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ABSTRACT

Background & Aims: Glucagon-like peptide-1 receptor agonists (GLP-1 RAs) are increasingly used to manage
type 2 diabetes mellitus (T2DM) in liver transplant (LT) recipients, but their impact on graft outcomes remains
unclear. This study evaluated clinical and graft-related outcomes associated with GLP-1 RA therapy.
Methods: We conducted a retrospective cohort study using the TriNetX Network, identifying adults with LT
and T2DM. Two cohorts were defined: LT recipients treated with GLP-1 RAs and those receiving conventional
antidiabetic therapy. Propensity score matching (1:1) was applied based on demographics, comorbidities, and
immunosuppressive regimens. The index date was the first GLP-1 RA prescription within six months before
or after LT. Outcomes assessed at one year included all-cause mortality, graft rejection, graft failure, biliary
stricture, hepatic artery thrombosis, and transplant-related infections. Analyses used Kaplan-Meier survival
curves and Cox proportional hazards models.

Results: After matching, 704 patients were included in each cohort. GLP-1 RA use was associated with
significantly lower mortality (4.2% vs. 12.6%; HR=0.33, 95%CI: 0.22-0.50; p<0.0001) and reduced risks of
rejection (9.0% vs. 15.5%; HR=0.55; p=0.0008), graft failure (7.1% vs. 13.8%; HR=0.50; p=0.0002), biliary
stricture (4.1% vs. 6.7%; HR=0.60; p=0.0342), infections (5.7% vs. 10.1%; HR=0.54; p=0.0032), and hepatic
artery thrombosis (5.4% vs. 10.7%; HR=0.48; p=0.0007).

Conclusions: GLP-1 RA therapy was associated with improved survival and lower rates of major post-transplant
complications, suggesting a potential role as preferred antidiabetic therapy in LT recipients with T2DM.

Key words: liver transplantation — type 2 diabetes mellitus — GLP-1 Receptor Agonists — post-transplant
outcomes — mortality.

Abbreviations: BMI: body mass index; GLP-1 RA: glucagon-like peptide-1 receptor agonists; LT: liver
transplantation; PSM: propensity score matching; T2DM: type 2 diabetes mellitus.

INTRODUCTION

Liver transplantation (LT)
remains the only definitive
treatment for end-stage
liver disease, select cases of
hepatocellular carcinoma,
and chronic liver conditions
unresponsive to medical therapy
[1]. Over the past decade,
advances in donor and recipient
selection, surgical techniques,
perioperative care, and
immunosuppressive strategies
have driven a steady rise in
transplant activity and improved
post-transplant survival. In the

United States alone, 10,659 LT were performed in 2023, a 52%
increase compared with a decade earlier reflecting a sustained
upward trend [2, 3]. Despite these achievements, access to liver
transplantation remains limited, and the number of procedures
performed continues to address only a fraction of the global
burden of advanced liver disease.

Survival outcomes have improved substantially, with
contemporary data showing 1-year patient survival rates
exceeding 90% and 10-year survival rates approaching 60-
70% [3, 4]. Nevertheless, post-transplant morbidity remains
considerable. Metabolic disorders such as type 2 diabetes
mellitus (T2DM), obesity, and metabolic syndrome have
emerged as major determinants of long-term outcomes. Post-
transplant diabetes mellitus affects 15-30% of LT recipients,
with cumulative incidence increasing steadily over time [5, 6].
Persistent post-transplant diabetes is strongly associated with
adverse cardiovascular outcomes, conferring nearly a twofold
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increased risk of major cardiovascular events and substantially
higher mortality [7, 8]. Cardiovascular complications alone
account for approximately 10% of deaths among long-term
LT survivors [9-11].

Glucagon-like peptide-1 receptor agonists (GLP-1RAs)
have emerged as cornerstone therapies for T2DM and obesity
owing to their robust cardiometabolic benefits. These agents
improve glycemic control, while also promoting clinically
meaningful weight loss [12-14]. Beyond glucose lowering,
GLP-1RAs exert pleiotropic effects, including reduction
of steatohepatitis and liver fibrosis [15, 16], modulation
of inflammatory cytokine production, improvement of
endothelial function, enhancement of nitric oxide signaling,
and attenuation of platelet activation [17, 18]. These
hepatoprotective, anti-inflammatory, immunomodulatory;,
and vascular-protective effects suggest that GLP-1RAs may
influence transplant outcomes through mechanisms extending
well beyond metabolic control alone.

