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Supplementary Figures 
 

 

Supplementary Figure 1. 

Association of metabolites with hepatic steatosis by logistic regression adjusted for age, sex, & BMI only [left] and age, sex, BMI, 

type 2 diabetes, and fasting insulin [right]. β (± 95% CI) represents the change in 1 normalised standard deviation of each 

metabolite for the presence of hepatic steatosis. Metabolites in red are associated with Q<0.05. IR, insulin resistance; PC, 

phosphatidylcholine.  



 

Supplementary Figure 2. 

Characteristics of plasma lipid species associated with rs738409C>G in PNPLA3. The variant was more positively associated with 

very-long chain (A) and polyunsaturated (B & C) triglycerides and diglycerides. Be Beta-regression coefficients of association 

were calculated by linear regression between genotype and lipid abundance, adjusted for age and sex. Pslope was calculated from 

calculated from simple linear (meta-)regression with 95% confidence intervals. Significantly associated individual metabolites are 

shown in red. Data from the Fenland cohort only using untargeted lipid profiling.  



 

Supplementary Figure 3. 

Characteristics of plasma lipid species associated with rs72913567TA>T in HSD17B13. The variant was more positively 

associated with long chain diacylphosphatidylcholines (diacylPC, A) and more negatively associated with short chain 

lysophosphatidylcholines (lysoPC, B). Beta-regression coefficients of association were calculated by linear regression between 

genotype and lipid abundance, adjusted for age and sex. Pslope was calculated from simple linear (meta-)regression with 95% 

confidence intervals. Significantly associated individual metabolites are shown in red. Data from the Fenland cohort using 

targeted lipid profiling and from the EPIC-Norfolk cohort using untargeted metabolite profiling. 

 



 

Supplementary Figure 4. 

Characteristics of plasma lipid species associated with rs58542926C>T near TM6SF2. The variant was negatively associated with a range of lipid species across multiple different 

metabolomics platforms and cohorts, including fatty acids (A), diacylphosphatidylcholines (diacylPC, B), sphingomyelins (C), and lysophosphatidylcholines (lysoPC, D). Untargeted 



lipidomics showed a trend of lower triglycerides (E) and diglycerides (F) with this variant, though no individual lipid species was significantly associated at Q<0.05. Beta-regression 

coefficients of association were calculated by linear regression between genotype and lipid abundance, adjusted for age and sex. Pslope was calculated from calculated from simple linear   

(meta-)regression with 95% confidence intervals. Significantly associated individual metabolites are shown in red. Data from the Fenland cohort using un-/targeted lipid profiling and from the 

EPIC-Norfolk cohort using untargeted metabolite profiling.  



 

Supplementary Figure 5. 

Effect of adjusting for total serum lipids on individual lipid-variant associations. Adjusting for high density lipoprotein (HDL) cholesterol (in addition to age and sex) had minimal effect on the 

magnitude of variant-metabolite associations for rs2642438A>G in MTARC1 (A). Adjusting for total cholesterol and triglycerides attenuated the magnitude of change for lipids associated with 

rs58542926C>T near TM6SF2 (B). Beta-regression coefficients of association were calculated by linear regression between genotype and lipid abundance. All metabolites in black were 

significantly associated with their respective variants (Q<0.05); the one variant in red remained significantly associated after additional adjustments. Data from targeted and untargeted 

metabolite profiling in the Fenland and EPIC-Norfolk cohorts.  
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Supplementary Figure 6. 

Association (β (± 95% CI)) of lipoparticles and metabolites with NASH-associated SNPs using data from Kettunen et al. 

Metabolites in red have p<0.0004. 

 



 

Supplementary Figure 7. 

