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ABSTRACT

BACKGROUND AND AIMS: The increasing incidence of metabolic dysfunction-associated steatotic liver
disease (MASLD) has led to a gradual increase in MASLD-related hepatocellular carcinomas (HCC). In
this context, we aimed to investigate the association between modifiable factors and the risk of incident
HCC in patients with MASLD.

METHODS: Two authors independently searched electronic databases (PubMed, Embase, and the Cochrane
Library) from their inception to April 1, 2023. Observational studies reporting an association between
modifiable risk factors and MASLD-related HCC were eligible for inclusion. The effect size on the study
outcomes was calculated using a random-effects model and was presented as a risk ratio with 95% confi-
dence interval.

RESULTS: A total of 31 studies covering 1.02 million individuals were included. Regarding lifestyle fac-
tors, smoking and alcohol consumption were associated with 30% (1.30 [1.08-1.57]) and 140% (2.41
[1.03-5.65]) risk increase of MASLD-related HCC. Regarding metabolic risk factors, patients with
MASLD who were overweight or obese (1.31 [1.13-1.52]), had diabetes (2.08 [1.71-2.53]) and hyperten-
sion (1.42 [1.12-1.80]) had a higher risk of developing HCC, while dyslipidemia was negatively associated
with MASLD-HCC (0.78 [0.65-0.93]). The use of metformin, statin, and aspirin was associated with 18%
(0.82 [0.68-0.98]), 55% (0.45 [0.36-0.56]), and 36% (0.64 [0.44-0.92]) risk reduction in incident HCC,
respectively.

CONCLUSIONS: This comprehensive systematic review and meta-analysis showed statistically significant
increases in the risk of incident HCC inpatients with MASLD due to smoking, alcohol use, obesity, diabe-
tes, and hypertension, whereas metformin, statin, and aspirin therapy might modify disease progression.
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INTRODUCTION

Metabolic dysfunction-associated steatotic liver disease
(MASLD), previously known as nonalcoholic fatty liver
disease (NAFLD), is the most common chronic liver dis-
ease, affecting 20%-30% population.’ It is emerging as the
leading cause of end-stage liver disease and the fastest-ris-
ing cause of hepatocellular carci-

noma (HCC).>® However, the

Observational Studies in Epidemiology reporting guidelines
(Appendix 2)."* The study was registered in PROSPERO
(CRD42023444740).

Search Strategy, Selection Criteria, and Data
Analysis
Search strategy, selection criteria,
and data synthesis were depicted in

phenotypic, molecular, and cellular  Fof i \§{of:\ By (e b2 (oY ol i i i
i iti detail in the study protocol (Supple-

events underlying the transition
from MASLD to HCC remain elu-
sive, and there are currently no
effective preventive measures.” In
view of the disease burden and cost,

e The detrimental effect of smoking and
alcohol on metabolic dysfunction-asso-
ciated steatotic liver disease (MASLD)
course should be appreciated.

mentary Data, available online/
Appendix 1 and Appendix 3).

RESULTS

narrowing down this large group to e MASLD patients with concomitant obe-

target individuals at a higher risk of
HCC is clinically significant during
routine surveillance.

Increasing age, male sex, Latino/
Latina ethnicity, presence of cirrho-
sis, and genetic variations (for
example PNPLA3) are known risk
factors for MASLD-related HCC.”®

sity, diabetes, and hypertension should
be given rigorous surveillance to detect
early hepatocellular carcinoma.

e Risk of MASLD-related hepatocarcino-
genesis might be modified with che-
moprevention, such as taking statins,
metformin, or aspirin.

Study Inclusion

A total of 10,408 articles were iden-
tified for the review of titles and
abstracts. After an initial screening
of titles and abstracts, 81 eligible
records were considered for further
full-text screening. Finally, 31 eligi-
ble studies'*™* were included in the

Among them, surveillance for
MASLD patients with cirrhosis is
recommended by the current
guidelines.”'” In addition to individual risk factors, predic-
tion models that integrate multiple risk factors have been
developed to stratify the risk of patients; nevertheless, the
performance of these prediction models is poor and has not
been validated in different populations.'’

In contrast to the unmodifiable risk factors mentioned
above, modifiable factors associated with the transition
from MASLD to HCC might provide a unique opportunity
for early prevention and deepen our understanding of the
natural history of MASLD as well.” Overweight/obesity
and diabetes increased MASLD-HCC risk by 30% and
80%, respectively; while statins decreased NFALD-HCC
risk by 40%.'>'> However, to the best of our knowledge,
no comprehensive analysis has quantified the effect of mod-
ifiable risk factors, mainly lifestyle factors, metabolic dys-
function, and medications, other than statins, on the risk of
incident HCC in patients with MASLD.

To fill this gap, we performed a systematic review and
meta-analysis of observational studies to assess the associa-
tion between modifiable factors and HCC development in
patients with MASLD. This result might help target high-
risk individuals for screening and early diagnosis of
MASLD-related HCC.

METHOD
Study Design

For this study, we developed and followed a protocol for all
steps of the systematic review and meta-analysis (Appendix 1).
Data were reported in accordance with the Meta-Analysis of

systematic review, and 30 studies

were included in the meta-analysis;

one study by Ferri®’ was discarded
because of the different determinations of alcohol consump-
tion (Appendix 4). A flow diagram of study inclusion is dis-
played in Figure 1.

Characteristics of Included Studies

Studies have mainly been conducted in North America and
Asia, with data on over 1.02 million individuals. There
were 22 cohort and 9 case-control studies in the design.
Notably, one of the cohort studies included two cohorts in
the same study.”” Concise and detailed information on the
characteristics of the included studies was summarized in
Table 1 and Table S1, respectively. The methodology of
the included studies was generally moderate to good, as
shown in Table S2 (cohort studies) and Table S3 (case-con-
trol studies).

Lifestyle Factors and the Risk of Incident HCC
in MASLD Patients

Smoking. Smoking (either former or current smoking) was
significantly associated with an increased risk of incident
HCC in the MASLD group (risk ratio [RR] = 1.30, 95%
confidence interval [CI] 1.08-1.57; P = 36%) (Table 2,
Figure SI1A). The pooled RR for MASLD-related HCC
with current smoking was 0.83 (95% CI: 0.09-7.35;
I* = 77%; n = 2). Subgroup analysis stratified by cirrhosis
status also indicated that smoking was associated with a
19% higher risk of HCC in cirrhotic patients with MASLD
(RR = 1.19, 95% CI 1.05-1.35; > = 0%) (Table 2,
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~—

Figure 1 Flow diagram of study inclusion. *Alcohol consumption criteria: lifetime alcohol consuming unit
(LACU) was created to estimate the cumulative amount of alcohol consumed in lifetime by the patients. One
LACU was considered as 7 alcohol units per week for 1 drinking year from teenage onwards. One alcohol

unit was measured as 10 g of pure alcohol.

Figure S1B). Similar results were obtained from sensitivity
analysis (Figure S2A,B).

Alcohol. Alcohol consumption was associated with a
higher risk of MASLD-related HCC (all: 2.41 [1.03-5.65],
P> = 63%; cirrhotic MASLD: 2.48 [1.04-5.92]; I* = 65%)
(Table 2; Figure S1C,D), and robust estimates were also
identified in the sensitivity analysis (Figure S2C,D). Con-
versely, another study performed by Ferri®’ demonstrated
that compared to abstainers and moderate consumers, low
consumers (defined as 1-70 g/wk for current use or 40
LACU [1 LACU was considered as 7 alcohol units per
week for 1 drinking year from teenage onwards]) regardless
of current intake (odds ratio [OR] = 0.26, 95% CI 0.07-
1.101) or cumulative intake amount in lifetime (OR = 0.32,
95% CI 0.08-0.98) displayed a lower frequency of HCC.

Metabolic Factors and the Risks of MASLD-
Related HCC

Overweight/obesity and body mass index. Overweight
(Asians: 23 kg/m®>  body mass index [BMI] <30 kg/m?;
others except for Asians: 25 kg/m* BMI < 30 kg/m?) or
obesity (BMI 30 kg/m?) was associated with an increased
risk of HCC development in MASLD patients (RR = 1.31,
95% CI 1.13-1.52; I* = 73%) (Table 3; Figure S3A). Strati-
fied by cirrhosis status, overweight or obesity appeared to
be associated with incident HCC in cirrthotic MASLD
(RR =1.34, 95% CI 0.89-2.03; P= 79%) and noncirrhotic
MASLD (RR = 1.48,95% C10.91-2.41; I* = 86%) (Table 3;
Figure S3C,D). Significant differences between the sub-
groups were also detected given the study region (P = .09)
(Table S4). The results of sensitivity analyses were
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Table 1 Characteristics of Included Studies

