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Mendelian randomization analysis on causal association
between plasma lipids with nonalcoholic fatty liver disease and

liver enzymes
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(1. Department of Clinical Research, First Hospital, Jilin University, Changchun 130021, China;
2. Department of Endocrinology and Metabolism, First Hospital, Jilin University, Changchun 130021,
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ABSTRACT Obijective: To investigate the potential causal associations of specific plasma lipids with
nonalcoholic fatty liver disease (NAFLD) and liver enzymes, and elucidate the potential impact of specific
plasma lipid on liver health. Methods: Two-sample Mendelian randomization (MR) analyses were
conducted to investigate potential causal relationships between 179 plasma lipids and both NAFLD and 4
liver enzymes: alanine aminotransferase (ALT) , aspartate aminotransferase (AST) , gamma-glutamyl
transferase (GGT), and alkaline phosphatase (ALP). The inverse-variance weighted method served as the
primary analysis approach, supplemented by MR-Egger, weighted median, weighted mode, and simple
mode. Sensitivity analyses including MR-Egger intercept test and MR-PRESSO Global test were
conducted to ensure the reliability of the results. Multivariable MR analysis was conducted to adjust for the
potential effect of body mass index (BMI) on the association between plasma lipids and NAFLD.
Results: The analyses revealed that phosphatidylcholine (18:0/20: 5) [odd ratio (OR) =0.988, 95%
confidence interval (CI) (0.977, 0.999) , P=0.028] exhibited a protective effect on NAFLD, while
phosphatidylinositol  (16: 0/18: 2) [OR=1.016, 95%CI (1.000, 1.032) , P=0.046] and
phosphatidylinositol (18: 0/18: 2) [OR=1.012, 95%CI (1.002, 1.022), P=0.021] increased
NAFLD risk. After adjustment for BMI, the association between phosphatidylinositol (18:0/18:2)
[OR=1.019, 95%CI (1.007, 1.035), P=0.008] and NAFLD remained significant. Elevated levels of

phosphatidylcholine (16: 0/20: 5) [8 =0.026, 95%CI (0.015, 0.036) , P=9.93x10 "],
phosphatidylcholine (0-16: 0/22:5) [f=0.057, 95%CI(0.035, 0.078), P=1.79X10""],

triacylglycerol (56:7) [8=0.057, 95%CI (0.035, 0.079) ,
(56:8) [3=0.067, 95%CI (0.047,0.087), P=1.19x10""]
increased ALT levels. Triacylglycerol (53:2) [3=0.160, 95% CI (0.123, 0.197), P=1.55x10"""]

showed a significant positive causal association with AST levels. Conclusion: Specific plasma lipids were

P=2.53X10""] and triacylglycerol

were significantly associated with

causally associated with NAFLD risk and liver enzyme levels, with some associations independent of BMI.

KEYWORDS  Plasma lipidome; Liver enzymes; Nonalcoholic fatty liver disease; Mendelian

randomization; Causal association
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Tab.1 GWAS studies involved in MR analysis

Phenotype Year Data resources PubMed ID GWAS Catalog accession Sample size Ancestry
Plasma lipids 2023 GeneRISK 37907536 GCSTI90277238-GCSTY0277416 7174 European
NAFLD 2023 SUNZ, etal 37235137 GCSTI0275041 32941 European
ALT 2021 BARTON AR, etal 34226706 GCST90025979 437724 European
AST 2021 BARTON AR, etal 34226706 GCST90025980 436 275 European
GGT 2021 BARTON AR, etal 34226706 GCST90025966 437 651 European
ALP 2021 BARTON AR, etal 34226706 GCST90025947 437 896 European
BMI 2018 GIANT 30124842 GCST006900 681 275 European
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Tab.2 Causal associations between plasma lipids and NAFLD estimated by IVW method