Characteristics of plasma lipid species associated with rs2642438A>G in MTARC1. The variant was negatively associated diglycerides (A) but positively associated with other classes of lipid, 

including diacylphosphatidylcholines (diacylPC, B), sphingomyelins (C), and lysophosphatidylcholines (lysoPC, D). Beta-regression coefficients of association were calculated by linear 

regression between genotype and lipid abundance, adjusted for age and sex. Significantly associated individual metabolites are shown in red. Data from the Fenland cohort using un-/targeted 

lipid profiling and from the EPIC-Norfolk cohort using untargeted metabolite profiling.  



 

Supplementary Figure 8. 

Characteristics of plasma lipid species associated with rs641738C>T near MBOAT7. The variant showed a heterogeneous pattern of assocations with fatty acids (A) but there was a consistent 

positive relationship between carbon chain length and beta-regression coefficient for diacylphosphatidylcholines (diacylPC, B). rs641738C>T showed a strong positive association with 



phosphatidylinositols containing 0-2 double-bond chains and negative association with PI containing 4 double bonds (C). A similar negative relationship with carbon chain length was 

observed with phosphatidylethanolamines (D). Beta-regression coefficient of association were calculated by linear regression between genotype and lipid abundance, adjusted for age and sex. 

Pslope was calculated from simple linear (meta-)regression with 95% confidence intervals. Significantly associated individual metabolites are shown in red. Data from the Fenland cohort using 

un-/targeted lipid profiling and from the EPIC-Norfolk cohort using untargeted metabolite profiling. 

 

  



Supplementary Tables 
 

Supplementary Table 1. 

Summary of evidence for selection of variants included in the study. T2DM, type 2 diabetes mellitus; CVD, cardiovascular disease. 

Group Gene Variant 
Protein 

consequence 

Effect on 

liver disease 
T2DM CVD Evidence Refs 

NASH-

cirrhosis 

variants 

PNPLA3 
rs738409 

C>G 
p.Ile148Met Harmful ↑ ↓ 

Genome-wide significant variant for liver fat, ALT, and T2DM. 

Multiple independent replication studies associating with NAFLD 

(diagnosis), NASH, severity of steatosis, fibrosis, and hepatocellular 

carcinoma. 

(1–8) 

TM6SF2 
rs58542926 

C>T 
p.Glu167Lys Harmful ↑ ↓ 

Genome-wide significant variant for liver fat, ALT, and T2DM . 

Multiple independent replication studies associating with NAFLD 

(diagnosis), NASH, severity of steatosis, fibrosis, and hepatocellular 

carcinoma. 

(5–7,9–11) 

TMC4-

MBOAT7 

rs641738 

C>T 

TMC4: p.Gly17Glu 

MBOAT7: ? 
Harmful ↔ ↑↔ 

Genome-wide significant variant for alcoholic cirrhosis. Implicated in 

NASH, fibrosis, and HCC in multiple candidate gene studies, recently 

summarised in a meta-analysis. No effect on T2DM but associated with 

increased risk of stroke. 

(12–15) 

HSD17B13 
rs72613567 

TA>T 
p.? (null) Harmful ↓↔ ↔ 

Genome-wide significant variant for ALT, alcohol-related cirrhosis, 

and NAFLD cirrhosis. Replicated in several independent cohorts with 

histological confirmation. Borderline effect on lower risk of T2DM. 

rs72613567-TA variant results in a splice variant that is degraded, 

whereas the rs72613567-T variant results in higher expression of 

HSD17B13. 

(7,16–20) 

MTARC1 
rs2642438 

A>G 
p.Thr165Ala Harmful ↓↔ ↔ 

Recently identified variant associated with higher risk of alcohol-

related cirrhosis and NAFLD cirrhosis, as well as higher ALT and 

higher liver fat across multiple cohorts. Supporting histological 

evidence from one cohort of adults. Borderline effect on lower risk of 

T2DM. 

(7,21) 

Liver fat 

variants 

GCKR 
rs780094 

C>T 
Intronic Harmful ↓ ↑ 

Genome-wide significant variant for liver fat as well as multiple other 

metabolic traits including triglycerides and insulin resistance. Not 

associated with ALT or cirrhosis in recent analyses (Abul-Husn et al. 

and Emdin et al.).  

