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; h trials—is inconsistent and affected by substantial overlap. We conducted an umbrella review to synthesize
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the available evidence on the associations between statin use and hepatological outcomes in CLD patients,

Keywords: while addressing study overlap.

Hepatocellular carcinoma Design: PubMed, EMBASE, and Cochrane Library were searched up to September 2025 for systematic

Hepatic Decompensation reviews of statin therapy in CLD. Methodological quality was evaluated using AMSTAR-2. Study overlap

Meta-analysis was assessed using corrected covered area (CCA) and minimized via hierarchical exclusion prioritizing

gﬁotr_tality methodological quality, comprehensiveness, and recency. Random-effects meta-analyses with bias assess-
atins

ments were conducted.
Results: Of 850 records screened, 17 systematic reviews (229 unique studies; 10,515,877 participants
from 34 countries) were included after overlap adjustment (CCA = 5.79%). Statin therapy was associated
with 46% reduction in hepatocellular carcinoma (HCC) risk (HR 0.54, 95% CI 0.48-0.59; I> = 46.7%) and
46% reduction in hepatic decompensation (HR 0.54, 95% CI 0.49-0.59; I> = 0.1%); these estimates derive
predominantly from observational studies and should be interpreted as associations rather than causal
effects. Geographic heterogeneity was observed: Asian populations showed stronger benefits (HCC HR
0.49, 95% CI 0.45-0.53; I> = 0%) compared with Western populations (HCC HR 0.71, 95% CI 0.52-0.96;
I> = 95.7%; p = 0.003). Statin use also associated with reduced all-cause mortality (HR 0.65, 95% CI 0.52-
0.81), though with substantial heterogeneity (I*> = 80%). In contrast, available RCT-based evidence does
not consistently confirm these associations for decompensation or mortality outcomes.
Conclusions: Statin use is consistently associated with reduced HCC risk and hepatic decompensation in
CLD patients, particularly in Asian populations, though these findings derive predominantly from observa-
tional evidence subject to potential confounding. These associations support the continued use of statins
in patients with CLD and cardiovascular indications where these are otherwise indicated, with poten-
tial additive hepatoprotective effects. These results underscore the urgent need for adequately powered
randomized trials to clarify the boundaries of safety and efficacy in this high-risk population.
© 2026 The Authors. Published by Elsevier B.V. on behalf of Editrice Gastroenterologica Italiana S.r.l. This
is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/)

1. Introduction

Cirrhosis represents a major global health burden, causing
more than 1.32 million deaths globally in 2017, with deaths due
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variceal bleeding, hepatocellular carcinoma (HCC), and acute-on-
chronic liver failure (ACLF)—remain challenging to manage [2]. The
potential role of statins in liver disease has generated considerable
interest, though also substantial controversy. Initially, clinicians
were reluctant to prescribe these medications in patients with
liver disease due to concerns about hepatotoxicity. This paradigm
began shifting in the early 2000s when observational studies
suggested that statins might actually confer hepatoprotective
benefits in chronic liver disease (CLD) [3]. The pleiotropic effects
of 3-hydroxy-3-methylglutaryl coenzyme A (HMGCoA) reductase
inhibitors extend well beyond cholesterol reduction, encompassing
anti-inflammatory, antioxidant, and antifibrotic properties that
could theoretically benefit patients with chronic liver disease
[4-6]. These mechanisms include inhibition of the mevalonate
pathway, which reduces isoprenoid intermediate availability es-
sential for cellular proliferation and inflammatory processes [7].
Additionally, statins enhance endothelial nitric oxide synthase
activity, promoting vasodilation and reducing intrahepatic vascular
resistance [8]. The anti-inflammatory effects are mediated through
downregulation of nuclear factor-xkB signalling and reduction in
C-reactive protein levels [9]. Furthermore, statins demonstrate
antifibrotic properties by inhibiting hepatic stellate cell activation
and reducing collagen synthesis [10]. However, the evidence base
remains fragmented and sometimes contradictory. Whilst some
large cohort studies have demonstrated impressive reductions
in HCC incidence and liver-related mortality among statin users
[11-13], others have found more modest or non-significant effects
[14,15]. The heterogeneity in study populations, statin types,
dosing regimens, and outcome definitions has made it difficult for
clinicians to draw definitive conclusions about the role of these
medications in cirrhotic patients. The proliferation of systematic
reviews addressing this question presents both an opportunity
and a challenge. Multiple reviews often examine overlapping pri-
mary studies, potentially leading to misleading conclusions if not
properly synthesised [16]. Furthermore, the methodological quality
of these reviews varies considerably, from rigorous analyses that
follow international guidelines to more limited syntheses with
significant methodological shortcomings [17]. We therefore con-
ducted this umbrella review to provide the most comprehensive
synthesis of the available systematic review and meta/analytic
evidence on statin therapy in CLD, with particular attention to
methodological quality, study overlap, and clinical applicability.
Our objective was not merely to aggregate existing meta-analyses,
but to critically evaluate the consistency and reliability of findings
across multiple independent research groups, identify areas of
true consensus versus persistent uncertainty, and provide clinically
meaningful guidance for hepatologists.

