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Not all antidiabetics are equal for the liver. In T2DM, thiazolidinediones, GLP-1RAs and
SGLT2 inhibitors were associated with lower risks of major liver outcomes in a meta-analysis
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Abstract:

Background:

Type 2 diabetes mellitus (T2DM) amplifies liver disease burden, yet the comparative hepatic effects of
antidiabetic drugs remain poorly defined.

Purpose:

To compare associations between antidiabetic drug classes and major adverse liver outcomes (MALOs) in adults
with T2DM.

Data Sources:

PubMed, EMBASE, and CENTRAL were searched from December 1946 through 23 August 2025.



Study Selection:

Studies enrolling adults with T2DM that evaluated associations between antidiabetic drug classes in regards to
MALOs were included.

Data Extraction:

Data were extracted on study characteristics, drug exposures, and MALOs.

Data Synthesis:

A 3-level Bayesian network meta-analysis with study- and database-level random effects was performed.
Outcomes were reported as hazard ratios (HRs) and ranked using the surface under the cumulative ranking
curve. Forty-six observational studies (n = 7,124,845) were included. Thiazolidinediones were least associated
with hepatocellular carcinoma incidence, significantly lower than DPP-4 inhibitors (HR=0.50), GLP-1 receptor
agonists (HR=0.72), insulin (HR=0.20), and sulfonylureas (HR=0.69). For decompensation (composite), GLP-1
receptor agonists (GLP-1RAs) were associated with the lowest hazard compared with all other classes (HRs
0.16-0.91, all significant). SGLT-2 inhibitors were least associated with cirrhosis (HR=0.66 vs DPP-4
inhibitors; HR=0.66 vs GLP-1RAs). GLP-1RAs were least associated with variceal bleeding and hepatic
encephalopathy, whereas SGLT-2 inhibitors were least associated with liver-related mortality.

Limitations:

All included studies were observational, precluding causal inference.

Conclusions:

Liver-specific risk reduction is not uniform across antihyperglycaemic drug classes. Randomized trials are

needed to determine whether these associations reflect true drug effects.

ABSTRACT WORD COUNT: 249

Highlights

* Why did we undertake this study?

T2DM increases liver-related morbidity and mortality, but the comparative hepatic effects of
antidiabetic drug classes remain unclear.

* What is the specific question we wanted to answer?

We examined how different antidiabetic drug classes are associated with major adverse liver

outcomes in adults with T2DM.



* What did we find?

In 46 observational studies (7.1 million patients), thiazolidinediones were least associated with
hepatocellular carcinoma; GLP-1 receptor agonists were least associated with hepatic decompensation
events, while SGLT?2 inhibitors were least associated with cirrhosis and liver-related mortality.

* What are the implications of our findings?

Liver risk reduction is not uniform across drug classes, and randomized trials are needed to determine

whether these associations reflect causal effects.

INTRODUCTION

Type 2 diabetes mellitus (T2DM) is a highly prevalent global disease and is linked to excess
morbidity and mortality (1). Among its systemic effects, impaired hepatic insulin sensitivity has been
extensively studied, demonstrating its central role in liver disease progression (2). Insulin resistance
accelerates fibrosis progression and steatosis accumulation (3,4), increases the risk of hepatocellular
carcinoma (HCC) (5,6), and is associated with hepatic decompensation and liver-related death (7-10).
T2DM has also been recognized as a cardiometabolic risk factor that contributes to metabolic
dysfunction-associated steatotic liver disease (MASLD), which affects 70% of patients with T2DM
(11).

Among the emerging treatments for MASLD, many therapeutic strategies focus on addressing
the underlying metabolic drivers to reduce hepatic inflammation and fibrosis (12—14). Notably,
semaglutide has recently become the second approved drug in the USA for treating non-cirrhotic
metabolic dysfunction-associated steatohepatitis (MASH) with fibrosis, and the only drug approved
by the Brazilian regulatory agency (ANVISA) for the treatment of MASH with advanced fibrosis (15—
17). Notably, glucagon-like peptide-1 receptor agonists (GLP-1RAs), sodium-glucose cotransporter 2
inhibitors (SGLT-2i), and thiazolidinediones have all been variably associated with lower incidence of
liver-related events (18-20). Beyond MASLD, which frequently coexists with other etiologies of liver
disease, T2DM exacerbates the course of hepatitis C virus infection, alcohol-related liver disease, and

hemochromatosis (21).



