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Abstract

The collective accomplishments of the liver transplant community have resulted in satisfactory 5- and 10-year patient and
graft survival. Within the increasing cohort of transplant recipients, metabolic complications are becoming a main reason for
non-graft related mortality. Post-liver transplantation diabetes mellitus (PLTDM) is a well-documented disorder, adversely
affecting recipient survival, a main risk factor for cardiovascular disease (CVD) and CVD-related mortality. The incidence
of PLTDM varies between 9-63%. Calcineurin inhibitors (CINs) and corticosteroids are the principal mediators in the
pathogenesis of this disease. We performed a brief review of the literature and retrospectively analyzed our own experience.
For immunosuppression we use standard protocol of corticosteroids, tacrolimus and mycophenolate mofetil. The frequency
of PLTDM in our series is 20%. We did not find a connection between recipient age, BM], lipid status, underlying liver disease
or acute rejection episode with the development of sustained PLTDM.
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Post-Liver Transplantation Diabetes Mellitus: Concise Literature Review and Own Experience

Introduction

Liver transplantation is currently a routine procedure,
performed in many specialized centers across the world. The
surgical technique and immunosuppressive therapy have
evolved, as have the intensive care and infection control.
Currently the 5-year patient survival, based on Organ
Procurement and Transplantation Network data is 75.5%
[1] and according to the European Liver Transplant Registry
(ELTR), the 5- and 10-year survival rates are 71 % and 61%
respectively [2]. Moreover, the advancement of the anti-viral
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therapy, with the introduction of the direct-acting antiviral
agents, targeted against HCV, has led to the reduction of
disease recurrence in the grafted liver [3-5]. Nevertheless,
these survival rates have changed insignificantly for the past
decade. This plateau signifies a rise of metabolic disorders,
leading to an increase of the non-graft related mortality [6].
This turn of events in the past years has understandably
shifted the focus to post-LT follow-up and medical care. At
the present time, cardio-vascular disease (CVD) is one of the
main causes of mortality among liver-transplant patients
[6,7]. Diabetes mellitus (DM) has been recognized as a major
risk factor for CVD [6]. According to data from the World
Health Organization (WHO), about 422 million people in
the world are affected by DM. In 2012 more than 3.7 million
deaths were directly related to this condition [8]. Post liver-
transplantation diabetes mellitus (PLTDM) is one of the most
common metabolic complications [9]. In addition to the well-
known adverse effects of DM, it is associated with increased
risk of graft loss, acute rejection and worsened patient
survival [9].

Methods

For the purpose of this review, we performed a
retrospective analysis our liver transplant database. Since
the start of our liver-transplant program, for the period of
April 2007 - December 2021, 80 liver transplants have been
performed, including 2 living - donor liver transplants and 1
re-transplantation. The study includes 63 men and 17 women
aged 14-57 years (mean age 42.85 years). Several factors
were evaluated: the serum glucose - minimum, maximum
and average value within the first 14 postoperative days,
on the first, sixth and twelfth postoperative month, the total
dose of the applied short-acting insulin (UI), corticosteroid
(methylprednisolone, mg, prednisone, mg), mycophenolate
mofetil (mg), tacrolimus (mg), serum level of tacrolimus.
We examined the dependence of developing post-transplant
diabetes mellitus on gender, age, body mass index (BMI),
lipid profile, etiology of liver failure, the presence of hepatitis
C virus (HCV) and cytomegalovirus (CMV) infection. The
onset of impaired carbohydrate tolerance, new onset post-
transplant diabetes mellitus (according to diagnostic criteria
of the World Health Association) and the dependence on the
use of immunosuppressive therapy are recorded. A standard
protocol for immunosuppressive therapy has been used:

1. Methylprednisolone - Day 1: 5 mg / kg; Day 2 - 2.5 mg
/ kg; Starting on Day 3 - a gradual reduction in dose to
reach the support level of 5-20 mg / day.

2. Tacrolimus - 0, 1 mg/kg/24h. With systemic drug
monitoring therapeutic levels are reached - 10-15 ng /
ml by the end of the first month; 7-15 ng / ml by the end
of the third month.