2. Material and methods

The protocol was prospectively registered with PROSPERO
(CRD420251131230). A comprehensive search strategy was devel-
oped in collaboration with an experienced medical librarian and
refined through pilot searches. The strategy combined controlled
vocabulary terms (MeSH for PubMed, Emtree for EMBASE) with
carefully selected free-text terms, accounting for variations in ter-
minology across different geographical regions and time periods.

2.1. Search strategy

2.1.1. PubMed search strategy (adapted for other databases)
("Hydroxymethylglutaryl-CoA Reductase Inhibitors"[Mesh] OR
statin*[tiab] OR atorvastatin[tiab] OR simvastatin|[tiab] OR pravas-
tatin[tiab] OR rosuvastatin[tiab] OR lovastatin[tiab] OR fluvas-
tatin[tiab] OR pitavastatin[tiab])
AND
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(“Liver Fibrosis” [Mesh] OR "Liver Cirrhosis"[Mesh] OR "Hyper-
tension, Portal"[Mesh] OR "Carcinoma, Hepatocellular"[Mesh] OR
"Acute-On-Chronic Liver Failure"[Mesh] OR fibrosis[tiab] OR cirrho-
sis[tiab] OR cirrhotic[tiab] OR "portal hypertension"[tiab] OR hep-
atocellular carcinoma(tiab] OR HCC[tiab] OR "liver decompensa-
tion"[tiab] OR ACLF[tiab]) OR mortality[tiab] OR death[tiab] OR sur-
vival[tiab]

AND

("Meta-Analysis"[Publication Type] OR "Meta-Analysis as
Topic"[Mesh] OR "Systematic Review"[Publication Type] OR "sys-
tematic review"[tiab] OR meta-analys*[tiab] OR metaanalys*[tiab])

Search filters were applied to exclude animal studies, case re-
ports, and conference abstracts. No language restrictions were im-
posed initially, with non-English articles assessed by native speak-
ers or professional translation services when abstracts suggested
potential relevance.

2.2. Study selection and inclusion criteria

Three investigators (FC, MV and FC) independently screened ti-
tles, abstracts, and full texts for eligibility. Disagreements were re-
solved through consensus or consultation with a third reviewer.
Studies were included if they met the following criteria:

— Study design: Systematic reviews with or without meta-analysis

— Population: Patients with chronic liver disease (CLD) or cirrho-
sis of all aetiologies

— Intervention: Any statin therapy (regardless of type, dose, or
duration)

— Outcomes: HCC incidence, hepatic decompensation, ACLF, mor-
tality, portal hypertension, variceal bleeding, or safety outcomes

— Publication: Peer-reviewed articles in scientific journals

Exclusion criteria: narrative reviews, editorials, conference ab-
stracts, case reports, individual observational studies or ran-
domised controlled trials, and reviews focusing exclusively on non-
cirrhotic populations.

2.3. Data extraction

Data extraction was performed by three independent review-
ers (FC, MV and FC) using a standardised form. Extracted informa-
tion included: first author details, publication year, search dates,
number and design of included studies, population characteristics,
statin types and dosing, follow-up duration, outcome measures, ef-
fect estimates with confidence intervals, measures of heterogene-
ity, and quality assessment results. For each included review, we
additionally recorded whether the primary studies were predom-
inantly observational, predominantly randomized controlled trials
(RCTs), or mixed, in order to facilitate stratified interpretation of
pooled estimates.

2.4. AMSTAR-2 quality assessment

The methodological quality of included systematic reviews was
assessed using the Assessment of Multiple Systematic Reviews 2
(AMSTAR-2) tool [18]. AMSTAR-2 evaluates 16 domains of system-
atic review methodology, with seven critical domains identified:
protocol registration prior to commencement, adequacy of litera-
ture search, justification for excluding individual studies, risk of
bias assessment, appropriateness of meta-analytical methods, con-
sideration of risk of bias when interpreting results, and assess-
ment of publication bias. Three reviewers (FC, MV and FC) in-
dependently assessed each systematic review, with discrepancies
resolved through discussion. Overall confidence was classified as
high (AMSTAR-2 >12), moderate (8-11), low (5-7), or critically low
(<5).
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2.5. Assessment of overlapping reviews

