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Management of Diabetes in Candidates for Liver 
Transplantation and in Transplant Recipients
Lucia Brodosi, MD,1,2 Salvatore Petta, MD,3 Maria L. Petroni, MD,1,2 Giulio Marchesini, MD,1,2  
and Maria C. Morelli, MD1

INTRODUCTION
Liver transplantation (LTx) is the only curative treatment 
for acute and chronic end-stage liver diseases (ESLD), as 
well as for unresectable primary liver cancer. Diabetes mel-
litus, namely type 2 diabetes (T2D), is recognized as one of 
the most common and severe complications of ESLD. Both 
before and after solid organ transplantation, T2D favors 
infections, cardiovascular (CV) events and end-stage renal 

disease that may preclude waitlisting, as well as reduce organ 
and patient survival after LTx.1 The prevalence of diabetes 
depends on several factors, including chance association in 
the present epidemics of obesity, the importance of the liver 
in the regulation of glucose metabolism (the so-called hepa-
togenous diabetes), and finally specific conditions, fueling 
the development of posttransplantation diabetes mellitus 
(PTDM). The term PTDM was definitely adopted in a 2013 
international conference defining newly diagnosed diabetes 
in the post-LTx setting, regardless of timing or whether it 
was present but undiagnosed before transplant.2

The present review focuses on problems derived from 
the presence of diabetes, from diagnosis to desired targets 
and monitoring in LTx candidates (Table 1),3-5 as well as 
on the challenges in post-LTx diabetes management.

Diabetes and Liver Transplantation—Literature 
Search

A comprehensive search for articles, guidelines, and con-
sensus reports was performed using specific words/MeSH 
terms (Liver transplantation, diabetes, outcome) and filters 
(adult, +19 y) for the years 2000–2020. Only 3 guidelines 
on adult LTx, with focus on diabetes and related meta-
bolic diseases, were retrieved (Table 2).6-9 One consensus 
report was specifically devoted to nonalcoholic steatohep-
atitis (NASH)10 and summarized the evidence reviewed 
during a meeting organized by the International Liver 
Transplantation Society in 2018.11 Two documents7,10 
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Review

Abstract. Diabetes is common in patients waitlisted for liver transplantation because of end-stage liver disease or hepato-
cellular cancer as well as in posttransplant phase (posttransplantation diabetes mellitus). In both conditions, the presence of 
diabetes severely affects disease burden and long-term clinical outcomes; careful monitoring and appropriate treatment are 
pivotal to reduce cardiovascular events and graft and recipients’ death. We thoroughly reviewed the epidemiology of diabe-
tes in the transplant setting and the different therapeutic options, from lifestyle intervention to antidiabetic drug use—includ-
ing the most recent drug classes available—and to the inclusion of bariatric surgery in the treatment cascade. In waitlisted 
patients, the old paradigm that insulin should be the treatment of choice in the presence of severe liver dysfunction is no 
longer valid; novel antidiabetic agents may provide adequate glucose control without the risk of hypoglycemia, also offer-
ing cardiovascular protection. The same evidence applies to the posttransplant phase, where oral or injectable noninsulin 
agents should be considered to treat patients to target, limiting the impact of disease on daily living, without interaction 
with immunosuppressive regimens. The increasing prevalence of liver disease of metabolic origin (nonalcoholic fatty liver) 
among liver transplant candidates, also having a higher risk of noncirrhotic hepatocellular cancer, is likely to accelerate the 
acceptance of new drugs and invasive procedures, as suggested by international guidelines. Intensive lifestyle intervention 
programs remain however mandatory, both before and after transplantation. Achievement of adequate control is mandatory 
to increase candidacy, to prevent delisting, and to improve long-term outcomes.

(Transplantation 2022;106: 462–478).
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were scored following the grade system.12 A specific 
document for the management of PTDM,13 published in 
2005, was not considered because of updates by the 2013 
Consensus.2

All guidelines suggest specific attention to diabetes in 
LTx candidates and in LTx recipients because of its high 
prevalence, particularly in NASH cases, and the impact of 
diabetes on complications and death in waitlisted patients 
and poorer outcomes after LTx. However, very few specific 
recommendations could be retrieved, except for strong rec-
ommendations for accurate CV function tests in the pre- 
and post-LTx period, for attention to the pending risk of 
renal dysfunction, and for the need for glucose control 
without risks of hypoglycemia.

Prevalence of and Risk Factors for 
Pretransplantation Diabetes

Globally, the prevalence of T2D is high and rising across 
the world. This picture is driven by aging and obesity; 
for the year 2019, the International Diabetes Federation 
reported a 9.3% worldwide prevalence for adults aged 
20–79 y, estimated to increase to 10.2% and 10.9% in 
2030 and 2045, respectively.14 The rate is much higher 
in chronic liver diseases (15% in hepatitis C virus [HCV] 
infection15 and 55.5% in nonalcoholic fatty liver disease 
[NAFLD])16 (Figure 1), translating into higher prevalence 
in LTx recipients (22.8%).17 In a systematic review, dia-
betes occurred in 49.0%–72.9% of NAFLD, in 24.0%–
24.5% of HCV, and in 11.0%–52.0% of alcohol-related 
cases18 and was higher in NASH recipients (58.5%) ver-
sus non-NASH recipients (25.4%).19 Several pathogenic 
mechanisms can be advocated, from a chance association 
to the impaired insulin sensitivity/secretion related to spe-
cific causes, particularly the multiple metabolic triggers of 
NAFLD or HCV (Figure 2).20,21 Also, sarcopenia is likely 
to reduce glucose handling, favoring diabetes in individuals 
with decompensated cirrhosis or hepatocellular carcinoma 
(HCC). “Hepatogenous” diabetes occurs well before the 
development of cirrhosis, is proportional to the severity of 

liver dysfunction,22 and is potentially reversible following 
LTx.23

The above data provide a gloomy picture of the impact 
of diabetes in waitlisted patients and in LTx recipients. 
Because of the pandemic of diabesity,24 NAFLD is an 
emerging cause of chronic liver disease and its complica-
tions, including HCC—also observed in the precirrhotic 
stages25—and of liver decompensation, finally indicating 
LTx. European and United States transplant registries indi-
cate NAFLD as the fastest growing indication for LTx in 
the United States and probably worldwide.26 In the United 
States, 21.7% of adult LTx Scientific Registry of Transplant 
Recipient candidates in 2002–2019 had NASH. Notably, 
the proportion of waitlisted non-HCC NAFLD increased 
about 5 times (from near 5% to near 25%) and that of 
HCC NAFLD about 24 times (from <1% to nearly 23%) 
in the period 2002–2018.26 In Europe, only 2.8% of adult 
LTx were performed for NAFLD-related disease between 
January 2007 and June 2017,27 but these figures are 
probably underestimated because of scarce awareness of 
NAFLD diagnostic criteria.

Treatment of Diabetes in Waitlisted Candidates
Diabetes treatment in LTx candidates does not differ 

from the treatment of any patients with diabetes unless 
decompensated cirrhosis is present, particularly when com-
plicated by progressive renal failure. Notably, the severity 
of renal involvement may be underestimated by common 
algorithms measuring glomerular filtration rate (eGFR),28 
considering low sense of hunger and reduced food intake, 
low protein diet, sarcopenia, reduced creatinine synthesis, 
and dosage interference by bilirubin.29

The goal of diabetes treatment has completely changed 
in the past 15 y, moving from standard values of A1c gly-
cosylated hemoglobin (HbA1c) (usually 7%, ie, 53 mmol/
mol) to targets defined according to patient frailty.30 
New drug classes have been approved, addressing the 
key factors responsible for the pathogenesis of diabetes 
(Figure  2), providing accurate glucose control coupled 

TABLE 1.

