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Analyzing 5770 all-cause cirrhosis cases and 572,850 controls from seven cohorts, we 
identify a missense variant in the Mitochondrial Amidoxime Reducing Component 1 
gene (MARC1 p.A165T) that associates with protection from all-cause cirrhosis (OR 
0.88, p=2.1*10-8). This same variant also associates with lower levels of hepatic fat on 
computed tomographic imaging and lower odds of physician-diagnosed fatty liver as well 
as lower blood levels of alanine transaminase (-0.012 SD, 1.4*10-8), alkaline phosphatase 
(-0.019 SD, 6.6*10-9), total cholesterol (-0.037 SD, p=1*10-18) and LDL cholesterol (-0.035 
SD, p=7.3*10-16). Carriers of rare protein-truncating variants in MARC1 had lower liver 
enzyme levels, cholesterol levels, and reduced odds of liver disease (OR 0.19, p= 0.04) 
suggesting that deficiency of the MARC1 enzyme protects against cirrhosis. 
 
Cirrhosis is often considered to be the final stage of distinct pathogenic processes 
including excess alcohol consumption, fatty liver secondary to obesity and viral 
infection.1 However, analyses of these separate processes have identified similar genetic 
determinants. For example, PNPLA3 p.I48M and TM6SF2 p.E40K, although initially 
identified as associated with hepatic steatosis2,3, strongly predispose to the development of 
alcoholic cirrhosis4, non-alcoholic cirrhosis5,6 and hepatitis C-related cirrhosis7,8. The 
recently identified splice variant rs72613567 in HSD17B13 similarly protects against 
alcoholic cirrhosis, non-alcoholic cirrhosis and severe liver fibrosis among individuals 
with hepatitis C (Supp. Figure 1).9,10 These individual findings suggest that some genetic 
variants may predispose to all-cause cirrhosis through pathways common to alcoholic and 
non-alcoholic cirrhosis. 
 
To test this hypothesis, we first created an all-cause liver cirrhosis phenotype in UK 
Biobank, combining the following ICD10 diagnostic codes: K70.2 (alcoholic fibrosis and 
sclerosis of the liver), K70.3 (alcoholic cirrhosis of the liver), K70.4 (alcoholic hepatic 
failure), K74.0 (hepatic fibrosis), K74.1 (hepatic sclerosis), K74.2 (hepatic fibrosis with 
hepatic sclerosis), K74.6 (other and unspecified cirrhosis of liver), K76.6 (portal 
hypertension), or I85 (esophageal varices). Using this definition, we identified 1740 cases 
of cirrhosis in UK Biobank. We examined the association of all-cause cirrhosis with six 
genetic variants previously reported to be associated with alcoholic or non-alcoholic 
cirrhosis: PNPLA3 I48M, TM6SF2 E167K, MBOAT7 rs641738, HSD17B13 rs72613567, 
HFE C282Y and SERPINA1 E366K.4,9,11,12 All six variants associated with all-cause 
cirrhosis in UK Biobank (Supp. Figure 2). Each variant exhibited greater statistical 
significance with all-cause cirrhosis than with alcoholic or non-alcoholic subtypes in UK 
Biobank, with an average 30% gain in power by analyzing all-cause cirrhosis compared 
to non-alcoholic cirrhosis and an 87% gain in power compared to analyzing alcoholic 
cirrhosis. 
 
Having established that an analysis of all-cause cirrhosis would provide improved 
statistical power, we sought to identify novel genetic determinants of all-cause cirrhosis 
through a discovery genome-wide association analysis followed by replication (Figure 
1). In the discovery analysis, we analyzed 3,754 all-cause cirrhosis cases and 444,830 
controls from five cohorts (Supp. Table 1). We tested the association of 14 million 
genetic variants with minor allele frequency > 0.1% with all-cause cirrhosis in both 
additive and recessive models. No evidence of genomic inflation was observed (lambda 

.CC-BY 4.0 International licensea
certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available under 

The copyright holder for this preprint (which was notthis version posted March 31, 2019. ; https://doi.org/10.1101/594523doi: bioRxiv preprint 

https://doi.org/10.1101/594523
http://creativecommons.org/licenses/by/4.0/


 4 

1.02, Supp. Figure 3). We replicated three known associations of PNPLA3, TM6SF2 and 
HDS17B13 variants with cirrhosis at genome-wide significance (Table 1). We also 
identified the HFE p.C282Y variant (the most cause of hemochromatosis in populations 
of European ancestry) as associated with all-cause cirrhosis in a recessive model (OR 3.2, 
p=1.3*10-14).11 No other variants were associated with all-cause cirrhosis at genome-wide 
significance. 
 