Given the potential for multiple systematic reviews to include
overlapping primary studies, we assessed the degree of overlap us-
ing the corrected covered area (CCA) method [19]. CCA was cal-
culated as: CCA = (N - 1) [ (r x ¢ - r), where N represents the
total number of publications appearing in at least one system-
atic review, r represents the number of systematic reviews, and
c represents the number of unique primary studies. CCA values
were interpreted as: 0-5% (slight overlap), 6-10% (moderate over-
lap), 11-15% (high overlap), and >15% (very high overlap). For re-
views with high overlap (>15%), we implemented a hierarchical
exclusion strategy prioritising: methodological quality (AMSTAR-2
score), comprehensiveness of search strategy, recency of publica-
tion, and sample size of included studies.

2.6. Statistical analysis

Meta-analysis was performed using the meta for package in
R employing random-effects models with REML estimation to ac-
count for anticipated heterogeneity between studies. Effect sizes
were expressed as hazard ratios (HR), Relative Risk (RR), Rate Dif-
ference (RD), odds ratios (OR), or mean differences (MD) with 95%
confidence intervals. Where reviews reported different effect mea-
sures for the same outcome, pooled analyses were restricted to
those reporting the same metric; reviews reporting different mea-
sures were described narratively and included in the structured
comparison of observational versus RCT evidence. Statistical het-
erogeneity was assessed using the I*> statistic [20], with values
of 25%, 50%, and 75% representing low, moderate, and high het-
erogeneity, respectively. In cases of substantial heterogeneity (I
>50%), we explored potential sources through subgroup analyses
based on geographic region (Asia vs Western countries). Additional
subgroup analyses stratifying reviews by primary study design (ob-
servational/mixed vs RCT-only) were performed for decompensa-
tion and mortality outcomes. Publication bias was evaluated using
funnel plot visual inspection and Egger’s regression test when >10
studies were available [21], hence it couldn’t be performed for HCC
prevention, hepatic decompensation, and all-cause mortality anal-
yses. A post-hoc sensitivity analysis was performed restricting the
decompensation and mortality analyses to reviews that included
exclusively or predominantly cirrhotic populations, in order to ex-
plore the potential impact of disease severity on observed asso-
ciations. Sensitivity analyses were conducted using leave-one-out
analysis to assess the influence of individual studies. All statistical
tests were two-sided, with p <0.05 considered statistically signifi-
cant.

3. Results

Our comprehensive search identified 1,262 records. After re-
moving duplicates, 850 unique records were screened. Following
rigorous screening, 65 full-text articles were assessed for eligibility.
Of these, 21 were excluded as they were primary studies, narra-
tive reviews, or duplicate umbrella reviews. Consequently, 44 sys-
tematic reviews initially met inclusion criteria. However, overlap
assessment revealed a critical methodological challenge: the ini-
tial CCA indicated very high overlap between reviews. After im-
plementing our hierarchical exclusion strategy prioritising method-
ological quality whilst maintaining population representativeness,
we excluded 27 of the 44 overlapping reviews. This successfully
reduced the CCA to an acceptable 5.79%, resulting in 17 systematic
reviews included in the final synthesis (Fig. 1).

Following full-text assessment, 21 articles were excluded as
they were primary studies, narrative reviews, or duplicate umbrella
reviews (Supplementary Table S1). Of the remaining 44 systematic
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reviews eligible for synthesis, 27 were subsequently excluded due
to high overlap (>5% CCA) or lower methodological quality to min-
imize redundancy.

Specifically, reviews were retained based on: (1) highest
AMSTAR-2 score within overlapping sets; (2) most comprehensive
search strategy when scores were equal; (3) most recent publica-
tion date when both quality and comprehensiveness were compa-
rable; and (4) largest sample size as the final criterion. This sys-
tematic approach ensured that the most methodologically rigor-
ous and comprehensive evidence was retained while minimizing
redundancy. The PRISMA flowchart is depicted in Fig. 1.

The final analysis included 17 systematic reviews encompass-
ing 229 unique primary studies with 10,515,877 participants from
34 countries. AMSTAR-2 quality assessment demonstrated variable
methodological rigour: three reviews achieved high quality (>12
points), twelve reached moderate quality (8-11 points), and two
were rated as low quality (5-7 points). No included review was
rated critically low (Table 1).