Diagnosis, glycemic targets, and monitoring of diabetes, with reference to problems in transplantation settings

Measure
Fasting plasma  

glucose 2-h glucose (OGTT)a Random glucose
Glycosylated  

hemoglobin (HbA1c)b

Diagnosis     
 Diabetes ≥7 mmol/Lc

(≥126 mg/dL)
≥11 mmol/Lc

(≥200 mg/dL)
≥11 mmol/Lc,d

(≥200 mg/dL)
≥48 mmol/molc 

(6.5%)
 Prediabetes 5.6–6.9 mmol/L 

(100–125 mg/dL)
7.8–11 mmol/L 

(140–199 mg/dL)
— 39–47 mmol/mol

(5.7%–6.4%)
Glycemic targetsc — — 5.0–8.3 mmol/Le 

(90–150 mg/dL)
<53 mmol/mol

(7%)
Monitoring At any control visit Consider to repeat  

according to changes  
in general state

Measured at fixed daily  
time points in  

insulin-treated patients

3- to 6-mo interval

Diagnostic criteria are dictated by guidelines and do not differ between pre- and post-LTx diabetes (PTDM); targets and monitoring are dictated by frailty.
aA 2-h OGTT (75 g glucose in 200 mL water) is recommended in subjects with overweight/obesity, hypertension, dyslipidemia, and in the presence of a family history (first-degree relatives).3
bGlycated hemoglobin is formed in the blood by nonenzymatic glycosylation; whenever hemoglobin values are higher or lower than normal, HbA1c values can overestimate or underestimate glycemic 
control. These conditions include sickle cell disease and other hemoglobin variants, hemodialysis, recent blood loss or transfusion, erythropoietin therapy, and iron-dependent anemia.5
cTwo values exceeding the cutoff are required for the diagnosis.
dIn the presence of typical symptoms of diabetes: polyuria, polydipsia, and weight loss.
eGlycemic targets may be more or less stringent in relation to the risks associated with hypoglycemia (also dependent on antidiabetic drug use), diabetes duration, life expectancy, comorbidities (in 
particular, vascular complications), patients’ motivation, resources, and support system (caregivers).4

HbA1c, A1c glycated hemoglobin; LTx, liver transplantation; OGTT, oral glucose tolerance test; PTDM, posttransplantation diabetes mellitus.
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with protection on the CV system, reducing the risk of 
heart failure and progressive renal disease, and finally 
being safer in terms of hypoglycemia. A totally new flow-
chart has been set by international associations, and the 

new schedule is progressively being accepted in clinical 
practice.30 Excluding the very few patients with type 1 dia-
betes, where intensified insulin treatment remains the only 
possible option, the old criterion that insulin should be the 

TABLE 2.

Guidelines and International Consensus documents on liver transplantation, with specific reference to the importance of 
diabetes assessment, definition, and management

Area
AGA Practice  
Guideline6 EASL Clinical Guidelines7 UK Clinical Guideline8,9 ILTS Consensus (NASH)10,11

Pre-LTx period     
 Diagnosis Undefined (ADA 

criteria)
Undefined Undefined Undefined

 Importance of 
screening

Attention to CV risk 
in the presence 
of DM and other 
metabolic diseases

Extensive workup before 
registration on the 
waiting list, as obesity, 
hypertension, DM, and 
dyslipidemia increase 
morbidity

DM not included in the pre-LTx 
assessment (included obesity 
and MetSyn)

Transplant Benefit Score (with 
DM among criteria for organ 
allocation) recently agreed 
in UK

Appropriate screening 
for hypertension, DM, 
and dyslipidemia highly 
recommended in NASH patients 
with indication for LTx

DM at time of LTx (not obesity) is 
independent predictive factor 
for poorer post-LTx survival

 Management Managed with 
insulin and oral 
hypoglycemics. 
To be used with 
caution because 
of the risk of 
hypoglycemia

Pre-LTx DM and 
dyslipidemia should 
be managed as in the 
general population

— Medical optimization of DM and 
other metabolic comorbidities 
strongly recommended

Pioglitazone improves NASH 
features (except for fibrosis) and 
achieves NASH resolution

Bariatric first or LTx-sleeve 
gastrectomy combined 
approach reasonable to manage 
modifiable risk factors and 
improve outcomes

Physical activity safe and feasible 
in patients awaiting LTx

Post-LTx period     
 Risk factors PTDM largely fueled 

by pre-LTx NASH 
indication

— Risk factors for PTDM include 
HCV infection, male gender, 
corticosteroid use, pre-LTx 
DM, and CNIs (tacrolimus > 
ciclosporin)

Post-LTx DM increases NASH 
recurrence 

DM occurrence is exacerbated by 
steroid use

Steatotic donor livers (mainly if 
steatosis >60%) are associated 
with poor graft function due to 
ischemia-reperfusion injury

DM associated with risk of post-
LTx renal dysfunction

 Treatment  — Treatment of modifiable 
risk factors (arterial 
hypertension, 
hyperlipidemia, DM, and 
obesity) in the form of 
lifestyle changes and 
drug therapy be initiated 
as soon as possible to 
control metabolic risk 
factors

Avoid excessive weight gain
Healthy diet and regular 

exercise programs 
represent effective 
management options  

Advice and weight programs to 
decrease obesity risk

Ensure close control with 
regular evaluation

No particular advantage for 1 
particular antidiabetic drug

Rapid tapering of steroids
Benefit of targeted exercise/

nutritional programs post-
LTx are emerging but as yet 
unproven on solid outcomes

Treatment of comorbidities not 
different from other causes

PTDM associated with poorer 
outcome

Most studies on treatment 
outcomes are limited by a lack 
of diabetes-specific data

No solid data on outcomes 
comparing immediate LTx or 
optimal control of obesity and 
diabetes before LTx

 

No documents address the issue of DM in the immediate peritransplant period.
ADA, American Diabetes Association; AGA, American Gastroenterological Association; CNI, calcineurin inhibitor; CV, cardiovascular; DM, diabetes mellitus; EASL, European Association for the Study of 
the Liver; HCV, hepatitis C virus; ILTS, International Liver Transplantation Society; LTx, liver transplantation; MetSyn, metabolic syndrome; NASH, nonalcoholic steatohepatitis; PTDM, posttransplantation 
diabetes mellitus; UK, United Kingdom.
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FIGURE 1. Prevalence of type 2 diabetes in the general population and in patients with chronic liver disease or LTx recipients, stratified 
by cause. Plotted from data retrieved from: general population,14 HCV infection,15 NASH,16 LTx recipients,17 and HCV and NASH LTx 
recipients.18 Note that data in LTx recipients are largely dependent on the relative proportion of patients with HCV and NASH cause. 
HCV, hepatitis C virus; LTx, liver transplantation; NASH, nonalcoholic steatohepatitis.

FIGURE 2. Pathogenic mechanisms responsible for diabetes in cirrhosis, targets of different antidiabetic agents. The presence of 
cirrhosis, with NAFLD, alcohol, and hepatitis C virus as more common causes, produces important changes in whole-body metabolism, 
involving other tissues and organs. Muscle and adipose tissue insulin resistance, aggravated by decreased muscle mass (sarcopenia), 
high glucagon, and defective insulin secretion by pancreatic islet cells, generates an accelerated flux of substrate to the liver resulting 
in increased hepatic glucose production. A defective incretin effect by small bowel cells and increased glucose reabsorption by the 
kidney further raise circulating glucose. In this context, incretins (GLP-1 receptor agonists and, less efficiently, DPP-4 inhibitors) and 
SGLT-2 inhibitors, by reducing glucose levels in a glucose-dependent manner, also lower whole-body insulin resistance. The activity 
of GLP-1 receptor agonists is magnified by extra-pancreatic effects (retarded gastric empty and neurotransmitter-mediated central 
anorexia). DPP-4, dipeptidyl peptidase-4; GLP-1, glucagon-like peptide-1; NAFLD, nonalcoholic fatty liver disease; SGLT-2, sodium-
glucose cotransporter-2.
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treatment of choice for patients with cirrhosis has been 
progressively challenged by evidence that old and new 
antidiabetic drugs are safely used outside decompensated 
cirrhosis. In comparison with sulfonylureas and glinides, 
the novel classes of antidiabetic drugs provide glucose con-
trol without risk of hypoglycemia (Table 3), thus improv-
ing both life expectancy and quality of life, and should be 
the treatment of choice also in waitlisted patients, without 
forgetting weight-loss strategies, whenever needed.

