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KKR, Fik W IEU OpenGWAS i finngen FHRE , LI F IR Z M N T HA G, B E R Z NS CRTA AR HHE
AFKIRT A G5 Rfatn sy NAFLD ; sk fa S 1] R SC R 52 NAFLD fEh Ze 68 K2, Bt K RIS R TR A FIK
RTBEAANER G R e bR, #4717 MR 347, R MR-Egger AL H AL 8L 30607 22 AL (TVW) a7 Bl A AAsE =X 5 A
T AT RREA MR 204, Hodr, DL IVW SRR B 50T 5 125, e K SRR AIRZS 5 NAFLD Z A1 AH G 6 R . SR Coch-
ran’ s Q FrIAGIN 5 B s MR 22005k 22 B fF(E (MR-PRESSO) #6:55; MR-Egger [A[ RGN K- 28500 B —8” J0irds
FIE A I F BT R B xR, &R 1Em MR 38R IVW 438745 0 R a7 S ACR A AR T A S NAFLD 22 [i]
AALEAR KR KR THEAE NAFLD Z [EAFFEAA R [OR=0.426, 95% CI: 0.208 ~0.873,P =0.020 ], HUk: 43
Wi W, SRR S 45 RAEAE S M R 23000, B — 0 7 Sl s e A5R Ze A 45 R A s I In) MR 204 i IVW 43 H 4%
IR NAFLD 53K RAEA SRR A KR THRAZ BRI AFELER C K R, MR-Egger [0 19 & SAAR K AU
BRI A R SR RZ S 8 . 518 FITIRU IUREA MR 4387 5 12: A 38t 1% 22 J2 TR HE T KR T4 A5 NAFLD 2 [H] 77
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Causal associations between fruit intakeand non-alcoholic fatty liver disease .
a mendelian randomization study
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[ Abstract] Objective To explore the bidirectional correlation relationship between fruit intake state and non-al-
coholic fatty liver disease ( NAFLD) using a bidirectional two-sample Mendelian randomization ( MR) study.
Methods The IEU OpenGWAS and finngen databases were selected. Single nucleotide polymorphisms ( SNPs)
were used as instrumental variables. Exposure factors included fresh fruit intake, pure fruit juice intake, and
dried fruit intake. The outcome measure was non-alcoholic fatty liver disease (NAFLD). To avoid the influence
reverse causality, a reverse Mendelian randomization analysis was performed with NAFLD as the exposure factor,
and fresh fruit intake, pure juice intake, and dried fruit intake as the outcome indicators. Two-sample Mendelian
randomization analyses were conducted using five methods: MR-Egger, weighted median, inverse variance
weighted (IVW) , simple mode, and weighted mode. The inverse variance weighted analysis was selected as the
primary method to examine the causal relationship between fruit intake state and NAFLD. Cochran’s Q test as-
sessed heterogeneity ; the Mendelian randomization multi-effect residuals and outliers ( MR-PRESSO) test and
MR-Egger regression tested for level multi-effect; the “leave-one-out” method evaluated robustness; and the fun-

nel plot assessed symmetry. Results The [IVW analysis from the forward MR indicated that there was no associa-

[BE€WH] T4 X D% XEZm B H (NO:JSKI-KTMS-2024-04)
[PEEB/N 1 H 4, B, BIREI, AF5E T W 0 ) 320 1 3L RE -5 1 RIFSY , E-mail : leifuhual 987 @ 163. com,
- 635 -



OO BE R OR R 49 &

tion between fresh fruit intake and pure fruit juice intake with non-alcoholic fatty liver disease (NAFLD). How-
ever, dried fruit intake showed a negative correlation with NAFLD [ OR =0. 426, 95% CI; 0.208 -0.873, P =
0.020]. Sensitivity analyses indicated no heterogeneity or horizontal pleiotropy in the Mendelian randomization
results, and the leave-one-out analysis demonstrated the robustness of the Mendelian randomization findings.
Conversely, the IVW analysis from reverse MR indicated that there was no correlation between non-alcoholic fatty
liver disease and intake of fresh fruit, pure juice, or dried fruit, with MR-Egger, simple model, weighted mod-
el, and WMM analysis further supporting this outcome. Conclusion Utilizing a bidirectional two-sample MR a-
nalysis approach from a genetic perspective, this study infers a causal relationship between dried fruit intake and
NAFLD. Consuming dried fruits may serve as an important protective factor against non-alcoholic fatty liver dis-
ease, and moderate intake of dried fruits may be beneficial for patients with NAFLD.

