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Abstract

Background: Metabolic reprogramming is a hallmark of hepatocarcinogenesis, but the causal rela-
tionships between circulating metabolites and the risk of hepatocellular carcinoma (HCC) remain un-
clear. This study aimed to systematically evaluate the potential causal associations between 233 cir-
culating metabolites and HCC risk. Methods: A two-sample Mendelian randomization (MR) design was
employed, with inverse-variance weighted (IVW) as the primary analysis method. Genetic instruments
for metabolites were derived from a large-scale genome-wide association study (GWAS), and HCC out-
come data were obtained from the FinnGen consortium (release 9). Results: Through IVW analysis
combined with heterogeneity and horizontal pleiotropy tests, three metabolites were identified to
have significant causal associations with HCC risk. Albumin (OR = 1.8931, P = 0.0375) and lactate
(OR =3.2161, P = 0.0153) were positively associated with HCC risk, while acetone (OR = 0.3349,P =
0.0135) was negatively associated with HCC risk. Sensitivity analyses detected no significant hori-
zontal pleiotropy or heterogeneity (P > 0.05). Conclusion: This study provides genetic evidence for
causal associations between circulating metabolites and HCC risk, identifying three potentially rel-
evant metabolites that offer new clues for early risk identification and mechanistic investigation of
HCC.
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1. 51§

JH-4 i g (hepatocellular carcinoma, HCC) & 4 R i WL I SR R PRI 2R Y, TR e AH G BB T (1 28 —
KRR REF I ER S ST BARFFEEA R, HCC HBE 1 5 FALFRIMET 20%, (& 7 FHR 5]
EE NS IRANR R KR a1 2] [3].

R E i 2 DA VNI IE IR OAFIE 2 —[4] [5]. FFIEVE N ARAR B i 2% B, B M Al 72
WAERET 2 AR R EL[6]. MBS S MERT AR L, HCC B AN b A7 7E 2 R 3, 3 &
B B P REAC A AN EER[ 7], SR, WLELVERT 5T 5 2 1R 2% K 35 B S i) PR SR SR BR A 40, LA B A
RGP 78 5 HCC 8] (1) RIS 7 1ol —— B R L AL 5 /2 HCC RAERIER, IR A M8 A7 1E BT 580
L5 g

/K BEALAL(Mendelian randomization, MR)FI 845748 S (W A% B IR 2 S MEE N THRAS R, W[H
i At SR FE K N AE SR BR8] H T A AR S AE ML TR U B O, AN 52 05 RIA B8 5 i B
RAWIFENT, MR 238 RENS TR 11 58 Dy Aa g iy PR R AHEIKTIE 95 [9] [10] .

ITAEHR, 43R ZH SE AR 7T (genome-wide association study, GWAS)f B & fE ) MR 3 drdefit 74
B IEUE 7R .. Karjalainen 25 A& R S GWAS Meta 73 #1841 33 ANBAFI3ETT 136,016 425 534,
RGUETE TR 233 PRI AE o N 2, AARHEFede it 7 B 20 T HARERIF[11]. S ikfH

DOI: 10.12677/acm.2026.1662187 2 Il PR 25 2 33t e


https://doi.org/10.12677/acm.2026.1662187
http://creativecommons.org/licenses/by/4.0/

I, FinnGen X5 & AR 155 9 MOKHUASE HCC it A% RIBCHAE (6055 453 B fAl) [12].

FT ERE 5, AHFURHIEA MR Beit, RGP LIk 233 FPEMCEIYI 5 HCC XU 2 8] 78
FEBRER SRR, B AERBIATEN HCC XM bR SRR AR, v HCC (MR- I8 S5 AL F 7 £ 3t
AL SRS .

