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Abstract 

Background & Aims Serum 25-hydroxyvitamin D (S-25(OH)D) and nonalcoholic fatty liver 

disease (NAFLD) are correlated in many observational studies, whereas the causality of this 

association is uncertain, especially in European populations. We conducted a bidirectional 

Mendelian randomization study to determine the association between S-25(OH)D and NAFLD. 

Methods Seven and six independent genetic variants associated with S-25(OH)D and NAFLD at 

the genome-wide significance level, respectively, were selected as instrumental variables. 

Summary-level data for S-25(OH)D were obtained from the SUNLIGHT consortium including 

79,366 individuals. Summary-level data for NAFLD were available from a genome-wide 

association meta-analysis (1483 cases and 17,781 controls), the FinnGen consortium (894 cases 

and 217,898 controls), and the UK Biobank study (275 cases and 360,919 controls). Summary-

level data for four liver enzymes were obtained from the UK Biobank.  

Results There were genetic correlations of S-25(OH)D with NAFLD and certain liver enzymes. 

Genetically predicted higher levels of S-25(OH)D were consistently associated with a decreased 

risk of NAFLD in the three sources. For one standard deviation increase in genetically predicted 

S-25(OH)D levels, the combined odds ratio of NAFLD was 0.78 (95% confidence interval (CI), 

0.69, 0.89). Genetically predicted higher levels of S-25(OH)D showed a borderline association 

with aspartate aminotransferase levels (change -0.17, 95% CI, -0.36, 0.01). Genetic predisposition 

to NAFLD was not associated with S-25(OH)D (change 0.13, 95% CI, -0.26, 0.53). 

Conclusions Our findings have clinical implications as they suggest that increased vitamin D 

levels may play a role in NAFLD prevention in European populations. 

 

Keywords: Mendelian randomization; liver enzymes; nonalcoholic liver disease; vitamin D
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Introduction 

Nonalcoholic fatty liver disease (NAFLD) is a common liver disease affecting 25% of the 

worldwide population.1, 2 The prevalence of NAFLD is projected to increase due to the obesity 

epidemic, rise in diabetes prevalence, and other factors.1, 2 NAFLD patients have higher risk of 

subsequent cardiovascular disease, malignant neoplasm, and corresponding mortality compared to 

non-NAFLD controls.3, 4 Seeking modifiable risk factors for NAFLD is of urgency to prevent the 

disease and to lower disease burden.   

Vitamin D has been revealed to modulate liver inflammation and fibrogenesis and to 

improve hepatic response to insulin in animal studies.5 Furthermore, an inverse association 

between serum 25-hydroxyvitamin D (S-25(OH)D), a clinical marker of vitamin D status, and 

NAFLD has been observed in several cross-sectional and case-control studies,6-9 although not all10. 

A therapeutic effect of vitamin D treatment, such as attenuating hepatic inflammation and 

improving liver function, were observed in some11-13 but not all14 clinical trials. These inconsistent 

findings and possible effects of reverse causality and residual confounding on the associations in 

the observational studies hinder the causal inference in the association between vitamin D and 

NAFLD.  

Leveraging genetic variants as instrument variables for an exposure (e.g., S-25(OH)D), 

Mendelian randomization (MR) analysis can strengthen causal estimation of an exposure-outcome 

association by diminishing reverse causality and minimizing residual confounding.15 A recent one-

sample MR study including 4614 NAFLD cases and 4568 controls from East China found no 

association of S-25(OH)D instrumented by four genetic variants with risk of NAFLD.16 However, 

several limitations, such as a high prevalence of vitamin D deficiency in the studied population 

and a small phenotypic variance explained by used genetic instruments, were noted in 
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interpretation of this result.16 In addition, the association between S-25(OH)D and NAFLD may 

differ between ethnicities.17 We therefore conducted a two-sample MR study to examine this 

association in European population. In addition, we performed a two-sample MR study to 

investigate the effects of S-25(OH)D on NAFLD-related liver enzymes.  