(7,9,16,22–

24) 

PPP1R3B 
rs4240624 

G>A 
Intronic Harmful ↓↔ ↑↔ 

Genome-wide significant variant for liver fat. Not associated with 

cirrhosis in recent analyses (Abul-Husn et al. and Emdin et al.). 
(7,9,16,22,25) 

LYPLAL1 
rs12137855 

T>C 
Intergenic Harmful ↓ ↑↔ 

Genome-wide significant variant for liver fat. Not associated with ALT 

or cirrhosis in recent analyses (Abul-Husn et al. and Emdin et al.). 

(7,9,16,25–

27) 

Metabolic 

cirrhosis 

HFE 
rs1800562 

G>A 
p.Cys282Tyr Harmful ↑↔ ↔ 

Most common mutation associated with hereditary haemochromatosis 

and implicated in all-cause cirrhosis. 
(7,28–32) 

SERPINA1 
rs28929474 

C>T 
p.Glu366Lys Harmful ↔ ↔ 

Most common mutation associated with alpha-1-antitrysin deficiency. 

Genome-wide significant variant for ALT and implicated in all-cause 

cirrhosis. 

(7,16,32,33) 



 

 

 Steatosis Without steatosis Q-value 

n=2301 n=6834 

Age (years) 50.3 ±7.1 48.5 ±7.5 7.5E-30 

Male sex, n (%) 1346 (59) 2859 (42) 5.4E-48 

European descent, n (%) 2301 (100) 6834 (100) - 

BMI, kg/m2 30.5 ±5.0 25.3 ±3.7 <1.0E-300 

Waist-to-hip ratio 0.94 ±0.1 0.85 ±0.1 <1.0E-300 

Body fat percentage (%) 37.1 ±7.5 32.0 ±7.4 <1.0E-300 

Systolic blood pressure (mmHg) 127 ±15 119 ±15 3.1E-87 

Diastolic blood pressure (mmHg) 78 ±10 72 ±10 6.7E-157 

T2DM, n (%) 147 (6.4) 72 (1.1) 2.0E-68 

IFG, n (%) 43 (1.9) 13 (0.2) 4.5E-19 

High alcohol consumption, n (%) 13 (0.6) 26 (0.4) .18 

Total cholesterol, mg/dL 5.6 ±1.1 5.4 ±1. 1.5E-15 

LDL cholesterol, mg/dL 3.6 ±0.9 3.3 ±0.9 4.3E-18 

HDL cholesterol, mg/dL 1.4 ±0.4 1.6 ±0.4 4.7E-126 

Triglycerides, mg/dL 1.6 ±1.3 1.0 ±0.7 1.5E-134 

NEFA, µmol/L 347 ±158 339 ±167 .002 

Albumin, g/L 41.6 ±2.7 41.7 ±2.6 4.2E-08 

ALP, IU/L 89.7 ±23 83.7 ±24 1.4E-22 

ALT, IU/L 35.8 ±20 26.2 ±14 1.3E-127 

Bilirubin, µmol/L 10.0 ±5.6 10.6 ±5.5 2.4E-15 

GGT, IU/L 45.2 ±47 31.0 ±30 7.0E-52 

Creatinine, µmol/L 80 ±16 76 ±15 .003 

Urea, µmol/L 5.2 ±1.3 5.0 ±1.2 .92 

Glucose (fasting), mmol/L 5.1 ±0.9 4.7 ±0.5 4.9E-109 

Glucose (120min), mmol/L 6.1 ±2.1 5.0 ±1.4 6.7E-175 

Insulin (fasting), pmol/L 69.7 ±48.1 38.7 ±22.5 <1.0E-300 

HbA1c, mmol/mol 38.8 ±6.0 36.7 ±4.0 7.8E-25 

HOMA-IR 2.3 ±1.9 1.2 ±0.8 <1.0E-300 

ADIPO-IR 24.1 ±19.9 13.0 ±10.5 8.4E-252 

Supplementary table 2. 

