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ABSTRACT

Liver transplantation is an effective method for treating end-stage liver failure and certain liver cancers. Survival after this
procedure is associated with the development of comorbidities, including before diagnosed diabetes mellitus and new
diagnosed post-transplant diabetes mellitus (PTDM). Its pathophysiology differs from that of type 2 diabetes in the general
population and reflects a complex interplay between pre-existing metabolic vulnerability (e.g. obesity, insulin resistance,
impaired fasting glucose), perioperative stressors, and chronic immunosuppression. Commonly used immunosuppressive
drugs, such as calcineurin inhibitors (particularly tacrolimus), mTOR inhibitors, and glucocorticosteroids, affect not only
pancreatic function but also contribute to weight gain and chronic inflammation. Therapeutic goals should therefore be
individualized according to time since transplantation, comorbidity burden, risk of hypoglycemia, and liver graft and renal
function.

Aim of the study: The objective of this study is to summarize recent literature on the diagnosis and treatment of PTDM and
type 2 diabetes mellitus after liver transplantation.

Materials and methods: In this narrative review, we searched the PubMed database to analyze the latest evidence on the
treatment and diagnosis of PTDM, and type 2 diabetes mellitus diagnosed before liver transplantation.

Results: We discuss diagnostic approaches as well as pharmacological and non-pharmacological treatment strategies for
these metabolic disorders in patients receiving long-term immunosuppression.

Conclusions: Interdisciplinary care and integration of lifestyle interventions are essential to optimize metabolic and
cardiovascular risk management in liver transplant recipients. There remains a strong need for further clinical trials
evaluating the safety and efficacy of oral antidiabetic agents in this specific patient population.
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Introduction

Liver transplantation is currently a recognized and effective method of treating end-stage liver failure
and certain liver cancers, significantly prolonging life and improving quality of life in patients (Adam i in.,
2012). Due to the immunosuppressive regimens used, patients are at risk of developing PTDM (post-transplant
diabetes mellitus — which replaced NODAT (new onset diabetes after transplantation(Sharif i in., 2014)) or
experiencing worsening of a pre-existing diabetes mellitus (Grancini i in., 2019; Peldez-Jaramillo i in., 2018).

Carbohydrate metabolism disorders after liver transplantation are associated with a higher risk of
cardiovascular disease, infection, deterioration of transplanted organ function and, ultimately, reduced survival
in this patient group (Peldez-Jaramillo i in., 2018; Sharif i in., 2024). Furthermore, diabetes in transplant
recipients often co-occurs with other components of metabolic syndrome, such as obesity, dyslipidemia and
hypertension, which further increases cardiovascular risk (Berkovic i in., 2020). It has been demonstrated that
both the incidence of diabetes and its clinical course differ in patients after transplantation compared with those
who have not undergone this procedure (Munoz Pena & Cusi, 2023).

Chronic immunosuppression plays a key role in the pathogenesis of type 2 diabetes after liver
transplantation. Drugs such as glucocorticosteroids, calcineurin inhibitors and mTOR inhibitors have a proven
effect in increasing insulin resistance and impairing insulin secretion (Grancini i in., 2019; Munoz Pena &
Cusi, 2023; Sharifi in., 2014). Furthermore, liver transplant recipients constitute a highly heterogeneous group,
differing in the etiology of the underlying disease leading to transplantation, the extent of damage to other
organs, and time duration since transplantation, which further complicates the establishment of treatment
standards (Richardson i in., 2022).

The choice of antihyperglycemic therapy must take into account not only its effectiveness in lowering
blood glucose levels, but also the safety of the drugs in the context of transplanted liver function, potential
interactions with immunosuppressive drugs, and the risk of adverse effects such as hepatotoxicity and
nephrotoxicity (Grancini i in., 2019; Richardson i in., 2022). In recent years, new classes of antidiabetic drugs
have become available, and their role in the treatment of liver transplant patients is still being researched
(Munoz Pena & Cusi, 2023; Zheng i in., 2024).

The aim of this review is to analyze the most recent evidence on the pharmacotherapy of type 2 diabetes
in patients after liver transplantation. We will discuss the mechanisms of action, efficacy and safety of these
therapies in this specific group of patients.

Methodology
In this narrative review, we searched the PubMed database to analyze the latest evidence on the
treatment and diagnosis of PTDM, and type 2 diabetes mellitus diagnosed before liver transplantation.

Results and Discussion

1.Pathophysiology of type 2 diabetes after liver transplantation

The pathophysiology of type 2 diabetes in liver transplant recipients differs from the classic model
observed in the general population, although both conditions share common features (Munoz Pena & Cusi,
2023). In this specific patient group, iatrogenic factors are of particular importance, especially the type and
intensity of immunosuppression and the time elapsed since transplantation (Sharif i in., 2024). Understanding
these mechanisms is essential for the effective selection of therapeutic strategies and forms the basis for the
individualization of diabetes pharmacotherapy in liver transplant recipients (Richardson i in., 2022). In the
pathophysiology of type 2 diabetes in transplant patients, factors present both before and after surgery play an
important role: (i) insulin resistance, (ii) impaired insulin secretion by pancreatic f cells, (iii) adverse effects
of immunosuppressive therapy, and (iv) inflammation.

Insulin resistance is a key factor in the development of diabetes after liver transplantation. In many
patients, it is already present before the procedure, often as a result of chronic liver disease, obesity, or
metabolic syndrome (Berkovic i in., 2020; Puri & Kotwal, 2022). Although liver transplantation may lead to
some improvement in glucose metabolism by removing the diseased organ, this effect is often short-lived and
frequently offset by factors related to immunosuppressive treatment (Grancini i in., 2019).

Another important pathophysiological mechanism is impaired insulin secretion by pancreatic j cells.
Experimental and clinical studies have shown that calcineurin inhibitors can directly impair B-cell function by
inhibiting nuclear factor of activated T cells (NFAT) signaling pathways, ultimately leading to reduced
transcription of genes responsible for insulin secretion (Heit i in., 2006; Sharif i in., 2024; Van Hooff i in.,
2005). This effect is particularly pronounced with tacrolimus and may be dose-dependent (Sharif i in., 2024;
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Van Hooff i in., 2005). Furthermore, glucocorticoids may exacerbate B-cell dysfunction through chronic
hyperglycemia and glucotoxicity (Weir & Bonner-Weir, 2004).

mTOR inhibitors represent another important factor in the development of diabetes after liver
transplantation, as they can affect glucose metabolism by disrupting insulin signalling and negatively
influencing B-cell proliferation and survival (Johnston i in., 2008; Verges & Cariou, 2015). Although these
agents are less likely to induce diabetes than calcineurin inhibitors, their use may worsen existing metabolic
disturbances, particularly when combined with other immunosuppressive drugs (Sharif i in., 2024).
Glucocorticoids may also increase insulin resistance by stimulating hepatic gluconeogenesis, inhibiting
peripheral glucose uptake, and altering fat redistribution (van Raalte & Diamant, 2014). In addition, calcineurin
inhibitors, especially tacrolimus, may further impair tissue sensitivity to insulin (Sharif i in., 2024).

Inflammatory and hormonal factors also play a significant role. In some patients after transplantation,
chronic inflammation can promote insulin resistance through the action of pro-inflammatory cytokines such
as TNF-a and IL-6 (Berkovic i in., 2020). Moreover, alterations in the liver—adipose tissue—skeletal muscle
axis and dysregulation of adipokine secretion may impair glycemic control (Grancini i in., 2019). Liver
transplant recipients also commonly experience changes in lipid metabolism and weight gain, which further
adversely affect carbohydrate metabolism and contribute to hyperglycemia (Berkovic i in., 2020; Richardson
iin., 2022).