 

Materials and Methods 

Study design 

The MR study was based on summary-level data of genome-wide association analyses on S-

25(OH)D levels, NAFLD and liver enzymes from published genome-wide association studies 

(GWASs),18-20 the FinnGen consortium,21 and the UK Biobank study22 (Supplementary Table 1). 

We firstly calculated genetic correlations of S-25(OH)D levels with NAFLD and liver enzymes. 

We then performed a forward MR analysis to examine the effect of genetically predicted higher 

levels of S-25(OH)D on NAFLD risk and levels of liver enzymes. Considering that impaired liver 

function in NAFLD patients may influence S-25(OH)D levels (e.g., via reduced conversion of 

vitamin D to 25(OH)D by CYP2R1, or via decreased vitamin D binding protein and albumin 

levels23), we conducted a reverse MR analysis to examine the relation between genetic liability to 

NAFLD and S-25(OH)D levels. All studies included in cited GWASs had been approved by a 

relevant review board. Ethical permit was not necessary for this MR study based on summary-

level data.  

 

Data sources for S-25(OH)D 

Six single nucleotide polymorphisms (SNPs) associated with S-25(OH)D levels at the genome-

wide significance level (p <5×10-8) were identified from a meta-analysis of GWASs including 
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79,366 individuals of European descent (the SUNLIGHT consortium).18 An additional low-

frequency SNP (rs10741657 in CYP2R1) with large effect on S-25(OH)D levels was included from 

a GWAS of 42,274 individuals of European ancestry,19 resulting in seven independent SNPs (r2 

≤0.01) as instrumental variables for S-25(OH)D levels (Supplementary Table 2). The association 

tests were adjusted for age, sex, body mass index and other factors (e.g., principal components and 

season of S-25(OH)D measurement). These instruments explain ∼5.3% of phenotypic variance 

and have been used in previous MR studies.24, 25 Summary-level data for S-25(OH)D levels for the 

reverse MR analysis were obtained from the SUNLIGHT consortium.18  

Even though there is an updated GWAS meta-analysis on vitamin D with data from the 

UK Biobank study and the SUNLIGHT consortium where hundreds of SNPs were identified,26 we 

selected 7 vitamin D-associated SNPs as instrumental variables for two reasons. First, potential 

pleiotropic effects increase with increasing number of SNPs in genes without clear functions in 

the vitamin D pathway, and this might compromise the validity of the MR results. For example, 

the GWAS meta-analysis identified vitamin D-associated SNPs in APOB, APOE, ABO, FTO, and 

GCKR gene regions with clear pleiotropic effects on NAFLD-associated factors. However, the 

functions of the used seven SNPs for vitamin D have been clearly defined and these instruments 

should have minimal pleiotropy.24 Second, there would be sample overlap in the analysis for the 

UK Biobank if using genetic instruments from the updated GWAS. According to our previous 

study using both sets of instruments for vitamin D, we found no improvement in the precision of 

the association estimates.27 Considering the small number of NAFLD cases in the outcome 

GWASs, keeping UK Biobank as a source for the outcome might benefit more for the analysis. 
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Data sources for NAFLD 

Summary-level data for the associations of S-25(OH)D associated SNPs with NAFLD were 

obtained from a meta-analysis of GWASs (Anstee et al GWAS, 1483 NAFLD cases and 17,781 

controls of European descent),20 the FinnGen consortium (894 cases and 217,898 controls of 

European descent),21 and the UK Biobank study (275 cases and 360,919 controls of European 

descent)22. NAFLD cases in Anstee et al GWAS were defined by abnormal biochemical tests and 

an ultrasonographically detected bright liver, associated with features of the metabolic syndrome; 

or having abnormal biochemical tests and macroscopic appearances of a steatotic liver at the time 

of bariatric surgery.20 Cases in FinnGen and UK Biobank were defined by International 

Classification of Disease code K76.0. The association tests were adjusted for the first 5 principal 

components in Anstee et al GWAS, age, sex, 10 genetic principal components, and genotyping 

batch in FinnGen, and age, sex, and up to 20 principal components in the UK Biobank.  