Metformin
Metformin is largely accepted as first-line glucose-

lowering treatment for T2D, although its position is chal-
lenged by novel antidiabetic drugs.30 Metformin reduces 
hepatic glucose production by suppressing gluconeogen-
esis, increases fatty acid oxidation, inhibits lipolysis and 
fatty acid release from adipose tissue, improves peripheral 
insulin sensitivity, and reduces intestinal glucose absorp-
tion31; however, it has no effects on NASH progression.32

The main risk associated with metformin use is 
decreased lactate conversion into pyruvate, with possible 
occurrence of lactic acidosis. This risk is fostered by renal 
failure,33 and chronic renal failure is common in nonre-
nal organ transplant, particularly in the presence of dia-
betes (relative risk [RR], 1.42; 95% confidence interval 
[CI], 1.33-1.51).34,35 Metformin-associated lactic acidosis 
is rare,36 but dosage must be tapered down and finally 
stopped in subjects with stage IV chronic kidney disease 
(eGFR <30 mL/min/1.73 m2),37,38 not in cirrhosis per se.39 
This is also the case of patients who are likely to be rap-
idly transplanted (patients at the top of the waiting list) 
to avoid the risk of acute kidney injury and lactic acidosis 
associated with surgery, hypotension, and blood loss in the 
early posttransplant phase.35

In 250 patients with diabetes and cirrhosis of different 
severity, continuing use of metformin significantly reduced 
all-cause mortality, and longer survival extended to Child 
B/C patients, after adjusting for confounders (hazard ratio 
[HR], 0.43; 95% CI, 0.24-0.78).40 Metformin was also 
reported to reduce the incidence of hepatic encephalopa-
thy in a cohort of 82 patients with cirrhosis and T2D, pos-
sibly via inhibition of glutaminase activity.41

Finally, metformin has an anticarcinogenic effect, con-
firmed in several cohort studies and on several cancer sites,42 
including the liver. In a meta-analysis including 105 495 
patients with T2D, metformin significantly reduced the 
risk of liver cancer (odds ratio [OR], 0.38; 95% CI, 0.24-
0.59) and specifically of HCC (0.30; 0.17-0.52).43 In 100 
patients with HCV-related cirrhosis and diabetes without 
contraindication for metformin use (median follow-up, 
5.7 y), the drug reduced HCC occurrence (HR, 0.19; 95% 
CI, 0.04-0.79) and liver-related deaths or transplantation 
(0.22; 0.05-0.99).44 In conclusion, metformin should be 
maintained in patients with diabetes and cirrhosis, pro-
vided that renal function is frequently monitored and met-
formin is stopped in conditions favoring dehydration or 
tissue hypoxia.

Pioglitazone
Glitazones activate peroxisome proliferator-activated 

receptor-γ, a widely diffused nuclear receptor, mostly 
expressed in adipocytes. Activation of the peroxisome 

proliferator-activated receptor-γ reduces insulin resistance, 
promotes the differentiation of adipocytes, decreases leptin 
and interleukin (IL)-6, and increases adiponectin levels,45 
inhibiting collagen synthesis from hepatic stellate cells.

Pioglitazone is the only glitazone on the market follow-
ing the withdrawal of rosiglitazone for safety concerns in 
most countries regarding the CV system. According to offi-
cial labeling, it should not be prescribed in case of liver 
disease or aminotransferase levels >2.5 times the upper 
normal limit.39 Nonetheless, in a meta-analysis of biopsy-
confirmed NASH patients included in 5 randomized con-
trolled trials (RCTs), pioglitazone was associated with a 
significant improvement of advanced fibrosis (OR, 4.53; 
95% CI, 1.52-13.52), as well as with NASH resolution 
(3.51; 1.76-7.01),46 irrespective of diabetes. The effects 
were confirmed by the immediate flare-up of alanine ami-
notransferase after drug discontinuation, possibly her-
alding NASH recurrence.47 According to international 
guidelines, this makes pioglitazone the long-term treatment 
of choice for NASH, also useful in patients with cirrho-
sis of other cause, despite limitations and risks of adverse 
events. Its use is hindered by fluid retention, favoring heart 
failure48 and possibly ascites. This adds to increased body 
weight and to the risk of nonosteoporotic fractures.48

Notably, pioglitazone has beneficial effects also on coro-
nary artery disease and the cerebrovascular system49,50 and 
reduces the risk of hepatocellular and colorectal cancer.51,52

Sulfonylureas and Glinides
Sulfonylureas stimulate insulin release from pancre-

atic β-cells in a glucose-independent manner, binding to 
ATP-sensitive potassium channels on pancreatic β-cells. In 
general, these drugs are metabolized by the liver, bind to 
serum proteins, and are excreted by the kidney.53 Glinides 
bind the same receptor as sulfonylureas, showing the same 
mechanism of action, and are similarly bound to albumin 
but have a shorter half-life (namely, repaglinide).

Considering their pharmacokinetics and mechanism of 
action, these drugs carry a high risk of hypoglycemia in the 
presence of decompensated cirrhosis because of increased 
plasma concentration favored by reduced metabolism 
and hypoalbuminemia,54 poor nutritional status, and, in 
patients with alcohol consumption inhibition of hepatic 
gluconeogenesis.39

Sulphonylureas/glinides are very effective on glucose lev-
els, but, independently of liver disease, their use has been 
moved to third-line treatment in recent guidelines because 
novel drugs are safer, similarly effective, and not associ-
ated with the CV risk of insulin secretagogues.55 Their use 
should be even more discouraged in the presence of liver 
disease.

Acarbose
Alpha-glucosidase inhibitors lower postprandial glu-

cose levels by reducing intestinal carbohydrate absorption. 
They have a modest activity on glucose control but are a 
valid and safe add-on treatment in pre-LTx cirrhosis, also 
in the more advanced stages, because of low systemic bio-
availability and no hepatic metabolism.56 In a cross-over 
comparison (100 mg × 3 daily versus placebo for 8 wk) 
in T2D patients with cirrhosis and low-grade hepatic 
encephalopathy, acarbose significantly reduced fasting and 
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TABLE 3.

Glucose-lowering drugs for use in waitlisted patients with diabetes and following liver transplantationa

Drug class Molecule
Administration  
route/dosage

Expected  
beneficial effects

Possible adverse 
events

Biochemistry/ 
areas of attention

Possible strategy  
to limit risks

Biguanides Metformin Oral
2000–2500 mg/d
 

↓ 0.5% HbA1c
Slight weight reduction
Reduced risk of HE and 

HCC

Diarrhea
Nausea
Risk of lactic 

acidosis

Creatinine/eGFR and 
adjust the dose 
accordingly

Stop the drug 48 h 
before iodinate 
contrast media 
injection 

Start with half 
dosage and 
up-titrate or use 
slow-release 
products to 
prevent GI AEs 
and diarrhea

Glitazones Pioglitazoneb Oral
30–45 mg/d
30–45 mg/d
 
 