Baseline characteristics of participants with and without hepatic steatosis. Data represented as mean ± SD for continuous variables 

and number (%) for categorical variables. Characteristics were compared between groups using regression adjusting for age and 

sex. Data from the Fenland cohort. 

 

Supplementary Table 3 [Excel spreadsheet]. 

Results of all metabolite-associations with gene variants, polygenic gene scores, and steatosis from the Fenland Study and EPIC-

Norfolk cohorts. 

 

 

  



 

 PNPLA3 rs738409 

CC CG GG Q-value 

n=6605 n=3791 n=538 

Age (years) 48.6 ±7.5 48.6 ±7.5 48.4 ±7.6 .92 

Male sex, n (%) 3084 (46.7) 1790 (47.2) 237 (44.1) .92 

European descent, n (%) 6605 (100) 3791 (100) 538 (100) - 

BMI, kg/m2 26.9 ±4.8 26.9 ±4.8 26.7 ±4.8 .92 

Waist-to-hip ratio 0.9 ±0.1 0.9 ±0.1 0.9 ±0.1 .86 

Body fat percentage (%) 33.5 ±7.9 33.5 ±7.8 34. ±7.8 .83 

Systolic blood pressure (mmHg) 121 ±15 122 ±15 121 ±15 .92 

Diastolic blood pressure 

(mmHg) 74 ±10 74 ±10 74 ±11 .44 

Hepatic steatosis, n (%) 1280 (23.2) 884 (28) 137 (29.7) .0002 

T2DM, n (%) 172 (2.6) 93 (2.5) 15 (2.8) .93 

IFG, n (%) 42 (0.6) 22 (0.6) 6 (1.1) .82 

High alcohol consumption, n 

(%) 31 (0.5) 21 (0.6) 3 (0.6) .95 

Total cholesterol, mg/dL 5.4 ±1. 5.4 ±1. 5.5 ±1. .92 

LDL cholesterol, mg/dL 3.4 ±0.9 3.4 ±0.9 3.4 ±0.9 .76 

HDL cholesterol, mg/dL 1.5 ±0.4 1.5 ±0.4 1.6 ±0.4 .17 

Triglycerides, mg/dL 1.2 ±0.9 1.2 ±0.8 1.2 ±0.8 .64 

NEFA, µmol/L 338.8 ±161.5 344.3 ±168. 346.7 ±166.8 .27 

Albumin, g/L 41.7 ±2.7 41.7 ±2.6 41.9 ±2.6 .31 

ALP, IU/L 84.4 ±24. 84.8 ±23.7 84.9 ±24.7 .61 

ALT, IU/L 28.3 ±15.6 30. ±17.8 32.5 ±21.6 2.1E-13 

Bilirubin, µmol/L 10.5 ±5.7 10.5 ±5.4 10.8 ±5.2 .52 

GGT, IU/L 34.8 ±33.9 34.8 ±33.3 38. ±68.7 .38 

Creatinine, µmol/L 77. ±15.6 77.5 ±15.6 76.5 ±15.1 .49 

Urea, µmol/L 5.1 ±1.3 5.1 ±1.3 5. ±1.2 .92 

Glucose (fasting), mmol/L 4.8 ±0.6 4.8 ±0.7 4.8 ±0.6 .92 

Glucose (120min), mmol/L 5.3 ±1.7 5.3 ±1.7 5.3 ±1.7 .92 

Insulin (fasting), pmol/L 47.4 ±35.2 48.5 ±35.4 49.5 ±37.9 .21 

HbA1c, mmol/mol 37.3 ±4.8 37.1 ±4.6 36.7 ±3.4 .17 

HOMA-IR 1.5 ±1.3 1.6 ±1.4 1.6 ±1.6 .16 

ADIPO-IR 16. ±14.6 16.7 ±15.2 16.6 ±14.7 .18 

Supplementary table 4. 