The lead coding variant at sub-genome wide significance was a missense variant in 
MARC1 (p.A165T) that was associated with lower risk of all-cause cirrhosis (OR 0.87, 
p=8.7*10-7, minor allele frequency 25%). We sought replication of this observation in two 
independent studies – BioVU and the FinnGen Consortium. MARC1 p.A165T associated 
with protection from cirrhosis in BioVU (OR 0.92, p=0.045) and in FinnGen (0.89, 
p=0.044). When the statistical evidence from the discovery and replication studies are 
combined, MARC1 p.A165T associated with protection from cirrhosis at a significance 
level exceeding genome wide significance (OR 0.88, p=2*10-8, Figure 2). No evidence of 
heterogeneity in the association of MARC1 p.A165T with all-cause cirrhosis in the 
discovery analysis and replication analyses was observed (p=0.64).  
 
Next, we examined whether MARC1 p.A165T associated with fatty liver (definitions 
provided in Supp. Table 2). MARC1 p.A165T was associated with reduced hepatic fat on 
computed tomographic imaging in both the Framingham Heart Study and Multi-ethnic 
Study of Atherosclerosis cohorts (-0.08 SD, p=8.2*10-6). MARC1 p.A165T also associated 
with reduced risk of physician-diagnosed fatty liver in three biobank studies (OR 0.83, 
p=1.90*10-8). In UK Biobank, a similar association of MARC1 p.A165T with all-cause 
cirrhosis (OR 0.84, p=1.0*10-5) and fatty liver (OR 0.74, p=2.3*10-6) was observed when 
number of medications taken by each participant was adjusted for.  
 
Having established that MARC1 p.A165T associates with protection from all-cause 
cirrhosis as well as fatty liver, we tested association of this variant with plasma 
biomarkers – alanine transaminase (ALT), aspartate transaminase (AST), alkaline 
phosphatase (ALP), total cholesterol, LDL cholesterol, HDL cholesterol, and 
triglycerides. MARC1 p.A165T associated with lower ALT levels (-0.012 SD, p = 1.4*10-

8) and ALP levels (-0.019 SD, p=6.6*10-9) but was not associated with AST levels (-0.005 
SD, p=0.12).  
 
In previously published work from the Global Lipids Genetics Consortium, MARC1 
p.A165T associated with lower total cholesterol (-0.037, p=1.3*10-18) and low-density 
lipoprotein (LDL) cholesterol (-0.035, p=7.3*10-16)13. MARC1 p.A165T associated with 
higher triglyceride levels (0.017 SD, p=5*10-6) and lower HDL levels (-0.030 SD, 
p=7.8*10-14, Supp. Table 3) but did not associate with blood pressure, body mass index or 
waist-to-hip ratio.  
 
Variants in PNPLA3 and TM6SF2 that decrease risk of cirrhosis have been reported to 
increase risk for coronary artery disease (CAD).14 This raises the possibility that treatment 
of cirrhosis (e.g. through MARC1 or HSD17B13 inhibition) may have adverse 
cardiovascular effects. We therefore examined whether MARC1 p.A165T increases CAD 
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risk. In contrast to PNPLA3 and TM6SF2, neither MARC1 p.A165T nor HSD17B13 
rs72613567 associated with risk of CAD (Supp. Figure 4).15 In a phenome wide 
association study in UK Biobank, MARC1 p.A165T associated with a lower risk of 
gallstones (OR 0.96, p=0.0006) and an elevated risk of gout (OR 1.06, p=0.001, Supp. 
Figure 5). 
 