↓ 0.5%–0.8% HbA1c
Reduced incidence of HCC
Fibrosis regression in NASH
↓ CHD and cerebrovascular 

disease risk

Fluid retention
Weight gain
Nonosteoporotic 

fractures
 

Aminotransferases
Monitor for ascites 

or heart failure 
development  

Intensify lifestyle 
intervention to 
limit weight gain

α-glucosidase 
inhibitors

Acarbose Oral
150–300 mg/d

↓ 0.2%–0.5% HbA1c
Improved ammonia and 

latent HE

Diarrhea
Flatulence

 Start with half 
dosage and 
titrate to prevent 
GI AEs

DPP-4 
inhibitors

Sitagliptinb

Vildagliptinb

Alogliptinb

Saxagliptinb,c

Linagliptinb,c

Oral
25–100 mg/d
Oral
50–100 mg/d
Oral
6.5–25 mg/d
Oral
2.5–5 mg/d
Oral
5 mg/d

↓ 0.5%–0.8% HbA1c  Creatinine/eGFR and 
adjust the dose 
according CKD stage 
(up to dialysis)

No dose adjustment 
required for linagliptin 

 

GLP-1 
receptor 
agonistsd

Dulaglutide
Exenatide LAR
Liraglutide
Lixisenatide
Semaglutide

S.C./weekly
0.75–1.5
S.C./weekly
2 mg
S.C./daily
1.2–1.8
S.C./daily
10–20
S.C./weekly
0.5–1 mg

↓ 0.8%–1.0% HbA1c
Usually 3%–5% weight 

loss (but much higher 
targets may be achieved, 
particularly with 
semaglutide)

CVD and CKD protection
 
 

Nausea and 
decreased 
appetite

Constipation
possible risk of 

pancreatitis
Modest increase in 

heart rate
 

Amylase/lipase
heart rate
HVPG in patients under 

β-blocking agents
 
 

Titrate to prevent 
GI AEs

Small, frequent and 
lipid-restricted 
meals to prevent 
GI AEs

 
 
 

SGLT-2 
inhibitors

Canagliflozinb

Dapagliflozinb

Empagliflozinb

Ertugliflozinb

Oral
100–300 mg/d
Oral
10 mg/d
Oral
25–30 mg/d
Oral
5–15 mg/d

↓ 0.5%–0.8% HbA1c
Usually 2%–4% weight loss
Diuretic effect similar to 

loop 
CVD, HF, and renal 

protection

Genital infections
Risk of 

normoglycemic 
ketoacidosis

 
 

Electrolytes, creatinine, 
eGFR, albuminuria

Dose adjustment 
according to eGFR 
(the lower the eGFR, 
the lower the effect 
of drug)

 
 

Recommend 
personal hygiene

Titrate to evaluate 
tolerability

Evaluate β-cell 
function to 
minimize the risk 
of ketoacidosis

 
aNote that in principle, no differences exist between pre- and post-LTx phase, and drug choice depends on patients’ frailty.
bAvailable in preestablished combination with metformin.
cAvailable in preestablished combination with SGLT-2 inhibitors.
dAlbiglutide, another weekly dosing, albumin-bound GLP-1RA was removed from the market in 2018 because of limited prescribing and warning for risk of hypersensitivity reactions.
AE, adverse event; CHD, coronary heart disease; CKD, chronic kidney disease; CVD, cardiovascular disease; DPP-4, dipeptidyl peptidase-4; eGFR, estimated glomerular filtration rate; GI, gastrointesti-
nal; GLP-1, glucagon-like peptide-1; GLP-1RA, GLP-1 receptor agonist; HbA1c, A1c glycated hemoglobin; HCC, hepatocellular carcinoma; HE, hepatic encephalopathy; HF, heart failure; HVPG, hepatic 
vein pressure gradient; LTx, liver transplantation; NASH, nonalcoholic steatohepatitis; S.C., subcutaneously; SGLT-2, sodium-glucose cotransporter-2.
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postprandial glucose levels, improved ammonia and neu-
ropsychological function.57 The effects on encephalopathy 
might be related to increased bowel movements without 
change in liver function.

DPP-4 Inhibitors (Gliptins)
Dipeptidyl peptidase-4 inhibitors (DPP-4Is) have been 

on the market since 2006. They act by inhibiting the deg-
radation of glucagon-like peptide-1 (GLP-1) and glucose-
dependent, insulinotropic polypeptide, responsible for 
insulin secretion by pancreatic β-cells and for suppression 
of glucagon.58 This mechanism implies a low risk of hypo-
glycemia because insulin secretion is progressively stopped 
by declining glucose.59 All DPP-4Is are metabolized in the 
liver and excreted by the kidneys, except for linagliptin, 
undergoing biliary excretion.60 Although mild pharma-
cokinetic changes are observed in relation to declining 
liver function, these compounds do not require dosage 
adjustment.61 Only for vildagliptin, the product character-
istics do not suggest administration in patients with liver 
disease or pretreatment alanine aminotransferase or aspar-
tate aminotransferase >3-fold increased.

Glucose control is variable between gliptins; the average 
reduction of HbA1c ranges between 0.5% and 0.8% with 
monotherapy, with very rare and mild side effects limited to 
flu-like symptoms. All gliptins, except vildagliptin, proved 
noninferior but not superior to standard treatment in car-
diovascular outcome trials (CVOTs), as recommended by 
the United States Food and Drug Administration.62 The evi-
dence was reinforced by meta-analyses, also showing their 
inferiority versus glucagon-like peptide-1 receptor agonists 
(GLP-1RAs) and sodium-glucose cotransporter-2 inhibitors 
(SGLT-2Is) on CV, renal, and heart failure outcomes.63,64 
Limited data exist in cirrhosis, including patients with 
NASH cirrhosis, but their use may be justified considering 
safety and easiness of use (oral route, once-daily administra-
tion), provided that a progressive dose adjustment is consid-
ered in kidney disease (up to end-stage and dialysis).65

GLP-1 Receptor Agonists
GLP-1RAs represent an attractive therapeutic option for 

T2D treatment in cirrhosis. GLP-1 is a gut-derived incre-
tin that stimulates insulin release and suppresses glucagon 
secretion, inhibits gastric emptying, and reduces appe-
tite and food intake. GLP-1RAs are synthetic molecules 
similar to endogenous GLP-1 but resistant to dipeptidyl 
peptidase-4 (DPP-4) degradation.66 Direct and indirect 
comparisons of daily or weekly subcutaneous GLP-1 injec-
tions with other agents showed that GLP-1RAs are the 
most potent antihyperglycemic drugs available at present. 
Semaglutide is also approved for oral daily administration.

Safety data for GLP-1RAs in liver disease only come 
from case reports or retrospective studies in T2D patients 
with elevated liver enzymes or NASH.67,68 Considering 
their renal elimination, no dose adjustment is advisable 
for lixisenatide and exenatide, as well as for dulaglutide, 
according to its kinetic properties.69 As to liraglutide, a 
kinetic study reported lower levels with liver dysfunction, 
suggesting differences in absorption from the subcutane-
ous tissue or decreased albumin binding.70

An anecdotical case supports the use of liraglutide in 
T2D patients with cryptogenic cirrhosis; more data are 

derived from liraglutide studies in NASH with or with-
out fibrosis.71 Liraglutide dose-dependently reduced 
liver enzymes, possibly as a consequence of reduced 
body weight and liver fat.71 In the Liraglutide Efficacy 
and Action in NASH study in biopsy-proven NASH, also 
including patients with advanced fibrosis and cirrhosis 
(50% of cases), liraglutide led to 35% NASH resolu-
tion (versus 8% in placebo; OR, 7.8; 95% CI, 1.3-46.7) 
but no significant effect on fibrosis.72 Similar data were 
recently reported in a phase 2b RCT of daily semaglu-
tide. NASH resolution without fibrosis worsening was 
significantly attained versus placebo at all tested doses, 
with a maximum (OR, 6.87; 95% CI, 2.60-17.63) at 
0.4 mg/d, a much higher dose than commonly used in 
diabetes (1.0 mg/wk). However, the confirmatory end-
point of fibrosis improvement without NASH worsening 
was not reached.73 In real-world studies and in CVOTs, 
GLP-1RAs use has been associated with improved stea-
tosis and fibrosis biomarkers,74-77 and similar data have 
been reported in a study measuring the clinical effects 
of switching from metformin with or without sulfony-
lureas to GLP-1RAs,78 but histologic data are limited.

