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A B S T R A C T

Introduction and Objectives: Recently, Delphi consensus proposed an overarching term steatotic liver disease

(SLD), with various subcategories such as MASLD, MetALD and ALD. Our aim was to investigate the associa-

tion between MASLD/MetALD/ALD and four intrahepatic and extrahepatic diseases (liver diseases, renal dis-

eases, cardiovascular diseases, and cancers) in the UK Biobank cohort.

Patients and Methods: By defining hepatic steatosis as image-derived phenotype (IDP)-PDFF >5.21%, we used

data from the UK Biobank to diagnose MASLD/ MetALD/ALD. The odd ratio (OR) and the hazard ratio (HR)

were calculated using the logistic regression modals and Cox regression models, respectively.

Results: Among 39,230 eligible individuals, 6,865 MASLD subjects, 2,379 MetALD subjects and 884 ALD sub-

jects were diagnosed. The last follow-up time was October 13, 2023. Consistent with the logistic analyses,

MASLD/MetALD/ALD were significantly associated with a higher risk of liver diseases (HR=3.04 [95%CI:2.60-

3.56], HR = 2.69 [95% CI: 2.12-3.42] and HR =3.99 [95%CI:2.92-5.45], respectively). Subjects with MASLD also

had an increased higher risk of renal diseases (HR = 1.40 [95%CI:1.20-1.64]) and subjects with ALD had an

increased higher risk of cancers (HR = 1.36 [95%CI:1.15-1.60]).

Conclusion: It is the first study to report the association between MASLD, MetALD, ALD and common intrahe-

patic and extrahepatic diseases based on magnetic resonance imaging data—PDFF. We found that MASLD,

MetALD and ALD were risk factors for liver diseases. Meanwhile, MASLD was also a risk factor for renal dis-

eases and ALD was a risk factor for cancers.
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1. Introduction

Nonalcoholic fatty liver disease (NAFLD) is a worldwide public

health problem. NAFLD is one of the most important causes of chronic

liver disease with its prevalence increasing over the past few decades

[1,2]. NAFLD and resulting nonalcoholic steatohepatitis (NASH) are

causes of hepatocellular cancer (HCC) and the main indications for

liver transplantation [3−6]. Growing evidence also showed that

NAFLD is a multi-system disease which can increase the risk of type 2

diabetes mellitus (T2DM), cardiovascular disease (CVD), chronic kid-

ney disease (CKD) and and some extrahepatic cancers [7−10].

In 2020, a consensus group recommended replacing NAFLD/NASH

with metabolic dysfunction-associated fatty liver disease (MAFLD),

which can more accurately reflected the understanding of fatty liver

diseases associated with metabolic dysfunction and make it possible

to assess the interaction between alcohol consumption and metabolic

risk factors [11,12]. Recently, 236 panelists from 56 countries used a

representative, patient-centered Delphi process to systematically dis-

cuss all issues and perspectives. Finally, they reached new nomina-

tions and definitions through consensus [13]. This consensus

introduced the term steatotic liver disease (SLD) as an umbrella term

encompassing various causes of steatosis and decided to use meta-

bolic dysfunction-associated steatotic liver disease (MASLD) to

replace MAFLD/NAFLD [13,14]. Another term derived from MASLD is

called metabolic and alcohol-related/associated liver disease (Met-

ALD), which used to describe those with metabolic dysfunction-asso-

ciated steatotic liver disease who consume more alcohol per week

(140-350 g/week and 210-420 g/week for women and men, respec-

tively). While alcohol-related liver disease (ALD) refers to liver dam-

age caused by excessive alcohol consumption [15]. The Delphi

consensus separates MASLD, MetALD, and ALD by alcohol intake.

