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Abstract

Background: Transaminases, alanine aminotransferase (ALT) and aspartate aminotransferase
(AST), are found primarily in liver cells. Elevated aminotransferase levels are usually an indicator
of liver cell damage. The formation of stones in the biliary system is mainly related to an imbal-
ance in the balance of bile salts, cholesterol, and other components of bile. Some liver diseases or
damage, such as hepatitis, fatty liver, and cirrhosis, may indirectly increase the risk of gallstones.
Whether elevated alanine aminotransferase (ALT) levels causally contribute to the increased in-
cidence of biliary system stones is not known. This study used two-sample Mendelian randomiza-
tion (MR) to elucidate the potential causality of whether elevated alanine aminotransferase (ALT)
levels increase the incidence of gallstones. Methods: Two-sample Mendelian randomization (MR)
analyses were performed using inverse variance weighting (IVW), weighted median, and
MR-Egger regression methods. We used publicly available genome-wide association study (GWAS)
meta-analysis summary statistics sets for exposure to alanine transaminase in individuals of Eu-
ropean ancestry (n = 437,267) and self-reporting of non-cancer disease codes using the GWAS: in-
dividuals included in Cholelithiasis (Total = 487,553) as outcomes. Results: We selected 240 single
nucleotide polymorphisms of genome-wide significance as instrumental variables from the GWAS
of alanine transaminase. IVW methods showed evidence supporting a causal relationship between
alanine transaminase and cholelithiasis (f = 1.959, SE = 0.542, P = 0.0003). MR-Egger regression
showed that directed pleiotropy was unlikely to bias the results (intercept = 0.0027, P = 0.549),
but showed no causal relationship between ghrelin and cholelithiasis (= 1.44, SE = 1.021, P =
0.1596). However, the weighted median approach yielded evidence of a causal relationship be-
tween liver enzyme levels (Alanine Transaminase) and cholelithiasis (= 1.959, SE = 0.5422, P =
0.0003). Cochran’s Q-test and funnel plots showed no evidence of heterogeneity or asymmetry, in-
dicating no directional pleiotropy. Conclusion: The results of Mendelian randomization analysis
support that elevated alanine aminotransferase (ALT) levels increase the incidence of cholelithiasis.
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JHF P AMIEE 65 4 (REA 5 ) A — b 7 IE R B IR o T J s A (0075, 45 A 32 S o T A 5 R 05 258 i
IR SERHATRERS I AN B %, Al AR N T 10%~200, 25 TH AL &M ()4t £ ok 1 8K & bF
FEA[Le N T AR MR, BATHAT T RERN TR SERAE R AR fER R 2. HEE R
FEAEARYT (R, WIRHE R AT, F T RSB o AR rp g R R A SR A ERE B HE 2 R
1&IF, BA S FEES AR AR A AR, H5—SEREMFMAR, AR
IZ s VTR AT BRI . ARG T AR I, DU PRI &5, A IR Rl g3 AN~ i
SE AT S R R A (2] [3]0 BRI R RS A A= R v] LA 22 A E R R 51, iR £ S48 i) esCs F
FE s (PR BT 28 55 30T R BEHEZS 02, W m [ 12 &L B il is 2 Dk 0% i HH 3 1) i e 1 25 A
Al AE T EHBEHE 2 U2, AR AR S N 4 R I (a1, SEma AR R ISP 4] BRIk AME ks,
SEFAMATT BEEE AR ) U LR B s, SN A T B AR S5 (5] H AT, BN B IR IR AR
SR, FENAREELBEALT)KFE LI, ARSI TSR, — KA E RS I 2
A (NHANES) A ZI i, 7EKIE 21 AR ABE U5 R o, a8 A5 4G A Aff o S IEARE(n = 833) I A&
B REHBIA AR AL E R MALT) & T R EZHBEYBRARSEARER A (n = 8027), 48R B/ EEER
JEACE BN IE ALT FH s mT getk b R 22 I I B AR N S (BUE A 1.8, 95% CI 1.3~2.5). HEA K
BURRAE 5 135 ALT /KSPZ [AAFESNT SCER[6] - AT, H FT A BAA AR IE B 25 T4 % B /K~ T =
e SRR KR ETE-

WEE R FUAR 25 5y H B 1n) R SR 06 RN AR TR A S i 22, [RIR PR 1) 1 JRATT 0 T U Bl 0SB A E R
BRI P ERE . S RBEALA(MR) 2 — i s A% 28 e A o TR AR B (V)R PP A% XU 8 36 5 45 R 2 8] 1)
MEERIA 75 5 DR R — B HAR . WA MR Al THEREIR RN, e o B g Bl A JRAT T dn, 2w
BHEFUEH MR J7 72 R M PR 4 S5 IE A5 s LR B R SR s e o DAL, ARF 9T 5 ARl I XURE AR
MR 73 #r KA 50 23 TR 4 A B A2 75 5 A R R AEAFE LR G &R