2.Risk factors for developing diabetes in liver transplant recipients

The development of type 2 diabetes in patients after de novo liver transplantation results from a complex
interaction of multiple factors present before transplantation, elements related to the transplantation procedure
itself, and long-term immunosuppressive therapy (Table 1.) (Li, 2015; Pelaez-Jaramillo i in., 2018). Due to
differences between patients in the general population and those who have undergone transplantation, the term
PTDM (post-transplant diabetes mellitus) has been introduced to describe patients in whom newly developed
diabetes is detected after transplantation (Richardson i in., 2022). Accurate identification of these factors is
crucial for risk assessment and the implementation of effective preventive and therapeutic measures (Sharif i
in., 2024).

Among the non-modifiable risk factors, advanced recipient age is the most important, as ageing is
associated with a natural decline in insulin sensitivity and a reduced ability of pancreatic 3 cells to compensate
by increasing insulin secretion (Kuo i in., 2010; Pelaez-Jaramillo i in., 2018). Genetic predisposition and a
positive family history of type 2 diabetes may also be relevant, although available data are less conclusive
(Pelaez-Jaramillo i in., 2018; Sharif i in., 2024). Ethnicity and racial predisposition have also been shown to
significantly increase the incidence of diabetes after organ transplantation (Kuo i in., 2010), as does the classic
risk factor of male sex (Li, 2015).

Metabolic disorders present prior to transplantation, such as obesity, pre-existing insulin resistance,
impaired fasting glucose, and elevated glucose levels, also play a significant role(Kuo i in., 2010; Pelaez-
Jaramillo i in., 2018). Patients with these risk factors have a markedly higher risk of persistence or worsening
hyperglycemia after transplantation. In addition, the etiology of liver disease has prognostic significance, with
particularly high rates of diabetes observed in recipients with non-alcoholic fatty liver disease and alcoholic
liver disease(Burra i in., 2020).

One of the key modifiable risk factors remains the immunosuppressive regimen. Glucocorticoids have
a strong diabetogenic effect, and the risk of developing diabetes depends on both dose and duration of therapy
(Sharif i in., 2024). There is evidence that calcineurin inhibitors, particularly tacrolimus, are associated with a
higher risk of diabetes development compared with cyclosporine (Heisel i in., 2004). mTOR inhibitors may
further exacerbate metabolic disturbances, especially when used in combination therapy (Sharif i in., 2024).

Risk factors associated with the organ and donor include donor age over 60 years (Yadav i in., 2013)
and donor liver damage, such as prolonged cold ischaemia time (Ling i in., 2016), organ dysfunction, and
hepatic steatosis (Honda i in., 2013; Pelaez-Jaramillo i in., 2018).

Post-operative factors that increase the risk of diabetes development include weight gain, limited
physical activity, chronic inflammation, and viral infection (Baid i in., 2001; Ling i in., 2016; Pel4dez-Jaramillo
i in., 2018). The early post-transplant period, characterised by metabolic stress and intensive
immunosuppression, is particularly conducive to diabetes onset, especially in patients with pre-existing
metabolic predisposition (American Diabetes Association Professional Practice Committee, ElSayed, Aleppo,
Bannuru, Bruemmer, Collins, Ekhlaspour, Gaglia, Hilliard, Johnson, Khunti, i in., 2024; Sharif i in., 2024).
Additional contributing factors include statin therapy, which has a documented diabetogenic effect (Cho i in.,
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2014), prolonged intensive care unit stay after procedure (>15 days)(Ling i in., 2016), hypomagnesaemia
before surgery and one month post-transplantation (Van Laecke i in., 2010), and episodes of acute organ
rejection requiring treatment with high-dose glucocorticosteroids (Yadav i in., 2013).

Table 1. Risk factors for developing diabetes in liver transplant recipients.

Category of factor

Risk factor

Mechanism/clinical observations

Advanced age ofthe redpient

Decreased insulin sensitivity, impaired -
cell function

Genetic predisposition, family

Increased susceptibility to glycaemic

Pre-transplantation

Non-modifiable history disorders
Origin Black/Hispanic race
Gender Male gender
Obesity foverweight

Insulin resistance, chronic inflammation

Insulin resistance, [FG

Risk of overt diabetes disclosure after
transplantation

Factors related to the donor

Damage to the donor's liver

Liver dysfunction, fatty liver, cold ischaemia
ofthe organ lasting more than 9 howrs

A Donor Age 260 years old
NAFLD / NASH Strong association with metabalic
syndrome
Etiology ofliver disease
AR : Metabalic disorders, risk of recurrence after
Alcoholic liver disease :
transplantation
The use of drugs other than
glucocorticosteroids toinduce
on ofimmunesuppression immunosuppression, e.g. basiliximab, had a
protective effect against the development of
PTMD
Possible correlation relatedto high doses of
Related to the procedure Acute transplant rejection glucocorticosteroids during treatment of
this condition
. marker of severe, prolonged post-operative
y > y .
Stay inICU > 15 days stress and complications
dhicsmotioaaternids Intensification of gl_ucoueogeuess, insulin
resistance
InmunoRpRressinn Taarolimus Direct damage to 3 cell function
mTOR inhibitors Insulin signalling disorders
Weight gain Insulin resistance severity
i va ; oy Deterioration in glycaemiccontrol
Limited physical activity ly
Post-operative Hypomagnesaemia Deterioration of insulin secretion
Statins therapy Statins are diabetogenic drugs.
HCV/CMV infections Induction of diabetogenic cytokines and

damage to pancreatic betacells
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3.Diagnosis and treatment goals for type 2 diabetes after liver transplantation

The diagnosis of type 2 diabetes in liver transplant patients is based on standard diagnostic criteria, but
their interpretation in this group requires special attention (American Diabetes Association Professional
Practice Committee, ElSayed, Aleppo, Bannuru, Bruemmer, Collins, Ekhlaspour, Gaglia, Hilliard, Johnson,
Khunti, i in., 2024). It is crucial to distinguish between persistent hyperglycaemia and PTDM in patients in the
early stages after transplantation (Munoz Pena & Cusi, 2023). The early post-transplant period is characterised
by high glucose variability, which is the result of intensive immunosuppression (mainly the use of
glucocorticosteroids), perioperative stress, transfusions during surgery and various other complications (Sharif
i in., 2024). It is crucial to emphasise that transient hyperglycaemia post-transplantation should resolve once
the patient's condition stabilises after surgery (Munoz Pena & Cusi, 2023).

Fasting blood glucose measurement and oral glucose tolerance test are still the basic diagnostic methods,
but their predictive value may be limited in the first weeks after transplantation (American Diabetes
Association Professional Practice Committee, ElSayed, Aleppo, Bannuru, Bruemmer, Collins, Ekhlaspour,
Gaglia, Hilliard, Johnson, Khunti, i in., 2024; Sharif i in., 2024). Glycated haemoglobin (HbAlc) testing is
commonly used to monitor glycaemic control, but in liver transplant recipients its interpretation may be
distorted by anaemia, blood transfusions and shorter red blood cell survival, especially in the early
postoperative period (Sharif i in., 2024). Therefore, some authors suggest relying on serial blood glucose
measurements or continuous glucose monitoring to more accurately assess carbohydrate metabolism disorders
(Sharif i in., 2014).