Baseline characteristics stratified by PNPLA3 (rs738409) genotype. Data represented as mean ± SD for continuous variables and 

number (%) for categorical variables. Characteristics were compared between groups using regression using an additive model for 

age, sex, and principal genetic components. Data from the Fenland cohort. 

 

  



 

 TM6SF2 rs58542926 

CC CT TT Q-value 

n=9281 n=1571 n=82 

Age (years) 48.6 ±7.5 48.7 ±7.4 48.7 ±7.1 .92 

Male sex, n (%) 4322 (46.6) 747 (47.6) 42 (51.2) .61 

European descent, n (%) 9281 (100) 1571 (100) 82 (100) - 

BMI, kg/m2 26.9 ±4.8 26.9 ±4.8 26.7 ±4.3 .92 

Waist-to-hip ratio 0.9 ±0.1 0.9 ±0.1 0.9 ±0.1 .4 

Body fat percentage (%) 33.6 ±7.9 33.5 ±7.8 33.9 ±7.7 .76 

Systolic blood pressure (mmHg) 122 ±15 122 ±15 125 ±19 .61 

Diastolic blood pressure 

(mmHg) 74 ±10 74 ±10 75 ±13 .14 

Hepatic steatosis, n (%) 1892 (24.5) 386 (29.) 29 (32.4) .002 

T2DM, n (%) 234 (2.5) 42 (2.7) 4 (4.9) .69 

IFG, n (%) 61 (0.7) 8 (0.5) 1 (1.2) .92 

High alcohol consumption, n 

(%) 47 (0.5) 8 (0.5) 0 .68 

Total cholesterol, mg/dL 5.5 ±1. 5.3 ±1. 4.8 ±1.1 5.1E-14 

LDL cholesterol, mg/dL 3.4 ±0.9 3.3 ±0.9 2.9 ±0.9 2.5E-12 

HDL cholesterol, mg/dL 1.5 ±0.4 1.5 ±0.4 1.5 ±0.5 .23 

Triglycerides, mg/dL 1.2 ±0.9 1.1 ±0.7 0.9 ±0.6 3.7E-07 

NEFA, µmol/L 343 ±164 332 ±164 334 ±155 .16 

Albumin, g/L 41.7 ±2.6 41.9 ±2.7 41.7 ±2.6 .07 

ALP, IU/L 84.9 ±24.3 82.7 ±22. 85.7 ±19.9 .01 

ALT, IU/L 28.9 ±16.7 30. ±17.1 33.9 ±19. .01 

Bilirubin, µmol/L 10.5 ±5.6 10.7 ±5.3 11.2 ±6. .26 

GGT, IU/L 35. ±36.5 34.8 ±34.6 36.4 ±31.4 .92 

Creatinine, µmol/L 77.1 ±15.5 77.4 ±15.9 78.2 ±17.9 .92 

Urea, µmol/L 5.1 ±1.3 5.1 ±1.3 4.9 ±1.3 .34 

Glucose (fasting), mmol/L 4.8 ±0.6 4.9 ±0.8 4.9 ±0.6 .27 

Glucose (120min), mmol/L 5.3 ±1.7 5.3 ±1.7 5.2 ±1.6 .52 

Insulin (fasting), pmol/L 47.8 ±35.4 48.1 ±35.5 50.1 ±30.5 .92 

HbA1c, mmol/mol 37.2 ±4.7 37.4 ±4.7 37.7 ±4.1 .61 

HOMA-IR 1.5 ±1.3 1.5 ±1.3 1.6 ±1. .98 

ADIPO-IR 16.4 ±14.9 15.6 ±14.1 16.9 ±16.1 .35 

Supplementary table 5. 