[ Key words | fruit intake state; non-alcoholic fatty liver disease; Mendelian inheritance ; single nucleotide poly-

morphism
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A . AT BIRIC SE B 1,
AHEFE ] GWAS Edi & ie A TF 1, e
UERIFSE R ERAS T T 2 538 0 R () SRR B A 4
PR A 22 Vo ttte , H T AT A T SR TR
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0.979, P=0.045) , 55 b, MR-Egger , Simple mode , . MR Egger, Weighted median ,IVW | Simple mode

Weighted mode 7 AH ¢ 5 R WAL TH 7 1a) 5 IVW Fl Weighted mode J5%:/3 #7278 NAFLD 5 3 ff 7K

IIPTER B AR (R 3 ~4) . RN TKRTHA AR A Z [ AR A
NAFLD 57K R 4% ARESRY S|l MR 7084 KRR (KR3) .

%2 SNPsLABR

it K R A SNPs TKIFT45% A SNPs ali J T A SNPs NAFLD SNPs
12790688 . 15559734, 1512044599 . 15261809,  1s11586016. rs12137234,  1s61870229 . 1s117433925. 1572882094 .
157554485 . 151620977, rs2867113 . 1572720396 . 1511811826, rs3101339. 15184067601, rs11064834 . 15738408 .

rs17049185 | rs11896330, rs72974263 .  rs75641275 | rs7582086, 1s7599488 | rs11634847 . 15191071605, 1575025168 |
rs817223 . rs4953150, rs10192394 | rs4149513 | 1s17184707 | rs4269101 | rs117034137, rs11657089,  rs78305825
rs1375566 , rs13072255 , rs1356292 rs11720884 | rs57499472 | rs10026792,  rs12602160, rs997800

rs12641371 | rs10064431 | rs149449 | rs1648404 | 1s746868 .,  rs9385209 | rs2043294 | 15143434922

1s2143081, rs586346,  1s994270 rs2328887, rs2533273, rs7808471 | rs10048870,  rs72866989 |

rs329274 . 1s10271924 | 1s10249294 . rs11772627 , rs7829800, rs10740991,  rs149360322, 1rs13178242

rs12536253 | rs7818437, 1s1866823 | rs7916868 ., 1s893856,  1rs10896126,  rs78822150, rs4289676

rs6475724 | rs7869969 , rs4302893 rs11037497 | 1s1622515, 1s3764002 | 1572563842, 1517141483 |

rs2093654 | rs11248509 | rs9919429 | rs4140799 | rs34162196 , rs10129747 ,  rs28479588 .,  rs74558038 .

rs10828266 , rs12780952, rs10840126,  rs1797235, rs11632215, rs862227 | rs117408946

rs10838724 | rs11032362, rs60452247,  rs1582322, rs62084586 . rs8081370 .