Previous studies have shown that MASLD is almost similar to

NAFLD in many aspects [16−24]. However, to our knowledge, the

association of MASLD/MetALD/ALD with intrahepatic and extrahe-

patic diseases based on magnetic resonance imaging data—PDFF and

large-scale cohort are not yet reported. Here, we evaluated the

impact of MASLD, MetALD, and ALD on the risk of intrahepatic and

extrahepatic outcomes in the UK Biobank cohort, with the aim of pro-

viding valuable information for clinical healthcare. Especially, we

used imaging data (Proton Density Fat Fraction, PDFF) from UK Bio-

bank to define MASLD, which is obviously more accurate than calcu-

lated index such as fatty liver index (FLI).

2. Materials and Methods

2.1. Study population

The UK Biobank is a large-scale, population-based prospective

study that recruited 502,000 adults aged 40-69 years from the UK

general population between 2006 and 2010, with deep phenotyping

and genomic data [25]. We excluded participants of non-white ethnic

and individuals who lacked data for PDFF records and alcohol intake

(Fig. 1). Finally, 39,230 individuals with image-derived phenotype

(IDP) from the UK Biobank were included. Of which, 6,865 were diag-

nosed as MASLD, 2,379 were diagnosed as MetALD and 884 were

diagnosed as ALD (Table 1).

2.2. Diagnosis of MASLD, MetALD, and ALD

We defined MASLD as the presence of hepatic steatosis in con-

junction with at least one cardiometabolic risk factor (CMRF) and low

alcohol intake (less than 140 g/week for females and less than

210 g/week for males). MetALD was defined as hepatic steatosis, at

least one cardiometabolic factor and moderate alcohol intake (140 to

350 g/week for females and 210 to 420 g/week for males), ALD was

defined as hepatic steatosis, at least one cardiometabolic factor and

Fig. 1. Flow chart for the selection of eligible participants. MASLD, metabolic dysfunction-associated steatotic liver disease; MetALD, metabolic and alcohol-related/associated

liver disease; ALD, alcohol-related liver disease.
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excessive alcohol intake (more than 350 g/week for females and

more than 420 g/week for males) [25−27].

We used an IDP—Proton Density Fat Fraction (PDFF) >5.21% to

define the hepatic steatosis [28,29]. The cardiometabolic risk factors

(CMRF) including: (1) body mass index ≥25 kg/m2 (23 for Asians) or

waist circumference >94 cm (males) or 80 cm (females) or ethnicity

adjusted; (2) fasting serum glucose ≥5.6 mmol/L (100 mg/dL) or 2-

hour post-load glucose levels ≥7.8 mmol/L (≥140 mg/dL) or hemoglo-

bin A1c ≥5.7% (39 mmol/L) or type 2 diabetes or treatment for type 2

diabetes; (3) blood pressure ≥130/85 mmHg or specific antihyperten-

sive drug treatment; (4) plasma triglyceride level ≥1.70 mmol/L (150

mg/dL) or lipid-lowering treatment; (5) plasma high-density lipopro-

tein-cholesterol ≤1.0 mmol/L (40 mg/dL males) and ≤1.3 mmol/L

(50 mg/dL females) or lipid-lowering treatment [13,26].

Alcohol intake was calculated based on ABV (the alcohol by vol-

ume) of various alcohol types. The alcohol content was 15.625g,

22.72g, 15.625g, 11.5625g, and 12g per standard drink, respectively

for red wine, beer, champagne plus white wine, fortified wine, and

spirits [30].

2.3. Outcomes data

We evaluated the associations of MASLD, MetALD, ALD with four

intrahepatic and extrahepatic diseases outcomes (liver diseases, renal

diseases, cardiovascular diseases, and cancers). The diseases outcomes

were defined by the International Classification of Diseases-Tenth

Revision codes (ICD-10) (Table S1). Specifically, in UK Biobank, the

ICD-10 codes for liver diseases were B18.x, C22.x, K70.x−K77.x, and

Z94.4. For renal diseases, the codes were I12.0, I13.1, N03.2−N03.3,

N03.5−N03.7, N05.2−N05.7, N18.x−N19.x, N25.0, Z49.x, Z94.0, and

Z99.2. For cardiovascular diseases, the codes were I09.9, I11.0, I13.0,

I13.2, I21.x−I22.x, I25.2, I25.5, I42.0, I42.5−I42.9, I43.x, and I50.x. For

cancers, the codes were C00.x−C97.x. A more detailed description of

the coding algorithms that define diseases outcomes in the UK Bio-

bank’s ICD-10 administrative data can be found in Table S3.