Several additional effects of GLP-1RA should be con-
sidered. In keeping with their properties on gastric empty-
ing and central nervous system, treatment is associated 
with nausea, low appetite, and abdominal discomfort, 
leading to important weight loss, which may further 
be enhanced by lifestyle intervention.79 The weight loss 
effects of high-dose semaglutide (2.4 mg/wk) are by far 
the largest ever attained by drug treatment in obesity,80 
useful in patients with metabolic syndrome. However, 
nausea may negatively affect patients with poor nutri-
tional status and is a major cause of drug discontinuation. 
CVOTs have consistently shown a decreased risk of CV 
events; a comprehensive meta-analysis estimated a sig-
nificant overall reduction of major adverse CV outcomes) 
(HR, 0.88; 95% CI, 0.82-0.94), without heterogeneity 
across individual outcomes.81 All-cause mortality was 
reduced by 12%, hospital admission for heart failure by 
9%, and a composite kidney outcome by 17% (HR, 0.83; 
95% CI, 0.78-0.89).

A matter of concern comes from a case series of 18 
patients, simultaneously treated with liraglutide and pro-
pranolol for diabetes and cirrhosis at risk of bleeding. 
The expected heart rate target of 55–65 beats/min (sur-
rogate marker of efficacy for bleeding prevention) was 
not achieved under liraglutide, despite up-titration of pro-
pranolol.82 A modest increase in heart rate is a well-known 
effect of GLP-1RAs, negligible in the general population, 
but studies are needed in this setting.

In conclusion, because of their general safety, efficacy on 
metabolic control, and positive results in liver disease and 
CV protection, GLP-1RAs are recommended in cirrhosis, 
with few limitations.

SGLT-2 Inhibitors (Gliflozins)
SGLT-2Is block a transporter present almost exclusively 

in the proximal renal tubules and responsible for nearly 
90% reuptake of glucose filtered at glomerular level. By 
favoring glucose excretion in the urines, SGLT-2Is reduce 
blood glucose levels by an insulin-independent mechanism, 
with nearly null risk of hypoglycemia.
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The most common SGLT-2Is (canagliflozin, dapagliflo-
zin, and empagliflozin) are metabolized in the liver, but no 
dosage adjustment is required in mild or moderate (for 
canagliflozin and dapagliflozin) or even severe liver failure 
(empagliflozin).83-85 Because canagliflozin exposure is also 
associated with creatinine clearance, caution is mandatory 
in combined hepatic and renal impairment.83 SGLT-2Is 
reduce the renin-angiotensin-aldosterone-system activity 
and might exert a potential role in preventing and treating 
ascites in patients with cirrhosis,86 but low renal function 
limits their effectiveness.

Gliflozins have been tested in real-world and RCT stud-
ies for their effects on biomarkers of steatosis and fibro-
sis with positive results,87-89 but very few histologic data 
are available. A reduction in liver enzymes is commonly 
observed during treatment, larger when compared with 
other antidiabetic drugs. Two biomarkers of steatosis and 
fibrosis (Fatty liver Index90 and fibrosis-4 score91) sig-
nificantly improved after switching from old antidiabetic 
agents to SGLT-2Is in 195 T2D patients.78 Also in this case 
the effect might be partly explained by weight loss, com-
parable to that observed following GLP-1RA initiation. 
In a network meta-analysis, gliflozin treatment was asso-
ciated with weight loss ≥5% versus placebo (dapagliflo-
zin: OR, 8.57; 95% CI, 2.71-27.44; empagliflozin: 10.20; 
4.59-28.93).92

Notably, CVOTs and epidemiological studies showed 
that also gliflozins are associated with improved CV—
particularly heart failure—and renal outcomes. A meta-
analysis of 63 studies concluded for protective effects of 
SGLT-2Is against the risk of composite major adverse CV 
outcomes (RR, 0.84; 95% CI, 0.75-0.95), to CV death 
(0.63; 0.51-0.77), heart failure (0.65; 0.50-0.85), and all-
cause death (0.71; 0.61-0.83), not for nonfatal myocardial 
infarction or angina.93 Beneficial effects were later shown 
on renal outcomes, from delayed albuminuria progression 
(RR, 0.71; 95% CI, 0.66-0.76) to albuminuria regression 
(1.71; 1.54-1.90), a combined renal outcome (0.57; 0.49-
0.66), and all-cause mortality (0.84; 0.75-0.94).94 Similar 
effects are also present in heart failure patients without 
diabetes,95 a totally new area of research.96

Genital infections are the principal adverse events of gli-
flozins, as derived from spontaneous reporting systems97 
and from an extensive meta-analysis (RR, 4.19; 95% CI, 
3.45-5.09)98; warnings about diabetic ketoacidosis have 
also been raised.99 No specific data are available in cir-
rhosis, a population at increased risk of infection, where 
close monitoring of electrolytes and renal function and 
careful education to prevent infections should accompany 
their use.

Insulin and Insulin Analogs
Insulin treatment remains the final choice to obtain met-

abolic control. Insulin requirements are very high in ESLD, 
characterized by insulin resistance, despite low insulin 
clearance due to portosystemic shunting.100 In Western 
countries, insulin analogs are almost universally used; they 
provide better glucose control compared with human insu-
lin, although at higher cost. The metabolism of both short-
acting (aspart, lispro, glulisine) and long-acting (glargine, 
detemir, degludec) analogs has not been systematically 
studied in cirrhosis. Reduced renal clearance and defects 

in renal gluconeogenesis are present in chronic kidney dis-
ease,101 and dose adjustment of insulin is needed (up to 
50% dose reduction for eGFR <10 mL/min/1.73 m2).102

Insulin use carries a high risk of hypoglycemia, also 
favored by portosystemic shunting; in cases treated by 
β-blockers, the risk is complicated by hypoglycemia una-
wareness, increasing the likelihood of brain damage. In 
addition, the need for glucose monitoring heavily affects 
health-related quality of life103 and adherence104 in patients 
with multimorbidity and complex regimens.105 Weight 
gain is an additional problem. Both risks make the sole 
use of basal insulin preferred versus basal-bolus treatment, 
provided that metabolic control is achieved. A final prob-
lem is the well-known association of insulin with cancer 
risk,106 including HCC. In a meta-analysis of 5 cohort and 
9 case–control studies, insulin treatment was associated 
with a RR for HCC of 1.90 (95% CI, 1.44-2.50) versus 
noninsulin users.107 The potential bias of longer follow-up 
was not excluded.

In conclusion, insulin use should be avoided as long as 
possible in advanced liver disease. The combined use of 
basal insulin and GLP-1RAs might be a suitable therapeu-
tic option.108

Intensive Lifestyle Intervention
Intensive lifestyle intervention (ILI) is the backbone of 

NAFLD treatment, extensively proven in real-world obser-
vational studies. ILI strategies, based on the principles of 
the  Diabetes Prevention Program,109 aimed at 7%–10% 
weight loss targets110 are known to reduce fibrosis bio-
markers111 and to improve liver histology,110,112 as well as 
cardiometabolic risk factors.113 Similar results were also 
reported in cirrhosis and should be implemented in patients 
before and after waitlisting. In a prospective, uncontrolled 
study, overweight patients with compensated cirrhosis and 
portal hypertension enrolled in a 16-wk ILI program sig-
nificantly reduced hepatic vein pressure gradient (by ≥10% 
in 42% of the cases and ≥20% in 24%) and body weight 
(by ≥5% in half of the cases and ≥10% in 16%).114 The 
program included personalized diet and supervised physi-
cal activity (60 min/wk), provided by a dedicated team 
rarely present in liver units, and continuing patient–team 
interaction. This last condition may be partly overcome by 
e-technology coupled with web-based programs, similarly 
effective in motivated patients.115