For the reverse MR analysis, six independent SNPs (r2 ≤0.01) associated with NAFLD at 

the genome-wide significance level (p <5×10-8) were selected as instrumental variables from 

Anstee et al GWAS.20 One SNPs (rs139648192) associated with NAFLD was missing in the 

SUNLIGHT consortium data (GWAS on S-25(OH)D) and no suitable proxy was found, leaving 5 

SNPs as instrumental variables in the reverse MR analysis (Supplementary Table 3). In addition, 

we performed a meta-analysis of the Anstee et al GWAS, FinnGen, and the UK Biobank using 

GWAMA software.28 Under the same SNP selection criteria, seven SNPs were selected as 

instrumental variables from the meta-analysis dataset. Two SNPs were missing and without 

suitable proxy SNPs in the vitamin D dataset, leaving 5 SNPs used as instrumental variables in the 

reverse sensitivity analysis (Supplementary Table 4). 
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Data sources for liver enzymes 

Three liver enzymes, including alkaline phosphatase (ALP), alanine aminotransferase (ALT), and 

aspartate aminotransferase (AST), possibly associated with NAFLD were selected.29 Summary-

level data for the associations of S-25(OH)D associated SNPs with these liver enzymes were 

obtained from the second wave results of genome-wide association analysis in the UK Biobank 

study by the Neale Lab 22 (Supplementary Table 5).  

 

Statistical analysis  

Genetic correlation was calculated using LDSC software.30, 31 We used the inverse-variance 

weighted method under random-effects as the main statistical analysis method. Estimates from 

different sources were combined using the fixed-effects meta-analysis method. Three sensitivity 

analyses, including the weighted median,32 MR-Egger regression,33 and MR-PRESSO34 analysis, 

were performed to test the consistency of results and detect and correct for pleiotropy. Assuming 

more than half of weight from valid instrumental variables, the weighted median method can 

provide consistent causal estimates.32 MR-Egger analysis can detect horizontal pleiotropy by its 

intercept (p <0.05 for intercept indicates pleiotropy) and generate estimates after correcting for 

pleiotropic effects although the method consumes statistical power.33 MR-PRESSO method can 

identify possible outliers and provide causal estimates after removal of outlying instrumental 

variables.34 Cochrane’s Q value was used to assess the heterogeneity among estimates of SNPs. 

All analyses were performed using the TwoSampleMR and MR-PRESSO packages34, 35 in R 

Software 4.0.2. 

 

Results 
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Genetic correlation 

We observed consistent inverse genetic correlations of S-25(OH)D with NAFLD in all three data 

sources (rg=-0.52, p=0.017 in Anstee et al GWAS; rg=-0.06, p=0.682 in FinnGen; and rg=-0.16, 

p=0.455 in UK Biobank). S-25(OH)D also showed inverse genetic correlations with ALP (rg=-

0.07, p=0.030) but not ALT (rg=-0.04, p=0.301) and AST (rg=-0.01, p=0.835).  

 

Forward MR analysis 

Genetically predicted higher S-25(OH)D was associated with a decreased risk of NAFLD in the 

analysis based on Anstee et al GWAS data (OR per one standard deviation increase, 0.79, 95% CI, 

0.68, 0.92; p=0.002), and the direction and magnitude of the association were consistent in 

FinnGen and UK Biobank (Figure 1). In the meta-analysis of estimates from three data sources, 

the OR of NAFLD was 0.78 (95% CI, 0.69, 0.89; p<0.001) for one standard deviation increase in 

genetically predicted S-25(OH)D (Figure 1). The association remained consistent in all sensitivity 

analyses with the exception for the MR-Egger analysis in FinnGen (Table 1). There was no 

evidence of heterogeneity between estimates of individual SNPs (Cochrane’s Q <7) and no 

horizontal pleiotropy was detected (Table 1). No outliers were identified in the MR-PRESSO 

analysis. 