2.4. Statistical analyses

Continuous and categorical variables were described with mean §

SD and count (%), respectively. Logistic regression analyses were used

to assess the association of MASLD/MetALD/ALD with the morbidity

of four intrahepatic and extrahepatic diseases (liver diseases, renal

diseases, cardiovascular diseases, and cancers). Cox proportional haz-

ards regression analyses were used to assess the association of

MASLD/MetALD/ALD with time to diagnosis of four intrahepatic and

extrahepatic diseases (liver diseases, renal diseases, cardiovascular

diseases, and cancers). We constructed two types of logistic regres-

sion models and Cox proportional hazards regression models, respec-

tively. One type of model was univariate model without adjusting

covariates. Another was multivariate model with adjusting sex and

age at recruitment. Statistical analyses were performed using SAS 9.4

and R statistical software version 4.3.0.

Table 1

Characteristics of eligible participants.

Characteristics All Other MASLD MetALD ALD

(n = 39230) (n = 29102) (n = 6865) (n = 2379) (n = 884)

Age at baseline, y,

mean (§SD)

55.12§7.51 55.05§7.58 55.58§7.39 54.90§7.09 54.35§7.04

Gender, n (%)

Male 18733(47.75) 12606(43.32) 3876(56.46) 1551(65.20) 700(79.19)

Female 20497(52.25) 16496(56.68) 2989(43.54) 828(34.80) 184(20.81)

Smoking status

Prefer not to answer 19(0.05) 13(0.04) 4(0.06) 1(0.04) 1(0.11)

Never 23319(59.44) 17784(61.11) 4207(61.28) 1018(42.79) 310(35.07)

Previous 14522(37.02) 10342(35.54) 2442(35.57) 1228(51.62) 510(57.69)

Current 1370(3.49) 963(3.31) 212(3.09) 132(5.55) 63(7.13)

Alcohol frequency

Daily or almost daily 9086(23.16) 6565(22.56) 801(11.67) 1073(45.10) 647(73.19)

Three or four times a week 11192(28.53) 8547(29.37) 1496(21.79) 950(39.93) 199(22.51)

Once or twice a week 10125(25.81) 7608(26.14) 2157(31.42) 326(13.70) 34(3.85)

One to three times a month 4201(10.71) 3058(10.51) 1116(16.26) 24(1.01) 3(0.34)

Special occasions only 3001(7.65) 2142(7.36) 852(12.41) 6(0.25) 1(0.11)

Never 1625(4.14) 1182(4.06) 443(6.45) 0(0.00) 0(0.00)

Overall health rating

Do not know 2(0.01) 1(0.00) 1(0.01) 0(0.00) 0(0.00)

Excellent 7499(19.12) 6328(21.74) 759(11.06) 310(13.03) 102(11.54)

Good 24905(63.48) 18670(64.15) 4212(61.35) 1505(63.26) 518(58.60)

Fair 6099(15.55) 3712(12.76) 1657(24.14) 491(20.64) 239(27.04)

Poor 725(1.85) 391(1.34) 236(3.44) 73(3.07) 25(2.83)

BMI category, mean (§SD) 26.41§4.28 25.27§3.60 29.83§4.50 29.46§4.10 29.30§4.14

MET per week 2855.15§2511.00 2972.65§2526.00 2498.26§2455.00 2577.30§2364.00 2489.25§2482.00