Most evidence regarding the effectiveness of antihyperglycemic therapies in liver disease has
focused on surrogate endpoints, such as hepatic steatosis, inflammation, and fibrosis, which are
commonly used to support regulatory approval under accelerated pathways (22,23), rather than on
liver-related clinical events (24). Although regulatory agencies require that randomized controlled
trials (RCTs) demonstrating clinical benefit in major liver adverse outcomes (MALOs) be underway
at the time of approval (25), results for these liver-specific clinical outcomes remain limited or
unavailable for most agents to date (26-28). As a consequence, evidence that is directly translatable to
clinical practice remains limited. Although previous meta-analyses have synthesized the effects of
specific anti-hyperglycemic agents on MALOs (29,30), their findings are constrained by treatment-
heterogeneous comparator groups, often pooling multiple antihyperglycaemic agents into a single
reference category, which limits the ability to perform structured, head-to-head comparisons and
establish relative rankings across drug classes. To address this research gap, we conducted a Bayesian
network meta-analysis of pharmacoepidemiological studies to compare associations between

antidiabetic drug classes and MALOs among individuals with T2DM.

METHODS

Protocol registration

This study was conducted and reported according to the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) guidelines (Table S1). The protocol was
registered in the International Prospective Register of Systematic Reviews (PROSPERO) database

under protocol CRD420251070836.
Search strategy and study selection

We searched the PubMed, Cochrane Central Register of Controlled Trials, and EMBASE
databases for human studies published from December, 1946 to August 23, 2025. The specific search

strategy is shown in Table S2. Studies that met all the following criteria were considered for

inclusion: (i) included adults with T2DM, or reported results separately for participants with T2DM



(defined by standard diagnostic methods or international classification of diseases [ICD-10 or ICD-
11]); (ii) compared exposure to two or more antidiabetic drug classes (metformin, GLP-1RAs, SGLT-
2i, DPP-4 inhibitors, thiazolidinediones, sulfonylureas, or insulin); and (iii) assessed the differences in
emerging MALOs between drug exposure groups utilizing hazard ratios (HR). The exclusion criteria
encompassed studies: (i) involving patients without T2DM (e.g. only referred to as MASLD patients);
(ii) non-comparative or those that could not have HR data extracted; (iii) focusing on pediatric (< 18
years) populations; and (iv) lower evidentiary weights, such as case reports, conference abstracts, and

protocols.

Data extraction

Two investigators (P.P. and R.V.) independently screened titles and abstracts, followed by a
thorough analysis of full-text articles meeting predefined criteria. Discrepancies in inclusion criteria
were resolved by subsequent discussion and consensus. Data extracted from eligible studies included:
(i) general characteristics and covariates; (ii) study database (mapped by reading the methods section
of each study); and (iii) MALO-related metrics. For studies reporting only medians, means were

estimated using the Box-Cox approach via the 'estmeansd' package in R (31).

Assessment of study quality and evidence certainty

The assessment of study quality was conducted independently by two authors (P.P and R.V)
using the Newcastle-Ottawa Scale (NOS) for non-randomized studies (32). Discrepancies were
resolved by a third investigator (V.F.). For presentation purposes, we also categorized studies
according to the Agency for Healthcare Research and Quality standards using the NOS domain
thresholds commonly reported (33). These categories were used for descriptive purposes only and
were not used to determine study inclusion or to weight studies in the network meta-analysis.
Certainty of evidence was evaluated using the Grading of Recommendations Assessment,
Development, and Evaluation (GRADE) framework (34). See Section S3 for details on GRADE
usage. Studies were graded based on the risk of immortal time bias (Table S4), in which a high risk
was attributed to studies that made a post-index date exposure necessary for inclusion or sufficient for

exclusion (35). E-values, a metric quantifying the minimum strength of association that an



unmeasured confounder would need to have with both exposure and outcome to fully explain an

observed association, were calculated whenever residual confounding was a particular concern (36).