3. Mycophenolate mofetil - 1000 mg / day included on the
seventh day (on demand).
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Results

From a total of 80 liver transplant patients, 14 were
diagnosed with DM preoperatively and were excluded from
the analysis. Of the remaining 66 patients, 10 were censured
due to early post-transplant mortality or early biliary
complications, requiring prolonged ICU and hospital stay. A
total of 56 patients were included in the analysis. An onset of
PLTDM was registered in 25% of patients (n=14). In all the
cases, patients were discharged with subcutaneous basal/
bolus insulin regimen. No remission to normoglycemic state
has been documented, for a median follow-up of 76 months.
Another 5 patients (9%) were diagnosed as having increased
fasting plasma glucose levels (IFG) but were successfully
managed with lifestyle change and diet.

In the immediate postoperative period, all recipients
were intensively monitored, with strict control of plasma
glucose levels. Transient hyperglycemia, requiring insulin
administration within the first two weeks after LT, was
documented in 47 out of 56 patients (84%). Once oral food
intake was resumed, a basal/bolus insulin administration
scheme was prescribed with day-to-day dose adjustment.
With the reduction of the corticosteroid dose, the glucose
values in most of the patients normalized.

Of the patients, who developed PLTDM 8 were male
(72%). The indication for liver transplantation was alcoholic
liver disease in 6 patients, primary biliary cirrhosis in 1
patient, primary sclerosing cholangitis - 2 patients, HCV - 1
patient, HBV/HDV - 1 patient.

Overall, patients with PLTDM received higher doses (in
absolute values) of immunosuppressive agents, which may
be attributed to the higher BMI of the group (Figure 1). The
mean blood glucose levels were statistically higher (p <0.05)
than those in patients with transient impaired glucose
tolerance (Figure2). They required higher doses of fast-acting
insulin in order an adequate glycemic control to be achieved.
The subgroup analysis showed no significant connection
between PLTDM and HCV or CMV infection, preoperative
lipid status or presence of hypertension. There was no
statistically significant increase in acute graft rejections
in patients with PTDM or other complications associated
with the graft. Elevated values of cholesterol, triglycerides,
CRP, as well as higher blood pressure postoperatively were
registered in this group (Figure 3).

It should be noted that recipients with pre-LT DM needed
increased doses of insulin and with some, glycemic control
was hard to obtain, requiring in some cases continuous
i.v. insulin infusion. Of the 14 patients with pre-existing
diabetes, 4 suffered severe post-LT complications, leading
to early mortality — 1 patient suffered from intracranial
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hemorrhage, 1 - early hepatic artery thrombosis, followed fulminant fibro-lamellar hepatitis. In our series, no significant
by ARDS, sepsis and multi-organ failure, 1 patient had early difference in the 6-months post-LT mortality has been found
biliary complications, leading to sepsis and death and 1 between patients without DM and patients with pre-LT DM,
patient suffered from early HCV recurrence, developing p=0.212.
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Figure 1: Total dose of methylprednisolone and tacrolimus, administered within the first 14 days in patients with PLTDM and

Figure 2: Mean blood glucose levels in transplanted patients, mmol / 1 during the first 14 days.
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Figure 3: Mean levels of CRP during the first 14 days in patients with PLTDM and without PLTDM.
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Post - liver transplantation diabetes mellitus (PLTDM)
is one of the most common metabolic complications. It is
defined as elevation of plasma glucose levels, compliant with

the World Health Organization (WHO) [10] or the American
Diabetic Association (ADA) criteria [11] (Tables 1& 2), in a
patient, who has endured liver transplantation.

Group PLTDMY
Number 8
Age, mean, years 43 (32-51)
Gender
female 2
Male 6
Body mass index (BMI) 32.56 (30.2-34.9)
Cause for transplantation
Alcoholic cirrhosis 4
Hepatitis B/Hepatitis D 1
Hepatitis C 1
Primary biliary cirrhosis 1
Primary sclerosing cholangitis 1
Preoperative serum level of cholesterol, mean, mmol/1 3.785
Preoperative serum level of triglycerides, mean, mmol/I 0.835

Table 1: Demographic and patient characteristics of the liver-transplant recipients with post-liver transplantation diabetes

mellitus.  PLTDM - post-liver transplantation diabetes mellitus.