Baseline characteristics stratified by TM6SF2 (rs58542926) genotype. Data represented as mean ± SD for continuous variables 

and number (%) for categorical variables. Characteristics were compared between groups using using an additive model adjusting 

for age, sex, and principal genetic components. Data from the Fenland cohort. 

 

 

 

  



 

 MBOAT7 rs641738 

CC CT TT Q-value 

n=3418 n=5494 n=2022 

Age (years) 49 ±7.5 49 ±7.5 49 ±7.4 .92 

Male sex, n (%) 1654 (48) 2522 (46) 935 (46) .2 

European descent, n (%) 3418 (100) 5494 (100) 2022 (100) - 

BMI, kg/m2 26.9 ±4.9 26.9 ±4.8 27 ±4.8 .89 

Waist-to-hip ratio 0.9 ±0.1 0.9 ±0.1 0.9 ±0.1 .92 

Body fat percentage (%) 33.5 ±7.9 33.5 ±7.8 33.7 ±7.9 .98 

Systolic blood pressure (mmHg) 122 ±15 122 ±15 122 ±15 .73 

Diastolic blood pressure 

(mmHg) 

74 ±10 

74 ±10 

74 ±10 

.95 

Hepatic steatosis, n (%) 707 (25) 1144 (25) 450 (26) .26 

T2DM, n (%) 95 (2.8) 129 (2.4) 56 (2.8) .92 

IFG, n (%) 23 (0.7) 35 (0.6) 12 (0.6) .92 

High alcohol consumption, n 

(%) 

20 (0.6) 

26 (0.5) 

9 (0.5) 

.92 

Total cholesterol, mg/dL 5.4 ±1.1 5.4 ±1. 5.4 ±1. .92 

LDL cholesterol, mg/dL 3.4 ±0.9 3.4 ±0.9 3.4 ±0.9 .39 

HDL cholesterol, mg/dL 1.5 ±0.4 1.5 ±0.4 1.5 ±0.4 .27 

Triglycerides, mg/dL 1.2 ±0.9 1.2 ±0.8 1.2 ±1.1 .27 

NEFA, µmol/L 346 ±169 338 ±162 340 ±161 .23 

Albumin, g/L 41.8 ±2.7 41.7 ±2.6 41.8 ±2.6 .86 

ALP, IU/L 83.6 ±23.8 84.5 ±23.4 86.3 ±25.5 .0001 

ALT, IU/L 29.4 ±16.2 28.8 ±17.1 29.4 ±16.7 .92 

Bilirubin, µmol/L 10.6 ±5.5 10.4 ±5.6 10.4 ±5.6 .67 

GGT, IU/L 36. ±41.1 34.2 ±31.8 35.3 ±38.2 .76 

Creatinine, µmol/L 77.3 ±15.8 77.1 ±15.3 77. ±15.8 .77 

Urea, µmol/L 5.1 ±1.3 5.1 ±1.2 5.0 ±1.3 .69 

Glucose (fasting), mmol/L 4.8 ±0.7 4.8 ±0.6 4.9 ±0.8 .16 

Glucose (120min), mmol/L 5.3 ±1.8 5.3 ±1.7 5.3 ±1.8 .98 

Insulin (fasting), pmol/L 48.8 ±36.4 47.3 ±34.9 47.9 ±35.1 .68 

HbA1c, mmol/mol 37.4 ±5. 37.1 ±4.5 37.3 ±4.7 .86 

HOMA-IR 1.6 ±1.3 1.5 ±1.3 1.6 ±1.5 .94 

ADIPO-IR 16.9 ±15.8 15.9 ±14.4 16.3 ±14.3 .26 

Supplementary table 6. 

Baseline characteristics stratified by MBOAT7 (rs641738) genotype. Data represented as mean ± SD for continuous variables and 

number (%) for categorical variables. Characteristics were compared between groups using an additive model adjusting for age, 

sex, and principal genetic components. Data from the Fenland cohort. 