Townsend index 2.36§1.83 2.36§1.84 2.40§1.84 2.31§1.77 2.33§1.81

Albumin 45.49§2.54 45.41§2.53 45.59§2.55 45.90§2.47 46.05§2.56

Alkaline phosphatase 80.03§23.26 78.81§22.83 85.17§25.26 80.46§20.65 79.41§22.44

Alanine aminotransferase 22.82§13.47 20.52§11.06 29.01§16.94 29.79§16.95 31.94§18.62

Aspartate aminotransferase 25.77§10.14 24.96§8.30 27.73§15.02 28.38§11.00 30.20§11.50

Gamma glutamyltransferase 33.35§33.11 29.72§28.77 40.00§36.04 46.91§38.16 65.23§71.49

Glucose 5.00§0.96 4.95§0.88 5.16§1.23 5.11§0.90 5.16§1.03

HbA1c 35.07§5.08 34.67§4.60 36.57§6.49 35.58§5.05 35.15§5.37

HDL cholesterol 1.49§0.38 1.55§0.38 1.28§0.30 1.39§0.34 1.46§0.39

Phosphate 1.17§0.16 1.17§0.16 1.15§0.17 1.15§0.16 1.13§0.17

Triglycerides 1.64§0.95 1.47§0.80 2.16§1.12 2.06§1.13 2.11§1.22

PDFF 4.92§4.93 2.73§0.98 11.11§6.12 11.05§6.08 12.11§6.96

MASLD, metabolic dysfunction-associated steatotic liver disease; MetALD, metabolic and alcohol-related/associated liver disease; ALD, alcohol-

related liver disease; BMI, body mass index; MET, metabolic equivalent task; HDL, high-density lipoprotein; PDFF, proton density fat fraction.
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2.5. Ethical statements

UK Biobank has approval from the North West Multi-centre

Research Ethics Committee (MREC) as a Research Tissue Bank (RTB)

approval, which means we do not require separate ethical clearance.

3. Results

3.1. Characteristics of study participants

Among 39,230 eligible individuals, 6,865 MASLD subjects, 2,379

MetALD subjects and 884 ALD subjects were diagnosed. The mean

(SD) age of all individuals was 55.12 (7.51) years. Slightly difference

of mean age were found among MASLD (55.58 years), MetALD (54.90

years), ALD (54.35 years), and other (55.05 years) individuals. The

proportion of male in MASLD, MetALD, and ALD subjects were

56.46%, 65.20% and 79.19%, respectively. Subjects with MetALD and

ALD were more likely to be smokers. Three indicators for liver func-

tion (ALT, AST, GGT) increased successively in MASLD, MetALD and

ALD individuals, and were all higher than other individuals. Propor-

tion of subjects were diagnosed with liver diseases, renal diseases,

cardiovascular diseases and cancers were shown in Fig. 2 (Fig. 2,

Table S2).

3.2. Association of MASLD/MetALD/ALD with the morbidity of four

intrahepatic and extrahepatic diseases

By using logistic regression analyses, we found that all three

hepatic steatosis status (MASLD, MetALD and ALD) were significantly

associated with the risk of liver diseases (OR = 2.97 [95% CI:2.55-

3.46], OR = 1.65 [95% CI:1.47-1.86] and OR = 1.55 [95% CI:1.39-1.72],

respectively). However, only subjects with MASLD was significantly

associated with a higher risk of renal diseases (OR = 1.42 [95%

CI:1.21-1.66]) and only subjects with ALD was significantly associated

with a higher risk of cancers (OR = 1.07 [95% CI: 1.01-1.14]). Besides,

all three hepatic steatosis status were associated with a higher risk of

CVD in the unadjusted model (OR = 1.31 [95% CI: 1.16-1.48] for

MASLD, OR =1.17 [95% CI:1.07-1.29] for MetALD and OR = 1.15 [95%

CI:1.04-1.27] for ALD, respectively) but only MASLD achieved a p

value less than 0.05 in the adjusted model (OR = 1.15 [95% CI: 1.01-

1.30]) (Table 2).