Genetically predicted S-25(OH)D was not associated with ALT but was inversely albeit 

non-significantly associated with ALP and AST levels, with similar estimates in the main and 

sensitivity analyses (Figure 2) in the UK Biobank. Moderate heterogeneity was observed in the 

main analysis of ALP, but no pleiotropy was detected in the MR-Egger analysis.  

 

Reverse MR analysis 
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Liability to NAFLD showed no association with S-25(OH)D; the change of S-25(OH)D levels in 

nmol/L was 0.13 (95% CI, -0.26, 0.53; p=0.507) for one-unit increase in log-transformed OR of 

NAFLD (Figure 3). The lack of significant association persisted in the sensitivity analyses (Figure 

3). The MR-Egger regression analysis did not detect horizontal pleiotropy (p for intercept = 0.447), 

and no outliers were identified in the MR-PRESSO analysis. In the sensitivity analysis using 5 

SNPs selected from the meta-analysis of three outcome data sources, liability to NAFLD was not 

associated with S-25(OH)D levels (Supplementary Table 6). 

 

Discussion 

This study found inverse genetic correlations of S-25(OH)D with NAFLD and ALP. Forward MR 

analysis found that genetically predicted higher S-25(OH)D levels were robustly associated with 

a decreased risk of NAFLD and non-significantly associated with reduced levels of ALP and AST. 

The reverse MR analysis generated limited data in support for an impact of NAFLD on S-25(OH)D 

levels.  

Previous findings on the association between S-25(OH)D levels and NAFLD were 

conflicting. A meta-analysis including 17 cross-sectional and case-control studies published before 

April 2013 found that NAFLD patients had decreased S-25(OH)D levels and were more likely to 

be vitamin D deficient compared to those without NAFLD 6. This inverse association was observed 

in subsequent studies,8, 9, 17, 36 and the association was found to be independent of metabolic 

characteristics36, 37. S-25(OH)D levels were also inversely associated with the degree of liver 

steatosis and fibrosis.38 However, a Korean case-control study found that S-25(OH)D levels did 

not differ significantly between the 409 NAFLD cases and 803 controls without NAFLD.10 In a 

MR study including 4614 NAFLD cases and 4568 controls of East Asian descent, genetically 
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predicted S-25(OH)D levels were not associated with NAFLD risk.16 In contrast, our study based 

on three populations of European descent found a consistent inverse association of genetically 

predicted S-25(OH)D levels with NAFLD risk. The discrepancy may be explained by ethnicity-

specific feature of the association between S-25(OH)D and NAFLD. In the Multi-Ethnic Study of 

Atherosclerosis including 3484 participants, the inverse association between S-25(OH)D levels 

and NAFLD was observed in Whites, but not in Chinese-American, African-American, or 

Hispanic people.17 The lack of association in non-Europeans in that study may be caused by 

inadequate power or unobserved confounding effects as an inverse association in at least East 

Asian populations was observed in other studies.6 Other possible reasons explaining the divergent 

findings may be an inadequate power caused by a small phenotypic variance explained by used 

SNPs and different population characteristics (e.g., the prevalence of vitamin D deficiency). 

Our study did not support a clear impact of genetic liability to NAFLD on reduced levels 

of S-25(OH)D, which is in line with a previous MR study.16 Nevertheless, the association between 

genetic liability to NAFLD and S-25(OH)D was inconsistent in our sensitivity analyses. Thus, our 

reverse MR analysis could neither reject nor confirm an impact of NAFLD on S-25(OH)D.   

Our MR analysis suggested possible associations of genetically predicted higher S-

25(OH)D levels with reduced levels of ALP and AST, which is in line with some39, 40 but not all 

previous studies.12, 41 Even though ALP is generally not an important indicator for NAFLD, the 

potential inverse associations for AST might partly support the protective role of high levels of S-