2. RIS
2.1. BEREMREERAERE

BAHEER T MR Base )% (http://www.mrbase.org/), %% 2L 25k B U A 42 5 R 24 SRR 7T
(GWAS) PR BV A gt BdE . AT MG A (n = 437,267; JEEAWHATZ5%) Liver enzyme
levels (Alanine Transaminase) [7]1¥] GWAS Z2 0 W AL S gt B £ E v 5 f% . 5T 5.00E-08 [1) P
1H BRI (43 4 B E), i 5 Liver enzyme levels (Alanine Transaminase)# 5% a8t 4% 48 53 (I XUFEA MR
WFFAE N TR E(V)REGHEHEEE . ARG T 5 Liver enzyme levels (Alanine Transaminase)#H 5% [ 240
AL IR 2 A VE(SNP) VL B Gt 58l (B R ECRIARE IR 22), fEN>KH Liver enzyme levels (Alanine
Transaminase) ] GWAS ] IV, FBJ5 25 B AT EBIAF 45 (LD) I SNP (r° < 0.01, 4% 1K/ =10,000
kb). #Ji, BAVEM F Gt B RivE TEZRIV)FSEE . ZEmEEAARF=R*x (N-k-1)kx (1
- ROV, SAREE T &M R, A4F BT 2 (R2) BEAX/MN)RIEE S h a5 1 1V 0 E(K) [8].
SRR R SON F it < 10 [40E8, U HEBRTE TRATH 40 AT 2 AM9] o AT 50 Hh 4 FH AR REA
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) GWAS FZL 45 v 404 T 2021 42 9 H AJF, HA A Cholelithiasis M4 &% = 487,553
(https://doi.org/10.1038/s41588-021-00931-x) 1 A4k F[10]

2.2. HERBENHAG T o4

A RBELAG 7 T R EL AR e 5 B B AH G, (AR B FE AR AR I &= [11]. ok, BATHE T
SNP 5 Liver enzyme levels (Alanine Transaminase) 4137 5<HE . Huk, AT T 461 SNP 5 H A 5E KU
Z K. =, AL EXERI, FIH MR K451 Liver enzyme levels (Alanine Transaminase)
SRR Z B RAEREAFRR KR BATHAT TIHREAR MR, I & —F AR GWAS IS 484
PiRAbTH R R (B N EE Alanine Transaminase) Xt 45 5 (IHA fiE Cholelithiasis) K F 520 1 515 12], 1
T EEE Y Liver enzyme levels (Alanine Transaminase)-5 IH 47 iE (Cholelithiasis) XU 2 8] 1 PR 5 56 &k
H Liver enzyme levels (Alanine Transaminase) 1 IHf % (Cholelithiasis) GWAS, HH 240 4~ SNP /E8 TR
AEIV) (£ 1).

MEANEAL A L IV BT, 8675 Z B (VW) 7758 F 2200 M 7 1R 45 B MASTR] SNP 3k 43
(R DRI SR AR Wald B AT, - 25 i o) 45 SR %) DR SR AURE I — Bt 1H [13] R MR T R & 248
R FHATREGM, HEERAE LN WV MEREEL R, 12 A THREMEEZ S, BT
BUEAR 5 2R 2 AR, IR A 7 InAUh A2 %R MR-Egger [19777% . MR-Egger 8194 41
XA BA EH I, @A IR B 2 AR F R PR RS RIS AR A 1, ) N T X P 22 1)
2 BRI AN R AN 1887 22 25 B A7AE . 1AMR-Egger 37 F AN 28 4 8 D] 45 1 22 o) 35k (R 2 i3 2 50 [
A[14] o 12 a1V R R 2R AR DR R ARRE A v, AR P DA D o) 1 A A8 S5t 1)~ 350 7K ~F- 22 2801 S80S FR) At v [15]
I b A7 2 RIS BTER 43T 45 B A s 50%K B G R IV B AEAR 53, Al 2t A B2 ot DR SR RO ) —
Ffhitt. 5 MR-Egger 73 HTAHEL, IIAL Al T3S AR s OR B AT ARG FE S iy 24 P < 0.05 I, Il
IWHEASRENE. BT MR 281475 MR Base “F- & 1 #E1T[16].