3.3. Association of MASLD/MetALD/ALD with time to diagnosis of four

intrahepatic and extrahepatic diseases

The last follow-up time for this study was October 13, 2023. By

using Cox regression analyses, we found that all three hepatic steato-

sis status (MASLD, MetALD and ALD) were significantly associated

with a higher risk of liver diseases (HR=3.04 [95%CI:2.60-3.56],

HR = 2.69 [95% CI: 2.12-3.42] and HR =3.99 [95%CI:2.92-5.45], respec-

tively). However, only subjects with MASLD had an increased higher

risk of renal diseases (HR = 1.40 [95%CI:1.20-1.64]) and only subjects

with ALD had an increased higher risk of cancers (HR = 1.36

[95%CI:1.15-1.60]). Consistent with the logistic analyses, all three

hepatic steatosis status had an increased excess risk of CVD in the

unadjusted model (HR = 1.23 [95%CI:1.08-1.40], HR = 1.33

[95%CI:1.10-1.62] and HR =1.47 [95%CI:1.09-1.97], respectively) but

none achieved a p vlaue less than 0.05 in the adjusted model (Table 3,

Fig. 3).

4. Discussion

In this study, we explored the association of MASLD/MetALD/ALD

with four intrahepatic and extrahepatic diseases. As expected, we

found that all three hepatic steatosis status (MASLD/MetALD/ALD)

were significantly associated with a higher risk of liver diseases.

However, either in the logistic regression analyses or in the Cox

regression analyses, only MASLD was significantly associated with a

higher risk of renal diseases and only ALD was significantly associ-

ated with a higher risk of cancers. To our knowledge, this is the first

study to investigated the association between MASLD, MetALD, ALD

and common intrahepatic and extrahepatic diseases based on imag-

ing data—PDFF.

For liver diseases outcomes, subjects with ALD exhibited the high-

est risk, followed by MASLD and then MetALD. We speculate that this

could be attributed to the fact that ALD subjects have the highest

alcohol intake. Studies have shown that ALD is one of the most com-

mon causes of liver-related morbidity [31], which is consistent with

our findings. Aspartate aminotransferase (AST) and alanine

Fig. 2. Proportion of subjects with four intrahepatic and extrahepatic diseases.MASLD, metabolic dysfunction-associated steatotic liver disease; MetALD, metabolic and alcohol-

related/associated liver disease; ALD, alcohol-related liver disease. (a) Proportion of MASLD subjects with four intrahepatic and extrahepatic diseases. (b) Proportion of MetALD sub-

jects with four intrahepatic and extrahepatic diseases. (c) Proportion of ALD subjects with four intrahepatic and extrahepatic diseases. (d) Proportion of other subjects with four

intrahepatic and extrahepatic diseases.
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Table 2

Odds ratios (ORs) with 95% confidence intervals(CI) from logistic regression analyses for four intrahepatic

and extrahepatic diseases.