2. ik
2.1. Wt

AWK MR ¥tt, LA 233 FERRSIYIE A Z B2 K 2, HCC ENZ R RE. MR ZrHr A 2tk
WHFTF =A% O (1) BER R SR 2 B GRRE (2) BRI T r A Rsmi 45 R (TR 2%
N&; (3) BEAFAGE T AT i 7 R Y520 HCC XU, BIAAETE K2 250

2.2. BUEFKIR

FRBHI AL SBR[ Karjalainen 25 AT~ 2024 4 3 &k # T (Nature) Z:EMIBIFL. %0 70%
REFHARBYIT R T A BRI A OCH 7L Meta 7087, AR BER F il S AR R R iR M, FEA
K 33 ANBAFI, FLit 136,016 BIERMING S 5% . WAt L% @ 400 AL 5, FFER ML T AR
AU A 4 35k PR 4 (B 35 B R Y R 22 A5 P (single nucleotide polymorphism, SNP) & Hoak ik -18 . A4
GWAS 24t it #idiE 3R B E NHGRI-EBI GWAS H % (815 : GCST90301941-GCST90302173) K AH G A
FEER %

HCC 4 Jm# s kiR T FinnGen Bk ¥ 28 9 fR&E & A (FinnGen R9). £ #5410 7% 453 ] HCC Ji
(Frh 51 400 1, 2otk 53 )5 287,137 GIXTEE, B S 5&5 BRGNS . HCC 2 Wik E Frogeis 7
252 10 FR(ICD-10)4hS C22.0. [EBRfh e i 7 2555 3 hi(ICD-0-3) 3 %44 (8170-8175) S ¥ 1 i i
C22 47, T RPIAREESIC RGN
23. TEATEXRE

TR MR BT A &, SRR R ie DL R Rl it THARE: Bk, MikERELE
I B TR 2 A PE(SNP), BB TEBIE BN P<1x107% HIR, KA RIS HERRIEB R T4 X 35k )y
K704y SNP (K% 1. 10,000 kb, R?HIME < 0.001); #)m, iHEAANTHAEN F it LOrah s
FE, 51k F St &/ T 10 (195 THRA .

24. T

AHIF 52 K B 335 7 2 AL (inverse-variance weighted, IVW) . HIAY 3147 #0323 (Weighted median) FTARALAX
Hrid(Weighted mode) = Fi 57558 MR 4341598, H IVW N B4 578 RIS PRR MR 45 5 fafid
PE, FFRE DL NURE T R Cochran’s Q 38 PP Al T H AR & [a] () 5 S (P > 0.05 $2n B i) A
F MR-Egger [5] 3 f 38 FE 00 36 7K 7 22 Rt (P > 0.05 $2R TR Z /K P2 30tE) . Fre MR 20 #r4f# F R 4%
(A 4.4.3) 311 “TwoSampleMR” i i:Au (il 4 0.5.8) 5 .

25. TEATESEXAERNXEZE

F£F GWAS Catalog ¥ % (https://www.ebi.ac.uk/gwas/), Xt AliH(54 4~ SNP). 25 (69 4~ SNP).
FLER(36 1> SNP) ) L HA R AT KRGS, WEHESSEMEBMI). BERBEALE. BER). TR
(H# =F§. HDL/LDL. VLDL). Wil W JH(ALT/AST)SE HCC AR R A7 TE G HK.

DOI: 10.12677/acm.2026.1662187 3 Il PR 2 2 3t


https://doi.org/10.12677/acm.2026.1662187
https://www.ebi.ac.uk/gwas/

3. R
3.1. R 5 HCC RIE R ER

IVW S T4 o, TER e R K E(P<0.05) F, 454 33 FfRHt# 5 HCC KR IE/ES i I &
BRI B e XU 7 B R PR R S AR Y, FRATTR Vo B ik 33 RS
HEAT T SRS I 57K 280 . & FRFER RS, AT 3 AR ——NE. AEA LA
W, 'BA1S HCC Rk B 47 75855 A AT 55 i R 5R C I (] 1)

id OR(95%Cl) P value
R /K l 0.3349(0.1407 to 0.7974) 0.0135
HEARFE | » 1.8931(1.0377 to 3.4536) 0.0375
FLEE KT | > 3.2161(1.2514 t0 8.2653) 0.0153

[ I |

0 1 2

OR

AR R 1 il 8577 ZE AL (VW) T3 AR T AR KTXE HCC XU A RS AR . B €
[ KRR P S AR AN 3 PR EU AR B (OR) B Xt R 95% A5 X [](C1)o 3 BLAL ta 2k KR
TRE(OR=1). OR>1 Y5 HCC KIS, OR <1 MRS HCC X (K
%K. PME <0.05 #ANAA G- REE,

Figure 1. Mendelian randomization of metabolites and hepatocellular carcinoma (HCC) (IVW
method)
1. R4 SRR (HCC) M RIERMEH L (VW F53E)