Study Country Region Study Design Study Setting Sample Size No. of HCC Follow-up Traits of Patients Diagnosis of Steatosis Diagnosis of HCC
in Cohort Durations (Y)
Study in Cohort
Studies
Hashimoto®® Japan Asia Case-control Hospital-based Case: 34 / / MASH Histology Histology or radiology
Control: 348
Ascha'® USA North America Cohort Hospital-based 195 25 2.7 MASH with cirrhosis Histology or clinical diagnosis Histology or radiology
Kawamura'’ Japan Asia Cohort Hospital-based 6506 16 5.6 MASLD Radiology Radiology
Liu*® UK Europe Case-control Hospital-based Case: 275 / / MASLD Histology or radiology Histology or noninvasive
Control: 100 assessment
Corey™® USA North America Case-control Hospital-based Case: 94 / / MASH with cirrhosis Histology or clinical diagnosis Histology or radiology
Control: 150
Lee™ Taiwan (China) Asia Cohort Population-based 18,060 NA 6.32 MASLD without Diagnostic code (1CD) Diagnostic code (1CD)
cirrhosis
Bertot™ Austria Oceania Cohort Hospital-based 284 28 4.25 MASLD Histology or radiology NA
Kimura® Japan Asia Cohort Hospital-based 301 9 6 MASLD Histology Radiology
Vilar-Gomez** Multi-countries Multi-regions Cohort Hospital-based 458 41 5.5 MASLD with advanced Histology Histology or radiology
fibrosis
Azuma®* Japan Asia Case-control Hospital-based Case: 22 / / MASLD Histology or radiology EASL criteria
Control: 160
Enooku®® Japan Asia Case-control Hospital-based Case: 23 / / MASLD Histology Histology
Control: 218
German MN 2 USA North America Case-control Hospital-based Case: 34 / / MASLD Histology or radiology Histology or radiology
Control: 68
Grimaudo®’ Italy Europe Cohort Hospital-based 471 13 5.38 MASLD Histology or radiology NA
1t0”® Japan Asia Cohort Hospital-based 179 7 7.9 MASLD Histology or radiology NA
Kanwal®® USA North America Cohort Population-based 271,960 253 9.3 MASLD Diagnosis code (ICD) Diagnosis code (ICD)
Kogiso™ Japan Asia Cohort Hospital-based 339 16 9.1 MASLD Histology Histology or radiology
Natarajan® USA North America Cohort Population-based 28,208 51 / MASLD Diagnostic code (ICD) Diagnostic code (I1CD)
Yang**? USA North America Cohort Hospital-based 354 30 3.92 MASH with cirrhosis Histology or radiology or clinical Histology or clinical noninvasive
diagnosis diagnostic criteria (AASLD)
Yang**? USA North America Cohort Population-based 6630 291 1.75 MASLD with cirrhosis Histology or radiology or clinical Histology or clinical noninvasive
diagnosis diagnostic criteria (AASLD)
Lee® Korea Asia Cohort Hospital-based 2666 22 5.06' MASLD Radiology Histology or clinical criteria (KLCS)
Nyberg®* USA North America Cohort Population-based 98,164 388 4.13 MASLD/MASH with or Diagnostic code (ICD) NA
without cirrhosis
Pinyopornpanish® USA North America Cohort Hospital-based 950 82 4326 person-y MASLD with cirrhosis Histology or clinical diagnosis Histology or radiology
Pinyopornpanish®® USA North America Case-control Hospital-based NA / / MASLD with or without Diagnostic code (SNOMED-CT) Diagnostic code
cirrhosis (SNOMED-CT)
Vilar-Gomez®’ Multi-countries Multi-regions Cohort Hospital-based 299 39 5.1 MASH with cirrhosis Histology Histology or radiology
Antwi*® USA North America Case-control Population-based Case: 1310 / / MASLD Diagnostic code (ICD code) Diagnostic code (ICD code)
Control: 9835
Ferri®® Italy Europe Cohort Hospital-based 276 32 NA MASLD with alcohol NA NA
use
Kramer*® USA North America Cohort Population-based 85,963 524 10.3' MASLD Diagnostic code (not in detail) Diagnostic code (not in detail)
Xie** China Asia Case-control Hospital-based Case: 135 / / MASLD Histology or radiology or blood AASLD criteria
Control: 135 biomarkers
yu®? German Europe Cohort Population-based 18,569 244 4.3 MASLD Diagnostic code (ICD) Diagnostic code (I1CD)
Cholankeril** USA North America Cohort Population-based 202,319 473 8.2 MASLD Laboratory result combined with Diagnostic code (I1CD)
diagnostic code (I1CD)
Fujii** Japan Asia Cohort Hospital-based 1398 37 4.6 MASLD Histology NA
Zou®® USA North America Cohort Population-based 272,431 654 1.92 MASLD Diagnostic code (ICD) Diagnostic code (ICD)

*The same study consisting of two cohorts.

tMean value in follow-up durations.AASLD = American Association for the Study of Liver Disease; BMI = body mass index; EASL = European Association for the Study of the Liver; ICD = International Classifica-
tion of Diseases; KLCS = Korean Liver Cancer Society; MASH = metabolic dysfunction-associated steatohepatitis; MASLD = metabolic dysfunction-associated steatotic liver diseases; NA = non-available;
No. = number; SNOMED-CT = Systematized Nomenclature of Medicine-Clinical Terms.
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Table 2 Association Between Lifestyle Factors and the Risk of MASLD-Related HCC

No. Study Sample Size No. Patients with RR (95% ClI) 12 Begg Egger
Risk Factor

Smoking
Ever smoking
All MASLD 9 413,341 69,265 1.30 (1.08-1.57) 36% / /
Fibrotic or cirrhotic MASLD 5 27,185 6206 1.19 (1.05-1.35) 0% / /
Current smoking
All MASLD 2 1723 288 0.83 (0.09-7.35) 7% / /
Former smoking
All MASLD 1 1265 109 1.87 (0.80-5.39) / / /
Alcohol
All MASLD 3 1568 453 2.41 (1.03-5.65) 63% / /
Fibrotic or cirrhotic MASLD 3 1344 387 2.48 (1.04-5.92) 65% / /

Cl = confidence interval; HCC = hepatocellular carcinoma; MASLD = metabolic dysfunction-associated steatotic liver diseases; No. = number; RR risk ratio.

Table 3 Association Between Metabolic Factors and MASLD-HCC

No. Study Sample Size No. Patients with RR (95% ClI) 1 Begg Egger
Risk Factor

Overweight or obesity
All MASLD 12 1088,666 323,698 1.31 (1.13-1.52) 73% 1.000 0.692
Fibrotic or cirrhotic MASLD 3 25,272* 13,913* 1.34 (0.89-2.03) 79% / /
Noncirrhotic MASLD 4 367,960* 188,005* 1.48 (0.91-2.41) 86% / /
BMI
All MASLD 8 10,703 10,700 0.99 (0.97-1.02) 58% / /
Fibrotic or cirrhotic MASLD 5 8765 8765 0.99 (0.96-1.02) 72% / /
Diabetes
All MASLD 25 1053,766 387,463 2.08 (1.71-2.53) 80% 0.926 0.146
Fibrotic or cirrhotic MASLD 9 34,195* 22,414* 1.86 (1.36-2.54) 72% / /
Noncirrhotic MASLD 5 385,770* 177,124* 1.90 (1.62-2.22) 0% / /
Diabetic complications
Diabetic retina
All MASLD 1 44 13 8.65 (1.47-51.08) / / /
Any complication
All MASLD 1 85,963 22,412 1.24 (1.12-1.38) / / /
Dyslipidemia
All MASLD 15 1237,460 687,606 0.78 (0.65-0.93) 86% 0.882 0.058
Fibrotic or cirrhotic MASLD 3 25,464* 17,745* 0.69 (0.62-0.78) 0% / /
Noncirrhotic MASLD 5 385,770* 261,095 1.17 (0.74-1.85) 72% / /
Hypertension
All MASLD 16 1108,310 790,735 1.42 (1.12-1.80) 73% 0.072 0.005
Fibrotic or cirrhotic MASLD 3 25,464* 20,380* 0.88 (0.75-1.04) 0% / /
Noncirrhotic MASLD 5 385,770* 265,297* 1.25 (0.98-1.60) 0% / /

BMI = body mass ratio; Cl = confidence interval; HCC = hepatocellular carcinoma; MASLD = metabolic dysfunction-associated steatotic liver diseases;

No. = number; RR = risk ratio.
*With missing data.

consistent (Figure S4), and no publication bias was
observed (Table 3; Figure S3B). Additionally, focusing
only on patients with obesity, statistically significant associ-
ation with MASLD-HCC was pooled (n = 9; RR = 1.25,
95% CI 1.09-1.43; I* = 72%).

Regarding BMI, a dose effect between increasing BMI
and the risk of MASLD-HCC was not observed (all:
RR = 0.99, 95% CI 0.97-1.02, P = 58%; with cirrhosis:

RR = 099, 95% CI 0.96-1.02, I’ = 72%) (Table 3;
Figure S5). The sensitivity analysis produced consistent
results in all analyses (Figure S6).

Diabetes. MASLD patients with diabetes were at a higher
risk of HCC development, reporting a pooled RR of 2.08
(95% CI 1.71-2.53) with high heterogeneity (P = 80%)
(Table 3; Figure S7A). Subgroup analysis of cirrhosis status

Descargado para Irene Ramirez (iramirez@binasss.sa.cr) en National Library of Health and Social Security de ClinicalKey.es por Elsevier en noviembre 14,
2024. Para uso personal exclusivamente. No se permiten otros usos sin autorizacion. Copyright ©2024. Elsevier Inc. Todos los derechos reservados.



Xiaoetal Modifiable Risk Factors for HCC in MASLD

1077

also revealed a nearly 2-fold higher risk of HCC in those
without advanced fibrosis or cirrhosis (RR = 1.90, 95% CI
1.62-2.22; I = 0%) and 1.8-fold higher risk among those
with cirrhosis (RR = 1.86, 95% CI 1.36-2.54; I = 72%)
(Table 3; Figure S7C,D). Stratified by study characteristics,
statistical difference was determined regarding region
(P < .01) (Table S5). Robust results from sensitivity analy-
ses were pooled (Figure S8).

Dyslipidemia. Patients with MASLD coinciding with dys-
lipidemia had a lower risk of incident HCC (RR = 0.78,
95% CI 0.65-0.93; I* = 86%) (Table 3; Figure S9A). This
negative association appeared to be more obvious among
cirrhotic MASLD patients (RR = 0.69, 95% CI 0.62-0.78;
P = 0%) (Table 3; Figure S9C). No publication bias was
observed (Table 3; Figure S9B), and the sensitivity analyses
also produced robust results (Figure S10; Table S6).

Hypertension. Hypertension was associated with a 42%
increased risk of MASLD-HCC incidence (RR = 1.42, 95%
CI 1.12-1.80, I* = 73%) (Table 3; Figure S11A), but the
association was not further demonstrated given the cirrhosis
status (cirrhotic MASLD: 0.88 [0.75-1.04], I? = 0%; noncir-
rhotic MASLD: 1.25 [0.98-1.60], I = 0%) (Table 3;
Figure S11C,D). Significant differences between subgroups
were detected by region (P = .05), study setting (P = .01),
and follow-up duration in cohort studies (P = .04)
(Table S7). Sensitivity analysis showed similar results
(Figure S12). Publication bias was detected by using
Egger’s test (P = .005) and funnel plot (Table 3). After
employing the trim-and-fill procedure, the adjusted results
remained consistent trend (RR = 1.10, 95% CI: 0.84-1.43;
> = 80%), although statistical significance was not reached
(Figure S13).

