz—RiEY

AHIE TR FH B A% TR IVW SR PPl 55 ) 1093 55 %85 ) AH 56 i) fa s R 3%, AR B iR K I (FDR) (P < 0.1)
HATROE JE IR 2] 7 3 MR, W 2, 20mly 1-(1-J - AR At ) - 2- K At 1t - GPC(P-1-(1-enyl-
palmitoyl)-2-palmitoleoyl-GPC (P-16:0/16:1) levels, id & GCST90200070), X-17654 (id ¥ GCST90200547),
BEFAMR 55 i 2 2 L {E (Succinate to proline ratio, id & GCST90200936). H:H 5 1[5 7 AH <A 1-(1-
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5L - KENATE)-2-KE M -GPC (IVW:OR = 0.476, 95%Cl: 0.260~0.874, P < 0.05) M5 H1 1% 5 il 2 1R L1l
(IVW:OR = 0.184, 95%CI: 0.064~0.530, P < 0.05), 1fii X-17654 7K-F-(IVW:OR = 2.078, 95%Cl: 1.157~3.732,
P < 0.05)A1) 1105 B IE AR A OC R o = FARUPIAT )1 URH05 1) i A /R BEATLAG 20 A BRI, 25 R R
MR-Egger. WM i%. IVW i%. Simple Mode 7. Weighted Mode 5438745 B 575 —50, RHHFTPADF R
(1) SNPs H A F2 @ PE(ILIE 3).

id.exposure nsnp method P OR(95%CI)
GCST90200070 34 Weighted median 0.027 0.352(0.139-0.889)
34 Inverse variance weighted 0.017 0.476(0.260-0.874)
34 Weighted mode 0.034 0.354(0.141-0.889)
GCST90200547 28 Weighted median 0.005 3.229(1.427-7.306)
28 Inverse variance weighted 0.014 2.078(1.157-3.732)
28 Weighted mode 0.023 —_— 2.646(1.201-5.831)
GCST90200936 16 Weighted median 0.009 0.151(0.037-0.618)
16 Inverse variance weighted 0.002 0.184(0.064-0.530)
16 Weighted mode 0.035 0.145(0.028-0.743)

Figure 2. Scatter plot of Mendelian randomization analysis for the 3 metabolites and KD
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Figure 3. Scatterplot of causal association between 3 metabolites and KD
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Cochran Q %45 F (P > 0.05) F1 MR-Egger [21)945 5 (P > 0.05) % ] SNP ANf7£E 57 i 1% ; Egger-intercept
LZER(P > 0.05) R ANIEAEK T L 31 MR-PRESSO 454 Kl 45 F(P > 0.05)F B A T B AZ 0 A B
REEAE, CLEJUMONERA B ENE, #E— P TR MR i gl R AT RENE(LE 4). B R
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NS SNPs ANFZI A 25 R (I 5)o I LR RGBT SNPs JEAK R AT, $7% MR 73 B2 24

PR S 5 PR (UL 1] 6) o
EE'E*“A% S ZAMERSTS A OTE
2EEE ERTE SNPs AR KEERMEIT MR-PRESSO 463
MR-EggerQ(P) IVWQ (P) Egger-intercept(P) RSSobs(P)
1-(1- - ARABIE )-2-A A et -
SRR (P-160/16:1) KE &5 34 4275 (0.43) 32.84 (0.48) 0.0229 (0.08) 3496 (0.48)
X-17654 levels ers% 28 2329 (0.62) 25.13 (0.57) -0.1258 (0.09) 27.19 (0.59)
FHRBRSHERILE NIERE 16 8.71 (0.85) 8.74 (0.89) -0.0256 (0.13) 9.627 (0.92)
Figure 4. Sensitivity analysis of MR study
E 4. MR R BUR M54
GCST90200070 GCSTo0200547 GCST90200036

Figure 5. Forest map of the results of 3 metabolites leave-one-out test
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Figure 6. 3 metabolites funnel plot for Mendelian randomization analysis
E 6. =R EEERBEN LS HRHE