The diagnosis of PTDM is similar to the diagnosis of type 2 diabetes for the general population, i.e. one
of two criteria: double measurement of elevated glucose concentration >126 mg/dL; in an oral glucose
tolerance test (OGTT) after consuming 75 mg of glucose, >200 mg/dL of glucose in plasma after 2 hours;
glycated haemoglobin Alc (Alc) concentration > 6.5% or a patient with classic symptoms of hyperglycaemia
(including polyuria, polydipsia) and glucose concentration >200 mg/dL. (ElSayed i in., 2023).

Treatment of type 2 diabetes after liver transplantation should be tailored to the individual needs of the
patient, considering their age, the time elapsed since transplantation, the risk of hypoglycaemia, comorbidities
and the function of the transplanted organ (Munoz Pena & Cusi, 2023; Sharifi in., 2024). Unlike the general
population, in the case of liver transplant recipients, particular attention is paid to the safety of therapy and
minimising interactions with drugs, especially immunosuppressants (American Diabetes Association
Professional Practice Committee, ElSayed, Aleppo, Bannuru, Bruemmer, Collins, Ekhlaspour, Gaglia, Hilliard,
Johnson, Khunti, i in., 2024; Sharif'i in., 2024).

For most stable patients in the late post-transplant period, the goal is to achieve HbAlc values similar
to those recommended for the general population, while avoiding hypoglycaemia (American Diabetes
Association Professional Practice Committee, ElSayed, Aleppo, Bannuru, Bruemmer, Collins, Ekhlaspour,
Gaglia, Hilliard, Johnson, Khunti, i in., 2024; Sharif i in., 2024). The early post-transplant period and the
presence of multiple comorbidities may require less restrictive glycaemic targets (Munoz Pena & Cusi, 2023).
An important element of the therapeutic strategy is also the control of other aspects of metabolic syndrome,
such as body weight, lipid profile and blood pressure (Sharif i in., 2024).

The importance of interdisciplinary cooperation in the treatment of diabetes after liver transplantation
is emphasised, including the transplant surgeon, endocrinologist, dietitian and nursing team (Sharifi in., 2024).
Early diagnosis of carbohydrate metabolism disorders and appropriate treatment goals are crucial for effective
and safe pharmacotherapy in this specific group of patients (Munoz Pena & Cusi, 2023; Sharif i in., 2024).

4.General principles of pharmacotherapy for type 2 diabetes after liver transplantation

Pharmacotherapy of type 2 diabetes in patients after liver transplantation requires a tailored approach
that considers the unique pathophysiology of the disease, the specific characteristics of the post-transplant
period, and the need for long-term immunosuppressive therapy (Grancini i in., 2019; Munoz Pena & Cusi,
2023; Richardson i in., 2022). Unlike in the general population, therapeutic decisions in this group must
prioritize treatment safety and consider the potential effects of antidiabetic agents on the function of the
transplanted organ (Grancini i in., 2019; Zheng i in., 2024).

The fundamental principle of treatment is the selection of individualized therapy based on the degree of
hyperglycemia, time elapsed since transplantation, liver and kidney function, and the risk of hypoglycemia. In
the early post-transplant period, insulin therapy is preferred because of its predictable efficacy and the ability
to flexibly adjust doses in response to rapidly changing clinical conditions (Sharif'i in., 2024). In later stages,
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in patients with stable metabolic control, non-insulin therapies may be gradually introduced (Munoz Pena &
Cusi, 2023).

An important aspect of pharmacotherapy is the evaluation of potential drug—drug interactions. Many
oral antidiabetic agents are metabolized by cytochrome P450 enzymes; a well-documented example is the
interaction between cyclosporine and repaglinide (Kajosaari i in., 2005), which may also extend to interactions
with calcineurin inhibitors and mTOR inhibitors (Scheen, 2005). Alterations in immunosuppressant drug
concentrations may increase the risk of graft rejection or organ toxicity; therefore, the selection of antidiabetic
therapy should carefully consider the pharmacokinetic profiles of individual agents (Scheen, 2005).

Treatment safety also involves assessment of hepatotoxicity and nephrotoxicity risks. Although liver
transplantation generally restores normal hepatic metabolic function, some patients may experience episodic
graft dysfunction, which can influence drug metabolism (Grancini i in., 2019; Scheen, 2014). Furthermore,
chronic kidney disease, which frequently occurs in liver transplant recipients, represents a significant limitation
for the use of certain antidiabetic medications (Alicic i in., 2017).

When selecting pharmacotherapy, increasing attention is being paid to the effects of antidiabetic drugs
on body weight, cardiovascular risk, and other components of metabolic syndrome. Agents associated with
weight gain or an increased risk of hypoglycaemia may be less suitable for transplant recipients, who often
present with obesity and cardiovascular comorbidities (American Diabetes Association Professional Practice
Committee, ElSayed, Aleppo, Bannuru, Bruemmer, Collins, Das, Ekhlaspour, Hilliard, Johnson, Khunti, i in.,
2024; American Diabetes Association Professional Practice Committee, ElSayed, Aleppo, Bannuru,
Bruemmer, Collins, Ekhlaspour, Hilliard, Johnson, Khunti, Kushner, i in., 2024; Zheng i in., 2024).

In summary, the general principles of pharmacotherapy for type 2 diabetes after liver transplantation
include individualised treatment, preference for agents with a favourable safety profile, and close monitoring
of therapeutic efficacy and adverse effects (Grancini i in., 2019; Munoz Pena & Cusi, 2023). This framework
provides a foundation for the subsequent discussion of individual classes of antidiabetic drugs in the following
chapters of this work (Zheng i in., 2024).

5. Insulin therapy

Insulin therapy plays a key role in treating carbohydrate metabolism disorders in patients after liver
transplantation, especially in the first 7 days after surgery (Hecking i in., 2013; Sharif i in., 2024). This is
primarily due to its high efficacy, predictable action and the possibility of flexible dose adjustment to the
rapidly changing clinical condition of the patient (Hecking i in., 2013; Munoz Pena & Cusi, 2023). Insulin is
also the preferred treatment for individuals with severe hyperglycaemia, unstable graft function, or
contraindications to non-insulin medications (Munoz Pena & Cusi, 2023; Sharif i in., 2024).

Hyperglycaemia often occurs in the first few weeks after transplantation (the first 45 days after surgery)
(Sharifiin., 2014), which is closely associated with intensive immunosuppression, particularly with high doses
of glucocorticosteroids (Sharif i in., 2024). During this time, insulin therapy allows for effective control of
blood sugar levels, regardless of liver and kidney function, while minimising the risk of significant drug
interactions(Hecking i in., 2012; Sharif i in., 2024). Research suggests that early initiation of insulin therapy
may help reduce glucotoxicity and promote partial preservation of pancreatic B-cell function (Hecking i in.,
2012; Poitout & Robertson, 2008).

The insulin therapy regimens used may include both basal-bolus therapy and simplified regimens using
basal insulin, depending on the severity of hyperglycaemia and the patient's general condition. In hospital
settings, intensive insulin therapy regimens administered via continuous infusion are often preferred, but once
the patient's clinical condition has stabilised, treatment can be gradually simplified (Mukuba i in., 2026; Sharif
1in., 2024). As glucocorticoid doses are reduced, insulin requirements usually decrease, necessitating regular
dosage adjustments (Sharif i in., 2024).