Table 4 Association between medications and MASLD-HCC

Medications on the Risk of HCC Development
among MASLD Patients

Anti-diabetes therapies. Metformin. Metformin therapy
was associated with an 18% reduction in incident MASLD-
related HCC (RR = 0.82, 95% CI 0.68-0.98; I* = 35%)
(Table 4; Figure S14A), while this protective effect was not
further identified in cirrhotic MASLD (RR = 1.01, 95% CI
0.68-1.48; I> = 46%) (Table 4; Figure S14B). Robust results
were pooled from the sensitivity analysis (Figure SI5A).

Sulphonylurea. The use of sulphonylurea was not associ-
ated with the development of HCC in MASLD patients (all:
RR = 099 95% 0.86-1.16, * = 0%; with cirrhosis:
RR = L.11 95% CI 0.72-1.69; I* = 0%) (Table 4;
Figure S14C,D). Sensitivity analysis confirmed the robust-
ness of the pooled estimates (Figure S15B).

Insulin. There was no significant association between insu-
lin use and MASLD-related HCC (all: RR = 1.02 95% CI
0.85-1.22, I? = 2%; with cirrhosis: RR = 0.89 95% CI 0.54-
1.49; I* = 21%) (Table 4; Figure S14E,F). Sensitivity analy-
sis demonstrated similar results (Figure S15C).

Statin. Statins were associated with a 55% reduction in the
incidence of HCC in the MASLD group (RR = 0.45, 95%
CI 0.36-0.56; I* = 2%). Similarly, in the subgroup analysis
of studies focusing on patients with cirrhotic MASLD, the
chemopreventive effect of statins persisted (RR = 0.41,
95% CI 0.28-0.61; I* = 0) (Table 4; Figure S16A,B). The
robustness of this protective effect was further verified by
sensitivity analysis (Figure S17). Additionally, one of the
five studies demonstrated a dose- and duration-dependent
reduction of HCC risk in MASLD patients receiving statin
therapy. Notably, MASLD patients with more than 600

No. study RR (95% CI) 1? Begg Egger
Metformin
All MASLD 6 0.82 (0.68-0.98) 35% / /
Fibrotic or cirrhotic MASLD 4 1.01 (0.68-1.48) 46% / /
Sulphonylurea
All MASLD 4 0.99 (0.86-1.16) 0% / /
Fibrotic or cirrhotic MASLD 3 1.11 (0.72-1.69) 0% / /
Insulin
All MASLD 4 1.02 (0.85-1.22) 2% / /
Fibrotic or cirrhotic MASLD 3 0.89 (0.54-1.49) 21% / /
Aspirin
All MASLD 3 0.64 (0.44-0.92) 0% / /
Fibrotic or cirrhotic MASLD 2 0.68 (0.45-1.02) 0% / /
Statin
All MASLD 5 0.45 (0.36-0.56) 0% / /
Fibrotic or cirrhotic MASLD 3 0.41 (0.28-0.61) 0% / /
Treatment of hypertension
All MASLD 1 6.93 (1.53-31.450 / / /
Non-cirrhotic MASLD 1 4.99 (1.22-20.33) / / /

Cl confidence interval, HCC hepatocellular carcinoma, MASLD metabolic dysfunction-associated steatotic liver diseases, No. number, RR risk ratio
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Lifestyle factors

— YW

Metabolic factors

Smoking Alcohol Overweight/Obesity Diabetes Hypertension
1.30(1.08-1.57) 2.41(1.03-5.65) 1.31(1.13-1.52) 2.08(1.71-2.53)  1.42(1.12-1.80)
RR(95%CI)
T % Risk factors

RR(95%CIl)

Figure 2 Modifiable risk factors of MASLD-associated HCC. CI confidence interval, HCC hepatocellular carcinoma,
MASLD metabolic dysfunction-associated steatotic liver disease, RR = risk ratio.

cumulative defined daily doses of statins had a 70% reduc-
tion in the risk of developing HCC (adjusted hazard ratio
[HR] = 0.30, 95% CI 0.20-0.43).*

Aspirin. Aspirin intake appeared to be associated with a
lower incidence of incident HCC in MASLD (all:
RR = 0.64, 95% CI 0.44-0.92, P = 97%;, with cirrhosis:
RR = 0.68, 95% CI 0.45-1.02, I = 0%) (Table 4;
Figure S16C,D), and the result was robust across sensitivity
analyses (Figure S17). However, no study has reported a
dose-dependent effect of aspirin on MASLD-related HCC.

Heterogeneity in the pooled estimates. Substantial or sig-
nificant heterogeneity was detected in the pooled estimated
association between certain metabolic factors and the risk
of HCC in MASLD patients (Table 3). Subgroup analyses
and sensitivity analyses were performed to explore the
potential sources of heterogeneity. Nevertheless, the results
were inconclusive for most of these studies (Table S4-S7).

DISCUSSION

In this systematic review and meta-analysis, we identified that
smoking, alcohol consumption, obesity, diabetes, and hyper-
tension were associated with an increased risk of incident
HCC in patients with MASLD, while metformin, statin, and
aspirin therapy were protective factors (Figure 2).

Smoking is a known risk factor for carcinogenesis,
including HCC. A meta-analysis of 81 studies showed that
HCC development was 1.55-fold higher in current smokers

and 1.39-fold higher in former smokers.*° Consistently, we
found that ever smoking, including both current and former
smokers, was associated with higher risk of MASLD-
related HCC. Notably, subgroup analysis based on different
smoking durations did not yield statistically significant esti-
mates because of the limited number of studies and high
heterogeneity within the subgroup. Nevertheless, smoking
cessation should be considered as an important goal in pre-
vented MASLD-related HCC.

Based on our results, alcohol consumption is also a risk
factor for hepatocarcinogenesis in MASLD. According to
AASLD (American Association for the Study of Liver Dis-
eases) statement, patients with clinically significant hepatic
fibrosis ( F2) should abstain from alcohol use
completely.”” With the emergence of a new nomenclature
of MetALD (metabolic dysfunction and alcohol-associated
liver disease), studies have identified that MetALD is asso-
ciated with significantly higher risks of cancer-related and
cardiovascular mortality than MASLD.***° In this context,
the dose-dependent effects of alcohol on adverse outcomes
in steatotic liver diseases should be underappreciated. Over-
all, the detrimental effects of alcohol on the course of
MASLD should be given significant attention.

Metabolic abnormalities are not only common complica-
tions of MASLD but are also correlated with the severity of
histological injury. Several studies have investigated the
role of metabolic abnormalities in MASLD-related HCC. A
meta-analysis that summarized the clinical characteristics
of MASLD-related HCC indicated that MASLD-related
HCC was associated with a higher percentage of metabolic
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conditions, such as obesity and diabetes. Obesity is associ-
ated with several cancers including HCC. In the present
study, we found that overweight or obesity was associated
with a 31% increase in HCC risk in MASLD patients,
although statistical significance was not achieved given the
cirrhosis status. The small number of studies included in
the subgroup should be considered. Additionally, since cir-
rhosis is a primary mechanism of MASLD-related HCC,
the association between obesity and HCC may not be appar-
ent in patients with cirrhotic MASLD.

The present study indicated that MASLD patients with
diabetes had a 2-fold increased risk of HCC development.
Population-based studies have suggested that compared to
those without diabetes, MASLD patients with diabetes
experience a higher rate of fibrosis progression.” Findings
from a mouse model with a diabetic background have also
demonstrated the interrelationships among MASLD, diabe-
tes and HCC development.”' Therefore, regularly screening
for diabetes or prediabetes in patients with MASLD is cru-
cial for identifying those at high risk of developing HCC.
Hypertension was shown to be a risk factor for MASLD-
related HCC, whereas the diagnosis of dyslipidemia was
negatively associated with MASLD-HCC development.
Several population-based studies have also observed that
high cholesterol is inversely associated with liver cancer
incidence’>° and patient’ mortality.”””* However, the pre-
cise mechanism underlying this phenomenon is not clear.”
Cholesterol has been found to be negatively associated with
the severity of liver cirrhosis,®® a condition closely related
to hepatocarcinogenesis. Additionally, cholesterol plays a
vital role in regulating natural killer cell activity against
hepatoma cells®' and in CD44-mediated signal transduction
via lipid rafts.*”

In addition to screening high-risk individuals, the explo-
ration of chemo-preventive therapies to prevent MASLD-
related HCC has attracted attention. Emerging data suggest
that metformin,®’ aspirin,®* and statins®> may protect
against HCC in the general population. According to our
analysis, metformin might also modify the progression of
incident HCC in MASLD, but insulin and sulphonylurea
did not show a similar effect. However, metformin therapy
has not been shown to improve liver histology in patients
with MASLD; thus, it is not recommended for treating
MASLD/MASH."” We showed that statins were associated
with a reduced risk of incident HCC. Another meta-analysis
also demonstrated a similar result (with statin use:
OR = 0.59 [95% CI 0.39-0.89])."" Moreover, statins were
linked to a 30% decrease in the rate of severe liver disease
(HR = 0.68, 95% CI 0.45-1.00) in noncirrhotic MASLD
patients.®® Importantly, patients with MASLD/MASH were
not at a higher risk for serious liver injury from statin, and
it can be used in patients with MASH cirrhosis but not in
those with decompensated cirrhosis.”'" This evidence sup-
ports the use of statin as the candidate disease-modifying
drugs.

Several meta-analyses confirmed that aspirin use is asso-
ciated with a lower risk of HCC in the general

population.®”*” Daily aspirin use was also linked to less

severe histologic features of MASLD, and lower risk for
progression to advanced fibrosis.’’ A preliminary random-
ized trial involving 80 patients found that 6 months of daily
low-dose aspirin treatment significantly reduced hepatic fat
accumulation compared with placebo.”' The protective
effect of aspirin against MASLD-related HCC development
was further supported by our meta-analysis. Intriguingly, a
recent large population-based cohort study demonstrated
that aspirin therapy was significantly associated with a
reduced HCC risk (adjusted HR = 0.48, 95% CI 0.37-
0.63]), especially in those using aspirin for more than
3 years (adjusted HR = 0.64, 95% CI 0.44-0.91).”*

This study mainly demonstrated the role of modifiable
factors associated with MASLD-related HCC risk, but eth-
nicity- and gender-specific effects on these modifiable fac-
tors should not be overlooked. Ethnicity influences the
prevalence of and treatment response to MALSD.”* Given
that most studies were conducted in Western and European
countries, geographic bias underscored the importance of
cautious interpretation across diverse ethnicities. Gender-
specific effects on risk factors and chemoprevention were
also significant, but individual data could not be retrieved
owing to the study design.