Despite increasing use of GLP-1RAs in LT recipients,
evidence specific to LT remains limited. Available studies
are generally small, short-term, and primarily focused on
metabolic endpoints, with minimal evaluation of graft-related
complications [19, 20]. Consequently, the real-world impact
of GLP-1RAs therapy on clinically meaningful post-transplant
outcomes in LT recipients with T2DM remains poorly defined.
In this study, we hypothesized that GLP-1RAs therapy would be
associated with improved graft-related and clinical outcomes
in LT recipients with T2DM. Using a large, multicenter U.S.
electronic health record-based cohort, we evaluated the
association between GLP-1RAs use and major post-transplant
outcomes during the first year following LT.

METHODS

Study Design and Data Source

We conducted a retrospective cohort study using data
from the TriNetX Research Network, a federated platform
that aggregates de-identified electronic health records
(EHRs) from approximately 70 U.S. healthcare organizations.
TriNetX provides standardized information on demographics,
diagnoses, procedures, medications, and laboratory values,
enabling real-time queries and analytics while ensuring
compliance with HIPA A and institutional privacy regulations.
Cohort construction and analyses were performed within
the TriNetX analytics platform, and the study adhered to
the Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) guidelines

Study Population

We included adults aged 18 years or older with a
documented history of LT and T2DM. LT recipients were
identified using ICD-10 diagnostic codes and CPT procedure
codes (Supplementary file, Table S3). Patients with type
1 diabetes mellitus, those who underwent solid organ
transplantation other than liver (heart, kidney, lung, or
pancreas), and individuals with malignancy were excluded.
Two mutually exclusive cohorts were defined based on
exposure to GLP-1RAs (semaglutide, liraglutide, dulaglutide,
exenatide, lixisenatide, and tirzepatide). The GLP-1RAs cohort
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included LT recipients with T2DM who initiated GLP-1RAs
therapy within six months before or after transplantation. The
comparison cohort comprised LT recipients with T2DM who
received conventional diabetes treatment (insulin and/or oral
hypoglycemic agents) without any documented exposure to
GLP-1RAs during the same time window.

Index Event and Follow-Up Window

Index events were defined separately for each cohort. For
GLP-1RAs users, the index date corresponded to the earliest
occurrence of LT in temporal association with initiation
of GLP-1RAs therapy (within +6 months). For non- GLP-
1RAs users, the index date was the earliest documented LT
encounter with conventional T2DM treatment (insulin or oral
hypoglycemic agent). Outcomes were assessed, beginning one
day after the index date, and continued for a follow-up period
of 365 days.

Outcomes

The primary outcomes were clinically significant post-
transplant complications: liver transplant rejection, graft
failure, biliary stricture, transplant-associated infection,
hepatic artery thrombosis, and all-cause mortality. Outcomes
were identified using ICD-10 diagnostic codes and
standardized TriNetX definitions. To ensure accurate risk
attribution, patients with a documented history of any
outcome prior to the index date were excluded from the
corresponding analysis.

Propensity Score Matching

To minimize confounding and achieve balanced baseline
characteristics between cohorts, we performed 1:1 propensity
score matching (PSM) using the TriNetX matching algorithm.
Matching variables included demographic factors (age, gender,
race, ethnicity), clinical comorbidities (obesity, hypertension,
ischemic heart disease, cerebrovascular disease), baseline
immunosuppressive therapies (tacrolimus, mycophenolate,
sirolimus, cyclosporine, azathioprine), and metabolic
parameters such as hemoglobin Alc and body mass index
(BMI) categories. Covariate balance was evaluated using
standardized mean differences, with values less than 0.1
considered indicative of adequate balance.