Outcomes Diagnoses Unadjusted Adjusted

OR (95%CI) P value OR (95%CI) P value

Liver diseases MASLD 2.97(2.55,3.46) <.0001 3.98(2.55,3.48) <.0001

MetALD 1.65(1.47,1.86) <.0001 2.81(2.22,3.54) <.0001

ALD 1.55(1.39,1.72) <.0001 3.87(2.81,5.33) <.0001

Renal diseases MASLD 1.42(1.21,1.66) <.0001 1.34(1.14,1.57) 3.0 £ 10-4

MetALD 0.98(0.85,1.13) 0.76 0.97(0.72,1.30) 0.82

ALD 0.96(0.81,1.12) 0.58 0.91(0.56,1.49) 0.71

Cardiovascular diseases MASLD 1.31(1.16,1.48) <.0001 1.15(1.01,1.30) 0.04

MetALD 1.17(1.07,1.29) 9.0 £ 10-4 1.17(0.97,1.42) 0.11

ALD 1.15(1.04,1.27) 4.4 £ 10-3 1.19(0.89,1.60) 0.24

Cancers MASLD 1.08(1.01,1.16) 0.03 1.04(0.97,1.12) 0.31

MetALD 1.06(1.00,1.12) 0.06 1.12(1.00,1.26) 0.06

ALD 1.07(1.01,1.14) 0.02 1.27(1.06,1.52) 9.0 £ 10-3

The adjusted covariates were: age and sex. MASLD, metabolic dysfunction-associated steatotic liver disease;

MetALD, metabolic and alcohol-related/associated liver disease; ALD, alcohol-related liver disease.

Table 3

Hazard Ratios (HRs) with 95% confidence intervals(CI) from Cox regression analyses for four intrahepatic and

extrahepatic diseases.

Outcomes Diagnoses Unadjusted Adjusted

HR (95%CI) P value HR (95%CI) P value

Liver diseases MASLD 3.04(2.60,3.56) <.0001 3.05(2.60,3.57) <.0001

MetALD 2.69(2.12,3.42) <.0001 2.77(2.17,3.52) <.0001

ALD 3.99(2.92,5.45) <.0001 4.21(3.06,5.78) <.0001

Renal diseases MASLD 1.40(1.20,1.64) <.0001 1.32(1.13,1.55) 5.0 £ 10-4

MetALD 0.94(0.70,1.27) 0.70 0.96(0.71,1.29) 0.78

ALD 0.85(0.52,1.40) 0.53 0.90(0.55,1.48) 0.68

Cardiovascular diseases MASLD 1.23(1.08,1.40) 1.6 £ 10-3 1.08(0.95,1.23) 0.26

MetALD 1.33(1.10,1.62) 4.0 £ 10-3 1.13(0.93,1.37) 0.22

ALD 1.47(1.09,1.97) 0.01 1.16(0.87,1.57) 0.32

Cancers MASLD 1.07(1.00,1.16) 0.06 1.02(0.95,1.10) 0.58

MetALD 1.09(0.97,1.23) 0.14 1.07(0.95,1.20) 0.24

ALD 1.36(1.15,1.60) 3.0 £ 10-4 1.34(1.14,1.58) 5.0 £ 10-4

The adjusted covariates were: age and sex. MASLD, metabolic dysfunction-associated steatotic liver disease;

MetALD, metabolic and alcohol-related/associated liver disease; ALD, alcohol-related liver disease.

Fig. 3. The association of MASLD, MetALD, and ALD with four intrahepatic and extrahepatic diseases in the UK Biobank cohort. The hazard ratios were obtained from Cox

regression model with the other subjects as reference group. The Cox regression model was adjusted for sex and age. MASLD, metabolic dysfunction-associated steatotic liver dis-

ease; MetALD, metabolic and alcohol-related/associated liver disease; ALD, alcohol-related liver disease.
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aminotransferase (ALT) are commonly utilized liver biomakers in

measuring liver dysfunction [32]. The baseline levels of AST and ALT

in MASLD, MetALD, and ALD subjects increased sequentially and all

were higher than other subjects. But ALT levels may increase when

using certain medications or during strenuous exercise. AST occurs in

two isoenzymes, and it is difficult to distinguish whether it occurs in

hepatocytes in standard AST assays. Caution should be exercised

when using these two biomarkers [32]. Inamine et al. reported that

MAFLD was independent factor for significant/advanced liver fibrosis

in patients with morbid obesity, which were in line with our find-

ings [33]. Studies have shown that obesity was not only associated

with simple steatosis, but also with advanced liver disease [34]. In

terms of diagnostic criteria, MASLD, MetALD and ALD all have hepatic

steatosis and at least one cardiometabolic factor. Metabolic abnor-

malities/disorders may be responsible for the increased risk of liver

diseases.