AR

i MR-Egger MR-PRESSO Cochran’s Q
Exposure nSNP OR (95%CI) )
intercept P Global P test P
Phosphatidylcholine (18:0/20:5) 14 0.988(0.977,0.999) 0.028 0.131 0.895 0.921
Phosphatidylcholine (0-16:0/16:1) 11 0.982(0.966,0.999) 0.035 0.071 0.451 0.454
Phosphatidylcholine (0-16:0/18:2) 9 1.020(1.001,1.040) 0.041 0.306 0.887 0.937
Phosphatidylcholine (0-16:0/22:5) 8 0.979(0.961,0.997) 0.023 0.265 0.752 0.757
Phosphatidylcholine (0-16:1/20:4) 11 0.989(0.978,1.000) 0.044 0.769 0.985 0.995
Phosphatidylcholine (0-18:1/20:4) 9 0.981(0.966,0.996) 0.014 0.395 0.645 0.559
Phosphatidylcholine (O-18:2/16:0) 12 1.021(1.004,1.038) 0.013 0.630 0.354 0.299
Phosphatidylinositol (16:0/18:2) 19 1.016(1.000,1.032) 0.046 0.183 0.061 0.065
Phosphatidylinositol (18:0/18:2) 22 .012(1.002,1.022) 0.021 0.686 0.078 0.098
Sphingomyelin (d40:2) 9 1.020(1.001,1.040) 0.041 0.306 0.887 0.937
Exposure nSNP  Method OR(95%CI) P
Phosphatidylcholine (18:0/20:5) 14 vw 0.988 (0.977 - 0.999) H". 0.028
MR Egger 0.977 (0.960 - 0.994) e, 0.022
Weighted median  0.986 (0.973 - 0.999) H—': 0.032
Simple mode 1.001 (0.974 - 1.028) —— 0.951
Weighted mode 0.985 (0.972 - 0.998) H-i: 0.046
Phosphatidylinositol (16:0/18:2) 19 vw 1.016 (1.000 - 1.032) ot 0.046
MR Egger 1.044 (1.002 - 1.088) :'—O—ﬁ 0.056
Weighted median  1.032 (1.012 - 1.052) | i 0.001
Simple mode 0.982 (0.938 - 1.029) '—0—:—! 0.458
Weighted mode 1.037 (1.015 - 1.060) | —e—i 0.004
Phosphatidylinositol (18:0/18:2) 22 IVw 1.012 (1.002 - 1.022) EH-' 0.021
MR Egger 1.009 (0.991 - 1.027) Fro—i 0.358
Weighted median  1.022 (1.009 - 1.035) E e 0.001
Simple mode 1.021 (0.992 - 1.050) t—o—i 0.171
Weighted mode 1.022 (1.008 - 1.036) i e 0.004
095 1 1.05 1.1

B AR -5 NAFLD FRCE ) R Ak A

Fig. 1 Forest plot of causal associations between plasma lipids and NAFLD
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Tab.3 Causal associations between plasma lipids and NAFLD after adjusted for BMI

Exposure Without adjustment OR (95 % CI) Adjust for BMI OR (95%CI) MVMR P
Phosphatidylcholine (18:0/20:5) 0.988(0.977,0.999) 1.000(0.962,1.014) 0.843
Phosphatidylinositol (16:0/18:2) 1.016(1.000,1.032) 0.993(0.944,1.031) 0.147
Phosphatidylinositol (18:0/18:2) 1.012(1.002,1.022) 1.019(1.007,1.035) 0.008

ALP) Z [l Ay R, 450 WoR . SRhii 3% IR i
55 I Wl 2 1) A7 A2 PR SCBE (P<<6.983X107°) . )
TS T 45 S R - AE S b 5 I S 2 R O Y a2
PEBErh, BEASWEWLES (16:0/20:5) FHE A Mt LR
(16:1/20:4) 7E MR-Egger 8 5 th R 90 B 3
MK Z e (P<<0.05), KX 2MIEHR ST 5
JHF i 22 ) 1 R SR SCBRA 3 T BB AR AE R 7, o FE S
SLar AT IR o Ay 6 Bl IR B R R
15 M 240, R L% 4. MR-Egger [l 15
WME. WM 1 SM 43 Hr 45 R WL IE 2, 55 A5 1 1H 5%
(16:0/20:5) [ N fH (beta, g) = 0.026,