Outcomes

Based on previous studies, we included the three most well-validated MALOs individually as
the primary outcomes, each assessed as incident time-to-event endpoints and summarized using HRs.
These were: (i) incident HCC; (ii) occurrence of hepatic decompensation, defined as a composite of
spontaneous bacterial peritonitis, ascites, variceal bleeding, or hepatic encephalopathy; and (iii)
incident cirrhosis. Our assessment in Table S5 indicated that incident cirrhosis and decompensation
events were defined sufficiently differently across studies to justify separate pooling. For the
secondary outcomes, we explored further individualized components of the MALO composite
outcome: (i) variceal bleeding; (ii) hepatic encephalopathy; (iii) development of ascites; (iv) hepatic
failure, commonly regarded as hepatic encephalopathy and coagulopathy, with or without multiorgan
failure (37—-39); (v) need for liver transplantation; and (vi) liver-related death. Although some
outcomes may represent heterogeneous disease stage (e.g., incident cirrhosis vs. decompensated

cirrhosis), studies were not selected based on baseline liver status.

Data Synthesis

Across directly available comparative HRs between anti-hyperglycemic drug classes, pairwise
random-effects meta-analyses were conducted utilizing the restricted maximum likelihood (REML)
method, which performs robustly under heterogeneity, using the ‘metafor’ package (40,41). Finally,
we used the ‘jags’ package to conduct a Bayesian network meta-analysis based on non-informative
priors (Table S6). We selected a Bayesian framework because it naturally accommodates hierarchical
variance structures and allows direct modelling of database-level and study-level random effects
(42,43). Since several included studies derived estimates from the same underlying administrative
databases (see mapping on Figure S7), some effect sizes likely originated from overlapping
populations, violating the independence assumption of conventional two-level meta-analysis (44) An
in-depth explanation of the database-level clustering used to account for this dependency can be seen

in Section S8. The surface under the cumulative ranking curve (SUCRA) was used to summarize the



relative ranking probability of each intervention, as it provides a single, interpretable measure of the
summary of the entire ranking distribution for a treatment (45,46). For meta-regression,
covariates were considered potentially influential if the posterior distributions of
their regression coefficients indicated a probability of direction (P[D]) = 95%),
reflecting a high probability (= 95%) that the effect was nonzero and

directionally consistent (43).

RESULTS

Search results

The database search yielded 6,215 articles, 5,698 remained after duplicate removal and 64
studies were selected for full-text reading after screening by title and abstract. Of these, three articles
were excluded that included patients without T2DM, two that did not have outcomes of interest, two
that used effect measures other than HRs, and 11 conference abstracts. Finally, 46 full articles were

included in the network meta-analyses. The full flowchart of study selection is available in Figure S9.

Main features of included articles

46 observational studies (37-39,47—-87) comprising 77 comparisons across seven drugs and
7,124,845 patients were included. 41 studies derived data from large claims datasets, with two
explicitly classified as trial-emulation studies (58,83). 13 studies focused specifically on patients with
suspected or confirmed MASLD, while 15 studies focused on patients with confirmed
fibrosis/cirrhosis at baseline, 3 on patients with hepatitis B infection (HBV), and 2 on patients with
hepatitis C infection. Specific characteristics are presented in Table S10 and Figure 1A. Within the
included population, 33.7% were male, with a mean age (SD) of 55.7 (13.0) years. The frequency of
anti-hyperglycemic drug comparisons in each outcome are shown in Figure 1B. Overall, all 46 studies
were classified as good quality (Figure S11). Although development of ascites, hepatic failure, and
liver transplantation were each assessed in multiple studies, their analyses produced largely unstable

league table estimates (95% Crl > 100), and therefore these outcomes were not examined



independently. Given potential confounding in insulin allocation, we summarized the covariates
adjusted for in insulin-related drug—drug comparisons in Table S12. All Bayesian models

reached adequate convergence (PSRF = 1.1).