Our study has several limitations. First, the evidence in
this meta-analysis was derived from observational studies,
which limited the ability to establish causal links for risk
estimates cannot be definitely determined. Additionally, we
could not assess the dose-dependent effects of specific risk
factors, such as smoking, alcohol use, and medications, due
to limited data. Second, several subgroup analyses were
limited by the small number of included studies, which
diminished the statistical significance of these analyses.
Third, while the overall quality of the included studies was
generally high, not all studies were adequately adjusted for
potential confounding factors. We also could not fully unify
confounders. Lastly, our findings should be interpreted cau-
tiously because of the high heterogeneity and potential
biases in certain analyses. Reportedly, low and intermediate
values (I* <75%) may be acceptable because I* results in
small meta-analyses (<10 studies) tend to be inaccurate in
practice.’”* Subgroup analyses of cirrhosis status in MASLD
and study characteristics were also performed to explore
the potential sources of heterogeneity; however, the results
were inconclusive in most subgroups. Moreover, the confir-
mation of MASLD diagnosis relied on diagnostic codes in
some studies (8 out of 31, 25.8%), which introduce the
potential for misclassification bias. The existence of publi-
cation bias indicated the effect of small sample size on the
results and the potentiality of unpublished negative results.

In summary, this study comprehensively examined the
effect of modifiable factors on the risk of MASLD-related
HCC. MASLD patients with obesity, diabetes, and hyper-
tension should undergo regular surveillance to detect early
HCC. Moreover, chemoprevention with statins and metfor-
min could potentially modify MASLD-related hepatocarci-
nogenesis. There is a need for population-based prospective
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studies and translational research to further demonstrate the
causal relationships between these modifiable factors and
MASLD-related HCC.

DATA SHARING

All data generated or analyzed during this study are
included in the published articles and its additional files.
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APPENDIX 1. STUDY PROTOCOL

Review question
What modifiable factors were associated with developing

hepatocellular carcinoma (HCC) among population with
nonalcoholic fatty liver (MASLD)?

Searches
EMBASE, PubMed, and Cochrane Library from inception
to April 1, 2023.

URL to search strategy
Upload a file with your search strategy, or an example of a
search strategy for a specific database, (including the key-
words) in pdf or word format. In doing so you are consent-
ing to the file being made publicly accessible.

Or provide a URL or link to the strategy, but not the
search results.

Condition or domain being studied
hepatocellular carcinoma

Participants/population
Cohort studies, case-control studies, reporting the at least
one of modifiable risk factors (eg, smoking, diet, physical
activity, body mass index, diabetes, medications) on the
risk of HCC in adult patients with MASLD.

Studies will be excluded as follows:

1) Replicated publications from the same cohort
2) No data of interest
3) Case report, editorial, review, and without full-text

Intervention(s), exposure(s)

Our intervention of interest is common modifiable risk fac-
tors (eg, smoking, diet, physical activity, body mass index,
diabetes, medications).

Comparator(s)/control
Patients without corresponding investigative risk factors.

Types of studies to be included
Retrospective or prospective cohort studies, or case-control
studies.

Context
Main outcome(s).

Association of common modifiable risk factors with inci-
dent HCC in patients with MASLD.

Measures of effect
Pooled risk ratio with 95% CI.

Additional outcome(s)
Not applicable.

Inclusion criteria for study screening

1) Full-text study with cohort or case-control design; 2)
assessment of at least one modifiable risk factor, for
example, smoking, diet, physical activity, body mass
index, diabetes, medications (including metformin,
insulin, aspirin, and statin), etc., on the risk of HCC in
adults (aged 18 years and older) with MASLD with or
without fibrosis or cirrhosis; 3) presenting the risk of
HCC assessed by risk ratios (RR), hazard ratios (HR) or
odds ratios (OR) with its 95% confidence intervals
(CIs). Notably, MASLD was defined based on either
imaging, histology, or International Classification of
Diseases (ICD) codes in the absence of significant alco-
hol consumption (daily alcohol use <30 g for male and
<20 g for female, weekly alcohol consumption <210 g
for male and <140 g for female) and coexisting causes
of other chronic liver diseases. HCC was diagnosed
either on the basis of histology, regardless of subtypes,
or by imaging (including computer tomography [CT],
magnetic resonance imaging [MRI], and contrast-
enhanced ultrasound) or International Classification of
Diseases (ICD) codes.

Data extraction (selection and coding)

The following data will be independently performed by two
independent reviewing authors (SYX and WHX) using
piloted data extraction sheets.

1) First author, publication year, country/region, setting,
study design, data source, enrollment period.

2) Diagnose of MASLD, the ascertainment of HCC, and
sample size.

3) Outcome variables of interest as well as adjustments.

Quality assessment
Quality assessment was carried out using the Newcastle-
Ottawa scale.'

Strategy for data synthesis

Extracted data for meta-analysis will be performed with R
statistical language version R 3.6.0. The P values are two-
sided with significant level a = 0.05. Pooled RRs with 95%
CIs will be calculated as an effect measure using random-
effects model (DerSimonian and Laird method) for summa-
rizing their relationship. We used OR and HR as RR in our
pooled analysis because when event rates are small, the
OR, HR, and RR approximate one another. When several
models of adjustment are reported, the most adjusted esti-
mates will be used in the final analysis. When duplicate
reports are identified, the one with the largest sample size
or presented more detailed information will be selected.
The heterogeneity across studies will be quantified by I
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statistic (0%-25% represents low heterogeneity, 25%-50%
moderate heterogeneity, 50%-75% substantial heterogene-
ity, 75%-100% high heterogeneity). Sensitivity analysis
will be conducted using the leave-one-out approach to eval-
uate the robustness of pooled results. Potential publication
bias will be assessed by visualization of funnel plot with
both Egger’s test® and Begg’s test.’

Analysis of subgroups or subsets

To explore subgroup differences and potential sources of
the heterogeneity, subgroup analyses will be performed
stratifying for cirrhosis status (noncirrhotic MASLD and
fibrotic or cirrhotic MASLD) and other studies characteris-
tics (study region, study design, settings, follow-up dura-
tions in cohort study and whether the study adjusts for the
factors impacting the estimates). A difference between the
estimates of these subgroups will be considered significant
for a P value less than <.10.

APPENDIX 2. MOOSE CHECKLIST FOR META-
ANALYSIS OF OBSERVATIONAL STUDY

Type and method of review
Meta-analysis, systematic review.

Language
No restriction.

References

1. Wells GA, Shea B, O’Connell D, et al. The Newcastle-
Ottawa scale (NOS) for assessing the quality of nonrand-
omised studies in meta-analyses. https://www.ohri.ca/
programs/clinical_epidemiology/oxford.asp

2. Egger M, Davey Smith G, Schneider M, et al. Bias in
meta-analysis detected by a simple, graphical test. BMJ
1997;315:629-634.

3. Begg CB, Mazumdar M. Operating characteristics of a
rank correlation test for publication bias. Biometrics
1994;50:1088-101.

Category

Reported on

Reporting of background should include

Problem definition

Hypothesis statement

Description of study outcome(s)

Type of exposure or intervention used

Type of study designs used

Study population

Reporting of search strategy should include

Qualifications of searchers (eg, librarians and investigators)

Search strategy, including time period included in the synthesis and keywords
Effort to include all available studies, including contact with authors

Introduction part; Appen-
dix 1;
Method-study selection

Method-search strategy;
Appendix 3

Databases and registries searched search software used, name, and version, including special

features used (eg, explosion)
Use of hand searching (eg, reference lists of obtained articles)

List of citations located and those excluded, including justification
Method of addressing articles published in languages other than English

Method of handling abstracts and unpublished studies
Description of any contact with authors
Reporting of methods should include

Description of relevance or appropriateness of studies assembled for assessing the hypothesis to

be tested

Rationale for the selection and coding of data (eg, sound clinical principles or convenience)

Method-selection criteria;
Method-data analysis;
Tables S1 and S2

Documentation of how data were classified and coded (eg, multiple raters, blinding, and inter-

rater reliability)

Assessment of confounding (eg, comparability of cases and controls in studies where appropri-

ate)

Assessment of study quality, including blinding of quality assessors; stratification or regression

on possible predictors of study results
Assessment of heterogeneity

Description of statistical methods (eg, complete description of fixed or random effects models,
justification of whether the chosen models account for predictors of study results, dose-
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Category Reported on

response models, or cumulative meta-analysis) in sufficient detail to be replicated

Provision of appropriate tables and graphics
Reporting of results should include

Graphic summarizing individual study estimates and overall estimate

Table giving descriptive information for each study included
Results of sensitivity testing (eg, subgroup analysis)
Indication of statistical uncertainty of findings

Reporting of discussion should include
Quantitative assessment of bias (eg, publication bias)

Results part;

Table 1 and Table S1;
Tables 2 and 3;

Table S4-S7;

Figures S1-S17

Discussion

Justification for exclusion (eg, exclusion of non—English-language citations)

Assessment of quality of included studies
Reporting of conclusions should include
Consideration of alternative explanations for observed results

Conclusion

Generalization of the conclusions (ie, appropriate for the data presented and within the domain

of the literature review)
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APPENDIX 3. SEARCH STRATEGY

Pubmed 3223
#1. Nonalcoholic Fatty Liver Disease[MeSH Terms]

#2. nonalcoholic fatty liver disease[Title/Abstract] OR
nonalcoholic steatohepatitis[Title/Abstract] OR metabolic
dysfunction associated fatty liver disease[Title/Abstract]
OR nonalcoholic steatohepatitis [Title/Abstract] OR hepatic
steatosis[Title/Abstract] OR fatty liver[Title/Abstract] OR
liver steatos*[Title/Abstract] OR nonalcoholic steatohepati-
tis [Title/Abstract] OR nafld[Title/Abstract] OR nash[Title/
Abstract] OR mafld[Title/Abstract]

#3.#1 OR #2

#4. hepatocellular carcinoma[MeSH Terms]

