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ABSTRACT

Background & Aims: Sodium-glucose cotransporter-2 inhibitors (SGLT2i) may have favorable hepatic
effects, but long-term outcomes in cirrhosis are uncertain. We investigated the relationship between SGLT2i
exposure and 5-year outcomes among adults with cirrhosis.

Methods: We performed a retrospective cohort study in the TriNetX US Collaborative Network (March 2013—
January 2025). Adults (>18 years) with cirrhosis were classified as SGLT2i users (first exposure on/after cirrhosis
diagnosis) or non-users (no SGLT2i exposure) and propensity score matched 1:1. Outcomes were assessed over
5 years beginning 1 day after index. Primary outcomes were all-cause mortality and hospitalization burden
(inpatient encounters per patient). Secondary outcomes included hepatic decompensation complications
and prespecified adverse events; tertiary outcomes were the most recent liver- and kidney-related laboratory
values during follow-up.

Results: After matching, 24,559 patients were included per cohort. SGLT2i use was associated with lower all-cause
mortality (11.8% vs 26.0%; OR=0.381, 95%CI: 0.363-0.399; p<0.001) and fewer hospitalizations (mean 3.6+10.7
vs 5.4+13.4; p<0.001). Composite hepatic decompensation was less frequent (OR=0.617, 95%CI: 0.580-0.656;
p<0.001), including lower odds of ascites, spontaneous bacterial peritonitis, and hepatorenal syndrome; hepatic
encephalopathy did not differ. Acute kidney failure and urinary tract infection were less frequent, while diabetic
ketoacidosis did not differ. Laboratory profiles favored SGLT2i use (lower aspartate aminotransferase and
bilirubin, higher albumin, lower international normalized ratio, and improved renal indices).

Conclusions: In this matched real-world cohort, SGLT2i exposure after cirrhosis diagnosis was associated
with an improved 5-year survival, fewer hospitalizations, and fewer decompensation events.

Key words: liver cirrhosis — sodium-glucose transporter 2 inhibitors — hospitalization — mortality - ascites
- hepatorenal syndrome - paracentesis.

Abbreviations: ALT: alanine aminotransferase; AST: aspartate aminotransferase; EHR: electronic health record;
GGT: gamma-glutamyl transferase; INR: international normalized ratio; MASH: metabolic dysfunction-
associated steatohepatitis; SGLT2i: sodium-glucose transporter 2 inhibitor; SMD: standardized mean difference;
T2DM: type 2 diabetes mellitus.

INTRODUCTION

Liver cirrhosis is a major
global health burden, with high
morbidity and mortality driven
by hepatic decompensation,
hepatocellular carcinoma, and
end-stageliver disease [1]. Despite
advances in understanding
cirrhosis pathophysiology,
disease-modifying therapies
remain limited, particularly in
decompensated disease. Recent
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evidence suggests that recompensated cirrhosis, characterized
by resolution of decompensating events with improvement in
hepatic function, may be associated with better survival [2]. In
parallel with the rising prevalence of metabolic dysfunction-
associated steatohepatitis (MASH) and other metabolic liver
diseases [3], there is an urgent need for therapies that prevent
decompensation and promote clinical stabilization.
Sodium-glucose cotransporter-2 inhibitors (SGLT2i),
initially developed for type 2 diabetes mellitus (T2DM), provide
cardioprotective, nephroprotective, and anti-inflammatory
effects beyond glucose lowering [4, 5]. These pleiotropic benefits
have supported their use in heart failure and chronic kidney
disease (CKD), including in some non-diabetic populations [6].
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Emerging evidence suggests SGLT2i may also impact
liver disease. Prior studies have reported improvements in
hepatic transaminases, reductions in steatosis, and potential
mitigation of cirrhosis-related complications such as ascites
and portal hypertension [7-11]. Preclinical models additionally
support anti-inflammatory and antifibrotic mechanisms,
including suppression of tumor necrosis factor-alpha (TNF-a),
interleukin-6 (IL-6), and oxidative stress pathways implicated
in cirrhosis progression [12-16].