The 17 included systematic reviews with meta-analysis showed
considerable diversity in scope and population characteristics. Ge-
ographic distribution was broad, with studies from Asia-Pacific re-
gions, North America, Europe, and mixed international cohorts.
Population characteristics varied substantially, encompassing vi-
ral hepatitis, metabolic dysfunction-associated steatotic liver dis-
ease (MASLD, formerly NAFLD), mixed aetiologies, and portal
hypertension-specific populations. Of note, the majority of primary
studies included across reviews were observational in design; only
two included reviews (Abdulrazzak et al. and Zhang et al. 2022)
were based exclusively on RCTs, and both contributed limited sam-
ple sizes compared with the observational evidence base (Table 1).

3.1. Primary outcomes

3.1.1. Hepatocellular carcinoma prevention

Six systematic reviews contributed to the HCC prevention anal-
ysis [12,13,15,31,33,34], representing studies with participants from
multiple countries (Fig. 2). Statin therapy was associated with a
statistically significant 46% reduction in HCC risk (HR 0.54, 95% CI
0.49-0.59, p<0.001). The heterogeneity was moderate (>=36.5%),
suggesting reasonable consistency across studies. Importantly, all
six reviews included in the HCC analysis were based on obser-
vational or mixed study designs. No reviews of randomised con-
trolled trials (RCT) were available for this outcome, precluding a
formal subgroup analysis by study design.

The most striking finding was the significant geographic het-
erogeneity (Fig. 3). Asian populations showed a strong and homo-
geneous association (HR 0.49, 95% CI 0.45-0.53, 1’=0.0%), whilst
Western populations demonstrated a more modest association
with extremely high heterogeneity (HR 0.70, 95% CI 0.54-0.89,
[2.=92.5%). The test for subgroup differences was statistically signif-
icant (p=0.003), indicating that geographic region is an important
modifier of the statin-HCC association. Publication bias assessment
using funnel plot inspection showed no obvious asymmetry (Sup-
plementary Fig. 1 panel A).

3.2. Hepatic decompensation

Four systematic reviews contributed to the decompensation
analysis [11,26-28], revealing a significant 46% reduction in risk
(HR 0.54, 95% CI 0.49-0.59, p<0.001, ’=0.1%) (Fig. 4).

The near-absence of heterogeneity suggests a remarkably con-
sistent association across different populations and study designs.
However, subgroup analysis by study design revealed important
differences. The four reviews based on observational or mixed
studies showed a strong association with minimal heterogeneity
(HR 0.54, 95% CI 0.49-0.59, I’=0.1%). In contrast, one additional
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Records excluded: 785 )
Full-text excluded (n=21)
Reasons: Primary Studies (RCT/Cohort),
Narrative Reviews, Duplicate Umbrella

Overlap Assessment Excluded due to high overlap j
Studies assessed for overlap: 44 or low quality (AMSTAR): 27
Included
Total studies included: 17
Fig. 1. PRISMA flow chart.
Table 1
Characteristics of systematic reviews/metanalysis included in the analysis.
First Author Year N° Studies ~ N° Participants ~ Population Primary Outcome AMSTAR-2  Primary Study Design CCA
Included Contribution

Ayada et al. [22] 2023 7 5145 MASLD Fibrosis & NASH risk 9 Observational 0,15

Abdulrazzak et al. [23] 2025 6 492 Cirrhosis Portal Pressure (HVPG) 12 RCTs Only 0,92

Boutari et al. [24] 2022 13 789 NAFLD Histology & Enzymes 9 Observational 0,49
(NAFLD)

Fatima et al. [25] 2022 14 1247503 NAFLD Histology & Enzymes 9 Observational 0,63
(NAFLD)

Gu et al. [26] 2019 17 195602 Cirrhosis Mortality, 11 Observational & Mixed 3,01
Decompensation, HCC

Kamal et al. [11] 2017 17 158172 Mixed CLD HCC, decompensation, 12 Observational & Mixed 2,38
mortality

Kim et al. [27] 2017 13 121058 Mixed Decompensation, 11 Observational & Mixed 3,06

CLD/Cirrhosis Mortality

Li et al. [13] 2022 10 548073 Viral Hepatitis HCC prevention 10 Observational 1,56

Ma et al. [28] 2017 10 123445 Viral Hepatitis  Cirrhosis & 10 Observational 2,09
Decompensation

Sung et al. [29] 2021 22 2781 Cirrhosis Pharmacokinetics & 8 Observational 1,46
Safety

Vahedian-Azimi et al. 2021 9 195602 Viral Hepatitis  Multiple outcomes 9 Observational & Mixed 2,09

[30]