One study directly compared ILI versus liraglutide 
(3 mg/d) in diabetes; in the short term, no differences were 
observed in weight loss, biochemistry, and measures of 
fibrosis,116 but weight loss maintenance was sustained in 
ILI, not after liraglutide stop.117

Bariatric Surgery
Evidence supporting bariatric surgery is exclusively 

derived from observational studies: Roux-en-Y-gastric 
bypass and sleeve gastrectomy—the surgical procedures 
of choice118,119—are associated with both fibrosis regres-
sion119 and reduced progression to cirrhosis (HR, 0.31; 
95% CI, 0.19-0.52).120 The beneficial effect on diabetes 
reversal is large121 and sustained122 and adds to the reduced 
incidence of cancer and CV events in surgically treated 
obesity.123,124 Cirrhosis per se is not an absolute contrain-
dication to bariatric surgery, but mortality risk increases 
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systematically with decreased liver function (compensated 
cirrhosis: OR, 2.17; 95% CI, 1.03-4.55; decompensated: 
21.2; 5.39-82.9).125 Accordingly, bariatric surgery is con-
traindicated in patients with decompensated cirrhosis, 
moderate or severe thrombocytopenia, malnutrition, and 
sarcopenia, and only a minority of LTx candidates can be 
considered for sleeve gastrectomy, by far the most com-
mon surgical technique.126 Decisions should be based on 
hepatic functional reserve, portal hypertension, and CV 
risk127; additional factors to consider are type and timing 
of bariatric surgery, the potential perioperative/postopera-
tive complications of portal hypertension, and the possible 
impact on the absorption of immunosuppressive therapy.

Surgery long before LTx, by reducing comorbidity 
progression, is likely to facilitate candidacy in subjects 
with severe obesity128; on the other hand, any bariatric 
surgery-related complication might increase the risk of 
delisting or delay LTx.129 In a recent retrospective single-
center study, sleeve gastrectomy in 14 eligible waitlisted 
patients resulted in sustained weight loss and significantly 
lower risk of diabetes (OR, 0.04; 95% CI, 0.00-0.41), 
hypertension (0.15; 0.04-0.67), and recurrent or de novo 
NAFLD post-LTx (HR, 0.19; 95% CI, 0.04-0.91) versus 
56 eligible controls undergoing medical weight loss.130 
Combined sleeve gastrectomy and LTx is an alternative 
option, but very few cases have been published.131,132 
This option is burdened by risks associated with unex-
pected LTx difficulties and by post-LTx nutritional prob-
lems. Bariatric surgery after liver transplantation is also 
challenging because of patients’ comorbidities and tech-
nical problems such as adhesion, bleeding, and surgical 
site infection related to prior abdominal surgery, but the 
overall effects are not different from those observed in 
non-LTx subjects with obesity.133 Only hospital stay was 
longer (3.1 versus 1.7 d in non-LTx; P < 0.001), but the 
procedure did not require correction of immunosuppres-
sion medication needs.133

Also, mortality and graft survival should be considered. 
In a meta-analysis of 187 patients submitted to bariatric 
surgery before LTx (8 studies), no 30-d mortality was 
recorded and 1-y graft survival was 70%. Combined LTx 
and bariatric surgery in 32 cases (2 studies) resulted in no 
30-d mortality and 100% graft survival. Post-LTx surgery 
(64 cases) was followed by no 30-d mortality but 7.8% 
mortality within 1 y.134 Overall, evidence favors post-LTx 
surgery, with 45% rates of diabetes regression.135

In conclusion, bariatric surgery may be feasible either as 
a bridge to LTx (to favor candidacy) or post-LTx to reduce 
comorbidities. A multidisciplinary team is mandatory to 
identify optimal timing, type of surgery, and to secure 
long-term metabolic monitoring.

Prevalence of and Risk Factors for 
Posttransplantation Diabetes

T2D is also common among transplanted patients, but 
the pathogenesis differs in relation to pre-LTx glucose 
metabolism. In subjects with pre-LTx diabetes, the condi-
tion may either persist or resolve following transplanta-
tion, largely modulated by β-cell dysfunction23; in other 
cases, new-onset PTDM may develop. The condition must 
be verified after reaching clinical stability; it is important 
to split the post-LTx period into early and late phases, 

considering the possible presence of stress-related hyper-
glycemia in the early postsurgical period.136

Early Stress-related Hyperglycemia
In the early, postoperative phase, hyperglycemia is the 

rule. Defective glucose metabolism stems from the hor-
monal and cytokine storm of surgery and possible infec-
tions,137 favored by high-dose steroid therapy at surgery 
and tapered doses thereafter, and both peripheral and 
hepatic insulin resistance.138 Mild-to-moderate stress 
hyperglycemia is protective, providing fuel for the immune 
system and the brain to cope with higher needs; however, 
persistent hyperglycemia becomes deleterious,139 con-
tributing to adverse outcomes via free radicals (oxidative 
stress), endothelial dysfunction, inflammatory responses, 
and vascular dysfunction.140 During this phase, insulin 
treatment is the rule and should be provided by infusion, 
as detailed by guidelines,141 although most protocols lack 
a robust evidence base. As soon as possible, preplanned 
basal-bolus regimens should be started; they provide more 
accurate control and reduce the risk of hypoglycemia com-
pared with sliding-scale programs.142

Late Hyperglycemia
PTDM can be diagnosed only if hyperglycemia (again, 

fasting glucose ≥126 mg/dL or random glucose ≥200 mg/
dL) persists for at least 45 d after LTx.2 PTDM is a mul-
ticausal disease, adding immunosuppressive drug use 
and donor factors138,143,144 to background characteristics 
shared with pre-LTx T2D (Figure 3), that is, dysfunctional 
insulin release and an impaired gut–pancreas incretin axis, 
as well as abdominal obesity, whenever present.

Different studies from Western and Asian countries 
reported a prevalence of PTDM ranging from 8.4% to 
40%138,145-152; this wide variability depends on the diag-
nostic criteria, risk factors for de novo diabetes, and 
baseline characteristics. As for general population, risk 
factors are Hispanic or African American ethnicity (1.6-
fold increased risk),150 male gender, older age, familiarity 
for diabetes, and metabolic risk factors (perisurgical blood 
glucose,148 arterial hypertension,153 and higher preopera-
tive triglycerides, even within a near-normal range).154 A 
recent meta-analysis pooling data from 37 studies showed 
that pre-LTx body mass index and overweight were asso-
ciated with a higher risk of PTDM, while no association 
was found with post-LTx body mass index.155 Notably, 
PTDM prevalence increases progressively in the posttrans-
plant period, and in a single-center study of 415 adult LTx 
recipients, it was 34.7%, 46.9%, and 56.2% at 1, 3, and 5 
y, respectively, with older age remaining as the only inde-
pendent predictor.156

Specific Risk Factors for PTDM
Cause of Underlying Liver Disease

Large cohort studies in LTx recipients showed that 
the risk of PTDM was higher in liver disease of NAFLD/
NASH150,152 or HCV infection150 cause. Among 35 870 
LTx recipients from 1994 to 2013 who reached 5-y fol-
low-up, pre-LTx T2D was present in 11.2% and PTDM 
in 29.7% after a mean period of 76 mo.147 Patients 
transplanted for NASH had an increased risk of PTDM 
at any time after LTx, even after the first year, when the 
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diabetogenic effect of immunosuppression therapy should 
be reduced.157 More recent studies did not confirm the 
association between NASH and PTDM. In 2019, Lieber 
et al156 confirmed the rapid onset of PTDM in 34.9% of 
patients in the first year post-LTx; at multivariate analysis, 
age was the only independent risk factor for PTDM, while 
NASH was associated with a higher pre-LTx DM rate, not 
with increased PTDM. The growing pandemic of NAFLD 
and of its comorbidities158,159 will definitely increase the 
future burden of NASH-associated PTDM.