In the late stage after transplantation, insulin therapy may be continued in patients with established
diabetes, especially when treatment with oral antidiabetic drugs is ineffective or contraindicated (Munoz Pena
& Cusi, 2023; Sharif'i in., 2024). In some cases, it is possible to gradually reduce or completely discontinue
insulin, and patients can switch to oral therapy, especially when metabolic control improves and graft function
is stable (Mukuba i in., 2026; Munoz Pena & Cusi, 2023).

If a decision is made to continue insulin therapy after a patient with PTDM leaves hospital, a safe regimen
confirmed in numerous studies is to include basal insulin in a 3-0-3 regimen. Then, if glucose measurements are in
the range of 80-110 mg/dl, the insulin dose is increased by 3 units; if lower than 80 mg/dl, it is reduced by 3 units.
For measurements 2 hours after a meal, if the results are above 140 mg/dl, increase by 1-2 units; if the results are
below 70 mg/dl, decrease by 1-2 units (Meneghini, 2013; Pelaez-Jaramillo i in., 2018).
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The main limitations of insulin therapy are the risk of hypoglycaemia and weight gain, which may be
clinically significant for liver transplant patients (Munoz Pena & Cusi, 2023; Sharif i in., 2024). The risk of
hypoglycaemia is particularly important in people with impaired kidney function and in the elderly, which
highlights the need for individualised treatment selection and careful monitoring of glucose levels (American
Diabetes Association Professional Practice Committee, ElSayed, Aleppo, Bannuru, Bruemmer, Collins,
Ekhlaspour, Hilliard, Johnson, Khunti, Lingvay, i in., 2024; Sharif i in., 2024). Despite these limitations,
insulin remains the key and safest antidiabetic drug in specific clinical situations in liver transplant recipients
(Mukuba i in., 2026; Munoz Pena & Cusi, 2023).

6. Oral antidiabetic medications

In the later stages after liver transplantation, in patients with stable graft function and moderate
disturbances of carbohydrate metabolism, the use of non-insulin antidiabetic agents may be considered
(Grancini 1 in., 2019; Munoz Pena & Cusi, 2023). The choice of appropriate therapy should consider its
effectiveness in lowering blood glucose levels, safety profile, potential interactions with immunosuppressive
drugs, as well as its effects on body weight and cardiovascular risk (Grancini i in., 2019; Hu & Lan, 2025;
Zheng i in., 2024). These medications include the following classes: (i) biguanides, (ii) sulfonylureas, (iii)
dipeptidyl peptidase-4 inhibitors, (iv) glucagon-like peptide-1 (GLP-1) receptor agonists, (v) sodium—glucose
cotransporter 2 inhibitors, and (vi) thiazolidinediones.

6.1 Metformin

In most cases, metformin is the first-line agent for the treatment of type 2 diabetes. It primarily acts by
reducing hepatic gluconeogenesis, increasing insulin sensitivity in peripheral tissues, and decreasing intestinal
glucose absorption (National Institute of Diabetes and Digestive and Kidney Diseases; 2012-., b.d.). For many
years, its use in liver transplant recipients was limited because of concerns regarding safety, particularly the
risk of lactic acidosis in patients with impaired renal function (Grancini i in., 2019). These concerns were
heightened because in early stages after transplantation can have acute kidney injury connected with
hemodynamic instability which may increase the risk of drug accumulation. (Munoz Pena i Cusi, 2023;
Hecking iin., 2013). However, current observational data suggest that metformin can be used safely in patients
with stable graft function and without severe renal impairment (Kurian i in., 2008; Munoz Pena & Cusi, 2023).

Metformin’s favourable effects on insulin resistance and body weight make it an attractive therapeutic
option in this patient population (Yale i in., 2020). This is particularly important in patients who have
undergone transplantation due to non-alcoholic fatty liver disease, in whom insulin resistance is the main
mechanism underlying both post-transplant diabetes and disease recurrence in the transplant. (Burra iin., 2020;
Cigrovski Berkovic i in., 2020). Nevertheless, its use requires regular monitoring of renal function, particularly
serum creatinine levels, as well as ongoing assessment of the patient’s overall metabolic status (Munoz Pena
& Cusi, 2023). It is also recommended that metformin be temporarily discontinued in situations of increased
risk of hypoxia, dehydration, systemic infections or sudden deterioration of renal function. This approach is
consistent with the general principles of treatment safety for patients with liver disease and post-transplant
patients (Scheen, 2014; Munoz Pena i Cusi, 2023).

6.2 Sulphonylureas and glinides

Sulphonylureas and glinides are effective in lowering blood glucose levels by stimulating insulin
secretion from pancreatic B cells. This mechanism involves closing ATP-dependent potassium channels in the
cell membrane of B cells. This leads to depolarisation, calcium influx and increased insulin secretion,
regardless of the current glucose level (Weir & Bonner-Weir, 2004). However, their use in liver transplant
recipients is limited by several factors, including an increased risk of hypoglycaemia and weight gain (Dimakos
iin., 2023; Grancini i in., 2019). In addition, these agents may interact with immunosuppressive drugs because
they share common metabolic pathways; for example, glibenclamide may enhance the effects of cyclosporine
(Richardson i in., 2022). These interactions are mainly related to liver metabolism involving cytochrome P450
isoenzymes. This may lead to higher concentrations of immunosuppressive drugs and increase the risk of their
toxicity(Scheen, 2005, 2014). Such drug—drug interactions further restrict their use in transplant patients
(Scheen, 2014). As a result, these drugs are now mainly considered as second- or third-line options, but only
in carefully selected patients who have stable graft function, a low risk of hypoglycemia and are under close
clinical supervision (Grancini et al., 2019; Richardson et al., 2022).
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6.3 Dipeptidyl peptidase-4 inhibitors (DPP-4 inhibitors)

Dipeptidyl peptidase-4 (DPP-4) inhibitors exert their glucose-lowering effects by inhibiting the
degradation of glucagon-like peptide-1 (GLP-1), thereby enhancing glucose-dependent insulin secretion and
suppressing glucagon release(National Institute of Diabetes and Digestive and Kidney Diseases; 2012-., b.d.).
This mechanism enables better glycemic control while maintaining the body's natural response to glucose
levels, which significantly reduces the risk of hypoglycemic episodes. (Scheen, 2012). These agents are
characterised by a favourable safety profile and a low risk of hypoglycaemia. Available evidence suggests that
DPP-4 inhibitors can be used in liver transplant recipients without clinically significant interactions with
immunosuppressive therapy (Munoz Pena & Cusi, 2023) Unlike sulphonylureas, DPP-4 inhibitors do not
significantly affect the levels of calcineurin inhibitors or mTOR drugs, making them a safe option for long-
term treatment of diabetes after transplantation. (Grancini et al., 2019; Richardson et al., 2022). They represent
a particularly suitable therapeutic option for older patients, as they are generally well tolerated and have a
neutral effect on body weight(Scheen, 2012; Zheng i in., 2024).

6.3 Dipeptidyl peptidase-4 inhibitors (DPP-4 inhibitors)

DPP-4 inhibitors affect the degradation of the satiety hormone GLP-1, thereby increasing insulin
secretion and reducing glucagon secretion(National Institute of Diabetes and Digestive and Kidney Diseases;
2012-.,b.d.). They have a favourable safety profile and a low risk of hypoglycaemia. Available studies suggest
that they can be used in liver transplant patients without significant interactions with immunosuppressive
drugs(Munoz Pena & Cusi, 2023). They are a good therapeutic option, especially for older people, as they
have a neutral effect on body weight and are well tolerated(Scheen, 2012; Zheng i in., 2024).

