
is usually the agent of choice if long-term
immunosuppression is required.
Corticosteroid treatment has an effect
on carbohydrate and protein metabolism
and can induce diabetes by increasing
hepatic gluconeogenesis and decreasing
the body’s tissue responsiveness to
insulin (Young and Koda-Kimble, 1995;
Bialas and Routledge, 1998). Ariza-
Andraca et al (1998) state that steroid-
induced diabetes has been identified for
as long as 30 years.  This suggests that
PTDM could be classified as drug-
induced diabetes, i.e. secondary
diabetes.

Drug- or chemical-induced diabetes is
identified as being a rare type of diabetes
(Belchetz and Hammond, 2003). There is
evidence to suggest that the use of
corticosteroids is the main indicator for
the onset of diabetes related to drug-
induced diabetes (Hardy, 1998; Graber
and McDonald, 2000; Belchetz and
Hammond, 2003). Young and Koda-
Kimble (1995) agree and state that
corticosteroids are one of the most
common drug groups that may aggravate
pre-existing diabetes or may produce
hyperglycaemia or overt diabetes in
individuals who are not otherwise
predisposed. 

Cosio et al (2001) and Rao and Anderson
(1987) also support the view that PTDM is
drug-induced and state that PTDM is a
serious complication of transplantation
caused by immunosuppressive drugs. In

Diabetes mellitus is frequently
encountered in patients having
received a solid organ transplant,

with an estimated prevalence of 10–30 %
(Markell, 2001). Post-transplant diabetes
(PTDM), characterised by insulin
resistance and absent biphasic insulin
secretion from pancreatic beta-cells, is
commonly diagnosed after orthotopic liver
transplant  (Jindal, 1994; Navasa et al,
1996).  In liver transplant recipients, new
onset of diabetes mellitus is estimated to
occur in 9–21 % of recipients (John and
Thuluvath, 2002).

Rates of post-transplantation diabetes
are similar among liver, heart and kidney
transplant recipients and it has been
suggested that they share a common
aetiology. Some authors have suggested
that PTDM may be secondary to an
impaired insulin secretion or decreased
insulin sensitivity induced by drug
therapy used to prevent graft rejection
(Markell, 2001; Nieuwenhuis and Kirkels,
2001). 

Post-transplant medication and
complications

Treatment with corticosteroids

Corticosteroids are often used to treat
patients after organ transplantation.
Bialas and Routledge (1998) state that
corticosteroids are used as part of an
immunosuppressive therapy due to their
wide range of anti-inflammatory and
immunosuppressive effects. Prednisolone
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Cosio et al’s (2001) study, the patients were
on a triple therapy of ciclosporin,
azathioprine (Imuran) and prednisolone. 

The majority of patients who have
undergone liver transplantation at the
liver unit in the West Midlands receive a
triple therapy of immunosuppressive
medication. This usually takes the form
of tacrolimus (Prograf), azathioprine and
prednisolone. Any episodes of acute
rejection are treated with high-dose
prednisolone. However, Cosio et al’s
(2001) findings cannot be directly applied
to the liver unit patients as they
researched patients following renal
transplantation not liver transplantation.
It has been observed by others that early
steroid withdrawal has significantly
reduced the incidence of PTDM
(Ramirez et al, 1998; Everson et al, 1999;
Reding, 2000). 

In a more recent study, Aldosary et al
(2002) found that 24 % of patients studied
developed PTDM but that steroid dosage
was not predictive of PTDM. In fact, they
found that patients who were taking
tacrolimus had a greater incidence of
PTDM. This suggests that it is not only
steroid treatment that leads to PTDM:
other immunosuppressant medication
can also lead to PTDM. A further study
by Tueche (2003) supported these
findings.

Treatment with tacrolimus and
ciclosporin
It seems then, that it is not only the use
of prednisolone that can precipitate
diabetes. The use of both tacrolimus and
ciclosporin have also been associated
with an incidence of diabetes mellitus of
up to 40 % (Fernandez et al, 1999). Much
concern has been expressed regarding
the diabetogenic potential of both of
these immunosuppressive drugs in 
liver transplant patients. Greater
diabetogenicity of tacrolimus has been
reported in multicentre trials. Wyzgal et
al (2003) found that changing medication
from tacrolimus to ciclosporin resulted
in better glucose metabolism and
demonstrated a positive effect on the
diabetic state of patients with post-
transplant diabetes mellitus. This study

was carried out on renal transplant
recipients, however, and so may not be
representative of liver transplant
recipients. In contrast, in relation to liver
transplant recipients, Fernadez et al
(1999) found no evidence to suggest a
significantly higher diabetogenic effect of
tacrolimus compared to ciclosporin, but
they do highlight that both drugs can be
associated with diabetes after
transplantation. Navasa et al (1996) also
found a similar diabetogenic effect with
both drugs.