#5. hec[Title/Abstract] OR hepatocellular cancer[Title/
Abstract] OR hepatic cell carcinoma[Title/Abstract] OR
hepatic carcinoma[Title/Abstract] OR hepatic neoplasm
[Title/Abstract] OR liver carcinoma[Title/Abstract] OR
liver cancer[Title/Abstract] OR liver tumo*[Title/Abstract]
OR liver cell carcinoma[Title/Abstract] OR liver neoplasm
[Title/Abstract] OR primary liver carcinomalTitle/Abstract]
OR hepatoma[Title/Abstract]

#6. #4 OR #5

#7. riskx[Title/Abstract] OR associa*[Title/Abstract]
OR predict«[Title/Abstract] OR complicatx [Title/Abstract]
OR ratex[Title/Abstract] OR develop*[Title/Abstract] OR
inciden*[Title/Abstract] OR progress*[Title/Abstract] OR
related[Title/Abstract] OR relationship[Title/Abstract] OR
correlated|Title/Abstract] OR correlation|[Title/Abstract]

#8. animal[Title/Abstract] OR mice[Title/Abstract] OR
rat[Title/Abstract] OR rats[Title/Abstract] OR animals
[Title/Abstract] OR rabbit[Title/Abstract]

#9. #3 AND #6 AND #7 NOT #8

Embase 9915

#1. "nonalcoholic fatty liver’/exp

#2. ’nonalcoholic fatty liver disease’:ti,abkw OR
’metabolic dysfunction associated fatty liver disease’:ti,ab,
kw OR ’nonalcoholic steatohepatitis’:ti,ab,kw OR ’hepatic
steatosis’:ti,abkw OR ’fatty liver’:ti,abkw OR ’liver
steatos*’:ti,ab,kw OR nafld:ti,ab,kw OR ’nash’:ti,ab,kw OR
mafld:ti,ab,kw

#3. #1 OR #2

#4. ’liver cell carcinoma’/exp

#5. “hepatocellular carcinoma’:ti,ab,kw OR hcc:ti,ab,kw
OR ’hepatocellular cancer’:ti,abkw OR ’hepatic cell
carcinoma’:ti,abkw OR ’hepatic carcinoma’:ti,abkw OR
“hepatic neoplasm’:ti,ab,kw OR ’liver cell carcinoma’:ti,ab,
kw OR ’liver cancer’:ti,ab,kw OR ’liver tumo*’:ti,ab,kw
OR ’liver neoplasm’:tiabkw OR ’primary liver
carcinoma’:ti,ab,kw OR hepatoma:ti,ab,kw

#6. #4 OR #5

#7. risk*:ti,ab,kw OR associa*:ti,ab,kw OR predictx:ti,
abkw OR complicatk:ti,abkw OR ratex:ti,abkw OR
develop*:ti,ab,kw OR inciden*:ti,abkw OR progress*:ti,
abkw OR related:ti,ab,kw OR relationship:ti,ab,kw OR
correlated:ti,ab,kw OR correlation:ti,ab,kw

#8. animal:ti,abkw OR mice:ti,abkw OR rat:ti,ab,kw
OR rats:ti,ab,kw OR animals:ti,ab,kw OR rabbit:ti,ab,kw

#9. #3 AND #6 AND #7 NOT #8

Cochrane library 498

#1. [Nonalcoholic Fatty Liver Disease] explode all trees

#2. (nonalcoholic fatty liver disease OR metabolic dys-
function associated fatty liver disease OR nonalcoholic
steatohepatitis OR hepatic steatosis OR fatty liver OR liver
steatos* OR nafld OR nash OR mafld): ti,ab,kw

#3.#1 OR #2

#4. [Carcinoma, Hepatocellular] explode all trees

#5. (hepatocellular carcinoma OR hcc OR hepatocellular
cancer OR hepatic cell carcinoma OR hepatic carcinoma
OR hepatic neoplasm OR liver carcinoma OR liver cancer
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OR liver tumo* OR liver cell carcinoma OR liver neoplasm
OR primary liver carcinoma OR hepatoma):ti,ab,kw

#6. #4 OR #5

#7. (riskx or associa* OR predict+ OR complicatx OR
ratex OR develop* OR inciden* OR progress* OR related
OR relationship OR correlated OR correlation):ti,ab,kw

#8. (animal OR mice OR rat OR rats OR animals OR
rabbit):ti,ab,kw

#9. #3 AND #6 AND #7 NOT #8

APPENDIX 4. STUDIES INCLUDED AND
EXCLUDED AT FULL-TEXT SCREENING STAGE

Studies included at full-text screening stage

[1] Hashimoto E, Yatsuji S, Tobari M, et al. Hepatocellular
carcinoma in patients with nonalcoholic steatohepatitis. J
Gastroenterol 2009;44(suppl 19):89-95.

[2] Ascha MS, Hanouneh IA, Lopez R, et al. The inci-
dence and risk factors of hepatocellular carcinoma in
patients with nonalcoholic steatohepatitis. Hepatology
2010;51(6):1972-1978.

[3] Kawamura Y, Arase Y, Ikeda K, et al. Large-scale
long-term follow-up study of Japanese patients with non-
alcoholic Fatty liver disease for the onset of hepatocellular
carcinoma. Am J Gastroenterol 2012;107(2):253-261.

[4] Liu YL, Patman GL, Leathart JB, et al. Carriage of
the PNPLA3 rs738409 C >G polymorphism confers an
increased risk of non-alcoholic fatty liver disease associated
hepatocellular carcinoma. J Hepatol 2014;61(1):75-81.

[5] Corey KE, Gawrieh S, deLemos AS, et al. Risk fac-
tors for hepatocellular carcinoma in cirrhosis due to nonal-
coholic fatty liver disease: a multicenter, case-control
study. World J Hepatol 2017;9(7):385-390.

[6] Lee TY, Wu JC, Yu SH, et al. The occurrence of
hepatocellular carcinoma in different risk stratifications of
clinically noncirrhotic nonalcoholic fatty liver disease. Int J
Cancer 2017;141(7):1307-1314.

[7] Bertot LC, Jeffrey GP, de Boer B, et al. Diabetes
impacts prediction of cirrhosis and prognosis by non-inva-
sive fibrosis models in non-alcoholic fatty liver disease.
Liver Int 2018;38(10):1793-1802.

[8] Kimura T, Tanaka N, Fujimori N, et al. Mild drink-
ing habit is a risk factor for hepatocarcinogenesis in non-
alcoholic fatty liver disease with advanced fibrosis. World J
Gastroenterol 2018;24(13):1440-1450.

[9] Vilar-Gomez E, Calzadilla-Bertot L, Wai-Sun Wong
V, et al. Fibrosis severity as a determinant of cause-specific
mortality in patients with advanced nonalcoholic fatty liver
disease: a multi-national cohort study. Gastroenterology
2018;155(2):443-457.e17.

[10] Azuma S, Asahina Y, Kakinuma S, et al. Diabetic
retinopathy as a risk factor associated with the development
of hepatocellular carcinoma in nonalcoholic fatty liver dis-
ease. Dig Dis 2019;37(3):247-254.

[11] Enooku K, Nakagawa H, Fujiwara N, et al. Altered
serum acylcarnitine profile is associated with the status of

nonalcoholic fatty liver disease (NAFLD) and NAFLD-
related hepatocellular carcinoma. Sci Rep 2019;9(1):10663.

[12] German MN, Lutz MK, Pickhardt PJ, et al. Statin
use is protective against hepatocellular carcinoma in
patients with nonalcoholic fatty liver disease: a case-control
study. J Clin Gastroenterol 2020;54(8):733-740.

[13] Grimaudo S, Pipitone RM, Pennisi G, et al. Associ-
ation between PNPLA3 rs738409 C>G variant and liver-
related outcomes in patients with nonalcoholic fatty liver
disease. Clin Gastroenterol Hepatol 2020;18(4):935-944.e3.

[14] Ito T, Ishigami M, Ishizu Y, et al. Serum nutritional
markers as prognostic factors for hepatic and extrahepatic
carcinogenesis in Japanese patients with nonalcoholic fatty
liver disease. Nutr Cancer 2020;72(5):884-891.

[15] Kanwal F, Kramer JR, Li L, et al. Effect of meta-
bolic traits on the risk of cirrhosis and hepatocellular cancer
in nonalcoholic fatty liver disease. Hepatology 2020;71
(3):808-819.

[16] Kogiso T, Sagawa T, Kodama K, et al. Long-term
outcomes of non-alcoholic fatty liver disease and the risk
factors for mortality and hepatocellular carcinoma in a Jap-
anese population. J Gastroenterol Hepatol 2020;35
(9):1579-1589.

[17] Natarajan Y, Kramer JR, Yu X, et al. Risk of cirrho-
sis and hepatocellular cancer in patients with NAFLD and
normal liver enzymes. Hepatology 2020;72(4):1242-1252.

[18] Yang JD, Ahmed F, Mara KC, et al. Diabetes is
associated with increased risk of hepatocellular carcinoma
in patients with cirrhosis from nonalcoholic fatty liver dis-
ease. Hepatology 2020;71(3):907-916.

[19] Lee JS, Sinn DH, Park SY, et al. Liver stiffness-
based risk prediction model for hepatocellular carcinoma in
patients with nonalcoholic fatty liver disease. Cancers
2021;13(18):4567.

[20] Nyberg LM, Cheetham TC, Patton HM, et al. The
natural history of NAFLD, a community-based study at a
large health care delivery system in the United States. Hep-
atol Commun 2021;5(1):83-96.

[21] Pinyopornpanish K, Al-Yaman W, Butler RS, et al.
Chemopreventive effect of statin on hepatocellular carci-
noma in patients with nonalcoholic steatohepatitis cirrhosis.
Am J Gastroenterol 2021;116(11):2258-2269.

[22] Pinyopornpanish K, Khoudari G, Saleh MA, et al.
Hepatocellular carcinoma in nonalcoholic fatty liver dis-
ease with or without cirrhosis: a population-based study.
BMC Gastroenterol 2021;21(1):394.

[23] Vilar-Gomez E, Calzadilla-Bertot L, Wong VW, et
al. Type 2 diabetes and metformin use associate with out-
comes of patients with nonalcoholic steatohepatitis-related,
child-Pugh a cirrhosis. Clin Gastroenterol Hepatol 2021;19
(1):136-145.¢6.

[24] Antwi SO, Craver EC, Nartey YA, et al. Metabolic
risk factors for hepatocellular carcinoma in patients with
nonalcoholic fatty liver disease: a prospective study. Can-
cers 2022;14(24):6234.