FERI RS T7 1) b, ASFEACEHYI R I AR S 1 R . AR S, B E/KTS HCC R 2 1EAH
K AEARTE—MrEZ, HCC XU H{f L (odds ratio, OR) Ay 1.8931 (95%Cl: 1.0377~3.4536, P =
0.0375). FLER/K-FEAEZIH 5 HCC KK IE 17 R SO HE, H AN Ak tH{E N 3.2161 (95% ClI:
1.2514~8.2653, P =0.0153), EfTH /T AR h RN 5 BE o Rt o 52 A, PIEHZKSFR I HCC K
R PER 2 H OR 24 0.3349 (95% CI: 0.1407~0.7974, P = 0.0135), &/~ A EA/K T+ 5 HCC XU
FEARAEAE DR L oele . FaRas RIIA R Gt B EMEGY P < 0.05), HEEXAAREBRITNLZLOR = 1), i
— SR T RONAG T T REE

IS, 878 1B R AL 2 (Weighted median) FUIIA Ak 7% (Weighted mode) B FH 51, A4S SR AR
e 1o S5RA I =F MR ks s —2. e, IVW 381278 OR = 0.335 (95% ClI:
0.141~0.797, P = 0.013), ML £ 8% (OR = 0.278, P = 0.044) FHNAL A ¥4 (OR = 0.143, P = 0.032) %) % £
PIEA/K 5 HCC KU . 3T HEE, IVW 24T 7k OR =1.893 (95% Cl: 1.038~3.454, P =0.037),
IAL A7 025 (OR = 2.152, P = 0.149) FIIA A B%:(OR = 1.799, P = 0.277) %4 M 77 [d]— 3. *F THER, VW
AT iR OR = 3.216 (95% Cl: 1.251~8.265, P = 0.015), JA {74072 (OR = 6.238, P = 0.013) A AL Ax %L
1%(OR =4.601, P = 0.118) (M. J7 ] — 5. = Fh 7L 1) — B3 B R Sk F AR 2 BI7KF 22 R0PE I S 25 5
AR, AE AR AL E (P = 0.149) I AEL (P = 0.277) 73 At AFLER I AL A 38025 (P = 0.118)
ST RIS B Ge it B

3.2. BT

VPR TSRS b R E MK P2 A0 . WA L% 1R 2, I, (B AR S
HCC AU 2 110 DR SR A S 523 0 5 R sl 2 ARE 40, P38 00 (B LA el R
P AT
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Table 1. Heterogeneity tests for MR analysis of metabolite levels and HCC
= 1. itk F5 HCC B9 MR S B R FRIEAQTE

i g5 Q Q_df Q_pval Tk
PR HCC 69.3473 53 0.0653 Ivw
FI H K HCC 63.7558 68 0.6233 Ivw
FLER KT HCC 35.6492 35 0.4377 Ivw

Q: HTHIREME st Q Giit&. Q df: QI e, A% T LRLEHEW 1. Q_pval: QI P

18, % P> 0.05 $27-HIF FE A1 TC WY S 57 B 1, PSR Y i 78 A RAR Y ; Je 2 IR A7 AR 7 i A o IVW e S T 22 AL (Inveerse-
variance weighted), &g B8 /RBEHLIG BT 75 .

Table 2. Pleiotropy tests for MR analysis of metabolite levels and HCC
= 2. REHKES HCC # MR 2 HTH 23R TS

Fir | egger_intercept se pval Jid:
IR HCcC -0.0386 0.0316 0.2272 VW
H & E K HCC 0.0176 0.0182 0.3354 VW
LR KT HCC 0.0001 0.0356 0.9969 IVW

egger_intercept: MR-Egger [FIJHBJ#FEI. se: #PEIIAARAE R, SORHANTHERE . pval: BEEDUR B P H, #
P < 0.05, #/RfEIERENZSEMEMGE: # P> 0.05, WIRRGNEEZEHZ 8% IVW: K5 ZINEGE(Inverse-
variance weighted), A MR 24T 7 45 F 5

33. TRZEESRAEARNREKIMER

Xt F P, rs1800588. rs964184. rs687339. rs2642438 VYA~ SNP 777E 5 g S ek BMI f<BE, {H
FREGUE. WM. FFRISCE: 5T A A, rs1260326 (GCKR &) 71E S5 BMIL QM. =g
PEIISCHE, oA 68 A~ SNP LRI KEL . XfTHLER, rs1260326 1 rs964184 f77E 5 BMI. A, =
JIg MRS o< Bk, FL4x 32 > SNP JE i 3R 2 < Bk .