However, real-world evidence evaluating SGLT2i specifically
in patients with established cirrhosis, particularly long-term
outcomes and safety events relevant to decompensation
physiology, remains limited. Large-scale observational studies
are needed to evaluate associations with mortality, hepatic
decompensation, and clinically relevant prognostic markers
in this population.

We therefore investigated the association between SGLT2i
use and long-term outcomes among patients with cirrhosis
in the TriNetX database, including mortality, hospitalization,
hepatic decompensation, prognostic laboratory markers, and
common adverse events.

METHODS

Study Design and Data Source

We conducted a multicenter retrospective cohort study
using the TriNetX Research Network, a federated health
research platform that provides access to de-identified
electronic health record (EHR) data across large healthcare
organizations (HCOs). This analysis was performed within
the TriNetX US Collaborative Network (69 HCOs). TriNetX
includes structured and unstructured EHR data mapped
to standardized terminologies for diagnoses, procedures,
medications, encounters, and laboratory tests. All definitions
and code lists used for cohort construction, covariates, and
outcome ascertainment are provided in Supplementary file. The
study received an official exempt determination from the local
institutional review board (Date of Action: April 17, 2025).

Study Population and Cohort Definitions

Adult patients (=18 years) with liver cirrhosis were
identified within the study period from March 1, 2013, when
SGLT?2 inhibitors first received Food and Drug Administration
(FDA) approval, through to January 1, 2025. Patients were
excluded if their EHR contained diagnoses or procedures
indicating liver transplantation, kidney transplantation,
dialysis/hemodialysis, primary biliary cholangitis, or primary
sclerosing cholangitis at any time. Two mutually exclusive
cohorts were constructed. The SGLT?2 inhibitor cohort included
patients with cirrhosis who had evidence of SGLT?2 inhibitor
exposure occurring on or after their cirrhosis diagnosis. The
control cohort included patients with cirrhosis who had no
evidence of SGLT2 inhibitor exposure at any time.

Index Date and Follow-up Windows

For the SGLT?2 inhibitor cohort, the index date was defined
as the first qualifying SGLT?2 inhibitor exposure after cirrhosis
diagnosis. For the control cohort, the index date was defined as
the first recorded cirrhosis diagnosis meeting cohort criteria.

Outcomes were assessed within prespecified 5-year follow-up
windows beginning 1 day after the index date.

Covariates and Baseline Characteristics

Baseline characteristics were assessed using data available
in the five-year period preceding the index date and included
prespecified demographic variables, comorbidities, liver
disease characteristics, medication classes, procedures, and
laboratory measures.

Outcomes

The primary outcomes were all-cause mortality and
hospitalization burden throughout the follow-up period.
Mortality was identified using the TriNetX deceased status
variable. Hospitalization burden was defined as the number
of inpatient encounters per patient within the follow-up
window, based on inpatient encounter visit types. Secondary
outcomes included hepatic decompensation and related
complications (ascites, paracentesis, jaundice, spontaneous
bacterial peritonitis, esophageal variceal bleeding, hepatic
encephalopathy, hepatorenal syndrome, and hepatocellular
carcinoma) and prespecified adverse events (acute kidney
failure, urinary tract infection, and diabetic ketoacidosis).
Tertiary outcomes included prognostic laboratory markers
relevant to hepatic and renal function; for laboratory outcomes,
TriNetX reports the most recent value recorded within the
follow-up window.

Statistical Analysis

All analyses were conducted within the TriNetX analytics
environment using built-in modules (TriNetX LLC, Cambridge,
MA, USA). To reduce confounding, 1:1 propensity score
matching was performed using the greedy nearest-neighbor
matching algorithm without replacement and a caliper width
of 0.1 pooled standard deviations. Propensity scores were
estimated via logistic regression incorporating prespecified
baseline characteristics. Balance after matching was evaluated
using standardized mean differences (SMDs), with an absolute
SMD <0.1 indicating acceptable balance.

Binary outcomes within each follow-up window were
evaluated using TriNetX Measure of Association analyses,
reporting odds ratios with 95% confidence intervals. The
hospitalization burden was evaluated using the TriNetX
Number of Instances analysis, counting inpatient encounters
as instances (grouped by visit). For each specific outcome,
patients with that outcome documented prior to the start of
the follow-up window were excluded from the corresponding
outcome analysis, while remaining eligible for analyses of
other outcomes. Laboratory outcomes were compared between
cohorts using t-tests among patients with available results; no
imputation was performed. All tests were two-sided, and p
values <0.05 were considered statistically significant.