Finally, using two approaches, we addressed whether loss or gain of MARC1 function 
might be responsible for the protection from cirrhosis and the reduced levels of ALT, 
ALP, total cholesterol, and LDL cholesterol. In the first approach, we leveraged a rare 
nonsense mutation observed early in the MARC1 gene (p.R200Ter). In a combined 
analysis of UK Biobank, Partners Biobank, MESA and Framingham, one case of liver 
disease (either fatty liver or cirrhosis) was observed among 110 carriers of MARC1 
R200Ter compared to 7629 cases of liver disease among 446 965 non-carriers (adjusted 
odds ratio 0.19, p=0.04). Second, we assembled sequence data for MARC1 in 45,493 
individuals and identified 22 carriers of MARC1 p.R200Ter and 21 carriers of other 
predicted loss of function variants (Supp. Tables 4 and 5). Carriers of predicted loss of 
function variants in MARC1 (early truncation, splice site and frameshift variants) had 
lower ALP levels (-0.41 SD, p=0.032), total cholesterol levels (-0.25 SD, p=0.018) and 
LDL cholesterol levels (-0.26 SD, p=0.027, Figure 3) and had non-significantly lower 
ALT levels (-0.23 SD, p=0.21, Figure 3). Combined, these findings indicate that MARC1 
loss of function protects against cirrhosis. 
 
In summary, we identify MARC1 as a novel genetic determinant of fatty liver and all-
cause cirrhosis and suggest that MARC1 deficiency protects against liver disease and 
reduces blood levels of several biomarkers – ALT, ALP, total cholesterol, and LDL 
cholesterol. MARC1 encodes mitochondrial amidoxime-reducing component, a 
molybdenum-containing enzyme that is involved in metabolizing pro-drugs in the liver.16 
It contains an N-terminal transmembrane helix that anchors the protein to the outer 
mitochondrial membrane, with the enzymatic domain of MARC1 located in the cytosol.17 
The crystal structure of MARC1 was recently described.18 The molybdenum cofactor is 
coordinated in a solvent exposed center by predominantly positively charged amino 
acids. The A165 residue lies within an alpha helix in the N-terminal domain of MARC1. 
The function of MARC1 is unknown, however, it has been reported to activate N-
hydroxylated prodrugs19, reduce nitrite to produce nitric oxide20 and detoxify 
trimethylamine N-oxide.21 The mechanism by which MARC1 may contribute to liver 
damage and cirrhosis is unclear. The lack of association of MARC1 p.A165T and 
HSD17B13 rs72613567 with CAD (in contrast to PNPLA3 and TM6SF2) suggests that 
pharmacologic treatment of cirrhosis and hepatic steatosis may not universally cause 
excess cardiovascular risk. 
 
Despite the substantial burden of disease posed by cirrhosis worldwide22, identification of 
genetic risk factors has been limited relative to other common diseases such as type 2 
diabetes, coronary artery disease or inflammatory bowel disease. In addition to targeted 
analyses of cirrhosis subtypes4, joint analysis of alcoholic and non-alcoholic cirrhosis 
cases from multiple cohorts may increase power to identify genetic variants that influence 
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cirrhosis through pathways common to alcoholic and non-alcoholic disease, to identify 
novel therapeutic targets and to further our understanding of this disease.  
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Online Methods 
 
A. Association of known alcoholic and non-alcoholic cirrhosis variants with all-cause 
cirrhosis in UK Biobank 
 
To examine whether known alcoholic and non-alcoholic cirrhosis variants associate with 
all-cause cirrhosis, we tested the association of six known cirrhosis variants (PNPLA3 
I48M, TM6SF2 E167K, MBOAT7 rs641738, HSD17B13 rs72613567, HFE C282Y and 
SERPINA1 E366K4,9,11,12) with all-cause cirrhosis in UK Biobank (ICD codes K70.2, K70.3, 
K70.4, K74.0, K74.1, K74.2, K74.6, K76.6, or I85). To examine whether this approach 
increased power relative to examining subtypes of alcoholic and non-alcoholic cirrhosis, 
we compared the significance of the association of these variants with all-cause cirrhosis 
(their Z-scores) to the significance of the association of these variants with alcoholic 
cirrhosis and with non-alcoholic cirrhosis. Alcoholic cirrhosis was defined as physician-
diagnosed alcoholic cirrhosis or alcoholic liver failure (ICD codes K70.2, K70.3 or 
K70.4). Non-alcoholic cirrhosis was defined as non-alcoholic cirrhosis (ICD codes 
K74.0, K74.1, K74.2, K74.6, K76.6 or I85) that occurred among individuals who drank 
less than fourteen alcoholic drinks per week. We excluded former drinkers (individuals 
who previously consumed alcohol but stopped) from analysis of non-alcoholic cirrhosis, 
as these individuals may have previously consumed alcohol but quit due to adverse 
effects.23 We tested the association of each of the six variants with all-cause cirrhosis, 
alcoholic cirrhosis and non-alcoholic cirrhosis in UK Biobank using logistic regression 
adjusted for age, sex, ten principal components of ancestry and a dummy variable for 
array type.  
 