rs7982441 | 1s9517948 . 1s12885598,  rs4800488, rs17175518 . rs11152349

rs34162196 | rs28479795 | rs62051554,  rs429358

rs862227 ,  rs1051547, rs139042899 |

rs2048522 | rs73455661 | rs8095324

rs11085749 | rs2302593 . 1s739320,

rs78537042
F3 KEBNRES NAFLD {33 [@ TSMR 5347
iR % Ik SNP P OR(95% CI)
B ISREA NAFLD MR-FEgger 21 0.350 6.238(0. 148,263.089)
Weighted median 0.342 0.519(0.135,2.006)
VW 0.671 0.820(0.328,2.050)
Simple mode 0.310 0.235(0.015,3.585)
Weighted mode 0.365 0.321(0.029,3.548)
KETHEA NAFLD MR-Egger 18 0.168 0.102(0.005,2.255)
Weighted median 0.045 0.361(0.133,0.979)
VW 0.020 0.426(0.208,0.873)
Simple mode 0.335 0.401(0.066,2.438)
Weighted mode 0.318 0.409(0.074,2.252)
4l I A NAFLD MR-Egger 23 0.901 0.867(0.106,7.107)
Weighted median 0.705 0.851(0.369,1.964)
IVW 0.538 0.782(0.357,1.712)
Simple mode 0.890 0.898(0.211,3.826)
Weighted mode 0.873 0.887(0.218,3.611)
NAFLD BEEARRSREA MR-FEgger 4 0.309 1.032(0.986,1.080)
Weighted median 0. 855 0.999(0.990,1.008)
VW 0.430 0.990(0.964,1.016)
Simple mode 0.463 0.994(0.981,1.008)
Weighted mode 0.949 1.000(0.991,1.008)
NAFLD IKRFHA MR-Egger 4 0.741 1.025(0.902,1.166)
Weighted median 0.270 0.993(0.981,1.005)
VW 0.439 0.981(0.935,1.030)
Simple mode 0.493 0.995(0.982,1.008)
Weighted mode 0.340 0.993(0.982,1.005)
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R 75 )5 ik SNP P OR(95% CI)
NAFLD ali A MR Egger 4 0.214 1.056(0.995,1.121)
Weighted median 0.432 1.014(0.986,1.043)
VW 0.222 1.017(0.990,1.044)
Simple mode 0.661 0.987(0.934,1.042)
Weighted mode 0.104 1.037(1.006,1.069)
F4 KEFIEAI NAFLD i TSMR 547
Jrik nSNP B SE OR or_lci95 or_uci95 P
MR-Egger 18 -2.279 1.577 0.102 0. 005 2.255 0.168
Weighted median 18 -1.018 0.509 0.361 0.133 0.979 0.045
vw 18 -0.854 0.366 0.426 0.208 0.873 0.020
Simple mode 18 -0.915 0.922 0.401 0. 066 2.438 0.335
Weighted mode 18 -0.895 0.871 0.409 0.074 2.252 0.318

2.3 F)A finngen 3 E 5B MR 9474 R 3t 4T
SRERGE FIF finngen 4G FEXT IE 7] MR 434 45
FAATHNREAIE , 2 82 P R KRR K A TEU
Bl 4l R br NAFLD 5K B finngen %4l % , JE1 7
TSMR 734, TVW 53570 B s B B K R B 4l

RIS NAFLD Z [ R s IR T4
AL NAFLD Z [ fFfE ARG R (OR =0.637,
95% CI 0.442 ~0.919,P =0.016) , SN 4B ¥ iIF 4%
SEEENZMA ARk A 1EU B0 4 /Y 15 i
MR S8R —80(3K5)

x5 KRENIKES NAFLD g MR 5347 finngen ${1E B30 1E

E =St 25 )5 Wik SNP P OR(95% CI)
KR EEA NAFLD MR Egger 305 0.923 1.087(0.202,5.839)
Weighted median 0.197 1.725(0.754,3.949)
IVW 0.443 1.238(0.717,2.137)
Simple mode 0.346 3.427(0.266,44.202)
Weighted mode 0.334 2.685(0.363,19.867)
KETHA NAFLD MR Egger 332 0.112 0.413(0.139,1.226)
Weighted median 0.031 0.547(0.317,0.946)
IVW 0.016 0.637(0.442,0.919)
Simple mode 0.335 0.401(0.066,2.438)
Weighted mode 0. 165 0.273(0.044,1.698)
G PN NAFLD MR Egger 3 0.963 0.674(1.327,342 607.122)
Weighted median 0.927 0.775(0.003,182.386)
IVW 0.953 1.155(0.009,145. 640)
Simple mode 0.857 0.503(0.001,355.856)
Weighted mode 0. 865 0.515(0.001,435.807)

2.4 BEMESH XKRTHEAL NAFLD 19 1E
] MR J3 47 BH PR 25 SR AT UM o3 o S B PR A
B 751 , Cochran’ s Q F6: %045 58 7R Fr 0 6 Y TVs
ZIAA B ER R . KR T4 AXT NAFLD A
F* ¢ 7 Cochran’ s Q £ 45 25 5. Q-pvallVW =
0.591, Q-pvalMR-Egger = 0.584, £ 3¢t #6568 J7
[ , MR-Egger #5456 F1 MR-PRESSO 4 Jay ks 56 2%
R EREAPTE P, KR T A5 NAFLD Z [H]
- 640 -

AFETEAT-Z 3000 o KR T4 AXF NAFLD AH2G ¢
% MR-Egger I Ij 6 46 25 5« Intercept = 0. 017,
P =0.367, /K B T4 A% NAFLD #H 3¢ ¢ & MR-
PRESSO 4 J&) ¥ 1 4% 5. RSS obs = 16.938, P =
0.612, J} B2 A4 AR B —k” 430 k3
ARHFFEARAFAE S XF MR 45 5 77 A g 2 T 9 (0 B 1
SNP, $£7~ MR 4341 25 B A g T 5 5 AR 1A f e g
A~ SNP 255 545 R CHk (#2) .
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