RESULTS

Among 711,150 adults with cirrhosis identified in TriNetX,
549,866 met eligibility criteria after applying prespecified
inclusion and exclusion criteria. Of these, 29,420 patients
had qualifying exposure to an SGLT?2 inhibitor after cirrhosis
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diagnosis (SGLT2i cohort), and 520,446 had no record Table I (continued)
of SGLT2 inhibitor exposure (control cohort). After 1:1 Esophageal varices without 1,957 (8.0) 1,856 (7.6) 0.015
propensity score matching, 24,559 patients remained in each ~ bleeding
cohort for comparative analyses. Esophageal varices with 324 (1.3) 298 (1.2) 0.009
bleeding
Baseline Characteristics Spontaneous bacterial 197 (0.8) 178 (0.7) 0.009
After propensity score matching, baseline demographics, ~ peritonitis
comorbidities, medication use, liver disease features, and Hepatic encephalopathy 686 (2.8) 633 (2.6) 0.013
available laboratory measures were well balanced overall Hepatocellular carcinoma 869 (3.5) 854 (3.5) 0.003
(absolute SMDs <0.1 for most covariates) (Table I). Full Hepatorenal syndrome 129 (0.5) 115 (0.5) 0.008
baseline characteristics comparing the cohorts both before and Procedures, n (%)
N o
after propensity score matching are detailed in Supplementary
. . Transjugular intrahepatic 72 (0.3) 68 (0.3) 0.003
file. The largest residual imbalances were observed for serum .
. portosystemic shunt (TIPS)
albumin (3.8 + 0.6 vs 3.7 + 0.7 g/dL; SMD=0.155) and Medicati )
hemoglobin Alc (7.3 + 1.9% vs 7.1 + 1.9%; SMD=0.128). The ccications, R T%
left ventricular ejection fraction was similar between groups ~ 0°p diuretics 11,406 (464) 11,582 (472)  0.014
after matching (51.2 + 16.9 vs 52.4 + 16.8%; SMD=0.073). Potassium-sparing diuretics 6,610 (26.9) 6433 (26.2)  0.016
Beta-blockers 14,580 (59.4) 14,932 (60.8) 0.029
ACE inhibitors 8,653 (35.2) 8,901 (36.2) 0.021
Table L Baselme' c}}aractérlstlcs of patients in the SGLT?l—arrhoms coh.ort Angiotensin I1 receptor 7,968 (32.4) 7,986 (32.5) 0.002
and non-SGLT2i-cirrhosis control cohort after propensity score matching blockers
Characteristic After propensity score matching Sacubitril/valsartan 1,301 (5.3) 1,053 (4.3) 0.047
SGLT2i No SGLT2i SMD .
(ne24.559) (n24.559) Metformin 10,099 (41.1) 10,465 (42.6)  0.03
Demographics Insulin 12,155 (49.5) 12,616 (51.4) 0.038
Age at index, years (mean 638+ 116 644+ 12.3 0.057 GLP-1 receptor agonists 3,588 (14.6) 3,357 (13.7) 0.027
+ SD) DPP-4 inhibitors 3,153 (12.8) 3,193 (13.0) 0.005