Statistical Analysis

All statistical analyses were conducted within the TriNetX
analytics platform. Categorical outcomes were evaluated
using measures of association, including risk ratios. Time-to-
event analyses were performed using Kaplan—Meier survival
curves and hazard ratio estimation with corresponding 95%
confidence intervals (CI). Statistical significance was defined
as a two-sided p-value <0.05.

Ethical Considerations

This study utilized fully de-identified, aggregated patient-
level data from the TriNetX Research Network. Because
no identifiable private information was accessed and all
analyses were conducted within a secure, privacy-preserving
environment, the study qualified for exemption from
institutional review board oversight.
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RESULTS

Study Population and Cohort Characteristics

After PSM, each cohort comprised 704 patients. The
mean age at index was nearly identical between groups (57.9
+ 10.7 years vs 58.0 + 11.5 years), and sex distribution was
comparable (female: 40.6% vs 41.6%). Racial and ethnic
composition was well balanced, with similar proportions of
White (71.3% vs 70.2%), Black or African American (8.0% vs
7.4%), Asian (4.1% vs 5.5%), and Hispanic or Latino patients
(15.6% vs 16.3%). Baseline comorbidities were also closely
aligned between cohorts. Obesity was present in 48.3% vs
49.0%, hypertension in 70.9% vs 67.6%, ischemic heart disease

in 26.3% vs 27.4%, and prior cerebral infarction in 4.0% vs
4.4%. Post-transplant immunosuppressive therapy use was
similar across groups, including tacrolimus (59.1% vs 56.1%),
mycophenolate mofetil (36.8% vs 36.2%), mycophenolic acid
(15.6% vs 15.9%), sirolimus (4.1% vs 3.4%), cyclosporine (5.1%
vs 4.7%), and azathioprine (4.3% vs 3.4%). Mean hemoglobin
Alc was comparable between GLP-1RAs users and non-users
(7.0 £ 2.0% vs 6.8 £ 1.9%), with similar distribution across
glycemic control categories. Mean BMI was slightly higher in
the GLP-1RAs cohort (32.8 £ 7.0 vs 31.8 + 7.4 kg/m?), though
BMI category distributions remained largely balanced across
obesity classes. All data on patient characteristics are presented
in Table L.

Table I. Baseline characteristics of liver transplant recipients with and without GLP-1RAs therapy after

propensity score matching

Characteristic GLP-1RAs Non- GLP-1RAs Std Diff p
cohort cohort
N=704 N=704
Age, years (mean + SD) 57.9 +£10.7 58.0 £ 11.5 0.008 0.875
Gender, Female, n (%) 286 (40.6) 293 (41.6) 0.020 0.705
Race / Ethnicity
White, n (%) 502 (71.3) 494 (70.2) 0.025 0.639
Black / African American, n (%) 56 (8.0) 52(7.4) 0.021 0.689
Asian, n (%) 29 (4.1) 39 (5.5) 0.066 0.214
American Indian / Alaska Native, n (%) 10 (1.4) 10 (1.4) <0.001 1.000
Native Hawaiian / Pacific Islander, n (%) 10 (1.4) 10 (1.4) <0.001 1.000
Other / Unknown race, n (%) 97 (13.8) 99 (14.1) 0.033 0.452
Comorbidities
Overweight / Obesity, n (%) 340 (48.3) 345 (49.0) 0.014 0.790
Hypertensive diseases, n (%) 499 (70.9) 476 (67.6) 0.071 0.184
Ischemic heart disease, n (%) 185 (26.3) 193 (27.4) 0.026 0.630
Cerebral infarction, n (%) 28 (4.0) 31(4.4) 0.021 0.690
Immunosuppressive Medications
Tacrolimus, n (%) 416 (59.1) 395 (56.1) 0.060 0.257
Mycophenolate mofetil, n (%) 259 (36.8) 255 (36.2) 0.012 0.825
Mycophenolic acid, n (%) 110 (15.6) 112 (15.9) 0.008 0.884
Sirolimus, n (%) 29 (4.1) 24 (3.4) 0.037 0.484
Cyclosporine, n (%) 36 (5.1) 33 (4.7) 0.020 0.711
Azathioprine, n (%) 30 (4.3) 24 (3.4) 0.044 0.405
Laboratory Values
HbAlc, % (mean + SD) 7.0+2.0 6.8+19 0.120 0.051
HbAlc <5.7%,n (%) 213 (30.3) 209 (29.7) 0.012 0.816
HbAlc 5.8-6.4%, n (%) 339 (48.2) 342 (48.6) 0.009 0.873
HbAlc 2 6.5%, n (%) 145 (20.6) 163 (23.2) 0.062 0.246
Body Mass Index
BMLI, kg/m? (mean + SD) 32.8+7.0 31.8+74 0.138 0.033
BMI 30-34.9 kg/m?, n (%) 280 (39.8) 275 (39.1) 0.015 0.785
BMI 35-39.9 kg/m?, n (%) 212 (30.1) 209 (29.7) 0.009 0.861
BMI > 40 kg/m?, n (%) 121 (17.2) 134 (19.0) 0.048 0.368