6.4 GLP-1 receptor agonists

GLP-1 receptor agonists appear to be a promising group of drugs for liver transplant patients, as they
may have beneficial effects on body weight, glycaemic control, and cardiovascular risk factors(Munoz Pena
& Cusi, 2023). Their mechanism of action promotes the release of endogenous insulin by activating the GLP-
1 receptor on pancreatic beta cells (Nincevi¢ iin., 2019). Although the available clinical data are limited, they
suggest that use of these agents may be safe in stable transplant recipients (Zheng i in., 2024). However, caution
should be exercised given the possible adverse effects on the gastrointestinal system and their potential impact
on the absorption of immunosuppressive drugs(Calvarysky i in., 2024). Due to their effect on gastric emptying,
they may delay the absorption of calcineurin inhibitors and MMF. There is no evidence in the literature of liver
damage associated with their use(Sharif i in., 2024).

6.5 Sodium-glucose cotransporter 2 inhibitors (SGLT2 inhibitors)

SGLT?2 inhibitors reduce renal glucose reabsorption, leading to glucosuria. They have proven metabolic
benefits and cardioprotective properties; however, their use in liver transplant patients remains understudied
(Munoz Pena & Cusi, 2023; Zheng i in., 2024). The potential benefits must be balanced against the risks of
urinary tract infections (most commonly fungal, but also bacterial), dehydration, and euglycaemic
ketoacidosis(Hu & Lan, 2025; Zheng i in., 2024). They are not recommended for use in patients with advanced
renal impairment (G4)(Grancini i in., 2019). This group is significant recommended for patients with heart
failure and chronic kidney disease (Metra i in., 2025). Among known drug interactions, the effect of
cyclosporine on increased accumulation of canagliflozin should be highlighted(Richardson i in., 2022).

6.6 Thiazolidinediones

Thiazolidinediones improve tissue sensitivity to insulin through activation of PPAR-y receptors;
however, their use in liver transplant recipients is limited due to the risk of fluid retention, weight gain, and
potential cardiovascular side effects(Grancini i in., 2019). No dose modification is required based on renal
function. There are reports of interactions between rosiglitazone and MMF resulting in toxicity(Sharif i in.,
2024). Due to their adverse effect profile, thiazolidinediones currently have marginal clinical significance in
this patient population(Munoz Pena & Cusi, 2023).
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7. Non-pharmacological treatment support

Non-pharmacological interventions constitute a fundamental component of comprehensive care for
patients with type 2 diabetes after liver transplantation and should be implemented alongside pharmacotherapy
(Pelaez-Jaramillo i in., 2018; Richardson i in., 2022). These measures are particularly important given the high
prevalence of weight gain, obesity, and metabolic syndrome observed in transplant recipients (American
Diabetes Association Professional Practice Committee, ElSayed, Aleppo, Bannuru, Bruemmer, Collins,
Ekhlaspour, Hilliard, Johnson, Khunti, Kushner, i in., 2024; Peldez-Jaramillo i in., 2018).

Dietary modification forms the cornerstone of non-pharmacological management and aims to improve
glycaemic control, promote weight reduction, and reduce cardiovascular risk (American Diabetes Association
Professional Practice Committee, ElSayed, Aleppo, Bannuru, Bruemmer, Collins, Ekhlaspour, Hilliard,
Johnson, Khunti, Kushner, i in., 2024; Pelaez-Jaramillo i in., 2018). Nutritional recommendations for liver
transplant recipients are generally consistent with those for the general population with type 2 diabetes;
however, they require an individualised approach that accounts for graft function, immunosuppressive therapy,
and potential post-transplant complications(Peladez-Jaramillo i in., 2018; Richardson i in., 2022). Emphasis is
placed on limiting the intake of simple sugars and saturated fats, as well as on controlling overall caloric intake
(American Diabetes Association Professional Practice Committee, ElSayed, Aleppo, Bannuru, Bruemmer,
Collins, Ekhlaspour, Hilliard, Johnson, Khunti, Kushner, i in., 2024).

Regular physical activity is essential for improving insulin sensitivity and maintaining healthy body
weight(American Diabetes Association Professional Practice Committee, ElSayed, Aleppo, Bannuru,
Bruemmer, Collins, Ekhlaspour, Hilliard, Johnson, Khunti, Kushner, i in., 2024; Richardson i in., 2022). Liver
transplant recipients are encouraged to gradually increase their level of physical activity, tailored to their
overall clinical condition, time elapsed since transplantation, and cardiovascular status(American Diabetes
Association Professional Practice Committee, ElSayed, Aleppo, Bannuru, Bruemmer, Collins, Ekhlaspour,
Hilliard, Johnson, Khunti, Lingvay, i in., 2024; Richardson i in., 2022). Evidence suggests that even moderate
exercise can lead to significant improvements in metabolic parameters in this patient group (American
Diabetes Association Professional Practice Committee, ElSayed, Aleppo, Bannuru, Bruemmer, Collins,
Ekhlaspour, Hilliard, Johnson, Khunti, Kushner, i in., 2024). Physical activity also supports post-transplant
rehabilitation and facilitates a return to normal daily functioning.

Patient education represents another key element of non-pharmacological management. It should
encompass instruction on self-monitoring of blood glucose, recognition of hypoglycaemia symptoms, and
adherence to therapeutic recommendations(American Diabetes Association Professional Practice Committee,
ElSayed, Aleppo, Bannuru, Bruemmer, Collins, Ekhlaspour, Gaglia, Hilliard, Johnson, Khunti, i in., 2024;
Sharif i in., 2024). This is particularly important in liver transplant recipients, who often require complex
medication regimens and long-term outpatient follow-up(Richardson i in., 2022). Emphasising regular self-
monitoring of blood glucose actively engages patients in the treatment process and supports optimal long-term
outcomes.

8. Future research directions

Although the number of studies addressing disorders of carbohydrate metabolism in liver transplant
recipients is increasing, many aspects of type 2 diabetes pharmacotherapy in this population remain
insufficiently understood(Munoz Pena & Cusi, 2023; Sharif i in., 2024). One of the key priorities for future
research should be the evaluation of the efficacy and safety of newer antidiabetic agents in transplant
recipients(Munoz Pena & Cusi, 2023; Zheng i in., 2024). Current evidence regarding glucagon-like peptide-1
(GLP-1) receptor agonists and sodium—glucose cotransporter 2 (SGLT2) inhibitors is derived primarily from
small observational studies, and their long-term effects on graft function, rejection risk, and patient survival
remain unclear(Hu & Lan, 2025; Zheng i in., 2024). Well-designed prospective studies involving larger patient
cohorts are needed to assess not only glycemic control but also hard clinical endpoints, such as cardiovascular
events and transplanted organ function(Hu & Lan, 2025; Sharif i in., 2024).

Another important area for future investigation is the optimization of immunosuppressive regimens,
particularly in relation to diabetes risk(Sharif i in., 2014, 2024). Evaluation of strategies aimed at reducing
glucocorticoid exposure, implementing calcineurin inhibitor—sparing protocols, and individualizing
immunosuppressive therapy may help to decrease the incidence of metabolic complications without increasing
the risk of graft rejection (Berkovic i in., 2020; Hecking i in., 2012).