25(OH)D in liver disease,39 in particular NAFLD. Besides, vitamin D is engaged in immune 

modulation, cell differentiation and proliferation, and the inflammatory response and may affect 

the risk of NAFLD via these pathways.42 An experimental study found that vitamin D deficiency 

was associated with increased hepatic steatosis, lobular inflammation and NAFLD activity score 
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in rats.43 Vitamin D also appears to be related to up-regulation of hepatic inflammatory and 

oxidative stress genes with downstream effects on adiponectin, leptin, resistin, tumor necrosis 

factor, and interleukine-6.43, 44 In addition, vitamin D may influence intestinal microbiome and bile 

acids and therefore influence the risk of NAFLD.42, 45  

There are several strengths of the present study. The major merit is MR design, which 

strengthened causal inference by minimizing residual confounding and reverse causation. We 

examined the association of genetically predicted S-25(OH)D levels with NAFLD in three 

independent data sources, which increased the statistical power and solidified our findings by 

consistent estimates from three studied populations. The association remained consistent in 

sensitivity analyses and no indication of unbalanced pleiotropy was detected. In addition, we 

examined the associations of S-25(OH)D with three NAFLD-related liver enzymes and observed 

inverse associations partly supported our findings on NAFLD. Our analysis was confined to 

European populations although Finn may have slightly different genetic background to the 

individuals in rest of Europe. Principal genetic components were adjusted in used GWAS analyses. 

Thus, the population structure bias was reduced. However, the population confinement limited the 

generalizability of our findings to other populations.  

Limitations need considerations when interpreting our results. Horizontal pleiotropy could 

be of concern in MR analyses, but in the present study, the genetic instruments used for S-25(OH)D 

levels were associated with few traits at the genome-wide significance level, such as white blood 

cells, body composition, and kidney function.24 Among these factors, only body mass status is 

likely to exert pleiotropic effects on observed association between S-25(OH)D and NAFLD. Used 

SNPs for S-25(OH)D were obtained from the genome-wide association analysis with adjustment 

for body mass index, which minimized the possibility that our findings were biased by pleiotropy 
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from body mass. For the reverse MR analysis, the association was inconsistent in sensitivity 

analysis. In addition, lack of association in the reverse MR analysis might be caused by inadequate 

power given that a few used instruments might explained a small variance of liability to NAFLD. 

NAFLD cases were differently defined between Anstee et al GWAS and FinnGen and UK Biobank, 

which might contribute to heterogeneity in meta-analysis of associations albeit to a small extent. 

As discussed above, the association between S-25(OH)D and NAFLD may differ across 

populations of different ancestries. Future studies in individuals of non-European descent are 

needed. In addition, there may be sex-specific associations between vitamin D and NAFLD risk.46 

However, we could not assess whether the association between genetically predicted S-25(OH)D 

levels and NAFLD risk differs between men and women due to lack of sex stratified data.  

In conclusion, this study found inverse genetic correlations of S-25(OH)D with NAFLD 

and certain liver enzymes and an inverse association of genetically predicted S-25(OH)D with risk 

of NAFLD in European individuals. These findings have clinical implications as they suggest that 

vitamin D may play a role in NAFLD prevention. Whether NAFLD has a causal effect on lowering 

S-25(OH)D levels warrants more study.   Jo
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Table 1. Association of genetically predicted serum 25-hydroxyvitamin D levels nonalcoholic 

fatty liver disease in sensitivity analyses 

 

Outcome source Method OR 95% CI P 

Anstee et al GWAS IVW-random effects 0.79 0.68, 0.92 0.002 

 Weighted median 0.78 0.59, 1.03 0.084 

 MR-Egger 0.84 0.52, 1.37 0.516 

 Cochrane’s Q = 2.21 (p = 0.900); MR-Egger intercept = -0.010 (p = 0.797) 

FinnGen IVW-random effects 0.75 0.53, 1.05 0.089 

 Weighted median 0.85 0.59, 1.22 0.378 

 MR-Egger 1.06 0.62, 1.82 0.841 

 Cochrane’s Q = 6.90 (p = 0.330); MR-Egger intercept = -0.059 (p = 0.175) 

UK Biobank IVW-random effects 0.74 0.53, 1.05 0.088 

 Weighted median 0.70 0.38, 1.3 0.261 

 MR-Egger 0.60 0.25, 1.41 0.291 

 Cochrane’s Q = 2.60 (p = 0.857); MR-Egger intercept = 0.041 (p = 0.559) 

 

CI, confidence interval; GWAS, genome-wide association study; NA, not available.   
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Figure legends 

 

Figure 1. Association of genetically predicted serum 25-hydroxyvitamin D with nonalcoholic 

fatty liver disease. CI, confidence interval; GWAS, genome-wide association study; NAFLD, 

nonalcoholic fatty liver disease; OR, odds ratio. 