 

 

 

 

 

 

  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Supplementary table 7. 

Baseline characteristics stratified by HSD17B13 (rs72613567) genotype. Data represented as mean ± SD for continuous variables 

and number (%) for categorical variables. Characteristics were compared between groups using an additive model adjusting for 

age, sex, and principal genetic components. Data from the Fenland cohort. 

 

 

  

 HSD17B13 rs72613567 

TA-TA T-TA T-T Q-value 

n=828 n=4605 n=6023 

Age (years) 48.4 ±7.5 48.6 ±7.5 48.6 ±7.5 .92 

Male sex, n (%) 393 (49.3) 2079 (47.3) 2639 (46) .17 

European descent, n (%) 828 (100) 4605 (100) 6023 (100) - 

BMI, kg/m2 26.6 ±5. 26.9 ±4.7 26.9 ±4.9 .27 

Waist-to-hip ratio 0.9 ±0.1 0.9 ±0.1 0.9 ±0.1 .86 

Body fat percentage (%) 32.8 ±7.7 33.5 ±7.9 33.7 ±7.9 .34 

Systolic blood pressure (mmHg) 122.1 ±15.9 122. ±15.4 121.8 ±15.3 .98 

Diastolic blood pressure 

(mmHg) 73.8 ±10.6 73.8 ±10.2 

74. ±10.1 

.39 

Hepatic steatosis, n (%) 159 (24.4) 918 (25) 1224 (25.5) .63 

T2DM, n (%) 21 (2.6) 109 (2.5) 150 (2.6) .92 

IFG, n (%) 7 (0.9) 28 (0.6) 35 (0.6) .8 

High alcohol consumption, n 

(%) 2 (0.3) 25 (0.6) 

28 (0.5) 