Growing emphasis is also being placed on personalised approaches that incorporate genetic, metabolic,
and clinical factors predisposing patients to the development of diabetes after transplantation(Berkovic i in.,
2020; Sharif'i in., 2024). The identification of predictive biomarkers could enable early risk stratification and
facilitate the selection of the most appropriate preventive and therapeutic strategies (Sharif i in., 2014, 2024).
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Conclusions

Type 2 diabetes represents a serious clinical challenge in patients after liver transplantation. It results
from a complex interaction of multiple factors, including metabolic abnormalities, iatrogenic influences, and
conditions related to the underlying liver disease(Berkovic i in., 2020; Peldez-Jaramillo i in., 2018). Both pre-
existing diabetes and diabetes that develops de novo after transplantation are associated with poorer prognosis,
increased risk of cardiovascular complications and infections, damage to other organs (particularly the
kidneys), and deterioration of graft function(Peldez-Jaramillo i in., 2018; Sharif'i in., 2024).

Pharmacological management of type 2 diabetes in liver transplant recipients requires particular caution
and individualisation of therapy(Grancini i in., 2019; Sharif i in., 2024). Insulin treatment plays a central role
in the early post-transplant period and in patients with severe hyperglycaemia. In later stages, selected non-
insulin antidiabetic agents may be considered in patients with stable graft function(Munoz Pena & Cusi, 2023;
Sharifiin., 2024). The choice of therapy should account for the safety profile of the drug, potential interactions
with immunosuppressive agents, and its effects on body weight and hypoglycaemia risk(Grancini i in., 2019;
Munoz Pena & Cusi, 2023).

Modern antidiabetic therapies, including glucagon-like peptide-1 (GLP-1) receptor agonists and
sodium—glucose cotransporter 2 (SGLT2) inhibitors, offer promising therapeutic potential(Munoz Pena & Cusi,
2023; Zheng i in., 2024). However, their role in the management of liver transplant recipients has not yet been
fully defined(Sharif i in., 2024; Zheng i in., 2024). The limited availability of high-quality clinical trials and
the absence of dedicated treatment guidelines underscore the need for continued research in this field (Hu &
Lan, 2025; Sharif i in., 2024).

Effective management of type 2 diabetes in liver transplant recipients should be grounded in
interdisciplinary collaboration and a holistic approach that integrates both pharmacological and non-
pharmacological interventions(Pelaez-Jaramillo i in., 2018; Richardson i in., 2022). Ongoing advances in
research and the development of consistent, evidence-based clinical recommendations may substantially
improve long-term outcomes and quality of life for this unique patient population(Sharif i in., 2024).

REFERENCES

1. Adam,R., Karam, V., Delvart, V., O’Grady, J., Mirza, D., Klempnauer, J., Castaing, D., Neuhaus, P., Jamieson, N.,
Salizzoni, M., Pollard, S., Lerut, J., Paul, A., Garcia-Valdecasas, J. C., Rodriguez, F. S. J., & Burroughs, A. (2012).
Evolution of indications and results of liver transplantation in Europe. A report from the European Liver Transplant
Registry (ELTR). Journal of Hepatology, 57(3), 675—688. https://doi.org/10.1016/j.jhep.2012.04.015

2. Alicic, R. Z., Rooney, M. T., & Tuttle, K. R. (2017). Diabetic Kidney Disease: Challenges, Progress, and
Possibilities.  Clinical Journal of the American Society of Nephrology, 12(12), 2032-2045.
https://doi.org/10.2215/CIN.11491116

3. American Diabetes Association Professional Practice Committee, ElSayed, N. A., Aleppo, G., Bannuru, R. R,
Bruemmer, D., Collins, B. S., Das, S. R., Ekhlaspour, L., Hilliard, M. E., Johnson, E. L., Khunti, K., Kosiborod, M.
N., Lingvay, L., Matfin, G., McCoy, R. G., Perry, M. L., Pilla, S. J., Polsky, S., Prahalad, P., ... Gabbay, R. A. (2024).
10. Cardiovascular Disease and Risk Management: Standards of Care in Diabetes—2024. Diabetes Care,
47(Supplement 1), S179-S218. https://doi.org/10.2337/dc24-S010

4.  American Diabetes Association Professional Practice Committee, ElSayed, N. A., Aleppo, G., Bannuru, R. R.,
Bruemmer, D., Collins, B. S., Ekhlaspour, L., Gaglia, J. L., Hilliard, M. E., Johnson, E. L., Khunti, K., Lingvay, L.,
Matfin, G., McCoy, R. G., Perry, M. L., Pilla, S. J., Polsky, S., Prahalad, P., Pratley, R. E., ... Gabbay, R. A. (2024).
2. Diagnosis and Classification of Diabetes: Standards of Care in Diabetes—2024. Diabetes Care,
47(Supplement 1), S20—S42. https://doi.org/10.2337/dc24-S002

5. American Diabetes Association Professional Practice Committee, ElSayed, N. A., Aleppo, G., Bannuru, R. R.,
Bruemmer, D., Collins, B. S., Ekhlaspour, L., Hilliard, M. E., Johnson, E. L., Khunti, K., Kushner, R. F., Lingvay,
L, Matfin, G., McCoy, R. G., Perry, M. L., Pilla, S. J., Polsky, S., Prahalad, P., Pratley, R. E., ... Gabbay, R. A.
(2024). 8. Obesity and Weight Management for the Prevention and Treatment of Type 2 Diabetes: Standards of
Care in Diabetes—2024. Diabetes Care, 47(Supplement_1), S145-S157. https://doi.org/10.2337/dc24-S008

6. American Diabetes Association Professional Practice Committee, ElSayed, N. A., Aleppo, G., Bannuru, R. R,
Bruemmer, D., Collins, B. S., Ekhlaspour, L., Hilliard, M. E., Johnson, E. L., Khunti, K., Lingvay, 1., Matfin, G.,
McCoy, R. G., Perry, M. L., Pilla, S. J., Polsky, S., Prahalad, P., Pratley, R. E., Segal, A. R., ... Gabbay, R. A.
(2024). 13. Older Adults: Standards of Care in Diabetes—2024. Diabetes Care, 47(Supplement 1), S244-S257.
https://doi.org/10.2337/dc24-S013

7. Baid, S., Cosimi, A. B., Lin Farrell, M., Schoenfeld, D. A., Feng, S., Chung, R. T., Tolkoff-Rubin, N., & Pascual,
M. (2001). POSTTRANSPLANT DIABETES MELLITUS IN LIVER TRANSPLANT RECIPIENTS: RISK
FACTORS, TEMPORAL RELATIONSHIP WITH HEPATITIS C VIRUS ALLOGRAFT HEPATITIS, AND
IMPACT ON MORTALITY 1: Transplantation, 72(6), 1066—1072. https://doi.org/10.1097/00007890-200109270-
00015

e-ISSN: 2544-9435 10



1(49) (2026): International Journal of Innovative Technologies in Social Science

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Berkovic, M. C., Virovic-Jukic, L., Bilic-Curcic, 1., & Mrzljak, A. (2020). Post-transplant diabetes mellitus and
preexisting liver disease—A bidirectional relationship affecting treatment and management. World Journal of
Gastroenterology, 26(21), 2740-2757. https://doi.org/10.3748/wjg.v26.i121.2740

Burra, P., Becchetti, C., & Germani, G. (2020). NAFLD and liver transplantation: Disease burden, current
management and future challenges. JHEP Reports, 2(6), 100192. https://doi.org/10.1016/j.jhepr.2020.100192
Calvarysky, B., Dotan, L., Shepshelovich, D., Leader, A., & Cohen, T. D. (2024). Drug-Drug Interactions Between
Glucagon-Like Peptide 1 Receptor Agonists and Oral Medications: A Systematic Review. Drug Safety, 47(5), 439—
451. https://doi.org/10.1007/s40264-023-01392-3