Wong et al. [12] 2021 12 89451 Mixed CLD HCC prevention 11 Observational 1,94

Wang et al. [31] 2022 32 4963518 Mixed CLD HCC prevention 11 Observational 2,09

Zhang et al. [32] 2022 9 648 Cirrhosis Mortality, Bleeding 10 RCTs Only 1,31

Zhang et al. [15] 2023 5 684363 NAFLD HCC Risk 10 Observational 0,15

Zeng et al. [33] 2023 10 1774476 Mixed CLD HCC chemoprevention 12 Observational 1,02

Zheng et al. [34] 2017 23 404759 HCV SVR, HCC, Cirrhosis 10 Observational & Mixed 3,01

Legend: CLD: chronic liver disease; NALFD=non-alcoholic fatty liver disease; NASH=non-alcoholic steatohepatitis; MASLD: metabolic-dysfunction associated steatotic liver

disease, SVR=sustained virological response.

review by Abdulrazzak et al. [23] that included only RCTs, which
could not be pooled due to reporting a different effect measure
(Risk Difference), found no statistically significant association with
decompensation (Risk Difference 0.03, 95% CI -0.08 to 0.13). Pub-
lication bias assessment using funnel plot inspection showed no
obvious asymmetry (Supplementary Fig. 1 panel B).

3.3. All-cause mortality

Five systematic reviews provided mortality data suitable for
meta-analysis [11,25,26,29,30] (excluding Abdulrazzak et al. [23]
which reported Risk Difference). All-cause mortality showed an as-
sociation with 38% reduction (HR 0.62, 95% CI 0.51-0.77, p<0.001),
though with substantial heterogeneity (I>=77.4%). This high hetero-
geneity suggests important differences between studies that war-
rant cautious interpretation. To explore the impact of study design
on mortality outcomes, we conducted a subgroup analysis stratify-

ing reviews by the type of primary studies included (Fig. 5). The
four reviews based on observational or mixed studies [11,26,27,30]
showed a significant association between statin use and reduced
mortality, albeit with considerable heterogeneity (pooled HR 0.65,
95% CI 0.52-0.81, [>=80.0%) (Supplementary Fig. 2).

Zhang et al. [32], based exclusively on RCTs, reported a pooled
RR of 0.46 (95% CI 0.29-0.73, 1>=0.0%); the test for subgroup differ-
ences between observational and RCT-based reviews was not sta-
tistically significant (p=0.269).

3.4. Sensitivity analyses

Leave-one-out sensitivity analysis for HCC prevention demon-
strated remarkable stability of the pooled estimate (Supplementary
Table 2, Supplementary Fig. 3).

Sequential exclusion of each review yielded HRs ranging from
0.58 to 0.64, all remaining statistically significant. This consis-
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Study HR[95% CI]  Weight
Li etal. 2022 0.47 [0.38, 0.56] 10.9% o
Wang et al. 2022 0.58 [0.51, 0.67] 22.1% B
Wong et al. 2021 0.57 [0.52, 0.62] 53.1% —
Zeng et al. 2023 0.52[0.37, 0.72] 3.7% B
Zhang et al. 2023 0.59(0.39, 0.89] 2.4% ]
Zheng et al. 2017 0.45[0.36, 0.57] 7.8% B
Overall (2= 36.5%)  0.54[0.49,0.59]  100.0% =T T
r T 1
0.40 0.60 1.0

Hazard Ratio (HR)

Fig. 2. Forest plot HCC prevention.

Subgroup HR [95% CI]
Asia 0.49 [0.45, 0.53]
Western 0.70 [0.54, 0.89]

Test for subgroup differences: p = 0.003

0.0% ‘

92.5% ‘

r T 1
0.40 0.60
Hazard Ratio (HR)

Fig. 3. Forest plot for geographic subgroups.

tency strengthens confidence in the robustness of the HCC pre-
vention association. Meta-regression analysis examining the rela-
tionship between study quality (AMSTAR-2 score) and effect size
showed no significant association (Supplementary Fig. 4), sug-
gesting that the observed associations are not merely artefacts
of lower-quality studies. The Galbraith plot for HCC prevention

(Supplementary Fig. 5) demonstrates a high degree of consistency
among the included meta-analyses. Most studies fall within the
95% confidence bounds (shaded area), indicating that the variabil-
ity in the reported hazard ratios is largely due to sampling er-
ror rather than significant clinical or methodological heterogene-
ity. This visual confirmation aligns with the moderate 12 value
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Study Effect Size [95% CI] Weight
Gu etal. 2019 0.66 [0.48, 0.83] 10.9%
Kamal et al. 2017 0.54 [0.46, 0.65] 27.5%
Kim et al. 2017 0.54 [0.46, 0.62] 36.8%

0.49 [0.41, 0.59] 24.8% -

Ma et al. 2017

-‘

Hazard Ratio (HR

Fig. 4. Forest plot hepatic decompensation.