Male, n (%) 14,119 (57.5) 13,897 (56.6)  0.018 Sulfonylureas 4,847 (19.7) 5,041 (20.5) 0.02
Female, n (%) 9,666 (39.4) 9,929 (40.4) 0.022 HMG-CoA reductase 14,526 (59.1) 14,842 (60.4) 0.026
Race/ethnicity, n (%) inhibitors (statins)
White 16,556 (674) 16,583 (67.5) 0.002 Anticoagulants 13,364 (54.4) 13,559 (55.2) 0.016
Black or African American 3,332(13.6) 3253 (13.2)  0.009 Platelet aggregation 11,071 (45.1) 11,299 (46.0)  0.019
inhibitors
Hispanic or Latino 2,516 (10.2) 2,586 (10.5) 0.009 Lactulose 3281 (13.4) 3,246 (13.2) 0.004
Unknown 2,285(9.3) 2,338(95)  0.007 Rifaximin 1,340 (5.5) 1,298 (5.3)  0.008
Asian L1s4(7)  1087(44)  0.013 Antivirals 3,876 (15.8)  3,827(156)  0.005
- . .
Comorbidities and liver disease features, n (%) Laboratory measures (mean + SD)
Type 2 diabetes mellitus 16,413 (66.8) 17,203 (70.0) 0.069 Body mass index (kg/m?) 320479 3224 8.0 0.016
Heart failure 9071(36.9)  9.410(383)  0.028 Left ventricular ejection 5124169  524+168  0.073
Alcoholic liver disease 3,318 (13.5) 3,096 (12.6) 0.027 fraction (%)
Fatty liver 7,852 (32.0) 7,763 (31.6) 0.008 Alanine aminotransferase 39.1 +74.7 41.9+99.2 0.031
Nonalcoholic steatohepatitis 3,851 (15.7) 3,596 (14.6)  0.029 (UL)
Chronic viral hepatitis B 558 (2.3) 510 (2.1) 0.013 EXSI/J]zj)rtate aminotransferase 41.9+£69.2 49.0 £157.0 0.059
Chronic viral hepatitis C 2,563 (10.4) 2,506 (10.2) 0.008 o
Total bilirubin (mg/dL) 1.0+1.3 1.0+1.7 0.047
Autoimmune hepatitis 325 (1.3) 324 (1.3) <0.001 .
Serum albumin (g/dL) 3.8+0.6 3.7+0.7 0.155
Essential hypertension 17,785 (72.4) 18,113 (73.8) 0.03 L
Serum creatinine (mg/dL) 1.0+ 0.5 1.1+1.0 0.055
Ischemic heart disease 10,080 (41.0) 10,241 (41.7) 0.013
eGFR, MDRD 74.4 +30.3 73.9 £32.0 0.016
Chronic kidney disease 6,724 (27.4) 6,868 (28.0) 0.013 (mL/min/1.73 m?)
Overweight/obesity 10,798 (44.0) 10,894 (44.4)  0.008 Platelet count (x10°/L) 189.2+91.7  1895+943  0.004
Tobacco use 2,380 (9.7) 2,326 (9.5) 0.007 INR 13405 13405 0.025
Alcohol-related disorders 3,678 (15.0) 3,521 (14.3) 0.018 Hemoglobin Alc (%) 73+1.9 71+1.9 0.128
Socioeconomic/psychosocial 1,854 (7.5) 1,872 (7.6) 0.003 Serum sodium (mmol/L) 137.7 £3.7 138.0 £3.7 0.077
hazards
SGLT2i: sodium-glucose cotransporter-2 inhibitor; SMD: standardized mean
Jaundice 791 (3.2) 774 (3.2) 0.004 difference; ACE: angiotensin-converting enzyme; ARB: angiotensin II receptor
Ascites 4,094 (16.7) 4,067 (16.6) 0.003 blocker; GLP-1: glucagon-like peptide-1; DPP-4: dipeptidyl peptidase-4; eGFR:

estimated glomerular filtration rate; MDRD: modification of diet in renal disease.
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All primary outcomes, secondary outcomes, adverse events,
and laboratory markers during follow-up are summarized in
Table IL

Over 5 years of follow-up, all-cause mortality was
significantly lower in the SGLT2i cohort compared with the
matched control cohort (2,875 [11.8%] vs 6,310 [26.0%];
OR=0.381, 95%CI: 0.363-0.399; p<0.001). Hospitalization
burden was also lower among SGLT2i (mean 3.6 + 10.7 vs 5.4
+ 13.4; median 3 vs 4; p<0.001).

SGLT?2i use was associated with lower odds of composite
hepatic decompensation (OR=0.617, 95%CI: 0.580-0.656;
p<0.001), accompanied by lower rates of ascites and less frequent
paracentesis utilization (Table II). Several decompensation-
related complications were also less frequent among SGLT2i
users, including spontaneous bacterial peritonitis, hepatorenal
syndrome, esophageal variceal bleeding, and jaundice.
Hepatocellular carcinoma occurred less frequently in the
SGLT?2i cohort. In contrast, hepatic encephalopathy did not
differ significantly between cohorts (Table II).

Prespecified adverse events are summarized in Table II.
Acute kidney failure and urinary tract infection occurred less
frequently among SGLT2i users, while diabetic ketoacidosis
did not differ significantly between groups.

Across the 5-year follow-up, the most recent available
laboratory values suggested a more favorable liver and renal
profile among SGLT2i users, including lower markers of
hepatic injury/cholestasis, improved synthetic function, and
favorable renal indices, while alanine transaminase (ALT) and
gamma-glutamyl transferase (GGT) did not differ significantly
(Table II).

DISCUSSION

In this large, propensity score-matched real-world cohort of
adults with cirrhosis, SGLT2i exposure after cirrhosis diagnosis
was associated with lower 5-year all-cause mortality and a
lower hospitalization burden. SGLT2i use was also associated
with lower odds of composite hepatic decompensation and

Table II. Five-year outcomes after propensity score matching comparing SGLT2i versus non-SGLT2i cohorts

(n=24,559 per group)

Outcome SGLT2i No SGLT2i OR (95%CI) P
Primary outcomes

All-cause mortality, n (%) 2,875 (11.8) 6,310 (26.0) 0.381 (0.363-0.399)  <0.001
Number of hospitalizations, mean + SD 3.6+10.7 54+134 — <0.001
Secondary outcomes, n (%)

Composite hepatic decompensation 2,005 (11.1) 2,812 (16.9) 0.617 (0.580-0.656) <0.001
Ascites 1,687 (8.6) 2,441 (13.3) 0.611 (0.572-0.652) <0.001
Paracentesis 738 (3.1) 1,674 (7.1) 0.421 (0.385-0.460)  <0.001
Jaundice 350 (1.5) 577 (2.5) 0.597 (0.522-0.683) <0.001
Spontaneous bacterial peritonitis 271 (1.1) 540 (2.2) 0.494 (0.426-0.572) <0.001
Esophageal varices with bleeding 307 (1.3) 402 (1.7) 0.761 (0.655-0.884) 0.003
Hepatic encephalopathy 1,015 (4.3) 1,029 (4.4) 0.982 (0.899-1.073) 0.685
Hepatorenal syndrome 267 (1.1) 572 (2.4) 0.458 (0.396-0.531) <0.001
Hepatocellular carcinoma 507 (2.2) 726 (3.1) 0.689 (0.615-0.773) <0.001
Adverse events, n (%)

Acute kidney failure 2,132 (12.3) 3,068 (18.4) 0.625 (0.589-0.664) <0.001
Urinary tract infection 1,423 (7.2) 1,983 (10.7) 0.642 (0.598-0.689) <0.001
Diabetic ketoacidosis 216 (0.9) 203 (0.8) 1.065 (0.878-1.291) 0.524
Laboratory markers (most recent during follow-up), mean + SD

AST (U/L) 57.63 + 378.28 74.06 + 431.35 — <0.001
ALT (U/L) 41.03 +150.25 44.03 £ 152.61 — 0.052
GGT (U/L) 143.72 £226.04  150.73 £ 242.71 — 0.272
Total bilirubin (mg/dL) 1.23+2.50 1.64 + 3.54 — <0.001
Albumin (g/dL) 3.71+0.73 3.48 +0.82 — <0.001
INR 1.34 £ 0.62 1.40 £ 0.71 — <0.001
Platelet count (x10°/L) 180.90 +92.44 177.11 + 96.81 — <0.001
Creatinine (mg/dL) 1.19 £ 0.81 1.35+ 1.45 — <0.001
eGFR, MDRD (mL/min/1.73 m?) 70.44 £ 32.09 66.35 £ 34.15 - <0.001
Sodium (mmol/L) 137.95 + 4.01 137.77 + 4.67 — <0.001

Binary outcomes are reported as n (%) with odds ratios (OR) and 95% confidence intervals (CI). Continuous outcomes
are reported as mean + SD with p values. INR: international normalized ratio; AST: aspartate aminotransferase; ALT:
alanine aminotransferase; GGT: gamma-glutamyl transferase. For the rest of abbreviations see Table I.
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several clinically meaningful cirrhosis-related complications,
alongside a more favorable profile of liver synthetic function
and renal markers. Importantly, hepatic encephalopathy did
not differ between groups, and diabetic ketoacidosis was not
significantly increased.