Condition 2h - post OGTT Fasting glucose HbA1c
Units mmol/I (mg/dL) mmol/] (mg/dL) mmol/mol DCCT%
Normal < 7.8 (< 140) <6.1(<110) <42 <6.0
Increased fasting glucose <7.8(140) 26.1(2110) &<7.0 (=126) 42-46 6.0-6.4
Impaired glucose tolerance > 7.8 (2140) <7.0(<126) 42-46 6.0-6.4
Diabetes mellitus 211.1 (2200) =7 (=2126) =48 > 6.5

Table 2: Diagnosis of diabetes mellitus and pre-diabetic states, according to WHO - criteria.

According to the literature, the frequency of PLTDM
varies from 9 to 63% [9,12-15]. This significant difference
may be explained with discrepancies in the defining criteria
for post-transplantation DM. The latest International
Consensus Meeting on Post-transplantation Diabetes
Mellitus Guidelines [16], from 2014, excluded transient post-
transplantation hyperglycemia from the post-transplantation
diabetes mellitus (PTDM) diagnosis. Therefore, when
consulting older sources, the reported frequency of PTDM
may be higher, because of that matter. Moreover, some
studies, most of which are retrospective in nature, adhere
to the WHO or ADA criteria, as advised by the International
Consensus Guidelines, but others use the need for oral anti-
diabetic drugs or insulin administration one month post-LT
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asinclusion criteria [17-19]. Moreover there is inconsistency,
concerning the monitoring tests - fasting or random plasma
glucose, HbAlc or oral glucose-tolerance test (OGTT) [9].
Differences in the follow-up period may also play a major
role, which may be contributed to the self-resolving nature of
PLTDM in some instances, or the longer survival of patients
without PTDM [20].

Risk factors for PLTDM can be divided into two groups
- general risk factors for diabetes mellitus and risk factors,
specific to the transplant recipients. In the first group reside
characteristics as age, male sex, obesity, pre-diabetic states as
increasedfastingglucose (IFG)andimpaired glucosetolerance
(IGT), non-alcoholic steato-hepatitis (NASH), positive family
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history for DM and African-American or Hispanic ethnicity
[9,14,15, 19,21]. Regarding the liver-transplant population,
some of the specific risk factors are HCV [9,15,18,19,22,23]
or CMV infection [21], immunosuppression with high-dose
corticosteroids [14,21,24,25] and the widespread use of
calcineurin inhibitors [14,15,18]. Grafts, procured from
donors, aged > 60 years [14], deceased donors [21], or donors
with histologically verified liver steatosis [26], increase the
risk of PLTDM.

Risk factors, related to the transplant procedure itself
are cold ischemic time longer than 9 hours [21], high-dose
corticosteroid induction [14], and early post-transplant
episode of acute graft rejection [12,19]. Recently there
has been a discussion, regarding the statin therapy [27],
perioperative hypomagnesemia [28], centripetal obesity [29]
and hyperglycemia in the first month after LT as possible risk
factors for PLTDM [21].

Post-liver transplantation diabetes mellitus is
multifactorial disorder. One of the most important links of
the pathogenic chain of this condition is the widespread use
of calcineurin inhibitors (CNIs) [30]. Calcineurin inhibitors
are a class of powerful immunosuppressive drugs, including
cyclosporine and tacrolimus (FK506), which revolutionized
organ transplantation, since their introduction. After they
are absorbed, they enter the cell cytoplasm and bind to
proteins from the immunofiln family. The formed complex
inhibits calcineurin - a calcium dependent serine-threonine
phosphatase associated with T-cell function and regulation
[31,32]. Calcineurin is a protein present not only in immune
cells, but in many other tissues [33]. In the pancreatic
islet cells it is responsible for the transcription of survival
factors, leading to beta-cell growth and proliferation [34].
In the adipose and muscle tissue, calcineurin is involved in
metabolic signaling pathways [9]. CNIs on the other hand
interfere with these processes and lead to beta-cell death
and peripheral insulin resistance.

Corticosteroids (CS) are other widely used drugs for
immunosuppression with a well-known hyperglycemic
effect. They interfere with the insulin signaling pathway,
reducing glycogenesis, while stimulating gluconeogenesis
and thus inducing fasting hyperglycemia. They reduce
tissue insulin sensitivity. Through upregulation of kinase - 1
protein, CS lead to membrane polarization and slow-down of
vesicle exocytosis from the pancreatic beta-cells [9].

Inhibitors of mammalian target of rapamycine (mTOR
inhibitors): sirolimus and everolimus are less frequently
used in the setting of liver transplantation. In the cell they
form a complex with the FK-binding protein (FK-BP) - the
target of tacrolimus and inhibit the mTOR protein [35]. Their
impact on glucose regulation seems to be less pronounced
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than that of CNIs [36].