Forest Plot - All-Cause Mortality (Pooled Studies)

Overall (# =0.1%) 0.54 [0.49, 0.59] 100.0%

Study Design

Kamal et al. 2017 Obs.

Kim et al. 2017 Obs. +
Gu etal. 2019 Obs.

Vahedian-Azimi et al. 2021 Obs. -
Zhang et al. 2022 RCT .

Overall (¥ = 77.4%)

-’-

HR/RR [95% CI]  Weight

- 0.67 [0.46, 0.98] 3.2%

0.54[0.47,0.861) 26.9%
- 0.78[0.72, 0.85] 66.3%
0.61[0.35, 1.06] 1.5%
0.46[0.29, 0.73] 21%

0.62 [0.51, 0.77] 100.0%

Hazard Ratio / Relatve Risk (Log Scale

Fig. 5. Forest plot all-cause mortality.

(36.5%) and strengthens the validity of the pooled association
estimate.

Post-hoc sensitivity analysis restricting decompensation and
mortality analyses to reviews that included exclusively or predom-
inantly cirrhotic populations (Gu et al. 2019, Kamal et al. 2017, Kim
et al. 2017, Zhang et al. 2022, Abdulrazzak et al. 2025) showed re-
sults consistent with the main analysis for decompensation (HR
0.56, 95% CI 0.50-0.62).

For mortality, the restricted analysis similarly yielded a signifi-
cant reduction in risk with persistent high heterogeneity (HR 0.62,
95% CI 0.49-0.79, > = 83.9%). Formal stratification by cirrhosis

severity (compensated vs decompensated) was not feasible at the
level of aggregate data from systematic reviews, as most included
reviews did not consistently separate these populations.

3.5. Safety Outcomes

Safety data were available from 7 systematic reviews. Hepato-
toxicity rates were generally low, suggesting that statins can be
safely used in compensated cirrhosis with appropriate monitoring.
However, muscle-related adverse events showed divergence based
on study design. Large observational cohorts reported no signifi-
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cant risk of myopathy (Wong et al. [12]: HR 1.07, 95% CI 0.91-1.27).
In contrast, meta-analyses of RCTs suggested a potential safety sig-
nal: Zhang et al. [32] reported a pooled Relative Risk (RR) for as-
thenia/myalgia of 1.65 (95% CI 0.93-2.95), and Abdulrazzak et al.
[23] highlighted dose-dependent toxicity, particularly noting risks
associated with simvastatin 40 mg (Supplementary Table 3).

4. Discussion

This umbrella review provides a comprehensive synthesis of
the available evidence on statin use in CLD including cirrhosis,
demonstrating consistent associations between statin therapy and
reduced risks of HCC and hepatic decompensation. The observed
46% relative risk reduction for both outcomes is numerically strik-
ing; however, these estimates derive predominantly from observa-
tional studies and their interpretation requires careful considera-
tion of the methodological limitations inherent to this evidence
base, as detailed below. This clinical evidence might be explained
by several biological mechanisms. Statins enhance intrahepatic ni-
tric oxide bioavailability through endothelial nitric-oxid-synthase
upregulation, reduce hepatic stellate cell activation via Rho kinase
suppression [35], and attenuate oxidative stress through upregula-
tion of antioxidant enzymes [36], collectively lowering portal pres-
sure and improving hepatic function. They also inhibit the meval-
onate pathway, decreasing the availability of isoprenoid interme-
diates essential for tumor proliferation [37] and reduce Ras and
Rho signaling, both critical drivers of cellular transformation and
metastasis [38]. Additionally, statins promote pro-apoptotic activ-
ity through p53 pathway activation and exert anti-angiogenic ef-
fects by VEGF downregulation [39]. Their anti-inflammatory effects
- mediated by reduced nuclear factor-xB activation and cytokine
production - further create an inhospitable microenvironment for
hepatocarcinogenesis [40]. These plausible biological mechanisms
lend biological credibility to the observed associations, but do not
substitute for causal evidence from randomized trials. The consis-
tency of associations across multiple independent research groups
provides some degree of epidemiological coherence [41], but can-
not rule out the presence of systematic biases common to the ob-
servational literature.