Cirrhosis carries a substantial mortality risk, particularly
after decompensation and in the setting of systemic
inflammation and renal dysfunction [1]. The observed
association between SGLT2i use and lower all-cause mortality
is directionally consistent with established benefits of SGLT2i
in cardiorenal populations and may plausibly reflect multiple
converging mechanisms, including improved effective
circulating volume, hemodynamic stability, and mitigation
of inflammatory and metabolic stressors that contribute to
cirrhosis progression [17, 18]. In parallel, the hospitalization
burden, an important patient-centered and health-system
outcome, was lower among SGLT2i users, consistent with the
possibility that SGLT2i exposure may reduce the frequency
or severity of events that commonly precipitate admissions
in cirrhosis such as ascites-related complications, infections,
and renal dysfunction [19].

It is crucial to note that our propensity-matched cohorts
had a high prevalence of cardiovascular comorbidities,
including heart failure (over 36%) and ischemic heart disease
(over 41%), as well as a high burden of metabolic dysfunction-
associated steatotic liver disease (MASLD; ~45-48%). Given
the established, profound benefits of SGLT2i therapy in heart
failure across the ejection fraction spectrum [20], it is highly
likely that a significant portion of the observed improvements
in all-cause mortality and hospitalization is driven by
cardiovascular risk reduction. Furthermore, because MASLD
is intrinsically linked to diabetes and heart failure [21], the
positive effects of SGLT2i seen in our study may be particularly
pronounced in this metabolic phenotype.

Preventing hepatic decompensation is central to improving
long-term outcomes, as each decompensating event is
associated with accelerated clinical decline and increased
mortality risk [22]. In this study, SGLT2i use was associated
with lower odds of composite hepatic decompensation events
- this association was driven mainly by lower rates of ascites,
spontaneous bacterial peritonitis, hepatorenal syndrome,
variceal bleeding, and jaundice. These findings are biologically
plausible given known SGLT2i effects on natriuresis and
osmotic diuresis, neurohormonal tone, endothelial function,
and systemic inflammation, pathways that intersect with portal
hypertensive physiology and susceptibility to infection and
renal hypoperfusion in cirrhosis [6, 23].

In addition, paracentesis utilization was less frequent
among SGLT2i users, which may reflect reduced severity or
refractoriness of ascites. This pattern aligns with a potential
role for SGLT2i in improving sodium handling and volume
regulation in cirrhosis, complementing standard diuretic
strategies [23-26]. Variceal bleeding was also less frequent,
which is consistent with emerging hypotheses that SGLT2i
may influence portal pressure-related pathways, although
this remains incompletely established in human cirrhosis
populations and requires prospective validation [27].

Notably, hepatic encephalopathy did not differ between
cohorts. This is reassuring given prior experimental concerns
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raised in animal models [28] and suggests that, in real-world
practice, SGLT2i exposure is not associated with a measurable
increase in hepatic encephalopathy risk over 5 years, though
confounding by baseline disease severity and care patterns
remains possible.

The observed laboratory profile among SGLT2i users,
lower aspartate aminotransferase (AST) and bilirubin, higher
albumin, lower international normalized ratio (INR), modestly
higher platelet counts, and improved renal indices, supports
biologic plausibility for the clinical associations. These findings
align with prior reports suggesting that SGLT2i may reduce
hepatic inflammation and metabolic injury, while providing
renal hemodynamic benefits that are particularly relevant in
cirrhosis where renal dysfunction strongly influences prognosis
[6, 8-10, 29]. The slightly higher serum sodium in SGLT2i
users is also directionally consistent with improved volume
homeostasis and may be clinically relevant given the prognostic
importance of hyponatremia in advanced liver disease [24,
30, 31]. At the same time, these laboratory outcomes reflect
the most recent values recorded within follow-up and may
be influenced by differential measurement frequency and
healthcare contact.