2.3. FERIEFBURMNR

N T VASTRATTHE Fo a8 R E B, JATHEAT T S PP EBURIE T Cochran (1) Q A3 H T 544
SR BAH ORI SNP A1) S BTt o JEAT BE — 20 A1 LAPPAl 5 SNP SR AR Al v s, AT R AT ART S 36
A PR RO T ) S TR AR [17]. Ak, AR A MR-Egger [a1JH R P4 K- 2 241 [18]. MR-Egger
(=] A FRAT T RE 8 PPl T R AR R R X 45 A 2 8tk gm . s MR-Egger #E1) P € > 0.05, Mi%A
SNP i /& da (8 /R, IF HATH IVW SRAF 45 RN R ATEE . AR, nR4kEE P {6 < 0.05, NI
T HAR 3R BB LE Y 7 [ 2 2
3. &R
31 HERHHNUHIATE

Table 1. MR Estimates for each method used to assess the effect of Liver enzyme levels (Alanine Transaminase) on the risk
of cholelithiasis
%= 1. ¥4 Liver enzyme levels (Alanine Transaminase) ¥} B A iE(Cholelithiasis) & 7% XU FE S B9 B F#H 5 5589 MR ffiHE

MR method Number of SNPs Beta SE OR 95% confidence interval P-value
MR Egger 240 1.44 1.44 4.2207 0.57~31.22 0.1596
Weighted median 240 1.641 1.641 5.16033 2.82~9.429 9.56E-08
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Inverse variance weighted 240 1.959 1.959 7.09223 2.45~20.52 0.000303

Weighted mode 240 2.346 2.346  10.4437 2.08~52.39 0.004741

Beta, g #%: MR, #fE/REENAL: SE, FrifEiR; SNP, BIZHRZSME.

BAOIMNA TR EZ TN GWAS FIEEE T 240 AN SNP /B8 T HASE . Frf X L 5 4 B 4 55
EVERIA TN BEA 557 1, 18 1). P 185 5.00E08 X N T4 B8 —25 K1 F Giit& > 30 [11]. FHIFT
HIVITT MR o HT#B e . F<10 MBECH TE X “59 T EEE” . [Hitk, 59038 Z n] LLZ2#
it

3.2. ZEREEHILER
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Figure 1. Forest plot of the causal effects of single nucleotide polymorphisms associated with alanine trans-
aminase on cholelithiasis. The significance of red lines are MR results of MR-Egger test and IVW method
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Figure 2. Funnel plot to assess heterogeneity. The blue line represents the inverse-variance weighted estimate, and the dark
blue line represents the Mendelian randomization-Egger estimate
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Figure 3. Scatter plots of genetic associations with alanine transaminase against the genetic associations with cholelithiasis.
The slopes of each line represent the causal association for each method. The blue line represents the inverse-variance
weighted estimate, the green line represents the weighted median estimate, and the dark blue line represents the Mendelian
randomization-Egger estimate

E 3. ARHEMEEXKEEAEREXKNMAE. BRENRERREBMSFENER XK. EERREHFEMN
BUETT, RERFTMBPERT, RIELAKFT Mendelian randomization-Egger fkit
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IVW 7772 B R IFHE 32 HR 48 7 e S B 7K ~F (Alanine Transaminase) 1 JiH 3 i (Cholelithiasis) 22 7] £7 78 5 5
KA (B =1.959, SE = 0.542, P = 0.0003; % 1, /< 1 1] 2). IVW FIIIAL A7 B0 536 A5 T 3 = R (Alanine
Transaminase) /K1 Ft i 2 S BUIH A AE (Cholelithiasis) & 3 KU T2 (K 3) o BRFEAR 3 30 AL A8 57 1)1 350 22 351k
(8 5 %5F 5 R ()T 48 B4R H) . AREEAS N (MR-Egger K:06) %R 77 11 2 2Pt . MR-Egger [BIH SR, 71
RS K AT B Al 45 B A 22 (BREE. = 0.0027; P = 0.549). I} & P (A 0 R BA 5 a1 K1 2 3k, 3%
FRESAE MR 59877 A 22 5 SR, I I FT MR Egger [8] U938 A 2o A SR BOAEHE (4] 2) . MR-Egger
SITAREG, AU AL G o B R IR R TR RE R S AR A, MR T 2 R T e SRR, R Cochran Q
56 57 FRATT B A7 1 (Q = 2933, P < 0.05), {HIRATHILE RS Fafe, RN T IVW, B—4;
RIARME (A 1),