For renal diseases outcomes, we identified MASLD as a risk factor.

A recent study has found that MASLD was associated with an

increased risk of chronic kidney disease (CKD), which was consistent

with our findings [35]. But their study defined hepatic steatosis based

on ultrasound. Our definition was based on a magnetic resonance

imaging data—PDFF, which had better sensitivity compared with

ultrasound [35]. As reported, a complex combination of metabolic

and hemodynamic changes, lipid nephrotoxicity, and genetic predis-

position may drive the development of CKD in patients with NAFLD

[36]. A meta-analysis showed that luseogliflozin, a sodium-glucose

cotransporter 2 inhibitor, improved various cardiometabolic risk fac-

tors and may improve MASLD in diabetic patients [37]. Therefore, it

is worth exploring whether SGLT2 inhibitor play a positive role on

liver diseases and renal diseases.

For cardiovascular diseases outcomes, the definition of MASLD

includes at least one risk factor for CVD, which implies that patients

with MASLD are at an increased risk of cardiovascular disease (CVD)

[38]. Basing on the fatty liver index (FLI), studies have found that

MASLD increased the risk of CVD [39,40]. MAFLD could predict the

progression of atherosclerotic cardiovascular risk [41,42]. In our anal-

yses, we found that only MASLD was associated with a higher risk of

CVD in the adjust logistic regression. It is important to note that our

study strictly adhered to the Delphi consensus, using imaging data—

PDFF to define hepatic steatosis, which made our study more reliable.

Ruttmann E et al. found that gamma-glutamyl transferase (GGT) is a

risk factor for cardiovascular disease (CVD) [43]. High GGT was signif-

icantly associated with overall CVD mortality and showing a clear

dose-response relationship. In our study, the GGT index of subjects

with MASLD, MetALD, and ALD increased sequentially and were all

higher than other subjects.

For cancers outcomes, we found that ALD is a risk factor for can-

cers and remained significant after adjusting for age and sex. Consid-

ering that smoking is involved in the development of cancers, we

included smoking status as a covariate along with age and sex, and

the association remained significant (OR = 1.26 [95%CI:1.05-1.51],

HR = 1.33 [95%CI:1.12-1.57]) . At the same time, we did not find a risk

association between MASLD/MetALD and cancer. A review suggested

that drinking alcohol can increase the risk of several types of cancer,

such as cancers of the upper aerodigestive tract, liver, colorectum,

and breast [44]. As the diagnostic criteria mentioned earlier, ALD sub-

jects exhibit the highest alcohol intake. Therefore, excessive alcohol

intake may be a contributing factor to the increased cancers risk in

ALD subjects. Previous studies have focused on the associations

between NAFLD/MAFLD and various conditions, including pancreatic

cancer, gastric cancer, esophageal cancer,and reflux esophagitis

[45−48]. Most of them concentrated on specific cancer outcomes,

whereas ours focused on pan-cancer analysis.

Our study has two advantages. First of all, the UK Biobank is a very

large, prospective cohort and the imaging data from UK biobank

made our study possible and reliable. Secondly, this study used

imaging data—PDFF for the diagnosis of hepatic steatosis, which

strictly adhered to the new definition of the Delphi consensus. At the

same time, there are some limitations we need to consider. Firstly,

only white ethnic was included in our study, which limits the gener-

alization of our results to other ethnicities. Secondly, we selected the

PDFF threshold provided by the Wilman HR study to diagnose

hepatic steatosis, however, additional research is required to predict

PDFF with higher accuracy [28].

5. Conclusions

Our findings demonstrated that all three hepatic steatosis status

(MASLD, MetALD and ALD) are risk factors for liver diseases. In addi-

tion, MASLD is also a risk factor for renal diseases and ALD is a risk

factor for cancers.
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