Primary Outcomes

Development of HCC

38 studies examined HCC development, including a total of 61 comparisons and 7,056,347
individuals with T2DM. Figure 2A shows the comparison network and Table S13 illustrates the
available pairwise comparisons. Within the network meta-analysis (Figure 2B), thiazolidinediones
were the highest ranking drugs (SUCRA 92%; with higher values indicating superior ranking),
associated with less HCC development than DPP-4i (HR = 0.50, 95% CrI 0.31-0.76), GLP-1RAs (HR
=0.71, 95% Crl 0.52 - 0.96), insulin (HR = 0.19, 95% CrI 0.13-0.30), and sulfonylureas (HR = 0.69,
95% Crl 0.52-0.92). SGLT-2is ranked second (SUCRA 89%) and were associated with lower HCC
incidence than DPP-4is (HR = 0.51, 95% CrI 0.35-0.71), insulin (HR = 0.20, 95% CrI 0.13-0.30),
GLP-1RAs (HR = 0.74, 95% Crl 0.58-0.92), and metformin (HR = 0.78, 95% CrI 0.59-1.04). Insulin
had worst outcomes than other drugs (SUCRA < 1%), with DPP-4is (HR = 0.39, 95% CrI 0.24-0.66),
GLP-1RAs (HR = 0.27, 95% CrI 0.18-0.41), metformin (HR = 0.26, 95% CrI 0.16-0.40), SGLT-2is
(HR =0.20, 95% CrI 0.13-0.30), sulfonylureas (HR = 0.28, 95% Crl 0.19-0.42), and
thiazolidinediones (HR = 0.19, 95% CrI 0.13-0.30) being associated with lower incidence of HCC.
Meta-regression analysis did not reveal any significant moderator (Table S14). Results on the fibrosis/
cirrhosis subgroup, MASLD subgroup, and non-viral hepatitis subgroups pointed towards SLGT-2is
as ranking the highest (SUCRA 86%, 78%, and 92%, respectively Figure 4B-D) for this endpoint.

Results on the non-baseline liver disease subgroup were overall consistent (Figure 4E).

Cirrhosis decompensation

25 studies examined hepatic decompensation, including 44 comparisons and 3,599,741
individuals with T2DM. Figure 2C shows the comparison network and Table S15 illustrates the

available pairwise comparisons. On the network meta-analysis (Figure 2D), GLP-1RAs were the



highest ranking drugs (SUCRA 100%), being associated with fewer hepatic decompensation events
than DPP-4is (HR = 0.73, 95% CrI 0.68-0.78), insulin (HR = 0.16, 95% CrI 0.14-0.18), metformin
(HR = 0.86, 95% CrT 0.79-0.92), SGLT-2is (HR = 0.90, 95% CrI 0.85-0.97), sulfonylureas (HR =
0.66, 95% CrI 0.60-0.72), and thiazolidinediones (HR = 0.75, 95% Crl 0.67-0.83). SGLT-2is ranked
second (SUCRA 83%) and were associated with lower incidence of cirrhotic decompensation than
DPP-4is (HR = 0.80, 95% CrI 0.71-0.90), insulin (HR = 0.18, 95% Crl 0.16-0.20), sulfonylureas (HR
=0.73, 95% CrI 0.67-0.79), and thiazolidinediones (HR = 0.83, 95% Crl 0.76-0.90). Metformin (HR
=0.77, 95% Crl 0.72-0.81) and thiazolidinediones (HR = 0.88, 95% CrI 0.81-0.96) were associated
with fewer events than sulfonylureas, and metformin was associated with fewer events than
thiazolidinediones (HR = 0.87, 95% Crl 0.81-0.93) and DPP-4is (HR = 0.85, 95% CrI 0.73-0.98).
Insulin had the worst outcomes (SUCRA < 1%), with DPP-4is (HR = 0.22, 95% CrI 0.18-0.26), GLP-
1RAs (HR = 0.16, 95% Crl 0.14-0.18), metformin (HR = 0.19, 95% Crl 0.17-0.21), SGLT-2is (HR =
0.18, 95% CrI 0.16-0.20), sulfonylureas (HR = 0.24, 95% Crl 0.21-0.28), and thiazolidinediones (HR
=0.21, 95% CrI 0.19-0.25) being associated with lower incidence of cirrhotic decompensation.
Results on the suspected/confirmed MASLD and non-viral hepatitis subgroups were overall consistent
(Figure 4C-D). Nevertheless, in the non-baseline liver disease subgroup, SGLT-2is had ranked the
highest (SUCRA 88%, Figure 4E) for this endpoint, and in the fibrosis/cirrhosis subgroup, SLGT-2is
and thiazolidinediones both ranked the highest (SUCRA 83% for both, Figure 4B). Meta-regression