 

Figure 2. Association of genetically predicted serum 25-hydroxyvitamin D with liver enzymes. 

ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; CI, 

confidence interval; IVW, inverse-variance weighted. One outlier was detected and removed in 

the MR-PRESSO analysis of ALP.  

 

Figure 3. Association of genetic liability to nonalcoholic fatty liver disease with serum 25-

hydroxyvitamin D. CI, confidence interval; GWAS, genome-wide association study; NAFLD, 

nonalcoholic fatty liver disease; S-25(OH)D, serum 25-hydroxyvitamin D.  
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Supplementary Table 1.  Information on used studies and consortia 

 

Exposure or 

outcome 
Unit 

Participants included in 

analysis 
Adjustments 

Identified 

SNPs  
PubMed ID or web-link 

S-25(OH)D 

SD for the 

exposure; nmol/L 

for the outcome 

79,366 individuals of European 

ancestry from SUNLIGHT 

consortium 

Age, sex, month of sample 

collection, body mass index, 

principal components, cohort-

specific variables, such as 

geographical location and assay 

batch, where relevant. 

6 

29343764 

 

S-25(OH)D SD 
42,274 individuals of European 

ancestry 

Age, sex, body mass index, and 

season of measurement 
1 28757204 

NAFLD (Anstee et 

al GWAS) 

Log-transformed 

odds ratio 

1483 NAFLD cases and 17,781 

controls of European descent 
The first 5 principal components 12 32298765 

NAFLD (FinnGen) 
Log-transformed 

odds ratio 

894 cases and 217,898 controls 

of European descent 

Age, sex, 10 genetic principal 

components and genotyping batch 
- 

FinnGen consortium 

(https://www.finngen.fi/fi) 

NAFLD (UK 

Biobank) 

Log-transformed 

odds ratio 

275 cases and 360,919 controls 

of European descent 

Age, sex and up to 20 genetic 

principal components 
- 

UK Biobank 

(http://www.nealelab.is/uk-

biobank) 

ALP U/L 
361,194 individuals of 

European descent 

Age, sex and up to 20 genetic 

principal components 
- 

UK Biobank 

(http://www.nealelab.is/uk-

biobank) 

ALT U/L 
344,292 individuals of 

European descent 

Age, sex and up to 20 genetic 

principal components 
- 

UK Biobank 

(http://www.nealelab.is/uk-

biobank) 

AST U/L 
344,136 individuals of 

European descent 

Age, sex and up to 20 genetic 

principal components 
- 

UK Biobank 

(http://www.nealelab.is/uk-

biobank) 

 

ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; NAFLD, nonalcoholic fatty liver 

disease; S-25(OH)D, serum 25-hydroxyvitamin D; SD, standard deviation; SNP, single nucleotide polymorphism.   
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Supplementary Table 2. Genetic instruments for serum and 25-hydroxyvitamin D levels their associations with nonalcoholic fatty 

liver disease 

 

SNP Chr Pos Gene EA NEA EAF 
S-25(OH)D NAFLD-Anstee et al GWAS 

Beta SE p Beta SE p 

rs3755967 4 72609398 GC C T 0.72 0.270 0.007 1.00E-200 -0.068 0.043 0.119 

rs10741657 11 14914878 CYP2R1 A G 0.40 0.090 0.007 2.05E-46 -0.037 0.033 0.260 

rs117913124 11 14900931 CYP2R1 G A 0.98 0.430 0.020 1.50E-88 0.093 0.229 0.683 

rs12785878 11 71167449 DHCR7 T G 0.75 0.110 0.007 3.80E-62 -0.011 0.035 0.752 

rs10745742 12 96358529 AMDHD1 T C 0.40 0.050 0.007 1.88E-14 -0.010 0.545 0.985 

rs8018720 14 39556185 SEC23A G C 0.18 0.050 0.009 4.72E-09 0.044 0.072 0.543 

rs17216707 20 52732362 CYP24A1 T C 0.79 0.080 0.008 8.14E-23 -0.049 0.044 0.268 

             