The liver takes a central role in the glucose, lipid and
protein metabolism in the human body. This would suggest
that diseases, affecting the liver parenchyma may lead to
DM. This feature differentiates post-liver transplant diabetes
mellitus from the onset of DM after other solid organ
transplantations [37]. According to Stockmann, et al. [38], the
occurrence of PLTDM after LDLT isrelated to the graftfunction,
rather than the immunosuppressive therapy. Hepatitis C
virus (HCV) is a leading cause for liver transplantation and
a risk factor for diabetes mellitus. Studies show that chronic
HCV infection is positively associated with DM [15]. White, et
al. [39] documented that chronic HCV infection increases the
risk of DM with a factor of 1.7. Another leading cause for liver
transplantation is alcoholic liver disease. According to an
analysis by Knott, et al. [40] daily alcohol intake of more than
120 g significantly increases the risk for DM. Non-alcoholic
steato-hepatitis is increasingly more prevalent as a cause for
LT. It is associated with metabolic disturbances, known to be
risk factors of DM [41].

The field of transplantology is relatively recent and quite
progressive. To help guide decision-making in this quickly
evolving area, extensive databases have been created since
its dawn, with detailed information about the recipients
and the follow-up period. As a result, we are in dispose of
a large retrospective cohort and we can readily assess the
effect and outcome of certain conditions. PLTDM has been
extensively studied in that matter, with unequivocal evidence
of its detrimental effects on clinical outcome [42,43]. In an
analysis of The Scientific Registry of Transplant Recipients
(SRTR), Younossi, et al. [43] included 85,194 liver transplant
recipients, with a median follow up of 6.5 years, indicating
presence of pre-LT or post-LT DM as an independent
predictors of patient mortality. In a retrospective review,
Moon, et al. [42] showed statistically significant difference of
patient and graft survival (p = 0.012 and 0.004 respectively)
between the normal group and the sustained PLTDM group.
The 10-year patient survival was 78% and 69% respectively.

At the present time, cardio-vascular disease (CVD) is
one of the main causes of mortality among liver-transplant
patients [6]. A report from Johnston, et al. [44] stated that LT
recipients are at 2.6 times greater risk of mortality related
to CVD, compared to a matched cohort of non-transplant
population. PLTDM is also implicated in higher number
of acute rejection episodes [45,46], postoperative renal
insufficiency and infectious complications [9,47].

Diagnosis of PLTDM relies of the same criteria as DM in
the general population - fasting plasma glucose levels (FPG)
greater than 7 mmol/L (126 mg/dL) or plasma glucose
> 11.1 mmol/L (200 mg/dL) on the second hour of oral
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glucose-tolerance test (OGTT) [11]. From the immediate
post-transplant period until the first post-operative month
almost all patients experience hyperglycemia, requiring
intravenous or subcutaneous insulin administration. This
is due to the high-dose corticosteroid induction therapy,
surgical stress and pain [9,48]. Hyperglycemia can also
occur as a consequence of infection and critical conditions.
While this transient state is important prognostic factor
for future development of PLTDM [16,49], labeling it as
such is inappropriate. Accurate diagnosis of PLTDM can be
placed, when transplant recipients are discharged, with
reduced dosage of corticosteroids and stable maintenance
immunosuppression therapy. Screening for PLTDM in the
early follow-up period is paramount. It is important to be
noted that with LT-recipients post-prandial hyperglycemia
is more pronounced than the fasting state [9]. This is the
reason for the OGTT to be the preferred screening tool for
PLTDM. Moreover, glycated hemoglobin (HbAlc) is quite
an unreliable early marker, due to the supposed blood-
loss, hemotransfussions and the impaired renal function
in the peri-LT period [49]. The importance of recognition
of the pre-diabetic states - impaired glucose tolerance, IGT
(2h-post-OGTT plasma glucose levels between 7.7mmol/L
- 11.2 mmol/L) and increased fasting glucose, IFG (5.5-6.9
mmol/L) is in the context of their predictive value for future
development of PLTDM [16].