analysis did not reveal any significant moderator (Table S14).

Progression to cirrhosis

12 studies assessed development of cirrhosis, including 22 comparisons and 6,207,132
individuals with T2DM. Figure 2E shows the comparison network and Table S16 illustrates the
available pairwise comparisons. On the network meta-analysis (Figure 2F), SGLT-2is were the
highest ranking drugs (SUCRA 88%) and were associated with lower progression to cirrhosis than
insulin (HR = 0.45, 95% CrI 0.25-0.84), DPP-4is (HR = 0.66, 95% CrI 0.49-0.90), and GLP-1RAs

(HR = 0.66, 95% CrI 0.48-0.97). Thiazolidinediones (HR = 0.49, 95% CrI 0.21-0.96) were associated



with lower cirrhosis development than insulin. Meta-regression analysis did not reveal any significant

moderator (Table S14).

Secondary Outcomes

Esophageal variceal bleeding

11 studies looked into esophageal variceal bleeding, including 17 comparisons and 620,839
individuals with T2DM. Figure 3A shows the comparison network and Table S17 illustrates the
available pairwise comparisons. On the network meta-analysis (Figure 3B), no therapies had
significant differences over one another. In the SUCRA analysis (Figure 4A), GLP-1RAs had the
highest ranking (79%). Subgroup analyses were not conducted due to lack of data, and meta-

regression analysis did not reveal any significant moderator (Table S14).

Hepatic encephalopathy

9 studies assessed hepatic encephalopathy, including 15 comparisons and 173,385 individuals
with T2DM. Figure 3C shows the comparison network and Table S18 illustrates the available
pairwise comparisons. Within the network meta-analysis (Figure 3D), no therapies displayed
significant differences over one another. In the SUCRA analysis (Figure 4A), GLP-1RAs had the
highest ranking (80%). Subgroup analysis was not conducted due to a lack of data, and meta-

regression analysis did not reveal any significant moderator (Table S14).

Liver-related death

5 studies assessed liver-related death, and included 10 comparisons and 5,521,223 individuals
with T2DM. Figure 3E shows the comparison network and Table S19 illustrates the available
pairwise comparisons. Within the network meta-analysis (Figure 3F), no therapies displayed
significant differences over one another. In the SUCRA analysis (Figure 4A), SGLT-2is had the
highest ranking (73%). Subgroup analysis was not conducted due to a lack of data, and meta-

regression analysis did not reveal any significant moderator (Table S14).

Additional analysis



Between-design inconsistency was detected for HCC development (p < 0.001) and progression
to cirrhosis (p < 0.001). A leave-one-out inconsistency graphical assessment for HCC development
(Figure S20A) identified two comparisons in Krishnan et al. (52), one in Wang et al. (47), and one in
Engstrom et al. (72) as contributing most to the inconsistency. After their removal, no significant
between-design inconsistency remained (p = 0.22). The same approach was applied to cirrhosis
development (Figure S20B), in which exclusion of one comparison from Yen et al. (51), two from
Yang et al. (79), and one from Krishnan et al. (52) resolved the inconsistency (p = 0.70). The
consistent HCC analysis (Figure S21) yielded SGLT-2is as the highest ranking drug (SUCRA 88%),
while the consistent cirrhosis development analysis identified thiazolidinediones as the highest
ranking treatment (SUCRA = 93%, Figure S22). Both these estimates were used over the original
ones for the GRADE assessment (Table S23). Since the HRs for insulin comparisons were very large
and may have been influenced by confounding, we calculated the E-values for the drug-drug

comparisons with this agent across the primary outcomes (Table S24).