SNP Chr Pos Gene EA NEA EAF 
NAFLD-FinnGen NAFLD-UK Biobank 

Beta SE p Beta SE p 

rs3755967 4 72609398 GC C T 0.72 -0.042 0.060 0.484 -0.107 0.094 0.126 

rs10741657 11 14914878 CYP2R1 A G 0.40 -0.086 0.048 0.077 -0.111 0.087 0.100 

rs117913124 11 14900931 CYP2R1 G A 0.98 -0.081 0.174 0.643 -0.112 0.261 0.333 

rs12785878 11 71167449 DHCR7 T G 0.75 0.012 0.049 0.811 0.047 0.105 0.329 

rs10745742 12 96358529 AMDHD1 T C 0.40 -0.020 0.050 0.692 0.058 0.088 0.255 

rs8018720 14 39556185 SEC23A G C 0.18 -0.086 0.067 0.200 0.024 0.112 0.417 

rs17216707 20 52732362 CYP24A1 T C 0.79 -0.125 0.059 0.033 0.025 0.111 0.410 

 

Chr, chromosome; EA, effect allele; EAF, effect allele frequency; GWAS, genome-wide association study; NEA, non-effect allele; 

Pos, position based on hg19; S-25(OH)D, serum 25-hydroxyvitamin D; SE, standard error; SNP, single nucleotide polymorphisms.  
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Supplementary Table 3. Genetic instruments for nonalcoholic fatty liver disease and their associations with serum 25-

hydroxyvitamin D levels  

 

SNP Chr Pos Gene EA NEA EAF 
NAFLD S-25(OH)D 

Beta SE p Beta SE p 

rs12077210 1 65894160 LEPR T C 0.04 0.395 0.073 5.62E-08 -0.173 0.339 0.610 

rs2068834 2 27839539 ZNF512 C T 0.28 0.264 0.041 8.49E-11 0.019 0.141 0.892 

rs13118664 4 88239609 HSD17B13 A T 0.77 0.301 0.053 1.41E-08 0.250 0.160 0.119 

rs17216588 19 19664077 CILP2 T C 0.07 0.477 0.064 7.25E-14 0.333 0.250 0.182 

rs738409 22 44324727 PNPLA3 G C 0.23 0.603 0.041 1.45E-49 -0.070 0.160 0.660 

  

Chr, chromosome; EA, effect allele; EAF, effect allele frequency; NEA, non-effect allele; Pos, position based on hg19; S-25(OH)D, 

serum 25-hydroxyvitamin D; SE, standard error; SNP, single nucleotide polymorphisms.  
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Supplementary Table 4. Genetic instruments for nonalcoholic fatty liver disease and their associations with serum 25-

hydroxyvitamin D levels in the sensitivity analysis 

 

SNP Chr Pos Gene EA NEA EAF 
NAFLD S-25(OH)D 

Beta SE p Beta SE p 

rs1260326 2 27730940 GCKR T C 0.41 0.192 0.034 2.22E-11 -0.006 0.134 0.962 

rs13102451 4 88220112 HSD17B13 G A 0.25 -0.233 0.027 5.25E-11 -0.237 0.154 0.123 

rs17216588 19 19664077 CILP2 T C 0.07 0.525 0.082 8.14E-25 0.333 0.250 0.182 

rs2642438 1 220970028 MARC1 A G 0.28 -0.177 0.026 3.56E-08 0.166 0.160 0.298 

rs738408 22 44324730 PNPLA3 T C 0.23 0.606 0.057 3.28E-79 -0.077 0.160 0.631 

  