BMI: body mass index; HbA1C: glycated hemoglobin; GLP-1 RA: glucagon-like peptide-1 receptor

agonists; SD: standard deviation.
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Liver Transplant Rejection

During 1 year of follow-up, LT rejection occurred in 9% of
patients receiving GLP-1RAs therapy compared with 15.5% in
those not receiving GLP-1RAs. GLP-1RA use was associated
with a 45% reduction in the hazard of rejection (HR=0.55;
95%CI: 0.38-0.78; p=0.0008), demonstrating a statistically
significant protective effect.

Liver Transplant Failure

Liver transplant failure occurred in 7.1% of GLP-1RAs
users versus 13.8% of non-users. GLP-1RAs therapy was
associated with a 51% reduction in the hazard of transplant
failure (HR=0.49, 95%CI: 0.33-0.72; p<0.001).

Biliary Stricture

Biliary strictures developed in 4.1% of patients treated with
GLP-1RAs therapy compared with 6.7% of those not treated
with GLP-1RAs. Using GLP-1RAs was associated with a 40%
lower hazard of biliary stricture (HR=0.60, 95%CI: 0.37-0.97;
p=0.034), representing a modest but statistically significant
risk reduction.

Liver Transplant-associated Infection

Transplant-associated infections occurred in 5.7% of
patients in the GLP-1RAs cohort and 10.1% in the non-GLP-
1RAs cohort. GLP-1RAs therapy was associated with a 46%
reduction in infection risk (HR=0.54, 95%CI: 0.36-0.82;
p=0.0032).

Hepatic Artery Thrombosis

Hepatic artery thrombosis was observed in 5.4% of GLP-
1RAs users compared with 10.7% of non-users. GLP-1RAs
exposure was associated with a 52% lower hazard of hepatic
artery thrombosis (HR=0.48, 95%CI: 0.31-0.74; p=0.0007).

All-cause Mortality

At 1-year, all-cause mortality occurred in 4.3% of patients
receiving GLP-1RAs therapy versus 12.6% of those not
receiving GLP-1RAs therapy. GLP-1RAs use was associated
with a 67% reduction in death (HR=0.33, 95%CI: 0.22-0.50;
p<0.0001).

This table summarizes the demographic, clinical, and
laboratory characteristics of two matched cohorts of liver
transplant recipients with type 2 diabetes mellitus: those exposed
to GLP-1RAs and those receiving conventional diabetes therapy.
Each cohort includes 704 patients after 1:1 propensity score
matching. Variables presented include age, sex, race/ethnicity,
key comorbidities (e.g., obesity, hypertension, ischemic heart
disease), use of immunosuppressive medications, glycemic
control (HbA1c), and body mass index (BMI). Standardized
differences and p-values are provided to assess covariate
balance between groups, with values indicating successful
matching across most characteristics

DISCUSSION

In this large, multicenter U.S. cohort of LT recipients
with T2DM, treatment with GLP-1RAs was associated with
markedly lower risks of major post-transplant complications,
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including acute rejection, graft failure, biliary stricture,
transplant-associated infection, hepatic artery thrombosis,
and all-cause mortality within one year. The magnitude and
consistency of these benefits highlight the clinical importance
of GLP-1RAs therapy in this high-risk population.