DISCUSSION

Antidiabetic drug classes differ substantially in their associations with different MALOs in
patients with T2DM. In this Bayesian network meta-analysis, we found that thiazolidinediones ranked
highest for development of HCC, more favorable than DPP-4is, GLP-1RAs, insulin, and
sulfonylureas. GLP-1RAs ranked highest for the endpoint of cirrhotic decompensation, with lower
associations than every other antidiabetic. In contrast, SGLT-2is consistently ranked highest among
other antidiabetic drugs for reduction of cirrhosis development, being superior to DPP-4is and GLP-

1RAs.

Modern antihyperglycemic pharmacological treatment is highly dependent on personalized
management of renal and cardiovascular comorbidities (88). Nevertheless, clinicians are
starting to consider liver outcomes in the treatment of people with T2DM.
Approximately 65-70% of individuals with T2DM have MASLD, and among these,

12-20% have clinically significant steatohepatitis with moderate-to-advanced



fibrosis (= F2), which confers an elevated risk for progression to cirrhosis, HCC,
and liver-related mortality (11,89). Undiagnosed cirrhosis is a recognised issue in people with
T2DM. Studies showed a prevalence between 2.9 to 6% among patients in primary care and specialist
settings. These numbers suggest that a proportion of patients at high risk for liver-related
complications does not have appropriate follow up in a specialist liver clinic and will not be
undergoing surveillance for HCC, which is potentially curable if detected early (90). Despite this,
limited research has explored chemoprevention of liver-related complications in T2DM, particularly

regarding the comparative benefits of available therapies (57) .

Divergent mechanisms mediating different outcomes may explain the absence of a single
dominant class across all endpoints. SGLT-2is primarily reduce hepatic steatosis improving liver
biochemistry via glycosuria, decreasing de-novo lipogenesis and improving insulin sensitivity (91).
This reduces lipotoxicity, and directly attenuates hepatic inflammation and possibly fibrosis (92),
which plausibly explains stronger associations with long-term outcomes such as development of
cirrhosis. However, such associations may also partly reflect longer follow-up durations in studies of
older agents, which are more likely to capture distant outcomes, considering the insidious nature of
MASLD (20). GLP-1RAs produce similar hepatic benefits, but these are largely through systemic
metabolic effects, including weight loss, improved insulin sensitivity, reductions in glucotoxicity, and
anti-inflammatory signaling (12). Once cirrhosis is established, however, decompensation is driven by
an interdependent mix of hepatocellular injury, portal hypertension, portal and systemic inflammation
(93). GLP-1RAs may reduce decompensation risk primarily by attenuating the upstream drivers of
progressive liver disease, but possible endothelial-protective, vasodilatory, and natriuretic effects may
also favorably influence systemic and splanchnic hemodynamics, thereby reducing portal

hypertension-related events (56,94).

Comparisons of MALOs involving insulin should be interpreted with caution because insulin
use in observational studies is likely confounded by the clinical context in which it is prescribed.
Insulin is typically initiated at more advanced stages of T2DM, often in the presence of longer disease

duration, metabolic decompensation, treatment escalation, and multiple comorbidities (95,96). These



characteristics are themselves associated with more severe MASLD and a higher baseline risk of
hepatic outcomes. Consequently, insulin exposure in observational datasets may function as a marker
of more advanced diabetes and potentially more advanced liver disease rather than a causal
determinant of worse outcomes. Although the E-values calculated for HCC and hepatic
decompensation suggest that a relatively strong unmeasured confounder would be required to fully
explain the observed associations, residual confounding, particularly related to diabetes severity,
treatment history, or underlying liver disease stage, cannot be excluded despite multivariable
adjustment in the primary studies (97). For context, obesity is associated with a roughly 1.9-fold
higher HCC risk (98), heavy alcohol use with 1.9-fold higher risk (99), and even strong virologic
predictors such as high HBV load generally do not exceed HRs of approximately 4 (100). These
considerations highlight the need for cautious interpretation of comparisons involving insulin in
observational analyses. Importantly, our results likely indicate the advantage of other antidiabetics

over insulin for hepatic event prevention, rather than a detrimental effect of insulin therapy.