Cho, Y., Lee, M. J,, Choe, E. Y., Jung, C. H., Joo, D. J., Kim, M. S., Cha, B. S., Park, J.-Y., & Kang, E. S. (2014).
Statin therapy is associated with the development of new-onset diabetes after transplantation in liver recipients with
high fasting plasma glucose levels. Liver Transplantation, 20(5), 557-563. https://doi.org/10.1002/1t.23831
Dimakos, J., Cui, Y., Platt, R. W, Renoux, C., Filion, K. B., & Douros, A. (2023). Concomitant Use of Sulfonylureas
and B-Blockers and the Risk of Severe Hypoglycemia Among Patients With Type 2 Diabetes: A Population-Based
Cohort Study. Diabetes Care, 46(2), 377-383. https://doi.org/10.2337/dc22-1584

ElSayed, N. A., Aleppo, G., Aroda, V. R., Bannuru, R. R., Brown, F. M., Bruemmer, D., Collins, B. S., Gaglia, J.
L., Hilliard, M. E., Isaacs, D., Johnson, E. L., Kahan, S., Khunti, K., Leon, J., Lyons, S. K., Perry, M. L., Prahalad,
P., Pratley, R. E., Seley, J. J., ... American Diabetes Association. (2023). 2. Classification and Diagnosis of Diabetes:
Standards of Care in Diabetes—2023. Diabetes Care, 46(Supplement 1), S19—S40. https://doi.org/10.2337/dc23-
S002

Grancini, V., Resi, V., Palmieri, E., Pugliese, G., & Orsi, E. (2019). Management of diabetes mellitus in patients
undergoing liver transplantation. Pharmacological Research, 141, 556-573.
https://doi.org/10.1016/j.phrs.2019.01.042

Hecking, M., Haidinger, M., Déller, D., Werzowa, J., Tura, A., Zhang, J., Tekoglu, H., Pleiner, J., Wrba, T., Rasoul-
Rockenschaub, S., Miihlbacher, F., Schmaldienst, S., Druml, W., Horl, W. H., Krebs, M., Wolzt, M., Pacini, G.,
Port, F. K., & Sdemann, M. D. (2012). Early Basal Insulin Therapy Decreases New-Onset Diabetes after Renal
Transplantation.  Journal  of  the  American  Society  of  Nephrology,  23(4), 739-749.
https://doi.org/10.1681/ASN.2011080835

Hecking, M., Werzowa, J., Haidinger, M., Horl, W. H., Pascual, J., Budde, K., Luan, F. L., Ojo, A., De Vries, A. P.
J., Porrini, E., Pacini, G., Port, F. K., Sharif, A., Saemann, M. D., & European-New-Onset Diabetes After
Transplantation Working Group. (2013). Novel views on new-onset diabetes after transplantation: Development,
prevention and treatment. Nephrology Dialysis Transplantation, 28(3), 550-566. https://doi.org/10.1093/ndt/gfs583
Heisel, O., Heisel, R., Balshaw, R., & Keown, P. (2004). New Onset Diabetes Mellitus in Patients Receiving
Calcineurin Inhibitors: A Systematic Review and Meta-Analysis. American Journal of Transplantation, 4(4), 583—
595. https://doi.org/10.1046/j.1600-6143.2003.00372.x

Heit, . J., Apelqvist, A. A., Gu, X., Winslow, M. M., Neilson, J. R., Crabtree, G. R., & Kim, S. K. (2006).
Calcineurin/NFAT signalling regulates pancreatic B-cell growth and function. Nature, 443(7109), 345-349.
https://doi.org/10.1038/nature05097

Honda, M., Asonuma, K., Hayashida, S., Suda, H., Ohya, Y., Lee, K., Yamamoto, H., Takeichi, T., & Inomata, Y.
(2013). Incidence and risk factors for new-onset diabetes in living-donor liver transplant recipients. Clinical
Transplantation, 27(3), 426—435. https://doi.org/10.1111/ctr.12103

Hu, S., & Lan, G. (2025). Comparative efficacy and safety of antidiabetic agents for post-transplant diabetes mellitus:
A network meta-analysis. Frontiers in Medicine, 12, 1653147. https://doi.org/10.3389/fmed.2025.1653147
Johnston, O., Rose, C. L., Webster, A. C., & Gill, J. S. (2008). Sirolimus Is Associated with New-Onset Diabetes in
Kidney Transplant Recipients. Journal of the American Society of Nephrology, 19(7), 1411-1418.
https://doi.org/10.1681/ASN.2007111202

Kajosaari, L., Niemi, M., Neuvonen, M., Laitila, J., Neuvonen, P., & Backman, J. (2005). Cyclosporine markedly
raises the plasma concentrations of repaglinide. Clinical Pharmacology & Therapeutics, 78(4), 388-399.
https://doi.org/10.1016/j.clpt.2005.07.005

Kuo, H.-T., Sampaio, M. S., Ye, X., Reddy, P., Martin, P., & Bunnapradist, S. (2010). Risk Factors for New-Onset
Diabetes Mellitus in Adult Liver Transplant Recipients, an Analysis of the Organ Procurement and Transplant
Network/United  Network for Organ  Sharing Database.  Tranmsplantation, 89(9), 1134-1140.
https://doi.org/10.1097/TP.0b013e3181d2fecl

Kurian, B., Joshi, R., & Helmuth, A. (2008). Effectiveness and Long-Term Safety of Thiazolidinediones and
Metformin in Renal Transplant Recipients. Endocrine Practice, 14(8), 979-984.
https://doi.org/10.4158/EP.14.8.979

Li, D.-W. (2015). Risk factors for new onset diabetes mellitus after liver transplantation: A meta-analysis. World
Journal of Gastroenterology, 21(20), 6329. https://doi.org/10.3748/wjg.v21.120.6329

Ling, Q., Xu, X., Xie, H., Wang, K., Xiang, P., Zhuang, R., Shen, T., Wu, J., Wang, W., & Zheng, S. (2016). New-
onset diabetes after liver transplantation: A national report from China Liver Transplant Registry. Liver International,
36(5), 705-712. https://doi.org/10.1111/1iv.13042

e-ISSN: 2544-9435 11



1(49) (2026): International Journal of Innovative Technologies in Social Science

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

Meneghini, L. F. (2013). Insulin therapy for type 2 diabetes. Endocrine, 43(3), 529-534.
https://doi.org/10.1007/s12020-012-9817-6

Metra, M., Tomasoni, D., Adamo, M., Amir, O., Anker, S. D., Bayes-Genis, A., Boehm, M., Butler, J., Chioncel,
0., Filippatos, G., Gustafsson, F., Jankowska, E. A., Kaski, J. C., Moura, B., Petriec, M. C., Ponikowski, P.,
Rakisheva, A., Ristic, A., Roubille, F., ... Rosano, G. (2025). SGLT2 inhibitors for the prevention and treatment of
heart failure: A scientific statement of the HFA and the HFAIL. ESC Heart Failure, 12(6), 3806-3825.
https://doi.org/10.1002/ehf2.15408

Mukuba, D., Mallik, R., & Chowdhury, T. A. (2026). Diabetes and transplantation. Clinical Medicine, 26(1), 100514.
https://doi.org/10.1016/j.clinme.2025.100514