Konrad et al (2000) state that previous
studies have indicated that pancreatic beta-
cells are the primary targets for the
diabetogenic effects of tacrolimus and
ciclosporin. Animal and clinical studies have
also shown that tacrolimus can cause beta-
cell dysfunction and beta cell toxicity
(Tabasco-Minguillan et al, 1993;  Strumph et
al, 1995).

Is PTDM drug-induced 
diabetes?

From the research examined so far, 
the main cause of PTDM seems to be
related to the combination of
immunosuppressive drug therapy used to
prevent graft rejection. It can be argued
then that PTDM can also be classified 
as drug-induced diabetes, since the
evidence suggests it is the
immunosuppressive drugs that are
causing the diabetes.

However, Tueche (2003) also found in
his study that immunosuppression and
steroid dosage was not predictive of
diabetes but that there was a higher
incidence of  diabetes in those patients
who had had a liver transplant for
alcoholic liver disease. This suggests that
the incidence of diabetes in liver
transplant recipients cannot be solely
associated with immunosuppressive drug
therapy. 

Knobler et al (1998) support this view.
They subsequently found that patients
receiving transplants for hepatitis C had
a higher incidence of post-
transplantation diabetes. Bigam et al
(2000) have also found  that there was a
high prevalence of diabetes among liver
transplant recipients with hepatitis C.
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Conclusion
In conclusion, PTDM is common among
liver transplant recipients. It appears that
PTDM can be precipitated by
immunosuppressive drug therapy, namely
prednisolone, tacrolimus and ciclosporin.
There is evidence to suggest that all
three medications have a diabetogenic
effect.

However, it also appears that the
incidence of PTDM can be attributed to
different types of liver disease. There
seems to be a higher incidence of PTDM
associated with HCV, although other
forms of liver disease, such as alcoholic
liver disease and autoimmune hepatitis,
have also been found to be associated
with PTDM. It seems, then, that the
pathogenesis of post-transplant diabetes
is multifactorial and factors other than
immunosuppressive therapy may
contribute; therefore, PTDM cannot be
classified as drug-induced diabetes.

Much of the research examined in this
discussion has been carried out abroad
with very little in the UK. These research
findings can be applied generally, but more
work into the longer-term effects of
immunosuppression and diabetes could be
undertaken in the UK and would provide a
truer representation of people treated
here.

Complications of diabetes are likely to be
worse in liver transplant recipients because
commonly used immunosuppressive drugs
are known to precipitate diabetes and
accelerate the atherosclerosis. Renal
dysfunction also may be more common
because of the combined effects of diabetes
and immunosuppressive drugs. These
patients should therefore be monitored
very closely.                                       �

Aldosary AA, Ramji AS, Elliot TG et al (2002) Post-
liver transplantation diabetes mellitus: An
association with hepatitis C. Liver Transplantation
8(4):. 356–61

Ariza-Andraca C, Barile-Fabris LA, Frati-Muari AC,
Baltazar-Montufar P (1998) Risk factors for steroid
diabetes in rheumatic patients. Archives of medical
Research 29(3): 259–62

They compared patients with hepatitis B
virus (HBV), hepatitis C virus (HCV) and
cholestatic liver disease (CLD). Patients
with HCV had higher incidence of PTDM
(37 %) compared to HBV (15 %) and CLD
(5 %) on one year after transplantation.
However, Bigam et al (2000)
acknowledge that other forms of liver
disease requiring transplantation, such as
haemochromatosis, alcoholic liver
disease and autoimmune hepatitis are
also associated with diabetes. Other
authors have also found supporting
evidence that links HCV with diabetes
after transplantation (Grimbert et al,
1996; Caronia et al, 1999; Baid et al,
2001; Aldosary et al, 2002).  

Considering this evidence, PTDM cannot
be classified as drug-induced diabetes
because it is not solely related to
medication and can be attributed to a
number of factors, one of which is the type
of liver disease.