[25] Ferri S, Stefanini B, Mulazzani L, et al. Very low
alcohol consumption is associated with lower prevalence of
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cirrhosis and hepatocellular carcinoma in patients with non-
alcoholic fatty liver disease. Nutrients 2022;14(12):2493.

[26] Kramer JR, Natarajan Y, Dai J, et al. Effect of dia-
betes medications and glycemic control on risk of hepato-
cellular cancer in patients with nonalcoholic fatty liver
disease. Hepatology 2022;75(6):1420-1428.

[27] Xie X, Zheng M, Guo W, et al. Correlation analysis
of metabolic characteristics and the risk of metabolic-asso-
ciated fatty liver disease — related hepatocellular carci-
noma. Sci Rep 2022;12(1):13969.

[28] Yu YC, Luu HN, Wang R, et al. Serum biomarkers
of iron status and risk of hepatocellular carcinoma develop-
ment in patients with nonalcoholic fatty liver disease. Can-
cer Epidemiol Biomarkers Prev 2022;31(1):230-235.

[29] Cholankeril G, Kramer JR, Chu J, et al. Longitudi-
nal changes in fibrosis markers are associated with risk of
cirrhosis and hepatocellular carcinoma in non-alcoholic
fatty liver disease. J Hepatol 2023;78(3):493-500.

[30] Fujii H, Iwaki M, Hayashi H, et al. Clinical out-
comes in biopsy-proven nonalcoholic fatty liver disease
patients: a multicenter registry-based cohort study. Clin
Gastroenterol Hepatol 2023;21(2):370-379.

[31] Zou B, Odden MC, Nguyen MH. Statin use and
reduced hepatocellular carcinoma risk in patients with non-
alcoholic fatty liver disease. Clin Gastroenterol Hepatol
2023;21(2):435-444.¢6.

Studies excluded at full-text screening stage
1. No risk factors of interest (n = 6)

Full-text

[1] Shimada M, Hashimoto E, Taniai M, et al. Hepato-
cellular carcinoma in patients with non-alcoholic steatohe-
patitis. J Hepatol 2002;37(1):154-160.

[2] Raff EJ, Kakati D, Bloomer JR, Shoreibah M,
Rasheed K, Singal AK. Diabetes mellitus predicts occur-
rence of cirrhosis and hepatocellular cancer in alcoholic
liver and non-alcoholic fatty liver diseases. J Clin Transl
Hepatol 2015;3(1):9-16.

[3] Seko Y, Sumida Y, Tanaka S, et al. Development of
hepatocellular carcinoma in Japanese patients with biopsy-
proven non-alcoholic fatty liver disease: association
between PNPLA3 genotype and hepatocarcinogenesis/
fibrosis progression. Hepatol Res 2017;47(11):1083-1092.

[4] Huang YH, Chan C, Lee HW, et al. Influence of non-
alcoholic fatty liver disease with increased liver enzyme
levels on the risk of cirrhosis and hepatocellular carcinoma.
Clin Gastroenterol Hepatol 2023;21(4):960-969.e961.

Abstract only

[1] Cholankeril G, Kramer J, Chu J, Yu X, El-Serag HB,
Kanwal F. Association between longitudinal changes in
markers of liver fibrosis and risk for hepatocellular carci-
noma in nonalcoholic fatty liver disease. Hepatology
2021;74(suppl 1):615A-616A.

[2] Lee JS, Sinn DH, Lee HW, et al. Predictors of the
development of hepatocellular carcinoma in patients with

non-alcoholic fatty liver disease. Hepatology 2021;74(suppl
1):978A-979A.
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Full-text

[1] Vespasiani-Gentilucci U, Gallo P, Porcari A, et al.
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with the risk of progression to cirrhosis in NAFLD patients.
Scand J Gastroenterol 2016;51(8):967-973.

[2] Seko Y, Yamaguchi K, Mizuno N, et al. Combination
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disease. J Gastroenterol 2018;53(3):438-448.

[3] Alexander M, Loomis AK, van der Lei J, et al. Risks
and clinical predictors of cirrhosis and hepatocellular carci-
noma diagnoses in adults with diagnosed NAFLD: real-
world study of 18 million patients in four European cohorts.
BMC Med 2019;17(1):95.

[4] Gawrieh S, Wilson LA, Cummings OW, et al. Histo-
logic findings of advanced fibrosis and cirrhosis in patients
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(10):1626-1635.

[5] Chan TT, Chan WK, Wong GL, et al. Positive hepa-
titis B core antibody is associated with cirrhosis and hepato-
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Gastroenterol 2020;115(6):867-875.

[6] Loomba R, Wong R, Fraysse J, et al. Nonalcoholic
fatty liver disease progression rates to cirrhosis and progres-
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2020;51(11):1149-1159.

[7] Mendez-Sanchez N, Cerda-Reyes E, Higuera-de-la-
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Table S1 Detailed Information on Included Studies

Author Study Duration Data Source Traits of MASLD Risk Factor HR/RR/OR (95% CI) Adjusted Variables
Hashimoto™ 1990-2007.12 Medical records MASH Diabetes 3.618 (1.632-8.016) Unadjusted
Dyslipidemia 0.257 (0.119-0.55)
Aschal?! 2003.01-2007.01 Medical records MASH with cirrhosis BMI 0.94 (0.89-0.99) Unadjusted
Diabetes 1.00 (0.40-2.50)
Smoking (ever) 0.87 (0.39-1.90)
Alcohol (any consumption) 3.80 (1.60-8.90) Adjusted (detailed covariates were unavailable)
Kawamural® 1997.01-2020.12 Medical records MASLD Diabetes 3.21 (1.09-9.50) Age, hypertension, albumin, AST, ALT, LDH, GGT,
platelet count, diabetes, triglyceride level
BMI 25 kg/m? 1.69 (0.63-4.55) Unadjusted
Hypertension 10.26 (3.78-27.83)
Dyslipidemia (LDL > 140) 1.07 (0.40-2.89)
Dyslipidemia (HDL > 140) 1.34 (0.38-4.75)
Dyslipidemia (TCL < 220) 1.04 (0.38-2.87)
Dyslipidemia (TG < 150) 4.31 (0.98-19.23)
Liut™ NA Medical records MASLD Diabetes 2.33 (0.93-5.81) Genotype, gender, age at diagnosis, presence of
BMI 0.94 (0.87-1.02) advanced fibrosis/cirrhosis, diabetes, and BMI
Corey!®! 1991-2015 Medical charts MASH with cirrhosis BMI 0.96 (0.90-1.02) Age, gender, BMI, ethnicity, platelet count, car-
diovascular disease, gastroesophageal varices,
complications of cirrhosis
Leel® 1998.01-2012.12 Medical records MASLD with cirrhosis Diabetes 1.19 (0.47-3.02) Age, gender, ALT elevation, hypertension, hyper-
Dyslipidemia (hypercholesterolemia) 0.41 (0.15- cholesterolemia, diabetes, gout, statin, metfor-
1.11) min, aspirin
Hypertension 1.14 (0.46-2.80)
Metformin 1.29 (0.47-3.54)
Statin 0.29 (0.12-0.68)
Aspirin 0.70 (0.37-1.36)
Bertot!”! 2006-2015 Medical record MASDL Diabetes 2.90 (1.20-7.30) Not mentioned clearly
Kimura!®! 2003-2016 Medical record MASLD Diabetes 89.5 (6.01-1331.2) Age at the time of biopsy, drinking habit, diabetes,

vilar-Gomez¥!

Azumal*©!

Enookut!

Germant?!

1995.04-2013.11

2000.4-2016.12

2011.11-2017.12
2002-2016

MASLD Progression Consortium

Database in single institution

Medical record in single center
Medical record in single center

MASLD with advanced fibrosis

MASLD with advanced fibrosis

MASLD

MASLD
MASLD

Dyslipidemia (hypertriglyceridemia) 0.98 (0.95-
0.99)

Alcohol (mild drinking habit) 4.43 (0.88-22.4)

Diabetes 12.0 (1.20-119.66)

Alcohol (mild drinking habit) 4.83 (1.01-23.00)

Diabetes 4.72 (2.13-10.45)
Smoking (current) 2.11 (1.17-5.27)

Hypertension 5.868 (1.114-30.925)
Diabetic retinopathy 8.654 (1.466-51.084)
BMI 0.99 (0.90-1.09)

Statin 0.20 (0.07-0.60)

Hypertension 5.80 (2.01-16.75)

Metformin 0.44 (0.18-1.06)

Aspirin 0.49 (0.21-1.13)

hypertension, albumin, HbAlc, triglyceride,
platelet count, type IV collagen 7S, AFP, steato-
sis grade, fibrosis grade

Age at the time of biopsy, drinking habit, diabetes,
hypertension, albumin, HbAlc, triglyceride,
platelet count, type IV collagen 7S, AFP, steato-
sis grade, fibrosis grade

Cirrhosis, gender, race, age, smoking, BMI, hyper-
tension, history of vascular events or malignant
neoplasm, statin, glucose-lowering medications,
anti-hypertensive medications, aspirin, INR,
albumin, total bilirubin, AST/ALT, platelet, MELD
score

Fibrosis score, ALP, hypertension

Diabetic retinopathy, AST, ALT, GGT

Unadjusted

Statin use, metformin use, aspirin use, ACEI/ARB
use, hypertension

Unadjusted
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Table S1 (Continued)

Author

Study Duration

Data Source

Traits of MASLD

Risk Factor HR/RR/OR (95% CI)

Adjusted Variables

Grimaudo™®!

1tol*4!

Kanwall*®!

Kogiso!*®!