The observed reductions in acute rejection and graft
failure among GLP-1RAs users might be attributed to the
immunomodulatory and anti-inflammatory properties of
these agents. GLP-1RAs suppress key pro-inflammatory
cytokines (IL-1f, IL-6, IL-18) and tumor necrosis factor-a,
while enhancing anti-inflammatory IL-10 production through
inhibition of the NLRP3 (NOD-, LRR- and pyrin domain-
containing protein 3) inflammasome and nuclear factor-«xB
signaling pathways [21-23]. Beyond systemic inflammation,
GLP-1RAs exert direct effects on adaptive immunity;
experimental studies demonstrate reduced T-cell proliferation
with selective attenuation of Thl and Th17 responses and
preservation of regulatory T-cell activity, mediated in part by
altered T-cell metabolic programming and reduced glucose
transporter (GLUT1) expression [24]. In parallel, GLP-1RAs
modulate innate immune responses by promoting anti-
inflammatory macrophage polarization, reducing monocyte
recruitment via suppression of MCP-1 signaling, and
enhancing stromal cell-derived factor-la-mediated tissue
repair and endothelial function [21, 25]. Importantly, these
benefits occurred despite comparable immunosuppressive
regimens between cohorts, reinforcing biological plausibility
and suggesting that GLP-1RAs provide complementary,
nonredundant immunomodulation.

The significantly lower risk of transplant-associated
infections observed among GLP-1RA users may be explained
by both metabolic and immunologic mechanisms. Improved
glycemic control and reduced glycemic variability are central
pathways, as hyperglycemia is known to impair neutrophil
chemotaxis, complement activation, and cell-mediated
immunity [26]. In LT recipients, GLP-1RAs have been shown to
achieve sustained hemoglobin A1lc reductions of approximately
0.5-1.5%, an effect that correlates with decreased susceptibility
to infectious complications [19, 27, 28]. Supporting this
relationship, meta-regression analyses in diabetic populations
demonstrate that greater HbAlc reduction with GLP-1RA
therapy is independently associated with lower infection risk
[26]. Beyond glucose lowering, GLP-1RAs enhance innate and
adaptive immune responses [21]. The magnitude of infection
risk reduction observed in this transplant cohort is consistent
with that reported in non-transplant diabetic populations,
where GLP-1RA use has been associated with fewer serious
infections across multiple organ systems [26].

The substantial reduction in hepatic artery thrombosis
observed among GLP-1RA users represents one of the most
novel findings of this study, as this complication has rarely been
examined in relation to GLP-1RA therapy. The 52% lower hazard
of hepatic artery thrombosis aligns with evidence that GLP-1RAs
exert potent anti-atherothrombotic and endothelial-protective
effects [29, 30]. Experimental studies demonstrate that GLP-1
receptor activation directly attenuates platelet aggregation induced
by collagen, adenosine diphosphate, and thrombin, thereby
reducing thrombus formation [29-31]. Enhanced endothelial
nitric oxide signaling further contributes to vascular protection
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[30, 32]. In addition, GLP-1RAs exert anti-inflammatory
vascular effects by inhibiting monocyte recruitment, reducing
pro-inflammatory macrophage polarization, and limiting
vascular smooth muscle cell proliferation-mechanisms central
to atherothrombosis development [17, 32]. The consistency of
this finding with reductions in arterial and venous thrombotic
events supports a biologically plausible and clinically relevant
role for GLP-1RAs in mitigating thrombotic risk [33].