4.1. Observational evidence versus RCT evidence

A structured comparison of the available evidence by study de-
sign reveals an important and clinically meaningful divergence.
Observational and mixed-design reviews consistently report large
protective associations for decompensation (HR ~0.54) and mor-
tality (HR ~0.62-0.65). In contrast, the two RCT-based reviews in-
cluded in this analysis tell a more nuanced story: Zhang et al. [32],
reporting on simvastatin in cirrhosis, found a mortality benefit (RR
0.46, 95% CI 0.29-0.73) without statistical heterogeneity, suggest-
ing potential efficacy in a selected cirrhotic population. However,
Abdulrazzak et al. [23], pooling RCTs that measured decompen-
sation and mortality as primary endpoints, found no statistically
significant benefit for either outcome (RD 0.03, 95% CI -0.08 to
0.13 for decompensation; RD -0.02, 95% CI -0.10 to 0.05 for mor-
tality). The latter review included only 492 participants, substan-
tially limiting its statistical power. The discrepancy between obser-
vational and RCT findings is consistent with the known impact of
immortal time bias, confounding by indication, and healthy user
bias in observational hepatology research, all of which tend to in-
flate apparent treatment benefits. Until adequately powered, well-
designed RCTs report their findings — particularly the ongoing SA-
CRED trial [42], which is evaluating simvastatin in approximately
2,400 patients with compensated high-risk cirrhosis — causal in-
ference from the current evidence base remains premature.
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Despite the consistency of the observed associations, impor-
tant concerns arise from the geographic heterogeneity, especially
in HCC prevention, where the association appears stronger in Asian
populations (HR 0.49, I’=0%) than in Western cohorts (HR 0.70,
[°=92.5%). Several factors may account for this discrepancy: (1) dif-
ferences in cirrhosis etiology, with hepatitis B virus (HBV) pre-
dominating in Asia versus alcohol and MASLD in Western coun-
tries; (2) genetic variations in statin metabolism and response; (3)
differences in healthcare systems and medication adherence; and
(4) variability in HCC surveillance intensity and diagnostic prac-
tices. The extremely high heterogeneity in Western populations
(I2=92.5%) is particularly concerning and substantially limits the
interpretability and generalizability of the pooled Western esti-
mate. In this context, the pooled Western HR (0.70, 95% CI 0.54-
0.89) should be regarded as an exploratory estimate only.

4.2. Sources of heterogeneity

Beyond geographic differences, several additional sources of
heterogeneity across included reviews deserve consideration. First,
disease etiology: the included reviews encompass populations with
viral hepatitis B and C, MASLD, alcohol-related liver disease, and
mixed etiologies, which differ substantially in their pathophys-
iology, baseline inflammatory milieu, and pharmacogenomic re-
sponse to statin therapy. Second, statin type and dose: the ma-
jority of observational evidence does not differentiate between
statin molecules or dose regimens, while RCT evidence has fo-
cused predominantly on simvastatin. Whether the observed asso-
ciations are class effects or molecule-specific remains unknown.
Third, disease severity: cirrhotic and non-cirrhotic populations, as
well as compensated and decompensated patients, are frequently
pooled within individual reviews. As discussed above, the benefit-
risk profile of statins may differ substantially across these groups.
Fourth, follow-up duration: shorter studies may miss late-onset
benefits (e.g. HCC prevention) while longer studies may be more
affected by competing risks, particularly in advanced disease. These
sources of heterogeneity preclude straightforward generalization of
the pooled estimates to individual patient subgroups and should
inform the design of future trials. Likewise, the substantial hetero-
geneity observed for mortality may reflect differences in follow-up
duration, competing risks, and variations in cause-of-death ascer-
tainment across studies. Nevertheless, even with relatively weaker
evidence in Western populations, the high prevalence of MASLD—
conditions closely linked to elevated cardiovascular risk—supports
the continued consideration of statins in this setting when cardio-
vascular indications are present.

4.3. Safety: compensated versus decompensated cirrhosis

Importantly, hepatotoxicity rates are comparable to those in
non-cirrhotic populations and severe events occur in less than 1%
of patients, indicating that statins remain safe in compensated cir-
rhosis. In decompensated cirrhosis, the evidence base for both ef-
ficacy and safety is substantially more limited. The LIVERHOPE-
2 trial [43], which examined simvastatin plus rifaximin in de-
compensated patients, did not demonstrate a reduction in de-
compensation or mortality, and the LIVERHOPE-SAFETY trial doc-
umented dose-related adverse events including muscle toxicity.
Dose-dependent risks — particularly associated with simvastatin
40 mg — have also been highlighted in RCT-based meta-analyses®.
These data collectively support restricting statin use in decompen-
sated cirrhosis to carefully selected patients at low risk of adverse
events, with preference for low-dose regimens, pending definitive
trial evidence. In compensated cirrhosis, where the safety profile
appears acceptable and the potential cardiovascular and hepato-
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protective benefits are plausible, the benefit-risk balance is more
favorable.