95%CI (0.015, 0.036), P=9.93x10""]. Wihk
Bt M B (O-16:0/22:5) [ p=0.057, 95%CI
(0.035, 0.078), P=1.79X10 "] . = W H
(56:7) [=0.057, 95%CI (0.035, 0.079), P=
2.53X1077] A1 = Wt H W (56:8) [p=0.067,
95%CI (0.047, 0.087), P=1.19x10 "] &K
b 5 ALT KT 2 B EHCE R, =Rt
H o (53:2) [p= 0.160, 95%CI (0.123,
0.197), P=1.55X10""] By/KFT5 AST KF
TR R EMHEKR, B EPr g R R g
SNP X A PSR A0 Ak 38 1Y) 52 i KA B 5

Rd VW IEMTH LI AL F 5 4 5l B8 0 B R SRR
Tab.4 Causal associations between plasma lipids and 4 kinds of liver enzymes estimated by IVW method

Exposure Outcome  nSNP B95%CI) P MR—Egger MR-PRESSO  Cochran’s Q
intercept P Global P test P
Sterol ester (27:1/20:5) ALT 5 0.054(0.030,0.077) 6.96E-06 0.227 0.492 0.379
Phosphatidylcholine (16:0/20:5) ALT 6 0.026(0.015,0.036) 9.93E-07 0.378 0.444 0.491
Phosphatidylcholine (0-16:0/22:5) ALT 4 0.057(0.035,0.078) 1.79E-07 0.380 0.396 0.193
Triacylglycerol (56:7) ALT 7 0.057(0.035,0.079) 2.53E-07 0.657 0.144 0.060
Triacylglycerol (56:8) ALT 7 0.067(0.047,0.087) 1.19E-10 0.764 0.314 0.124
Triacylglycerol (53:2) AST 4 0.160(0.123,0.197) 1.55E-17 0.988 0.261 0.339
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Exposure Outcome nSNP  Method B (95%CI) P
Phosphatidylcholine (16:0/20:5) ALT 6 VW 0.026 (0.015 - 0.036) 1o 9.93E-07
MR Egger 0.034 (0.015 - 0.053) ] 0.026
Weighted median  0.027 (0.015 - 0.038) E o 4.36E-06
Simplemode ~ —0.001 (—0.034-0.031)  +—4— 0.935
Weighted mode 0.029 (0.018 - 0.041) E e 0.004
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Simple mode 0.060 (0.016 - 0.103) E —— 0.074
Weighted mode 0.064 (0.030 - 0.097) 0.033
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MR Egger 0.074 (0.001 - 0.147) —e—— 0103
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Weighted mode  0.074 (0.038 - 0.111) ' i 0.007
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MR Egger 0.079 (0.002 - 0.156) ——e— 0.101
Weighted median  0.073 (0.049 - 0.097) : 3.08E—09
Simple mode 0.083 (0.042 - 0.124) \ o —— 0.007
Weighted mode 0.081 (0.049 - 0.114) —e—i 0.003
Triacylglycerol (53:2) AST 4 vw 0.160 (0.123 - 0.197) e RS SES1
MR Egger 0.161 (0.024 - 0.299) E ——e—>(.148
Weighted median  0.147 (0.112 - 0.182) —e—i 3.07E-16
Simple mode 0.125 (0.073 - 0.178) —e— (.018
Weighted mode 0.151 (0.108 - 0.193) —e—i (.006
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Fig. 2 Forest plot of causal associations between plasma lipids and 4 kinds of liver enzymes
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