Chr, chromosome; EA, effect allele; EAF, effect allele frequency; NEA, non-effect allele; Pos, position based on hg19; S-25(OH)D, 

serum 25-hydroxyvitamin D; SE, standard error; SNP, single nucleotide polymorphisms.  
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Supplementary Table 5. Genetic instruments for serum and 25-hydroxyvitamin D levels their associations with liver enzymes 

 

SNP Chr Pos Gene EA NEA EAF 
S-25(OH)D ALP 

Beta SE p Beta SE p 

rs3755967 4 72609398 GC C T 0.72 0.270 0.007 1.00E-200 -0.134 0.068 0.026 

rs10741657 11 14914878 CYP2R1 A G 0.40 0.090 0.007 2.05E-46 0.080 0.063 0.104 

rs117913124 11 14900931 CYP2R1 G A 0.98 0.430 0.020 1.50E-88 -0.151 0.191 0.215 

rs12785878 11 71167449 DHCR7 T G 0.75 0.110 0.007 3.80E-62 -0.112 0.077 0.072 

rs10745742 12 96358529 AMDHD1 T C 0.40 0.050 0.007 1.88E-14 -0.009 0.064 0.447 

rs8018720 14 39556185 SEC23A G C 0.18 0.050 0.009 4.72E-09 0.052 0.082 0.262 

rs17216707 20 52732362 CYP24A1 T C 0.79 0.080 0.008 8.14E-23 -0.335 0.081 1.70E-05 

             

SNP Chr Pos Gene EA NEA EAF 
ALT AST 

Beta SE p Beta SE p 

rs3755967 4 72609398 GC C T 0.72 0.008 0.036 0.416 -0.051 0.028 0.033 

rs10741657 11 14914878 CYP2R1 A G 0.40 -0.012 0.033 0.357 -0.038 0.026 0.069 

rs117913124 11 14900931 CYP2R1 G A 0.98 -0.090 0.099 0.183 -0.015 0.077 0.423 

rs12785878 11 71167449 DHCR7 T G 0.75 -0.030 0.040 0.224 -0.070 0.031 0.012 

rs10745742 12 96358529 AMDHD1 T C 0.40 0.018 0.034 0.297 0.010 0.026 0.353 

rs8018720 14 39556185 SEC23A G C 0.18 0.010 0.043 0.404 0.055 0.033 0.047 

rs17216707 20 52732362 CYP24A1 T C 0.79 0.040 0.042 0.170 0.009 0.033 0.387 

 

ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; Chr, chromosome; EA, effect allele; 

EAF, effect allele frequency; NEA, non-effect allele; Pos, position based on hg19; S-25(OH)D, serum 25-hydroxyvitamin D; SE, 

standard error; SNP, single nucleotide polymorphisms.  
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Supplementary Table 6. Effects of genetic liability to NAFLD on serum 25-hydroxyvitamin D levels using instrumental variables 

identified from the GWAS meta-analysis of Anstee et al GWAS, FinnGen, and UKBB 

 

Method Beta SE P value 

IVW-random effects 0.087 0.233 0.710 

Weighted median -0.085 0.241 0.724 

MR-Egger 0.067 0.548 0.910 

 

IVW, inverse variance weighted; SE, standard error.  

Cochran’s Q was 5.28 and p for the intercept in MR-Egger was 0.969. There was no outlier identified by MR-PRESSO.  
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What You Need To Know 

Background 

Serum 25-hydroxyvitamin D (25(OH)D) and nonalcoholic fatty liver disease (NAFLD) are 

correlated in many observational studies, but the causality of this association is uncertain, 

especially in European populations. 

Findings 

Genetically predicted higher serum 25(OH)D levels were robustly associated with a decreased 

risk of NAFLD in three European-descent populations, whereas genetic liability to NAFLD 

was not associated with serum 25(OH)D levels.  

Implications for patient care 

These findings suggest that vitamin D may play a role in the prevention of NAFLD.  
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