The observed reduction in biliary stricture among GLP-
1RAs users is biologically plausible and likely reflects indirect
vascular and anti-ischemic effects rather than direct biliary
actions. Biliary strictures following liver transplantation are
primarily driven by ischemic injury to the peribiliary vascular
plexus, and experimental evidence suggests that GLP-1RAs
may help preserve hepatic microvascular perfusion during
ischemia-reperfusion injury [34, 35]. These effects, combined
with improved endothelial function and enhanced nitric oxide
bioavailability, may support microvascular blood flow to bile
ducts during the vulnerable post-transplant period, thereby
reducing stricture formation. Our finding contrasts with data
from non-transplant populations, where GLP-1RAs use has
been associated with an increased risk of gallbladder and
biliary diseases likely driven by reduced gallbladder motility
and rapid weight loss—induced bile supersaturation rather than
ischemic mechanisms [36, 37]. Nonetheless, the alignment of
our results with experimental models demonstrating hepatic
ischemia-reperfusion protection underscores the need for
prospective validation in transplant-specific cohorts.

The 67% reduction in 1-year all-cause mortality observed
in this study represents a clinically meaningful survival benefit,
exceeding reductions previously reported in other solid organ
transplant populations treated with GLP-1RAs, where relative
risk reductions of 39-61% were described [38]. This survival
advantage is unlikely to result from a single pathway; rather,
it is likely to reflect synergistic protection across multiple
domains, including reduced rejection, infection, thrombotic
complications, graft failure, and improved glycemic control.
Notably, the convergence of cardiovascular protection,
vascular integrity, and immunomodulation may produce a
multiplicative effect on survival, consistent with real-world
data showing identical hazard reductions (HR=0.33) for
liver-related events and mortality in patients with advanced
metabolic liver disease treated with GLP-1RAs [39].

GLP-1RAs address multiple drivers of post-transplant
morbidity, particularly graft vulnerability. The magnitude of
benefit observed in this cohort suggests that liver transplant
recipients may derive uniquely robust protection. It can be
speculated that the favorable effects on LT can be similar to
the effects on metabolic dysfunction-associated steatohepatitis
demonstrated in ESSENCE [16] and SYNERGY-NASH
[15] trials. In this context, GLP-1RAs may serve not only as
antidiabetic agents but also as tools for post-transplant risk
stratification and long-term graft preservation, aligning with
emerging perspectives that they could redefine the standard
of care in transplantation [40].

These findings underscore the importance of coordinated
multidisciplinary care in optimizing post-transplant outcomes.
Transplant hepatologists, endocrinologists, cardiologists, and
transplant pharmacists should work collaboratively to identify

appropriate candidates and initiate GLP-1RAs therapy within
structured care pathways [41].

This study has several notable strengths. First, it leverages
a large, multicenter U.S. cohort derived from a federated
electronic health record network, capturing real-world
practice across diverse healthcare settings and enhancing
generalizability. Second, rigorous 1:1 propensity score matching
was employed to minimize confounding and selection bias,
incorporating a comprehensive set of demographics, clinical,
metabolic, and immunosuppressive variables. Finally, the use
of time-to-event analyses allowed appropriate adjustment for
differential follow-up and provided robust estimates of relative
risk over the first post-transplant year

This study has some limitations. First, the observational
design precludes causal inference, and despite rigorous
propensity score matching, residual confounding from
unmeasured variables cannot be fully excluded. Second,
reliance on electronic health record data limited the availability
of granular clinical details; specifically, information on
histologic rejection severity, donor characteristics, and
medication adherence was not captured. Additionally, outcome
ascertainment depended on diagnostic and procedural codes,
introducing the potential for misclassification despite the use
of standardized definitions within the TriNetX platform.

The consistency of findings across multiple clinically
meaningful endpoints and the magnitude of observed effects
support the validity of our conclusions and underscore the
need for prospective studies to confirm causality and define
optimal treatment strategies. Additional research is also needed
to evaluate treatment-related factors that may influence clinical
benefit. Specifically, the timing of GLP-1RAs initiation (early
post-transplant versus delayed), duration of therapy, and
potential class-specific effects among different agents warrant
systematic investigation.

CONCLUSIONS

GLP-1 RAs therapy in LT recipients with T2DM was
associated with substantially lower risks of graft-related
complications and a marked reduction in 1-year all-cause
mortality. The consistency of benefits across rejection,
infection, vascular events, graft failure, and survival suggests
that GLP-1 RAs may exert disease-modifying effects beyond
glycemic control in the post-LT setting.
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