4. ¥

JI1UE597 (Kawasaki Disease, KD), JRFRAN R 7 itk B 45 25 A

B

GCST90200936

i, & DL BE AR IR S B S 1

SR A0 35 2 25 0 T AR AE IR R FAE I 6 [13] [14], R —Fh 2 RGN, 16 KD 28, wlRA IR
BB AZ(CAL), I R BBKEE O AL Eh /152 2K 8L HAT, T JEm B AL, 3 DA A2 i A% 2 Ik
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PR P85 R 3% B G 75 TR ELAE FH S 51 R 00 57 e SO, EL LA U P TR B A D P 98 REATL A1 16 o 6 4
B T [15] [16]. ZWlKRTIEMER IR, &3F CAL B9 KD HULEFENG R 00 8 . R IR A B &
Bl P9 B ThRE R RS R SR 20 Rk ol AR A AR IR B2 0 1K DR 38 AT i AR A AR 7 BIAE S5 R Dl o ik o R i
PR[L7]-[19]. [RIL, AHFFTHEMACH ZFLE ST CAL 1 KD KmpLE| by St . N7 R
WA R KD E R IVEIERM, AR IZH MR AR5 T e AR, 45 1-(1-FL-kah
Fi)-2- KR A7 B -GPC (P-16:0/16:1) . YIRS Ml UM ¥ LU AB DA S AR Ay 44 1) X-17654. FoH, 1-(1-Jfi2E-A A
1) -2- KR B -GPC (P-16:0/16:1) 7KV A BEHAMR S5 2 R ) HUAE S KD fRE S R ISR G R, #A KD 1Y
TP RIZ, 1 X-17654 B TR s, BARMATHETEH .

1-(1- 45 - R A ) - 2- KE A T BE-GPC (P-16:0/16:1) & T 4B W e 2L & . AR s A Tk 25 i o v 7
BEONEE WS, HAFERTE sn-1 A7 BiBid 206 SRR . X R E B AR IR T T R IR 5K
MPTEA R, PHARRIR, AREBEIRE (e g bk R G E . MHE RIS . S g (s 5 1% 5 0L 4
R zh 3507 R 15 35 BRI [20]-[22], Ak, G EdE 2% I 46 B AR (10 B = 5 22 F S0 L0 S S0RH S (10 18 1
PREVESRIF IR A A G [23]-[25] o 11 ) 1V 975 1 DA — e DAL /NS 50R0 i /IR TG A 38 22 N RRAIE ¥ 22 Gk I
Eh, AREBEIRELT S /MR ISR T (PAF) 3 PAF ¥4 T (PAF Sah7) 7 4 45 A A R3] PAF 7
SRR ISR, AR ML INSOE A B R 50 R R LR AR [23]. BT RAE OB AR AR AR
WAL BEMET VA ARG H LS N R RSS2 5 SRR, KD B3 3 R el DR 50 Jikos A2 (C AL FéD JRUG: ¥ 35 389
[26] [27]. % T4l RE 7 NSO NP AE Ry CBERE AT REARH- il i 16 35 2200 T W 2K [28], LA H s s
P i Eo B 22 AN RN i T TR AN e S M B B R TR (A7, A8 RSB AR b DA L T 3l ik s A R Ak 1)
e 111291

72 (KDY B3 g, 25 = RBIEHA(TCA FEIR) M IRIIR B E T m. HT 3R
AT LASE S AR SOIR A0 M PR S ThRE, R IR IR 2 A R T B R SR BB IR T o (TNF-a) FIF 3 3R p (IFN-y)
(153U [30], PRI L IR B IA T LAV e S 1 s AT A SRR, T 51 ko UL AR L FVEE B4 3], 3 — T
T, PEEIR BRI A5 (CAL) 1| 75 5 i TNF-o B IFN-y AT B3 TR & 9F CAL M #[32].
b, KD I3 AR R ETRR (138 07T g2 WA 2501 0T LAE (2 34 02 2 4 M R -1 RO REBOR (2 33 CAL 1R A= 5
Jl 9 i S N[33] e 5 HADEIEIR AN, FHEIRI a- 2R T be APy, 8L O ME— R8T 2]
(CEHE) IR, HHHA SIS RAE[34]. R AR M RIER MU B = A T EA S
R IR, IR Res @ AR HLE 2 5 E AR JE R [35]-[37]. [FIN, B0 7ees A2 R & i iR
(2R 1 I S BRI 2 (Pyk2) A2 )1 U893 (KD) AR — MR A BT & K697 4> T #E 5 [38]

2i ERA, EATIRE AT N, 8 MR 20T, A FRIRAE T 1-(L-4E KR R G ) - 2- K A
HEE-GPC (P-16:0/16:1). IRHIR S5IHA L LIEYE KD mIREAFTEBTEMR R KR, B NRPHER. Ll
IRBENAG IR IR SIS KD Z R B SRC R 7 HHR L T rTRE, 28 KD MAmRALHIoE L. S HATREE
JR T R I e R A T AT R 25 .

SCEAMAFAE— LR PRFIA B 2 Ak o BT 24 RIRF FE BT A 8 00 50 P R AR AR R PR, L P SR
P A0S ARS8 O LB AR AR HL BT FH BRORE AU SRR T BRI, A3 45 AT A7 AE — E M . Rk,
AR BRI T T B KEHEIR, FREE RS UTHEC ) LRFBA S R AR T LA A7E KD A 1 LR A
FARLH, 3885 1 PAS TR 36 K 36 0 s AR I FH 114 S B A 12
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