4, ERHRE

BT 5| G AE T B A3 e 1 2 A A A A REARE AR A DR R [19] . FIEA R o o e i o T ) e 1 45
i, SEULER WA KT . R, LGS R =S 2 38U A R0 2T = R ARG
RMAHE « ALK T MR GG T 7150 75 Z ARG B E72:A MR-Egger [=115) 1T MR 4
e FRATHIWE TR B4 P 22 3 B0 A0 s i el I R . R IVWL MR Egger
AUIECAE 20745 1 MR A THE A — 2, 5 IVW RTIIB R E 2 S22 R E B KT T S 83U A
WRWFET R . ZIEFS MR-Egger ZrrAHLEL, IIBCHE Ml THE L SR E G T T AR RE T RS B .
T8 R B AT 5 K PR sk D 1 WL A AT [ e 22 T mT et . 81T, MR W FUAR 2R 5 52 31 2 At 22 1)
W, BAAZARRENEEL R, SRR RS ZMEIAL, X —MFh “ZRM” MR, X
ARER FE MR I THRZS, JFRTRE 3R RAGTHE W Z[20]. 7£ MR 73T h B8 24 il 24
Gt DRk, IR RE S BRSO L B AR B (N 2 A A AR S [20] 0 BRI, R R R RURE 2 A 7 Sk
S5 A RERE SR RBEN VR 7E . O TIEBR 2 20, AR T InAC B Al vH-2%,  EIE 50%[F) SNP
ARA T, EWMARIRALE A TH[22], F HIAEH MR-Egger 1] V5SS AS - 22 201 R 56 DA
AN 22 20 e A (R R A TH[14] . FRATII S SRAE T =R 5 HA—3. MR-Egger /5%
REFER TR0 %, I HIRA TR A A TF 38 45 A5 VW fhiTH3s 45 RARRL, AT 9 ix B oG BRAL 1
AN EAS R

E HI (AR 55 285 5 AT e o I Dh %5 5 SO A3 K8 28Tt i RV HEAL AR A T L2 o ABF A LA
JRBRYE. A, WARAR N 45 TE B R (B N ) I FE I AN R, RN BT IR REMRRERS I 2% 22 AR /N ELAF] Y
75 72[23] FATR /3 TR SC BRI RE T v BE A BR o« IR, 48 T % S B AN IE A E (R 98 2 8 T R If e 1 2
5%, BT FERXR TR T FORAE R 2, R R B HAd N BEREAT 30— 0 1) R B ATLAL 1
Fo H=, HTIRAMEA T GWAS IR G4, FATICZARYE T A6 B A R 2 43 2 2008 .
KEER " RAESA GWAS MAEZ TG 4 J5 4 Be AT A 9T . BERE, H AT 2N KT M AR AHIE
W A IR fE R R 2, HWRHTIE MR SREATTAN, X5 — A K TR 5 287K F-(Alanine
Transaminase) F1JJH A1 (Cholelithiasis) 2 [H] K 5O RTHERIT . 2, MR AT 25 RSO T 2 Uil
/K>F-(Alanine Transaminase) Ft i 2> 5 SUIH A fiEE (Cholelithiasis) & 55 38 . HLJim 42 75 KR LRt 72 /1
Il PRI 78 22 B UEIX — 4518 .

NECAE A& —Fhoie LIRS RGP, HoR R A MoK e i1, (HaFGE . g7 XA &
TE IR 22 R 35 P RSO L AT A6 1 FH o A SR O IR i 93 DR Rt 98 7 1 /T A BA R LA 7 T I 28
—, RS S IAEA OC I ZE R AR S, IR R BRI R AR K R R e o R R A 2R,
WA FE R SRS T (GWAS), T3R5 IE A i R A R AR S (R AR 3 IR, 8 7ast A B S R 98 R L
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s 55, JPREETXTARACE AU AL AR T, SRR AR E R A R R J b AR AL, 3 3R 1A
Ybs s, HTFH2HE BEGORt E LLROHA T RO 5=, RIS IR ARE (8] [ OR R
W E R AE I ORI REAE R AN TR, AR B R AR R R, DR E B R S IR s IHFET)
RERIORIYVE . S8 0Y, IRABEFEAETE T IR 20 I8 8h 58 IR R R (anis s A2 Bk 52 55) 5 I
FRERIR R, RRIZEE KW ERIIGE . VT LA . fe)a, PTRLR AT ST FEA E
RG> TAEY N, R HZEREAA . JHIE b R 400 8575 IH A TR s A5 v 4 P A AR AL

AR T T5 17 i AZ e 5 S 2 s il B R R G A0k, W TRCFRIAZURF, WA
RENEAAE (SO AL A SG R 3R . ORA B TR MO IEARE TR « 2 Wi AR TT KT, ARk
BT RURS R A RREAR (3t IR AN IR 2732 8

B oW

AT G52 B E PO P A R G RV H “ 2 M QIR AR AR I7 28 48 183 T IR 45 0 1 i R
Ft (3 H 45 2023WSJIK036)” % B,

HEW, FRIEBOH IR TR, Wl M, BRI MR, BREEFHMESREIT: 55 S0
FBAT T LAR S . FTA MRS #D S HHE T iR &Rt .
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