B. Genome wide association study for all-cause cirrhosis 
 
We conducted a genome wide association for all-cause cirrhosis using five cohorts: UK 
Biobank, Partners Biobank, Atherosclerosis Risk in Communities study (ARIC) and 
summary statistics from two cohorts from a prior genome wide association study of 
alcoholic cirrhosis.4 Definitions of cirrhosis used in each of the five cohorts are provided 
(Supp. Table 1). We excluded cases of cirrhosis secondary to primary biliary cholangitis 
and primary sclerosis cholangitis as these autoimmune disorders are directed against the 
biliary (and not hepatic) parenchyma.24,25 
 
For UK Biobank, genotyping was performed using either the UK BiLEVE Axiom array 
or the UK Biobank Axiom array. Phasing and imputation were performed centrally, by 
UK Biobank, using the Haplotype Reference Consortium and a reference panel of UK 
10K merged with the 1000 Genomes phase 3 panel. One related individual of each 
related pair of individuals, individuals whose genetic sex did not match self-reported sex 
and individuals with an excess of missing genotype calls or more heterozygosity than 
expected were excluded from analysis. For Partners Biobank, genotyping was performed 
using Illumina MEGA array. Variants were imputed to the HapRef consortium using the 
Michigan Imputation Server.26 For ARIC, genotyping was performed using the 
Affymetrix 6.0 array. Variants were imputed to the HapRef consortium using the 
Michigan Imputation Server. We excluded any variants with an imputation quality < 0.3. 
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Genome wide association study in each cohort was performed using logistic regression 
with adjustment for age, sex and ten principal components of ancestry. We tested the 
association of fourteen million variants with minor allele frequency of greater than 0.1% 
with cirrhosis in each cohort. PLINK was used for all analyses. 27 To combine estimates 
across cohorts, inverse variance fixed effects meta-analysis, as implemented by METAL, 
was used.28 Quantile-quantile analysis was used to examine for the presence of population 
stratification. No evidence of inflation was observed (lambda 1.02; Supplementary Figure 
2).  Both additive and recessive analyses were performed. 
 
C. Replication of the association of MARC1 p.A165T with cirrhosis and fatty liver 
 
We replicated the association of MARC1 p.A165T with all-cause cirrhosis in two cohorts. 
First, we examined whether MARC1 p.A165T associates with physician-diagnosed all-
cause cirrhosis in the Vanderbilt BioVU, a DNA databank linked to de-identified 
electronic health records. We identified 46328 individuals of European ancestry with 
genome-wide genotyping and who were either cases or controls for all-cause cirrhosis. 
Using ICD-9 (571.2, 571.5, 572.3, 456.0, 456.1, 456.2) or ICD-10 codes (K70.2, K70.3, 
K70.4, K74.0, K74.1, K74.2, K74.6, K76.6, I85) to define all-cause cirrhosis, 1328 cases 
were identified. We identified 45000 controls using the EHR-based PheWAS approach, 
which excludes related diseases based on ICD codes.29 Logistic regression, with 
adjustment for age, sex and principal components of ancestry, was used to estimate the 
association of MARC1 p.A165T with cirrhosis in this dataset. Second, in FinnGen, we 
identified 688 cases of all-cause cirrhosis (ICD-10 K70.2, K70.3, K70.4, K74.0, K74.1, 
K74.2, K74.6, K76.6, I85) and 83020 controls. Logistic regression, as implemented in 
SAIGE30, was used to test the association of MARC1 p.A165T with cirrhosis in this 
dataset while controlling for age, sex and relatedness within the sample. 
 