Safety is a key consideration when using SGLT2i in cirrhosis
given baseline vulnerability to acute kidney injury, infections,
and hemodynamic instability. Reassuringly, acute kidney
failure and urinary tract infection occurred less frequently
among SGLT2i users in this matched analysis. While this could
reflect true nephroprotective effects, it may also be influenced
by residual confounding (e.g., clinician selection, differences in
underlying frailty, or competing risks). Diabetic ketoacidosis
did not differ significantly between cohorts. However, diabetic
ketoacidosis, often euglycemic, remains a recognized rare
adverse event associated with SGLT2i therapy and warrants
counseling and monitoring in high-risk settings such as acute
illness, fasting, or peri-procedural periods [32, 33].

Our findings build upon and expand recent database
analyses investigating SGLT2i use in cirrhosis. Huynh et al.
(2023) [34] utilized TriNetX to evaluate diabetic patients with
cirrhosis, comparing metformin alone to metformin plus
SGLT?2i. Similar to our cohort, their population had a low mean
MELD-Na score (suggesting compensated disease) and high
baseline use of statins and anticoagulants, pointing toward a
primary cardiovascular or metabolic indication for therapy.
They demonstrated lower mortality and fewer decompensation
events in the SGLT2i group over 5 years [34]. Our study
corroborates these findings while expanding the analysis to a
broader cirrhosis population not strictly limited to concurrent
metformin users, providing robust propensity matching for a
wider array of cardio-renal medications. Furthermore, Ayoub
etal. (2024) [35] recently evaluated a TriNetX cohort of patients
specifically with decompensated cirrhosis, reporting significant
reductions in paracentesis requirements among those treated
with standard diuretics plus an SGLT2i. While their study was
limited by an inability to differentiate whether SGLT2i therapy
was initiated for refractory ascites versus cardiovascular
comorbidities, our data align with their observations, showing
asignificant reduction in both ascites and paracentesis burden
even in a largely compensated, stable cohort. Together, these
studies suggest a spectrum of benefit across different stages
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of cirrhosis, though prospective trials are required to confirm
these retrospective signals.

Our study has several limitations. First, as an observational
analysis, causal inference is limited by potential residual
confounding, including unmeasured baseline severity, slight
residual imbalances in albumin and HbA ¢, and confounding
by indication. Additionally, index date definitions differed:
SGLT2i users entered follow-up at first exposure, whereas
non-users entered at cirrhosis diagnosis. This design may
introduce immortal time bias, because treated patients must
survive long enough to receive therapy. Although propensity
score matching was performed, residual bias related to this
differential timing cannot be fully excluded. Second, TriNetX
lacks the granular data required to calculate exact severity
scores (e.g., MELD-Na, Child-Pugh class) or portal pressure.
However, the low prevalence of severe complications (ascites
16%, variceal bleeding 1.3%) alongside high utilization of
statins, anticoagulants, and antiplatelet agents strongly suggests
our cohorts represent a highly stable, compensated (likely
Child-Pugh A) population. Therefore, our findings may not
fully generalize to patients with advanced, decompensated
cirrhosis, and benefits should be interpreted within the context
of early-stage disease. Third, because our matched population
is heavily enriched for heart failure, ischemic heart disease,
and MASLD, it is difficult to isolate the direct hepatic benefits
of SGLT2i therapy from its systemic cardioprotective and
metabolic effects. Reductions in mortality and hospitalizations
may partly reflect improved management of these underlying
comorbidities rather than reversing liver disease alone. Fourth,
reliance on diagnostic codes may introduce misclassification,
although prior studies demonstrate acceptable predictive
values for cirrhosis-related coding [36, 37]. Finally, medication
exposure is based on EHR documentation and cannot confirm
adherence, duration, or dose.

CONCLUSIONS

In a large propensity score matched real-world cohort of
adults with cirrhosis, SGLT2 inhibitor exposure after cirrhosis
diagnosis was associated with lower 5-year mortality, fewer
hospitalizations, lower odds of hepatic decompensation and
key cirrhosis-related complications, and a more favorable
liver/renal laboratory profile, without an observed increase in
hepatic encephalopathy or diabetic ketoacidosis. These findings
support the need for prospective studies to clarify causality,
define which cirrhosis subgroups benefit most, and establish
best practices for safe use in advanced liver disease.
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