As to HCV infection, in a meta-analysis of 7 studies includ-
ing 1899 LTx recipients, HCV increased the risk of PTDM 
(OR, 2.46; 95% CI, 1.44-4.19) versus non-HCV LTs in the 
immediate posttransplant period and at longer follow-up 
(1.39; 1.06-1.83).160 DAA-based therapies for HCV infec-
tion reduced the overall burden of HCV and the number of 
viremic transplanted patients in the last years,26,27 and this 
predicts the decline of PTDM in future HCV series.161-163 
Finally, among preexisting or acquired viral infections, the 
role of cytomegalovirus in PTDM has not been clarified. Data 
from China Transplant Registry in non-DM LTx recipients 
showed an association of cytomegalovirus infection with a 
higher risk of PTDM,164 but conflicting results on kidney and 
liver transplantation are also available.165-168

Immunosuppressive Therapy
Steroids are primarily used during the first 6 mo and 

long term, maintained in recipients transplanted for auto-
immune disorders or recurrent rejection episodes, that 
is, longer than the classical 45 d set in the definition of 
PTDM. Glucocorticoids induce peripheral and hepatic 
insulin resistance, with increased hepatic glucose output 
and reduced peripheral metabolism in adipose and skeletal 
muscle tissues, with a peak effect after 4–8 h and a dura-
tion of 12–16 h.169 The effects are maintained during long-
term low-dose prednisolone therapy.170

Calcineurin inhibitors (CNIs—ciclosporin and tacroli-
mus) are the backbone of maintenance immunosuppres-
sive therapy in solid organ transplantation; tacrolimus is 
the most frequently used drug. Their diabetogenic effects 
may be explained by downregulation of β-cell prolifera-
tion, insulin production, and insulin release; a recent meta-
analysis confirmed that ciclosporin is less diabetogenic 
versus tacrolimus (OR, 0.60; 95% CI, 0.47-0.77),171 
consistent with an older meta-analysis indicating a dose-
dependent risk associated with tacrolimus (RR, 1.86; 
95% CI, 1.11-3.09)172 and with a large single-center ret-
rospective analysis in LTx patients (tacrolimus: OR, 2.76; 
95% CI, 1.78-4.30; sirolimus: 2.72; 1.67-4.42).152 These 
diabetogenic risks are even larger with the inhibitors of 
mammalian target of rapamycin (mTOR)(everolimus 
and sirolimus) that contribute to downregulation of gene 
expression for insulin release, β-cell apoptosis, and periph-
eral insulin resistance.138,173-175 The biochemical mecha-
nism might be an interaction with Mg+ transport, favoring 
excretion in the urines and hypomagnesemia.176,177 Low 
blood magnesium, mainly in the first post-LTx month,178 
is a risk factor for PTDM, independent of the immunosup-
pressive regimen.176

Mycophenolate mofetil, a reversible inhibitor of inosine 
monophosphate dehydrogenase, not only exerts a lower 
immunosuppressive activity compared with CNIs but also 
carries a lower risk of PTDM.179 It is added as a double 
or triple regimen to CNIs and steroids to mitigate their 
diabetogenic effects,180,181 and this strategy may success-
fully control glucose metabolism. Also, azathioprine, now 
largely replaced by mycophenolate mofetil in immunosup-
pressive protocols, has no significant impact on PTDM.

Basiliximab, a humanized monoclonal antibody against 
IL-2 receptor, is the only lymphocyte nondepleting agent 
used as an induction agent in steroid-sparing or CNI 
minimization regimens particularly in pediatric LTx.182 A 

FIGURE 3. Risk factors associated with development of PTDM in patients with liver disease. Note that both genes and traditional 
risk factors also contribute to PTDM via development and progression of NAFLD. HCV, hepatitis C virus; LT, liver transplant; mTOR, 
mammalian target of rapamycin; NAFLD, nonalcoholic fatty liver disease; PTDM, posttransplantation diabetes mellitus. 
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meta-analysis of 6 studies in steroid-free immunosuppres-
sive regimens between 1998 and 2015 showed that its use 
reduced PTDM risk (RR, 0.56; 95% CI, 0.34-0.91).183 In 
a recent RCT, basiliximab induction, followed by tacroli-
mus plus azathioprine maintenance, significantly reduced 
the incidence of PTDM versus steroid induction both 
at 3 (64.5% versus 28.1%) and at 6 mo (51.6% versus 
15.6%).184

Liver Donor-related Factors
The growing gap between the need for and the supply of 

transplantable organs has extended the criteria for donor 
livers. This led to extended donor age and donor-related 
comorbidities, such as diabetes, hypertension, or liver stea-
tosis, predisposing to PTMD as well as older liver donor 
graft after circulatory death.144,164,185-187

Genes
Common polymorphisms in recipient genes involved 

in metabolic homeostasis and inflammatory response—
SUMO4, ADIPOQ, Angiotensinogen, STAT4, IL-18, 
mTOR—have been associated with an increased risk of 
PTDM, but evidence arises mostly from small Asian stud-
ies and needs further validation.188-192

Impact of Diabetes on Posttransplant Outcomes
Diabetes per se affects the quality of life of LTx patients 

and contributes to complications, drug–drug interac-
tions, and disease burden, but the association of PTDM 
with adverse events and outcomes remains controver-
sial (Table 4). With the sole exception of a Taiwan data-
base,149 where the incidence of PTDM, exclusively based 

on International Classification of Diseases, Ninth Revision, 
Clinical Modification codes, might be severely underdiag-
nosed, there is a general consensus for an overall risk of 
death in PTDM at least comparable with that observed in 
pre-LTx diabetes. However, although overall diabetes and 
PTDM were both risk factors of mortality in the SRTR 
study,151 only pre-LTx diabetes emerged as an independent 
risk factor of CV mortality, accounting for approximately 
10% of all transplant deaths.147 Similarly, in the Toronto 
experience, no differences in survival were demonstrated 
between patients with/without diabetes, either pre- or post-
LTx.152 In this analysis, the risk for CV events and end-
stage renal disease associated with PTDM was intermediate 
between pre-LTx- and no-diabetes.152 In the old National 
Institute of Diabetes and Digestive and Kidney study, both 
pre-LTx and PTDM were predictors for 1-y mortality at 
univariate analysis. When pre-LTx patients with diabetes 
were excluded, PTDM (excluding transient diabetes) main-
tained a significant relation with long-term death risk, but 
only pre-LTx diabetes predicted 5-y death at multivariate 
analysis.146 Finally, in a retrospective cohort study, PTDM 
patients had a 3-fold higher incidence of major CV events 
versus no-DM patients (18.7 versus 5.5%) and, in patients 
with events, the risk of death was 3-fold higher.150 A spe-
cific association between diabetes and the risk of renal fail-
ure was also reported on the basis of a combined analysis 
of 69 321 transplants of nonrenal organs (liver, heart, lung, 
heart-lung, and intestine) in the period 1990–2000.35

In conclusion, the impact of PTDM might be considered 
within the complex picture of LTx patients, where preex-
isting conditions long impairing the liver, the kidneys, and 
the CV system, together with the new metabolic conditions 

TABLE 4.