To examine whether MARC1 p.A165T associates with fatty liver, we tested the 
association of this variant with fatty liver in five cohorts. In the Framingham cohort 
(Offspring Cohort and Third Generation Cohort), we examined whether MARC1 
p.A165T associates with hepatic steatosis on CT imaging. 3284 individuals in 
Framingham with genotype data available underwent multidetector abdominal CT.31 We 
measured hepatic steatosis by computing the liver-to-phantom ratio of the average 
Hounsfield units of three liver measurements to average Hounsfield units of three 
phantom measurements (to correct for inter-individual differences in penetration), as 
previously described.31 We tested the association of the p.A165T variant with liver-to-
phantom ratio with adjustment for age, sex and ten principal components of ancestry 
using a linear mixed model to control for relatedness among individuals. In the Multi-
Ethnic Study of Atherosclerosis cohort (MESA), 4195 individuals underwent 
multidetector CT. Hepatic steatosis was measured as the mean of three attenuation 
measurements (two in the right lobe of the liver and one in the left lobe). No phantom 
measurement was available for standardization. We therefore tested the association of the 
p.A165T variant with mean liver attenuation with adjustment for age, sex and ten 
principal components of ancestry. Individuals with higher liver fat have lower liver-to-
phantom ratios and liver attenuation measurements. For interpretability, we therefore 
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report all estimates in units of standard deviation increases in liver fat, with a one 
standard deviation increase in liver fat corresponding to a one standard deviation decrease 
in the liver-to-phantom ratio or mean liver attenuation. 
 
In three cohorts (Partners Biobank, UK Biobank, BioVU), we lacked CT imaging data to 
measure hepatic steatosis. We therefore tested the association of the MARC1 p.A165T 
variant with physician-diagnosed fatty liver in these cohorts (ICD codes K76.0 fatty 
change of liver, K76.5 non-alcoholic steatohepatitis) using logistic regression, adjusted 
for age, sex and ten principal components of ancestry. We pooled estimates of the 
association of MARC1 p.A165T with fatty liver across all five cohorts using fixed effects 
meta-analysis.28 
 
D. Association of MARC1 p.A165T with liver enzyme levels, metabolic traits and 
disease 
 
We tested the association of p.A165T with metabolic traits using four different datasets. 
For serum levels of liver enzymes, we used data from Partners Biobank (n=26471), 
Framingham (n=3288), LOLIPOP (n=54857)32 and BioBank Japan (n=134182)33 where 
measures of serum alanine transaminase (ALT), aspartate transaminase (AST) and 
alkaline phosphatase (ALP) were available. We log transformed ALT, AST and ALP. We 
then conducted a linear regression analysis with adjustment for age, sex and ten principal 
components of ancestry. We pooled estimates across cohorts using inverse variance 
weighted fixed effects meta-analysis. For lipids (LDL cholesterol, HDL cholesterol, 
triglycerides and total cholesterol), we used data from the Global Lipids Genetics 
Consortium, a meta-analysis of 188 587 individuals of European descent.13 This GWAS 
included 37 studies genotyped using the Illumina Metabochip array as well as an 
additional 23 studies genotyped using a variety of arrays. For BMI and WHRadjBMI we 
used data from the Genetic Investigation of ANthropometric Traits (GIANT) 
consortium.34,35 For WHRadjBMI, data from 210,088 individuals of European ancestry 
were included. For BMI, data for 322,154 individuals of European ancestry were 
included. Individuals were genotyped using various arrays and imputed with the HapMap 
reference panel to 2.5 million SNPs. For blood pressure, we used data from UK Biobank. 
We tested the association of p.A165T with systolic blood pressure and diastolic blood 
pressure using linear regression with adjustment for age, sex and ten principal 
components of ancestry. 
 
E. Phenome-wide association study for MARC1 p.A165T in UK Biobank 
 
A phenome-wide association study of MARC1 p.A165T in UK Biobank was performed. 
36,37 We tested the association of MARC1 p.A165T with diseases with more than one 
thousand cases in UK Biobank. Definitions for 31 different diseases analyzed in the 
phenome-wide association study are provided (Supp. Table 6). The association of 
p.A165T with each disease was estimated using logistic regression with adjustment for 
age, sex, ten principal components of ancestry and a dummy variable for array type. A 
Bonferroni adjusted significance level of p < 0.0016 (0.05/31) was used. 
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F. Association of rare predicted loss of function variants in MARC1 with cholesterol 
levels, liver enzyme levels and liver disease 
 