Meticulous glycemic control from the moment of the
transplant procedure is extremely important, for ensuring
better surgical outcomes. Studies show, that elevated
serum glucose values intraoperatively are associated with
higher frequency of infectious complications (48% vs 30
% in the group with tight glycemic control, p=0.02) and
increased 1-year mortality (21.9% vs. 8.8%, p=0.05) [50].
In another report, Park, et al. [51] stated, that intraoperative
hyperglycemia, over 11.1 mmlo/L (>200 md/dL) was
independently associated with surgical site infections.
Other studies have linked poor glycemic control with longer
periods of ICU - stay and longer time to wean off ventilation
support [52,53].

In a recent report, Boerner, et al. [49] have outlined the
specifics of hyperglycemia management of the transplanted
patients. In general, the aimed glucose values should be no
different than for the other patients. Although achieving
adequate control is more difficult, due to changing doses of
corticosteroids and other immunosuppressive medication,
the goals are 7.7 mmol/L-10 mmol/L (140-180 mg/dL)
in the ICU, outside the ICU < 7.7 mmol/L ( 140 mg/dL) for
fasting and < 10 mmol/L (180 mg/dL) for post-prandial.

Immediately after transplantation, the patients are
started on intravenous insulin infusion that should be
transitioned to subcutaneous administration as soon
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as the patient is started on enteral or dietary nutrition.
Calculating the initial insulin requirements based on
units per kilogram is not sufficiently reliable, because
of variations in immunosuppressive medication, renal
function, obesity and changing insulin resistance. Therefore,
glucose should be measured at bedside on a regular 4- or
6-hour intervals. Synchronizing intermediary or long-acting
insulin administration with the timing of corticosteroid
administration would allow dose titration in order to cover
the increased insulin requirements over that interval.

Overall multidisciplinary management with day-to day
titration of the insulin dose, according to changes of caloric
intake and immunosuppression is essential for achieving
the best results. During hospital stay, the transplant patient
should be evaluated for the need of ambulatory insulin
therapy, so that education of the patient and relatives for
glucose monitoring and insulin administration can be
initiated. Concerning the oral anti-diabetic drugs, there
are only a few studies, assessing their safety in transplant
patients and their use in early onset PLTDM is limited [9].
On the other hand, late onset PLTDM can be managed in a
stepwise manner of lifestyle modification, followed by oral
anti-diabetic drugs and finally inclusion of insulin therapy
[16,54]. As mentioned earlier, immunosuppressive drugs
have a profound influence over the pathogenesis of PLTDM.

Despite the revolution that was the discovery of calcineurin

inhibitors, corticosteroids, with their pronounced
diabetogenic effects, still remain the most used drugs for
induction of immunosuppression [55]. There are several
studies assessing the efficacy of non-steroid induction
therapy, but still more research is needed [9]. In the
literature there are reports evaluating different steroid-
withdraw protocols, demonstrating lower frequency of
PLTDM at the end of the follow-up period [56,57]. However,
arecent Cochrane Collaboration meta-analysis reported that
steroid-avoidance and early steroid-withdraw protocols are
associated with increased frequency of acute graft rejection
events [58]. Advancing research in this area should be done
in caution, as the minimal reduction of the post-transplant
DM frequency should not compromise graft survival [16,59].
Moreover, antirejection therapy itself is a risk factor for
PLTDM.

Clinical evidence clearly differentiates the influence
of different CNIs on glucose metabolism. Data from two
meta-analyses, comparing cyclosporine with tacrolimus
demonstrates lower risk of PLTDM with cyclosporine [60,61].
Nevertheless, tacrolimus demonstrated better survival rates
and lower frequency of acute rejection and hypertension
among recipients. Clearly the optimal immunosuppression
regiment has not been established yet. Now, as 50 years ago,
tackling the immune system continues to be the cornerstone
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of organ transplantation. While a lot has been achieved and
a lot of factors, adversely affecting patient and graft survival
have been determined, we are limited by the need to fool the
body’s defenses.

Conclusion

Post-liver transplantation diabetes mellitus is a frequent
metabolic complication, with well documented detrimental
effects on patient and graft survival. Patients at risk for
developing PLTDM should be identified and advised on
lifestyle modification and weightloss. Appropriate evaluation
of CVD and actions for reduction of the cardiovascular risk are
recommended. In the peri- and post-transplant period, strict
monitoring of the blood glucose levels, and management by
a multidisciplinary team is advocated in order to reduce the
probability of developing PLTDM and related complications.
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