Munoz Pena, J. M., & Cusi, K. (2023). Posttransplant Diabetes Mellitus: Recent Developments in Pharmacological
Management of Hyperglycemia. The Journal of Clinical Endocrinology & Metabolism, 109(1), el—ell.
https://doi.org/10.1210/clinem/dgad395

National Institute of Diabetes and Digestive and Kidney Diseases; 2012-. (b.d.). LiverTox Clinical and Research
Information on Drug-Induced Liver Injury. Pobrano https://www.ncbi.nlm.nih.gov/books/NBK 547852/

Nincevi¢, V., Omanovi¢ Kolarié, T., Rogulji¢, H., Kizivat, T., Smoli¢, M., & Bili¢ Curdié, L. (2019). Renal Benefits
of SGLT 2 Inhibitors and GLP-1 Receptor Agonists: Evidence Supporting a Paradigm Shift in the Medical
Management of Type 2 Diabetes. International Journal of Molecular Sciences, 20(23), 5831.
https://doi.org/10.3390/ijms2023583 1

Pelaez-Jaramillo, M. J., Cardenas-Mojica, A. A., Gaete, P. V., & Mendivil, C. O. (2018). Post-Liver Transplantation
Diabetes Mellitus: A Review of Relevance and Approach to Treatment. Diabetes Therapy, 9(2), 521-543.
https://doi.org/10.1007/s13300-018-0374-8

Poitout, V., & Robertson, R. P. (2008). Glucolipotoxicity: Fuel Excess and f-Cell Dysfunction. Endocrine Reviews,
29(3), 351-366. https://doi.org/10.1210/er.2007-0023

Puri, P., & Kotwal, N. (2022). An Approach to the Management of Diabetes Mellitus in Cirrhosis: A Primer for the
Hepatologist. Journal of Clinical and Experimental Hepatology, 12(2), 560-574.
https://doi.org/10.1016/j.jceh.2021.09.010

Richardson, B., Khan, M. Q., Brown, S. A., Watt, K. D., & Izzy, M. (2022). Personalizing Diabetes Management in
Liver Transplant Recipients: The New Era for Optimizing Risk Management. Hepatology Communications, 6(6),
1250-1261. https://doi.org/10.1002/hep4.1876

Scheen, A. J. (2005). Drug Interactions of Clinical Importance with Antihyperglycaemic Agents: An Update. Drug
Safety, 28(7), 601-631. https://doi.org/10.2165/00002018-200528070-00004

Scheen, A.J. (2012). DPP-4 inhibitors in the management of type 2 diabetes: A critical review of head-to-head trials.
Diabetes & Metabolism, 38(2), 89—101. https://doi.org/10.1016/j.diabet.2011.11.001

Scheen, A. J. (2014). Pharmacokinetic and toxicological considerations for the treatment of diabetes in patients with
liver disease.  Expert  Opinion on  Drug  Metabolism &  Toxicology, 10(6), 839-857.
https://doi.org/10.1517/17425255.2014.902444

Sharif, A., Chakkera, H., De Vries, A. P. J., Eller, K., Guthoff, M., Haller, M. C., Hornum, M., Nordheim, E.,
Kautzky-Willer, A., Krebs, M., Kukla, A., Kurnikowski, A., Schwaiger, E., Montero, N., Pascual, J., Jenssen, T. G.,
Porrini, E., & Hecking, M. (2024). International consensus on post-transplantation diabetes mellitus. Nephrology
Dialysis Transplantation, 39(3), 531-549. https://doi.org/10.1093/ndt/gfad258

Sharif, A., Hecking, M., De Vries, A. P. J., Porrini, E., Hornum, M., Rasoul-Rockenschaub, S., Berlakovich, G.,
Krebs, M., Kautzky-Willer, A., Schernthaner, G., Marchetti, P., Pacini, G., Ojo, A., Takahara, S., Larsen, J. L.,
Budde, K., Eller, K., Pascual, J., Jardine, A., ... Sdemann, M. D. (2014). Proceedings From an International
Consensus Meeting on Posttransplantation Diabetes Mellitus: Recommendations and Future Directions. American
Journal of Transplantation, 14(9), 1992-2000. https://doi.org/10.1111/ajt.12850

Van Hooff, J. P., Christiaans, M. H. L., & Van Duijnhoven, E. M. (2005). Tacrolimus and Posttransplant Diabetes
Mellitus in Renal Transplantation. Transplantation, 79(11), 1465-1469.
https://doi.org/10.1097/01.TP.0000157870.21957.ES

Van Laecke, S., Desideri, F., Geerts, A., Van Vlierberghe, H., Berrevoet, F., Rogiers, X., Troisi, R., De Hemptinne,
B., Vanholder, R., & Colle, 1. (2010). Hypomagnesemia and the risk of new-onset diabetes after liver transplantation.
Liver Transplantation, 16(11), 1278—-1287. https://doi.org/10.1002/1t.22146

van Raalte, D. H., & Diamant, M. (2014). Steroid diabetes: From mechanism to treatment? The Netherlands Journal
of Medicine, 72(2), 62-72.

Verges, B., & Cariou, B. (2015). mTOR inhibitors and diabetes. Diabetes Research and Clinical Practice, 110(2),
101-108. https://doi.org/10.1016/j.diabres.2015.09.014

Weir, G. C., & Bonner-Weir, S. (2004). Five Stages of Evolving Beta-Cell Dysfunction During Progression to
Diabetes. Diabetes, 53(suppl _3), S16-S21. https://doi.org/10.2337/diabetes.53.suppl 3.S16

Yadav, A. D., Chang, Y.-H., Aqgel, B. A., Byrne, T. J., Chakkera, H. A., Douglas, D. D., Mulligan, D. C., Rakela, J.,
Vargas, H. E., & Carey, E. J. (2013). New Onset Diabetes Mellitus in Living Donor versus Deceased Donor Liver
Transplant Recipients: Analysis of the UNOS/OPTN Database. Journal of Transplantation, 2013, 1-7.
https://doi.org/10.1155/2013/269096

e-ISSN: 2544-9435 12



1(49) (2026): International Journal of Innovative Technologies in Social Science

48. Yale, J.-F., Aroda, V. R., Charbonnel, B., Sinclair, A. J., Trescoli, C., Cahn, A., Bigot, G., Merino-Trigo, A., Brulle-
Wohlhueter, C., Bolli, G. B., & Ritzel, R. (2020). Glycaemic control and hypoglycaemia risk with insulin glargine
300 U/mL versus glargine 100 U/mL: A patient-level meta-analysis examining older and younger adults with type
2 diabetes. Diabetes & Metabolism, 46(2), 110—118. https://doi.org/10.1016/j.diabet.2018.10.002

49. Zheng, K., Azhie, A., You, X., Naghibzadeh, M., Tan, E., Naimimohasses, S., Sridhar, V. S., Gupta, S., Chen, S.,
Dash, S., Tsien, C., Selzner, N., Lilly, L., Jaeckel, E., Woo, M., Singh, S., Cherney, D., & Bhat, M. (2024).
GLUCAGON-LIKE PEPTIDE -1 receptor agonists and SODIUM-GLUCOSE COTRANSPORTER -2 inhibitors for the treatment
of diabetes mellitus in liver transplant recipients. Diabetes, Obesity and Metabolism, 26(10), 4261-4272.
https://doi.org/10.1111/dom.15769

e-ISSN: 2544-9435 13



	6. Oral antidiabetic medications
	6.1 Metformin
	8. Future research directions