Principal and most recent studies investigating the association of PTDM with main outcomes

Author, y
No. of cases
follow-up All-cause death

CV mortality  
or events

Liver-related  
mortality acute  
rejection or re-LTx

End-stage  
renal disease

Watt (NIDDKD  
database), 
2010146

N = 798
Median, 10 y

Not significant; Pre-LTx 
DM, HR 1.48  
(1.06-2.08)

Pre- and post-LTx DM 
not significant

HR 1.85 (1.21-3.05) for 
pre-/ 
post-LTx DM

—

Younossy  
(STRT registry), 
2014147

N = 85 194
Mean, 6.5 y

HR 1.06 (1.02-1.11); 
Overall DM, HR 1.21 
(1.12-1.30)

Not significant; Mortality 
in Pre-LTx DM, HR 
1.93 (1.55-2.41)

— —

Liu (Taiwan Health 
Insurance 
database), 
2016149

N = 2248
Up to 14.5 y

Higher survival rates 
vs pre-LTx DM and 
no-DM (P = 0.021)

— — —

Roccaro (UPHS 
database), 
2018150

N = 994
Median, 54.7 

mo

HR 1.61 (1.05-2.48) at 
multivariable analysis

HR 1.81 (1.14-2.90); 
no longer significant 
at multivariable 
analysis

HR 1.92 (1.35-2.72) at 
multivariable analysis

HR 2.06 (1.56-2.72); 
not significant at 
multivariable analysis

Bhat (STRT registry), 
2018151

N = 61 697
Data at 10 y

HR 1.55 (1.50-1.59), 
similar to pre-LTx DM 
(1.54; 1.46-1.61)

— — —

Aravintham, 
2019152

N = 2209
Median, 6.7 y

No differences in survival 
vs no-DM and  
pre-LTx DM

Risk similar to pre-LTx 
DM, in turn higher vs 
no-DM (P < 0.01)

No differences in ESLD 
requiring re-LTx vs 
no-DM and pre-LTx DM

Risk similar to pre-LTx 
DM, in turn higher vs 
no-DM (P = 0.003)

HRs (95% confidence intervals) refer to PTDM vs no-DM if not otherwise specified. All values are adjusted for confounders.
CV, cardiovascular; DM, diabetes mellitus; ELSD, end-stage liver disease; HR, hazard ratio; LTx, liver transplantation; NIDDKD, National Institute of Diabetes and Digestive and Kidney; PTDM, post-
transplantation diabetes mellitus; STRT, Scientific Registry of Transplant Recipients; UPHS, University of Pennsylvania Health System.
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associated with altered glucose metabolism, are very likely 
to produce negative effects on long-term outcomes.

PTDM Treatment
In general, PTDM treatment does not systematically dif-

fer from the treatment of any patient with diabetes. Frailty 
suggests a conservative approach until patients reach a 
stable condition and justifies an intense metabolic control 
following LTx, with treatment aimed at HbA1c targets not 
at risk of hypoglycemia.

In stable post-LTx patients, pharmacologic treatment 
should follow the international guidelines, suggesting 
a progressive implementation of different antidiabetic 
agents (Figure  4).30 The most compelling issues are the 
frequent changes in drug schedule, drug–drug interac-
tions, and immunosuppressive treatment. Pharmacokinetic 

studies indicate a low risk of interaction between the dif-
ferent classes of antidiabetic drugs and CNIs or mTOR 
inhibitors.193 However, metformin and acarbose may 
cause diarrhea and the accelerated intestinal transit may 
be responsible for malabsorption of immunosuppressive 
drugs, resulting in erratic blood levels, with graft risk. 
Accordingly, metformin must be slowly increased to opti-
mal dosage in new-onset PTDM, slow-release formula-
tions are preferable, and acarbose should not be used.

Adherence to lifestyle recommendations is mandatory 
to reduce CV risk and to control PTDM. Successful trans-
plantation is frequently followed by rapid weight gain, 
abdominal obesity (up to 40%),194 and PTDM.195 In the 
long term, adherence to healthy lifestyle declines, driven by 
recovered well-being. ILI programs have been developed to 
reduce nonadherence196 and to prevent graft steatosis.197 

FIGURE 4. Treatment intensification with glucose-lowering drugs in pre- and post-LTx patients with diabetes. Intensification depends 
on glucose targets and patients’ frailty. CV, cardiovascular; DPP-4I, dipeptidyl peptidase-4 inhibitor; GLP-1RA, glucagon-like peptide-1 
receptor agonist; HF, heart failure; LTx, liver transplantation; SGLT-2I, sodium-glucose cotransporter-2 inhibitor.

TABLE 5.

A decalogue with key messages for the treatment of diabetes in the setting of liver transplant

Key messages

• Support healthy diet and moderate physical activity through continuous counseling by dietitians and lifestyle trainers, according to liver disease 
cause and severity, timing to surgery, and comorbidities.

• Provide intensive programs of cognitive behavior therapy delivered by dedicated teams to support weight loss or limit the negative effects of 
sarcopenia in waitlisted patients with obesity, as well as to prevent unhealthy post-LTx weight gain.

• Define HbA1c target considering patients’ frailty and the risk of hypoglycemia and CV events, which significantly affect all-cause, CV, and renal 
outcomes. Consider that HbA1c might not reflect metabolic control in anemia or recent bleeding.

• Maintain tapered metformin administration in waitlisted patients, except for eGFR <30 mL/min (CKD stage ≥4). Scale up metformin or use slow-
release formulations in PTDM to avoid GI symptoms and interactions with immunosuppressive drug absorption.

• Use GLP-1RAs and SGLT-2Is with confidence unless contraindicated by severe CKD.
• Consider the possible interaction of GLP-1RAs with β-blocking agents in the prevention of GI bleeding in cirrhosis. Check electrolytes and blood 

pressure in patients treated with SGLT-2Is and taper down Henle loop diuretics.
• Treat PTDM according to schedules as simple as possible, limiting polypharmacology to avoid drug–drug interactions and to favor adherence.
• Limit the use of insulin to the sole basal insulin as long as possible, both in waitlisted and in post-LTx patients, to reduce the risk of hypoglycemia 

and sustain quality of life. The association of basal insulin and GLP-1RAs may be a feasible alternative to intensified insulin treatment.
• Modulate immunosuppressive therapy, using steroid-free regimens with basiliximab induction or adding mycophenolate mofetil to mitigate 

the diabetogenic effects of calcineurin inhibitors (particularly tacrolimus). Do not use acarbose in the post-LTx phase to avoid diarrhea and 
malabsorption.

• Consider bariatric surgery to treat diabetes in selected cases, particularly in the post-LTx phase when associated with important weight gain.

CKD, chronic kidney disease; CV, cardiovascular; DM, diabetes mellitus; eGFR, estimated glomerular filtration rate; GI, gastrointestinal; GLP-1RA, glucagon-like peptide-1 receptor agonist; HbA1c, A1c 
glycated hemoglobin; LTx, liver transplantation; PTDM, posttransplantation diabetes mellitus; SGLT-2I, sodium-glucose cotransporter-2 inhibitor.

D
ow

nloaded from
 http://journals.lw

w
.com

/transplantjournal by B
hD

M
f5eP

H
K

av1zE
oum

1tQ
fN

4a+
kJLhE

Z
gbsIH

o4
X

M
i0hC

yw
C

X
1A

W
nY

Q
p/IlQ

rH
D

3i3D
0O

dR
yi7T

vS
F

l4C
f3V

C
4/O

A
V

pD
D

a8K
K

G
K

V
0Y

m
y+

78=
 on 07/12/2023



474 Transplantation  ■  March 2022  ■ Volume 106  ■  Number 3 www.transplantjournal.com

They are more effective than pioglitazone to treat de novo 
allograft steatosis.198 Electronic health lifestyle programs, 
supported by dietitians or lifestyle trainers, have been 
designed to increase acceptability, tailored to recipients’ 
needs.199

The importance of bariatric (metabolic) surgery in this 
phase has previously been discussed.

CONCLUSIONS
Diabetes remains an important comorbidity throughout 

the whole clinical life of patients with liver disease, affect-
ing quality of life, direct and indirect costs, and finally out-
comes. In the LTx setting, both in waitlisted patients and 
after transplant, several key messages should be conveyed 
(Table 5); they form a decalogue that reflects the evidence 
derived from the literature and hints from personal expe-
rience. The area is receiving a lot of attention, driven by 
the increasing number of NASH-associated candidates, the 
many new glucose-lowering drugs on the market requir-
ing definition of the appropriate timing and sequence, and 
progress in bariatric surgery, which will ultimately resolve 
diabetes in selected cases. This clinical area of research is 
likely to expand further in the near future, fueled by clini-
cal and commercial interests.
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