Our analysis has several limitations. Firstly, all of the included studies were observational,
which limits causal inference and leaves results susceptible to residual confounding. Secondly, many
analyses used data from similar national databases, which probably led to overlapping patient
populations. Thirdly, the included studies varied widely regarding baseline liver disease status,
comorbidities, definitions of outcomes, and covariate adjustment. Finally, most studies did not provide
granular data on drug dosage, adherence, or treatment duration, precluding assessment of dose-
response or exposure-outcome relationships. Differences in dosing or within-class medications in
classes such as SGLT-2is and GLP-1RAs may lead to very different results. Because all included
studies were conducted in populations with T2DM, the generalisability of these findings to individuals

without T2DM, particularly those with MASLD without diabetes, remains uncertain.

In summary, our results suggest that antihyperglycemic agents are not equivalent with respect to
MALO:s, and that consideration of hepatic endpoints may meaningfully complement established
cardio-renal criteria when selecting therapy in patients at risk of progressive liver disease. Given the

excess of liver-related mortality in T2DM and the high prevalence of MASLD in this group, these



findings have direct clinical implications (10). The consistency of associations across outcomes and
subgroups, together with their biological plausibility, supports their relevance for hypothesis
generation and risk stratification. Future research should move beyond surrogate endpoints and focus
on comparative, adequately powered studies that predefine liver-specific clinical outcomes,
incorporate sufficient follow-up to capture distal events, and account for baseline liver disease severity

and diabetes duration.
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Figure 1. Summary of the included studies showing the main characteristics of the included studies [A] and drug-drug comparisons for each assessed outcome [B]. In [B], each
chord connects two drugs that were directly compared in at least one study. The thickness of each chord reflects the overall number of studies comparing the two drugs, while the
color represents the specific outcome assessed in those comparisons. PSM propensity-score matched, MASLD metabolic-associated steatotic liver disease, MASH metabolic-

associated steatohepatitis, HCC hepatocellular carcinoma, SGLT2 sodium-glucose cotransporter-2, DPP-4i dipeptidyl peptidase-4 inhibitor, GLP-1RA glucagon-like peptide-1

receptor agonist.



Figure 2. Results of the network meta-analysis, displaying the network plot for hepatocellular carcinoma
development [A], cirrhosis decompensation [C], and cirrhosis development [E], as well as the league table for
these outcomes [B], [D], and [F], respectively. Horizontal lines represent the intervention, and the vertical lines
represent the comparisons. HR, hazard ratio, CrI credible interval, DPP-4 dipeptidyl peptidase-4, GLP-1RA

glucagon-like peptide-1 receptor agonists, SGLT2 sodium-glucose co-transporter 2.



Figure 3. Results of the network meta-analysis, displaying the network plot for esophageal variceal bleeding
[A], hepatic encephalopathy [C], hepatic failure [E], and liver-related death [G], as well as the league table for
these outcomes [B], [D], [F], and [H], respectively. Horizontal lines represent the intervention, and the vertical
lines represent the comparisons. HR, hazard ratio, CrI credible interval, DPP-4 dipeptidyl peptidase-4, GLP-

1RA glucagon-like peptide-1 receptor agonists, SGLT2 sodium-glucose co-transporter 2.



Figure 4. Results displaying the surface under the cumulative ranking curve for the whole population [A], for the suspected/confirmed metabolic-associated
steatotic liver disease subgroup [B], for the baseline fibrosis/cirrhosis subgroup [C], for the subgroup without viral hepatitis [D], and for studies that did not
evaluate only patients with baseline liver disease [E]. SUCRA surface under the cumulative ranking, DPP-4i dipeptidyl peptidase-4 inhibitor, TZD

thiazolidinediones, GLP-1RA glucagon-like peptide-1 receptor agonists, SGLT2-i sodium-glucose co-transporter 2 inhibitors.