Natarajan[*”)

Yang (Mayo
Cohort)[*e]

Yang (Cohort)[*8]

2002-2016

1999.01-2014.12

2004.1.1-2008.12.31

1990-2008

2003.1.1-2008.12.31

2006.01-2015.12

2003.1.1-2016.12.31

Medical record in single center

Single center medical records

National Veterans Healthcare
Administration (VHA) Corporate
Data Warehouse (CDW) and Cen-
tral Cancer Registry (CCR)

Medical record in single center

National VA Corporate Data Ware-
house (CDW) and VA Central
Cancer Registry (VACCR)

Institutional research database

UNOS/RPYN register data

MASLD

MASLD with advanced fibrosis/
cirrhosis

MASLD

MASLD

MASLD without cirrhosis

MASLD

MASLD without cirrhosis

MASLD

MASH with cirrhosis

MASLD with cirrhosis

Diabetes 0.90 (0.23-3.56)
Obesity 0.87 (0.21-3.56)

Obesity 0.86 (0.21-3.51)

Diabetes 1.832 (0.354-9.469)
Obesity 1.068 (0.207-5.508)
Dyslipidemia 0.213 (0.048-0.953)
Hypertension 2.81 (0.545-14.49)
Diabetes 2.77 (2.03-3.77)
Obesity 1.31 (0.98-1.74)
Dyslipidemia 1.31 (0.84-2.04)
Hypertension 1.25 (0.65-2.42)
Diabetes 2.15 (1.20-3.85)
Obesity 1.19 (0.69-2.07)
Dyslipidemia 1.73 (0.72-4.12)
Hypertension 0.78 (0.27-2.27)
Dyslipidemia 1.006 (1.001-1.012)
Hypertension treatment 6.925 (1.525-31.453)

Hypertension treatment 4.986 (1.223-20.329)
Diabetes 2.24 (1.10-4.57)

Obesity 1.68 (0.89-3.20)

Dyslipidemia 0.35 (0.19-0.66)

Hypertension 0.88 (0.35-2.23)

Diabetes 4.18 (1.23-14.2)

Hypertension 0.67 (0.30-1.46)
Dyslipidemia 0.98 (0.43-2.20)
BMI 0.99 (0.95-1.03)

Platelet 0.94 (0.88-1.10)
Metformin 1.93 (0.84-4.41)
Sulphonylurea 1.50 (0.69-3.23)
Insulin 0.66 (0.30-1.48)
Smoking 1.14 (0.54-2.38)
Diabetes 1.30 (1.02-1.66)

BMI 1.00 (0.98-1.02)

Age, obesity, platelet, albumin, IFG/diabetes,
PNPLA3 polymorphism, advanced fibrosis/
cirrhosis

Age, obesity, platelet, albumin, IFG/diabetes,
PNPLA3 polymorphism, advanced fibrosis/
cirrhosis

Unadjusted

Age, gender, race, diabetes, obesity, dyslipidemia
and hypertension

Age, gender, race, diabetes, obesity, dyslipidemia,
and hypertension

Age, gender, BMI, fibrosis stage, steatosis degree,
inflammation score, albumin, total bilirubin,
ALT, AST, GGT, fasting blood glucose, HbAlc, tri-
glycerides, total cholesterol, creatinine, platelet
count, prothrombin time, Child-Pugh score,
treatment regimens for diabetes, dyslipidemia
and hypertension.

Adjusted as above

ALT group, age, race, sex, BMI, diabetes, hyperten-
sion, dyslipidemia, Deyo score, and healthcare
utilization

Age, sex, race, Child-Pugh score, albumin, platelet
count, diabetes, metformin use
Unadjusted

Age, sex, race, Child-Pugh score, diabetes, albu-
min, creatine
Unadjusted
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Table S1 (Continued)

Author Study Duration Data Source Traits of MASLD Risk Factor HR/RR/OR (95% CI) Adjusted Variables

Leel™ 2012.3-2020.6 Consecutively registered data- MASLD Diabetes 2.298 (0.986-5.357) Unadjusted
bases at three high-volume Dyslipidemia 0.56 (0.204-1.534) Age, liver stiffness, platelet count, AST, albumin,
medical centers total bilirubin, total cholesterol

Nybergt?% 2008.1.1-2017.12.31 Health services delivery system MASLD Diabetes 2.56 (2.04-3.20) Age, gender, race/ethnicity, congestive heart fail-

Pinyopornpanish(?!

Pinyopornpanish(??

Vilar-Gomez'®*!

Antwi24

(KPSC)

2002.7.1-2016.6.30 Electronic medical records

2015.6-2020.5 Commercial database (Explorys

Inc, Cleveland, OH)

1995.4-2016.12 Data registry from multi-center

2003-2017 SEER-Medicare

MASLD with cirrhosis

MASLD without cirrhosis

MASLD with cirrhosis

MASH with cirrhosis

MASLD

MASLD with cirrhosis

MASLD without cirrhosis

Hypertension 1.04 (0.78-1.38)
Obesity 1.14 (0.92-1.41)
Diabetes 1.39 (0.71-2.70)

BMI 1.04 (1.01-1.07)

Smoking (ever) 0.93 (0.58-1.50)
Alcohol 1.34 (0.82-2.20)

Aspirin 0.67 (0.40-1.13)
Metformin 0.99 (0.53-1.75)
Insulin 0.80 (0.43-1.50)

Statin 0.45 (0.26-0.79)
Sulphonylurea 0.97 (0.53-1.75)
Lipophilic statin 0.31 (0.17-0.56)
Hydrophilic statin 0.85 (0.42-1.72)
cDDD per 365 0.76 (0.63-0.92)
Diabetes 1.56 (1.15-2.11)
Obesity 0.84 (0.62-1.13)
Dyslipidemia 0.95 (0.66-1.37)
Hypertension 1.24 (0.84-1.83)
Smoking 1.75 (1.23-2.49)
Diabetes 1.27 (1.10-1.46)
Obesity 1.12 (0.98-1.28)
Dyslipidemia 0.68 (0.60-0.77)
Hypertension 0.89 (0.75-1.05)
Smoking 1.20 (1.05-1.38)
Metformin 0.78 (0.69-0.96)
Insulin 1.84 (0.65-5.19)
Sulphonylurea 0.96 (0.36-2.61)
Diabetes 5.42 (1.74-16.8)
Diabetes 2.39 (2.04-2.79)
Obesity 1.62 (1.43-1.85)
Metabolic syndrome 1.73 (1.49-2.01)
Dyslipidemia 0.73 (0.59-1.11)
Hypertension 1.03 (0.76-1.38)
Diabetes 2.03 (1.48-2.79)
Obesity 1.79 (1.36-2.34)
Metabolic syndrome 1.43 (1.05-1.95)
Dyslipidemia 0.86 (0.43-1.22)
Hypertension 0.95 (0.52-1.72)
Diabetes 2.04 (1.65-2.51)
Obesity 1.55 (1.30-1.86)
Metabolic syndrome 1.68 (1.36-2.06)
Dyslipidemia 1.02 (0.73-1.43)
Hypertension 1.14 (0.74-1.76)

ure, chronic kidney disease, hypertension, dia-
betes, and obesity

Sex, age, race, BMI, diabetes, smoking, alcohol
use, bariatric surgery, live decompensation,
MELD score, Child-Pugh score, statin, aspirin,
metformin, sulfonylurea, and insulin

Age, sex, race, decompensation status, smoking
status, alcohol use status, diabetes mellitus,
BMI, MELD score

Age, gender, race, diabetes, obesity, dyslipidemia,
hypertension, smoking

Age, gender, race, diabetes, obesity, dyslipidemia,
hypertension, smoking

Study center, calendar year of patients’ recruit-
ment, age, sex, race/ethnicity, BMI, smoking
status, alcohol consumption, Child-Pugh score,
esophageal varices, annual average HbAlc levels

Age, sex, race, smoking, geographic region, Medi-
care/Medicaid dual enrollment, diabetes, obe-
sity, metabolic syndrome, dyslipidemia,
hypertension

Age, sex, race, smoking, geographic region, Medi-
care/Medicaid dual enrollment, diabetes, obe-
sity, metabolic syndrome, dyslipidemia,
hypertension

Age, sex, race, smoking, geographic region, and
Medicare/Medicaid dual enroliment
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Table S1 (Continued)

Author Study Duration Data Source Traits of MASLD Risk Factor HR/RR/OR (95% ClI) Adjusted Variables
Ferrit®] 2015.3.1-2020.2.1 Single center medical records MASLD with current alcohol Diabetes 1.98 (0.65-6.01) Sex, age, cirrhosis, BMI, hypertension and diabetes
BMI 1.00 (0.90-1.12)
Hypertension 3.47 (0.85-14.2)
Alcohol €1 0.26 (0.07-1.10)
Alcohol €2 0.78 (0.21-2.91)
MASLD LACU Diabetes 2.26 (0.82-6.26) Sex, cirrhosis, BMI, hypertension and diabetes
BMI 0.96 (0.86-1.08)
Hypertension 6.12 (1.60-23.39)
Kramer!2®] 2003.1.1-2011.12.31 National US Department of Veter- MASLD Obesity 1.2 (1.08-1.35) Sex, race/ethnicity, age, FIB-4, diabetes complica-
ans Affairs (VA) Corporate Data Hypertension 1.22 (0.92-1.61) tions, diabetes duration, obesity, hypertension,
Warehouse (CDW) and VA Cen- Dyslipidemia 0.89 (0.78-1.01) dyslipidemia, chronic kidney disease, cardiovas-
tral Cancer Registry (CCR) Metformin 0.77 (0.65-0.90) cular disease
Insulin 1.05 (0.88-1.27)
Sulphonylurea 0.98 (0.84-1.16)
Diabetes complication 1.24 (1.12-1.38)
Xiel? 2015.1-2021.12 Medical record in single center MASLD Diabetes 2.01 (1.17-3.44) CRP, diabetes, BMI, hypertension, and
Obesity 3.63 (1.99-6.62) dyslipidemia
Hypertension 2.25 (1.30-3.88)
Dyslipidemia 2.58 (1.49-4.46)
Waist OR 1.00 (0.99-1.02) Unadjusted
MASLD without advanced fibrosis Diabetes 3.11 (1.66-5.85) CRP, diabetes, BMI, hypertension, and
Obesity 4.24 (2.08-8.93) dyslipidemia
Hypertension 2.99 (1.58-5.65)
Dyslipidemia 3.01 (1.59-5.69)
Waist 1.00 (0.98-1.01) Unadjusted
MASLD without cirrhosis Diabetes 2.39 (1.35-4.23) CRP, diabetes, BMI, hypertension, and
Obesity 3.86 (2.02-7.40) dyslipidemia
Hypertension 1.82 (1.02-3.24)
Dyslipidemia 2.61 (1.46-4.66)
Waist 1.00 (0.99-1.02)
yut2el 2004.1.1-2018.12.31 UPMC HER system MASLD Diabetes 1.122 (0.896-1.404) Unadjusted
Smoking (ever) 1.42 (1.09-1.87)
Cholankeril2%! 2004.1.1-2008.12.31 National VA Corporate Data Ware- MASLD Diabetes 2.65 (2.12-3.30) Change in FIB-4, Race/ethnicity, diabetes, obesity,
house (CDW) and VA Central Obesity 1.43 (1.16-1.76) hypertension, dyslipidemia
Cancer Registre (CCR) Hypertension 1.83 (1.18-2.86)
Dyslipidemia 0.52 (0.40-0.69)
Fujii®®® 1994.12.1-2020-12.31 JSG-NAFLD project MASLD Diabetes 2.65 (1.36-5.15) Unadjusted
BMI 1.02 (0.95-1.09)
Hypertension 1.39 (0.72-2.70)
Statin 0.67 (0.28-1.61)
Smoking (former) 1.87 (0.80-5.39)
Smoking (current) 0.22 (0.03-1.61)
Zoul*Y 2003.01-2019.06 Optum de-identified Clinformatics MASLD Statin 0.47 (0.36-0.60) Age, race, sex, diabetes, cardiovascular diseases,

database

MASLD with advanced fibrosis

Statin (cDDD 30-299) 0.57 (0.40-0.82)
Statin (cDDD 300-599) 0.56 (0.35-0.90)
Statin (cDDD  600) 0.30 (0.20-0.43)