4. 7ig

AW R SRR AR T R B 51, RGP T 233 GRS HCC XU 2 [] 11 PR S DG EX
A% AEA. FLRAAIR =M. EiRRIUONACEIZE HCC 4 2 J v R 8 78 D SR P 4R 3t
g uidi=altii

FR AL S8 Bl SO S 3 RS A bR E4[13] [14], (EAHE 7 R I KF 5 HCC XU 2 1EAH
Ko E—RGHEMNIAFIE—EET ik, —FrrreffdR 2. ST HCC Hrd 2,
AT REAFTE AR R AR 220U, A K S R RS BCRESk . Mo, ot Fiitn A AR
Z: 5REEEWENE S T ISE G S1a K [15], (RAHSRHLHII FR ik — P IRk . FRE RN, AR B R E
FAEWTIE T 0 A 2R, BRI AP B AT A 5 R S U0 DA B

FLIR 2 WETR AR AT I SRR 4 720, AR TR S (AR 255 Warburg 2805 % VA OC[16] [17]. AHF
FP LK T R 5 HCC RS 3G InZ [MA77E R SR ORHK, 1% — R I 5 A g AR B0 = B — 3. BRAEAR
FORY, LR TR S 5SS B 1 4% S 2 oA S I R 15 [18] o ACHI 78 IR 7 1y BE R FLIERTE AT
Je R AR TR BV AR AL T B R ST 4R SR

AT 1 AT A W f 2 o ] P [19] . HKSP 5 HCC RS 2 A C . X — 45 AR B AR i 7
AR5 HCC BICRY WLIIAEAE R, ATk, AR K £ R A o B0 W FE AR P 32 31— 8 ik [20],  ANH
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FAMESUSER A T WP SRR 2R, (R A RER L B EAHE BRI T PG RSO

AOFF FEARHAHE: R GERBENL BT, A0 % T IR WA S R E SRR T
FHRHUAR w5 o B ) ol A S R A ORI ALl . T & T R G BURAE 7 T LAVPAN 25 SR AR

SR, AW FIMAAE— € R TE. Bk, RERTTX 233 FREYIIEAT 17 KRG, HANZE
AT MR L IE (0 Bonferroni A2 1E, REVEBIARIN P < 2.14 x 1074). Kk, AW 70 pras 1) BH P
BAEE . BEE . FLER)FEB VR R . IXLe2h NN IR R MR I, T AEF RS, Kok
TEMOSL . B RFEARTISMBAF AT IRUE . UK, AWM T R RR R IR, AEAN T
AR & rs1260326 (GCKR £:[H) [R5 BMIL Hili =g, VLDL A&7 I M BEA77E B35 %K. GCKR & A
(AR TR 2 A A R, A S5 3 3 0 A 2 R SRR M 1 TR % 2 2R % . BRIk, AR S HCC 1
DR SR B AT 0 40 B 58 45 Y rs1260326 /KT 22 201k BT Bk sl 1 AE S It 1 2 19 A B s S0 /R« 1X—
R S IR A2 B0 (P = 0.149) AN (P = 0.277) Kk BIGE it 24 2 P W2 45 Al — 5, kA
A HCC 1 SR AR K 75 K RS A s AL Wi i — P IR . BT, AT 45 10 78 BRI AR R H
FAAERERIRE. BT A REAR R B B LG8 NFE, 2518 [a) FO AR R AN HE B SN HETE M AN BT . B4,
BT T 0 MR Ml v R 44 BN, AR TRCR, DRI AR 5 45 52 15 rT R KU
TR ARAT 75— 0 PEAl

5. &

AT EAAE) S HCC USRI AE R R CHRIR A 1 B L AR . XSS R BUPOR NI 2R
F LR AT e 5 I A B AR, (H E3R SR AT REAFAE MR FH VR B2 /KPR 4. ARk 7R 23t
— I RE LI ML BAAISAIE,  ABIA X LS EI7E HCC A B A R h i B ARAE A
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