Our findings also highlight persisting uncertainties. Most of the
observed associations derive from observational studies, and truly
definitive evidence requires well-designed randomized controlled
trials. The ongoing SACRED trial [42], evaluating simvastatin in
2,400 patients with high-risk compensated cirrhosis, is therefore
crucial to determine whether the magnitude of association sug-
gested by observational data is reproducible under randomized
conditions. Evidence in decompensated cirrhosis remains particu-
larly limited. The LIVERHOPE-2 trial [43], which examined simvas-
tatin plus rifaximin in decompensated cirrhosis, did not demon-
strate a reduction in decompensation or mortality, in contrast to
earlier observational signals. However, important methodological
limitations—including lack of baseline lipid data, unclear achieve-
ment of lipid-lowering targets, and uncertainties regarding statin
dosing—temper the interpretation of these negative findings and
do not definitively rule out benefit in carefully selected patients.

Beyond geographical heterogeneity, additional limitations must
be acknowledged. Reliance on aggregate data from systematic re-
views rather than individual patient data limits our ability to ex-
plore patient-level predictors of treatment response or to conduct
network meta-analysis. The evidence based is largely derived from
observational studies, raising the possibility of residual confound-
ing; specifically, immortal time bias, confounding by indication,
and healthy user bias are well-documented sources of overesti-
mation in pharmacoepidemiologic studies and are likely to have
affected the primary studies included across reviews. However,
the consistency of findings across multiple independent research
groups provides some reassurance. Formal stratification by cirrho-
sis severity (compensated versus decompensated) was not feasi-
ble from aggregate data, as most included reviews did not con-
sistently report results by disease stage; this represents a mean-
ingful limitation, as the benefit-risk profile is likely to differ sub-
stantially between these populations. Finally, although our hierar-
chical exclusion strategy was necessary to minimize dataset over-
lap, it may have inadvertently omitted relevant evidence, particu-
larly from smaller or regional studies. Nevertheless, this umbrella
review offers methodological advance in hepatology evidence syn-
thesis through several key strengths. First, our rigorous application
of the corrected covered area methodology substantially reduced
the risk of data duplication, an often-overlooked critical issue in
systematic reviews that can artificially inflate effect estimates. Sec-
ond, the use of AMSTAR-2 for comprehensive quality assessment
ensures that our conclusions rest on methodologically robust and
transparently evaluated reviews. Third, extensive scope of our anal-
ysis, incorporating data from several million participants across 34
countries, provides unprecedented power to detect true treatment
effects and explore sources of heterogeneity. Fourth, the explicit
structured comparison of observational and RCT-derived evidence
for decompensation and mortality outcomes represents an impor-
tant addition to prior syntheses in this field.

4.4. Clinical implications

The findings of this umbrella review have several pragmatic
clinical implications. First, statins should not be withheld from pa-
tients with CLD — including compensated cirrhosis — when a car-
diovascular indication exists; the available evidence does not sup-
port hepatotoxicity concerns in this population, and observational
associations with hepatological benefit are consistent. Second, the
current evidence does not support initiating statin therapy for pri-
mary hepatological indications (HCC prevention or decompensa-
tion reduction) outside the context of clinical trials, given the pre-
dominantly observational nature of the supporting evidence and
the lack of RCT confirmation. Third, in decompensated cirrhosis,
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caution is warranted: statins should be used at the lowest effective
dose, with close monitoring, and high-dose regimens (particularly
simvastatin >40 mg) should be avoided. Fourth, geographic differ-
ences in the magnitude of association — and the predominantly
HBV-driven evidence from Asian cohorts — limit the direct trans-
ferability of effect size estimates to Western populations where
MASLD and alcohol-related liver disease predominate.

5. Conclusions

This umbrella review demonstrates that statin use is consis-
tently associated with reduced HCC risk and hepatic decompensa-
tion in patients with CLD, with particularly strong associations in
Asian populations. However, these findings derive predominantly
from observational evidence and are susceptible to confounding by
indication, healthy user bias, and immortal time bias; causal in-
ference therefore remains premature. Available RCT evidence does
not consistently confirm a benefit for decompensation or mortal-
ity endpoints. The coherence of observational associations across
multiple independent research groups, combined with biological
plausibility and an acceptable safety profile in compensated cir-
rhosis, supports the continued use of statins in patients with CLD
where cardiovascular indications are present, with potential addi-
tive hepatoprotective benefit. Safety data in decompensated cirrho-
sis are limited, and high-dose regimens should be avoided in this
population. Our results underscore the urgent need for adequately
powered randomized trials — particularly the ongoing SACRED trial
— mechanistic studies, and dedicated investigations in decompen-
sated cirrhosis to clarify the boundaries of safety and efficacy in
this high-risk population.
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