Statin 0.45 (0.23-0.88)

cirrhosis, obesity, smoking, aspirin, metformin,
and Charlson Comorbidity Index

Not mentioned clearly.

ACEI = angiotensin-converting enzyme inhibitors; ALP = alkaline phosphatase; ALT = alanine aminotransferase; ARB = angiotensin |1 receptor antagonists; AST = aspartate aminotransferase; BMI = body mass
index; cDDD = cumulative defined daily dose; CRP = c reactive protein; FIB-4 = fibrosis 4 score; GGT = g-glutamyl transferase; HbA1c = glycosylated hemoglobin; HDL = high-density lipoprotein; HR = hazard ratio;
IFG = impaired fasting glucose; LACU = lifetime alcohol consuming unit; LDH = lactate dehydrogenase; LDL = low-density lipoprotein; MASH = metabolic dysfunction-associated steatotic hepatitis;
MASLD = metabolic dysfunction-associated steatotic liver diseases; MELD = Model for End-Stage Liver Disease; NA = non-available; OR = odds ratio; RR = risk ratio; TCL = total cholesterol; TG = total triglycerides.
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Table S2 Newcastle-Ottawa Scale for Cohort Study Quality

Study Selection Comparability* Outcome
Representativeness Selection of the Ascertainment of Demonstration that Comparability of Assessment of Was Follow-up Long Adequacy of Follow
of the Exposed Nonexposed Cohort Exposure Outcome of Interest Cohorts on the Basis Outcome Enough for Outcomes up Cohorts
Cohort was Not Present at of the Design or to Occur
Start of Study Analysis
Aschal?
Kawamural®! !
Leel® n
Bertot!”!
Kimural® !

vilar-Gomez™!
Grimaudo™®
Itol*4!
Kanwall*®!
Kogisol*€]
Natarajan
YangLel
Yangl8
Leel®®
Nyberg[2%
Pinyopornpanish(?!
Vilar-Gomez?!
Ferril?®!

Kramer!2®]

Yu [28]
Cholankeril?!
Fujii®®

Zout®!

[17]

A study can be awarded a maximum of one star for each numbered item within the Selection and Outcome categories. A maximum of two stars can be given for Comparability.
*If the study controls for cirrhosis (the most important factor) or diabetes (the second important factor), one star can be awarded. If the study controls for both factors, two stars can be awarded.

#The same study consisting of two cohorts.
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Table S3  Newcastle-Ottawa Scale for Case-Control Study Quality
Study Selection Comparability™ Exposure
Adequacy of Case Representativeness  Selection of Definition of Comparability of ~Assessment of Same Method of ~ Nonresponse
Definition of the Cases Controls Controls Cases and Exposure Ascertainment of Rate
Controls on the Cases and
Basis of the Controls
Design or
Analysis

Hashimoto!*!

Liut

Coreyt®!

Azumal*®
Enooku™!
Germant*?
Pinyopornpanish(?!]
Antwi(24

Xiel?

A study can be awarded a maximum of one star for each numbered item within the Selection and Exposure categories. A maximum of two stars can be

given for Comparability.

*1f the study controls for cirrhosis (the most important factor) or diabetes (the second important factor), one star can be awarded. If the study controls

for both factors, two stars can be awarded.

Table S4 Subgroup Analyses of Association Between Overweight or Obesity and Incident HCC in Patients with MASLD According to Study

Characteristics

No. Study RR (95% ClI) 12 P Value for Between Groups

Overweight or obesity
Region
North America 7 1.23 (1.07-1.42) 78% .09
Europe 1 0.87 (0.21-3.58) /
Asia 4 2.16 (1.31-3.56) 31%
Study design
Cohort 8 1.24 (1.14-1.35) 0% .51
Case-control 4 1.41 (0.99-2.01) 91%
Setting
Population-based 9 1.26 (1.10-1.44) 72% .48
Hospital-based 3 1.83 (0.65-5.13) 57%
Adjustment
Yes 11 1.31(1.13-1.53) 75% .81
No 1 1.31(1.13-1.52) /
Follow-up durations in cohort studies*
<5y 1 1.14 (0.92-1.41) / 42

5y 6 1.25 (1.14-1.38) 0%

*Follow-up duration was not available in one study.
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Table S5 Subgroup Analyses of Association Between Diabetes and Incident HCC in Patients with MASLD According to Study

Characteristics

No. Study RR (95% CI) 1? Test for Subgroup Difference
Region
North America 10 1.90 (1.48-2.45) 88% <0.01
Europe 3 1.23 (0.84-1.80) 18%
Asia 9 2.43(1.73-3.42) 27%
Oceania 1 2.90 (1.18-7.15)) /
Multi-regions 2 4.94 (2.58-9.47) 0%
Study design
Cohort 19 2.17 (1.68-2.80) 7% 0.59
Case-control 6 1.93 (1.37-2.72) 87%
Setting
Population-based 9 1.90 (1.45-2.48) 90% 0.30
Hospital-based 16 2.36 (1.72-3.24) 59%
Adjustment
Yes 18 2.14 (1.72-2.67) 82% 0.70
No 7 1.94 (1.22-3.07) 65%
Follow-up durations in cohort studies*
<5y 7 1.82 (1.24-2.67) 83% 0.10
5y 10 2.73 (2.02-3.71) 43%

*Follow-up duration was not available in two studies.

Table S6 Subgroup Analyses of Association Between Dyslipidemia and Incident HCC in Patients with MASLD According to Study

Characteristics

No. Study RR (95% CI) 12 Test for Subgroup Difference

Region
North America 7 0.79 (0.65-0.96) 75% 0.45
Asia 8 0.63 (0.37-1.08) 83%
Study design
Cohort 10 0.76 (0.61-0.94) 79% 0.74
Case-control 5 0.82 (0.54-1.26) 87%
Setting
Population-based 9 0.74 (0.60-0.90) 75% 0.93
Hospital-based 6 0.76 (0.42-1.37) 83%
Adjustment
Yes 11 0.82 (0.68-0.99) 88% 0.30
No 4 0.52 (0.23-1.20) 66%
Follow-up durations in cohort studies*
<5y 1 0.82 (0.67-1.00) / 0.66

5y 8 0.81 (0.65-1.00) 78%

*Follow-up duration was not available in one study.
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Table S7 Subgroup Analyses of Association Between Hypertension and Incident HCC in Patients with MASLD According to Study

Characteristics

No. Study RR (95% CI) 12 Test for Subgroup Difference

Region
North America 9 1.18 (0.95-1.45) 65% 0.05
Asia 7 2.21 (1.21-4.05) 67%
Study design
Cohort 10 1.39 (1.01-1.91) 65% 0.74
Case-control 6 1.51 (1.01-2.27) 81%
Setting
Population-based 9 1.10 (0.95-1.28) 90% 0.01
Hospital-based 7 2.71 (1.34-5.45) 33%
Adjustment
Yes 12 1.30 (1.05-1.62) 66% 0.40
No 4 2.16 (0.68-6.93) 84%
Follow-up durations in cohort studies*
<5y 3 1.04 (0.81-1.33) 0% 0.04

5y 6 1.86 (1.12-3.08) 73%

*Follow-up duration was not available in one study.
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A Risk Ratio Risk Ratio
Study logRR SE Weight IV, Random, 95% CI IV, Random, 95% CI
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Figure S1 Forest plots of the association between lifestyle factors and the risk of MASLD-
HCC.
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Figure S2 Sensitivity analyses of the association between lifestyle factors and the risk of MASLD-

HCC.
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Figure S3  Forest plots and funnel plot of overweight or obesity associated with MASLD-HCC.
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Figure S4 Sensitivity analyses of the association between obesity and the risk of MASLD-HCC.
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Figure S5 Forest plots of body mass index associated with MASLD-HCC.
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Figure S6 Sensitivity analyses of the association between body mass index (BMI) and the risk of
MASLD-HCC.
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Figure S7 Forest plots and funnel plot of diabetes associated with MASLD-HCC.
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Figure S8 Sensitivity analyses of diabetes associated with MASLD-HCC.
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Figure S9 Forest plots and funnel plot of dyslipidemia associated with MASLD-HCC.
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Figure S10 Sensitivity analysis of dyslipidemia associated with MASLD-HCC.
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Figure S11 Forest plots and funnel plot of hypertension associated with MASLD-HCC.
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Figure S12 Sensitivity analyses of hypertension associated with MASLD-HCC.
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Figure S13 Funnel plot and forest plot for the estimated association between hypertension and HCC in MASLD
patients after correction publication bias.
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Figure S14 Forest plots of the association between antidiabetic therapies and the risk of incident HCC in MASLD
patients.
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Figure S15 Sensitivity analyses of antidiabetic treatment associated with MASLD-HCC.
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Figure S16 Forest plots of statin and aspirin therapies associated with MASLD-HCC.
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Figure S17 Sensitivity analyses of statin and aspirin therapies associated with MASLD-HCC.
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