MARC1 p.A165T associated with reduced total cholesterol levels, LDL cholesterol 
levels, alanine transaminase levels and alkaline phosphatase levels. To examine whether 
MARC1 deficiency may therefore protect against elevated cholesterol levels and liver 
enzyme levels, we estimated the association of rare predicted loss of function variants in 
MARC1 with these phenotypes, using five data sources. First, we examined the 
association of a rare genotyped stop codon in MARC1 (Arg200Ter, rs139321832) with 
total and LDL cholesterol in the Global Lipids Genetics Consortium exome chip analysis 
of 283474 individuals.14 Second, we examined the association of rare predicted loss of 
function variants with cholesterol in two exome sequence datasets: the Myocardial 
Infarction Genetics consortium (n=27034) and the T2D Genes consortium (n=18456). 
Sequence data for MARC1 were extracted from exome sequencing performed in the 
MIGen Consortium as previously described.38,39 The Burrows–Wheeler Aligner algorithm 
was used to align reads from participants to the reference genome (hg19). The GATK 
HaploTypeCaller was used to jointly call variants. Metrics including Variant Quality 
Score Recalibration (VQSR), quality over depth, and strand bias were then used to filter 
variants. The Jackson Heart Study was excluded from analysis of MIGen as it was 
included in the T2D Genes consortium. Exome sequencing was performed in the T2D 
Genes consortium as previously described.40 To analyze exome sequences from the T2D 
Genes consortium, the online Genetic Association Interactive Test in the T2D Knowledge 
portal was used.40  
 
Predicted loss of function variants in MARC1 were defined as those which resulted in 
loss-of-function of the protein (nonsense mutations that resulted in early termination of 
MARC1, frameshift mutations due to insertions or deletions of DNA, or splice-site 
mutations which result in an incorrectly spliced protein), as previously described.41 The 
Variant Effect Predictor algorithm was used to annotate predicted damaging variants.42 
We excluded the variant Arg200Ter from analysis in MIGEN and T2D Genes to prevent 
overlap between samples. Estimates were adjusted for age, sex and five principle 
components of ancestry. We pooled estimates from all three data sources using inverse 
variance weighted fixed effects meta-analysis. 
 
Third, we examined the association of the genotyped Arg200Ter variant with log-
transformed ALT and ALP levels using data from the Partners Biobank cohort. We tested 
for the association of this variant with log-transformed ALT and ALP levels using linear 
regression with adjustment for age, sex and ten principal components of ancestry. 
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Table 1. DNA sequence variants associated with all-cause cirrhosis in the discovery 
analysis. 
Model Variant CHR EA EAF Gene Annotation OR p-value 
Additive rs2642438 1 A 25% MARC1  Missense: 

p.A165T 
0.87 8.7*10-7 

Additive rs72613567 
 

4 TA 22% HSD17B13  Splice Variant 0.82 4.5*10-8 

Additive rs58542926 
 

19 T 7% TM6SF2  Missense: 
p.E167K 

1.42 9.7*10-24 

Additive rs738409 22 G 26% PNPLA3  Missense: 
p.I48M 

1.47 2.2*10-67 

Recessive rs1800562 6 A 3% HFE  Missense: 
p.C282Y 

3.2 1.3*10-14 

CHR: chromosome, EA: effect allele, EAF: effect allele frequency 
/ 
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Figure 1. Study design. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Discovery Study: Five cohorts with 3754 cirrhosis 
cases and 444830 controls 

Replication Study #1: Vanderbilt BioVU,  
2023 cirrhosis cases and 42950 controls 

Replication Study #2: FinnGen, 688 cirrhosis 
cases and 83020 controls 

 

Secondary Analysis: Analysis of the association of 
MARC1 A165T with fatty liver, with liver enzyme 

levels and with metabolic traits and disease 

Secondary Analysis: Analysis of the association of 
predicted loss of function variants in MARC1 with 
cholesterol levels, liver enzyme levels and liver 
disease 
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A. Cirrhosis 

 
B. Fatty Liver 
Hepatic Fat On CT Imaging 

 
Physician-Diagnosed Fatty Liver 

 
Figure 2. Association of MARC1 p.A165T with cirrhosis and fatty liver in discovery and 
replication datasets.  
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Figure 3. Association of MARC1 p.A165T and predicted loss of function variants in 
MARC1 with alanine transaminase, alkaline phosphatase, total cholesterol and LDL 
cholesterol. 
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