.1 

Total cholesterol, mg/dL 5.4 ±1. 5.4 ±1. 5.4 ±1. .86 

LDL cholesterol, mg/dL 3.4 ±0.9 3.4 ±0.9 3.4 ±0.9 .92 

HDL cholesterol, mg/dL 1.5 ±0.4 1.5 ±0.4 1.5 ±0.4 .89 

Triglycerides, mg/dL 1.2 ±0.8 1.2 ±0.8 1.2 ±1. .92 

NEFA, µmol/L 330.3 ±160 341.2 ±165 342.6 ±164 .54 

Albumin, g/L 41.8 ±2.6 41.7 ±2.7 41.7 ±2.6 .86 

ALP, IU/L 85.2 ±24.6 85.0 ±24.8 84.1 ±23.2 .18 

ALT, IU/L 28.8 ±16.0 28.5 ±15.5 29.6 ±17.7 .001 

Bilirubin, µmol/L 10.5 ±5.4 10.5 ±5.5 10.5 ±5.7 .92 

GGT, IU/L 37.8 ±73.1 35.1 ±33.2 34.5 ±30.1 .2 

Creatinine, µmol/L 77. ±15.7 77.3 ±15.4 77. ±15.6 .75 

Urea, µmol/L 5. ±1.2 5.1 ±1.3 5.1 ±1.3 .25 

Glucose (fasting), mmol/L 4.9 ±0.7 4.8 ±0.7 4.8 ±0.7 .63 

Glucose (120min), mmol/L 5.2 ±1.8 5.3 ±1.8 5.3 ±1.7 .86 

Insulin (fasting), pmol/L 47.1 ±37.6 47.5 ±34.5 48.3 ±35.8 .33 

HbA1c, mmol/mol 37.6 ±6.7 37.3 ±4.6 37.1 ±4.4 .16 

HOMA-IR 1.5 ±1.3 1.5 ±1.3 1.5 ±1.4 .43 

ADIPO-IR 15.5 ±15.7 16.2 ±14.9 16.4 ±14.6 .36 



 MTARC1 rs2642438 

AA GA GG Q-value 

n=819 n=4358 n=5081 

Age (years) 48.9 ±7.4 48.5 ±7.5 48.7 ±7.5 .92 

Male sex, n (%) 401 (45.6) 2139 (46.1) 2571 (47.5) .27 

European descent, n (%) 819 (100) 4358 (100) 5081 (100) - 

BMI, kg/m2 26.9 ±4.8 26.9 ±4.8 26.9 ±4.8 .76 

Waist-to-hip ratio 0.9 ±0.1 0.9 ±0.1 0.9 ±0.1 .33 

Body fat percentage (%) 33.8 ±7.8 33.6 ±7.9 33.5 ±7.8 .92 

Systolic blood pressure (mmHg) 121.6 ±15.3 121.7 ±15.2 122.1 ±15.5 .64 

Diastolic blood pressure 

(mmHg) 

73.5 ±10.1 

73.9 ±10.1 74. ±10.3 .62 

Hepatic steatosis, n (%) 185 (25.) 993 (25.8) 1123 (24.7) .99 

T2DM, n (%) 22 (2.5) 123 (2.7) 135 (2.5) .92 

IFG, n (%) 5 (0.6) 28 (0.6) 37 (0.7) .86 

High alcohol consumption, n 

(%) 

2 (0.2) 

25 (0.5) 28 (0.5) .86 

Total cholesterol, mg/dL 5.4 ±1.0 5.4 ±1.1 5.4 ±1.0 .76 

LDL cholesterol, mg/dL 3.4 ±0.9 3.4 ±0.9 3.4 ±0.9 .92 

HDL cholesterol, mg/dL 1.51 ±0.4 1.52 ±0.4 1.54 ±0.4 .002 

Triglycerides, mg/dL 1.19 ±0.8 1.21 ±1.0 1.17 ±0.8 .16 

NEFA, µmol/L 347 ±175 335 ±160 345 ±165 .2 

Albumin, g/L 41.6 ±2.6 41.7 ±2.7 41.8 ±2.7 .03 

ALP, IU/L 85.2 ±23 84.2 ±24 84.8 ±24 .94 

ALT, IU/L 27.9 ±14 28.7 ±16 29.5 ±18 .02 

Bilirubin, µmol/L 10.5 ±5.8 10.4 ±5.4 10.5 ±5.7 .86 

GGT, IU/L 34.3 ±30.2 34.9 ±35.9 35.1 ±37.3 .92 

Creatinine, µmol/L 76.6 ±14.6 76.9 ±15.5 77.4 ±15.8 .45 

Urea, µmol/L 5.1 ±1.2 5.1 ±1.3 5.1 ±1.3 .92 

Glucose (fasting), mmol/L 4.8 ±0.8 4.8 ±0.6 4.8 ±0.7 .92 

Glucose (120min), mmol/L 5.3 ±1.8 5.3 ±1.7 5.3 ±1.7 .35 

Insulin (fasting), pmol/L 48. ±40.6 48. ±35.1 47.7 ±34.8 .76 

HbA1c, mmol/mol 37.0 ±3.9 37.1 ±4.7 37.4 ±4.8 .27 

HOMA-IR 1.5 ±1.5 1.5 ±1.3 1.5 ±1.3 .86 

ADIPO-IR 16.1 ±14.6 16.1 ±15.1 16.4 ±14.6 .73 

 

Supplementary table 8. 

Baseline characteristics stratified by MTARC1 (rs2642438) genotype. Data represented as mean ± SD for continuous variables 

and number (%) for categorical variables. Characteristics were compared between groups using an additive model adjusting for 

age, sex, and principal genetic components. Data from the Fenland cohort. 

 

Supplementary Table 9 [Excel spreadsheet]. 

Results of metabolite-associations with gene variants identified using Phenoscanner. Results with P<0.05 are included. 
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