Complications of diabetes in liver
transplant patients

Diabetes is the commonest cause of
blindness in adults, a quarter of patients
require end-stage renal failure
management, and it is responsible for a
five-fold increase in risk of heart attacks,
which are more severe and more life
threatening (Shaw, 2003). John and
Thuluvath (2002) state that such
complications of diabetes are likely to be
worse in liver transplant recipients with
PTDM. The immunosuppressive drugs
are known to accelerate atherosclerosis
and can affect renal function in the
longer term. These drugs are also
associated with hypertension, high
cholesterol levels, weight gain and
cardiovascular disease (Stegall et al,
1997). The combined effects of diabetes
mellitus and immunosuppression can,
therefore, result in more advanced
complications. 

John and Thuluvath (2002) found that
there was a higher incidence of
complications in those patients with
PTDM. It is therefore vitally important
that people with PTDM are monitored
very closely to improve long-term
outcome. 

Journal of Diabetes Nursing Vol 9 No 3 2005108

PAGE POINTS

1PTDM cannot be
classified as drug-

induced diabetes because
it is not solely related to
medication.

2John and Thuluvath
(2002) state that

complications of diabetes
are likely to be worse in
liver transplant patients
with PTDM. 

3Immunosuppressive
drugs are known to

accelerate atherosclerosis,
can affect renal function,
and are associated with
hypertension, high
cholesterol, weight gain
and cardiovascular
disease.

4It is vitally important
that people with

PTDM are monitored
very closely to improve
long-term outcome.

5PTDM is common
among liver

transplant recipients.

JDN93pg106-109  3/18/05  5:18 PM  Page 3



POST-TRANSPLANT DIABETES MELLITUS AFTER LIVER TRANSPLANT

Baid S, Cosimi AB, Farrell ML et al (2001) Post-
transplant diabetes mellitus in liver transplant
recipients: Risk factors, temporal relationship with
hepatitis C virus allograft hepatitis, and impact on
mortality. Transplantation 72: 1066–72

Belchetz P, Hammond P (2003) Mosby’s Colour Atlas
and Text of Diabetes and Endocrinology. London,
Mosby

Bialas MC, Routledge PA (1998) Adverse effects of
corticosteroids. Adverse Drug Reactions and
Toxicology Reviews 17: 227–35

Bigam DL, Pennington JJ, Carpentier A et al (2000)
Hepatitis C-related cirrhosis: A predictor of diabetes
after liver transplantation. Hepatology 32: 87–90

Caronia S, Taylor K, Paglario L (1999) Further
evidence for an association between non-insulin
dependent diabetes mellitus and chronic
hepatitis C virus infection. Hepatology 30:
1059–63

Cosio FG, Pesvento TE, Oset K, Henry ML, Ferguson
RM (2001) Post-transplant diabetes mellitus:
Increasing incidence in renal allograft recipients
transplanted in recent years. Kidney International 59:
732–37

Everson GT, Trouillot T, Wachs M, Bak T, Steinberg T,
Kam I, Shrestha R, Stegall M (1999) Early steroid
withdrawal in liver transplantation is safe and
beneficial. Liver Transplantation and Surgery 5(4):
S48–S57

Fernandez L, Lehmann R, Luzi L, Battezzati A,
Angelico MC, Ricordi C, Tzakis A, Alejandro R
(1999) The effects of maintenance doses of FK506
vs cyclosporin A on glucose and lipid metabolism
after orthoptic liver transplantation. Transplantation
68: 1532–41

Graber AL, McDonald T (2000) Newly identified
hyperglycaemia among hospitalized patients.
Southern Medical Journal 93(11): 1070–72

Grimbert S, Valensi P, Levy-Marchal C (1996) High
prevalence of diabetes mellitus in patients with
chronic hepatitis C. A case control study.
Gastroenterology Clinical Biology 20: 544

Hardy J (1998) Corticosteroids in palliative care.
European Journal of Palliative Care 5: 46–50

Jindal R (1994) Post-transplant diabetes mellitus: a
review. Transplantation 58: 1289–98

John PR, Thuluvath PJ (2002) Outcome of patients
with new-onset diabetes mellitus after
transplantation compared to those without
diabetes mellitus. Liver Transplantation 8: 708–13

Knobler H, Stangnaro-Green A, Wallstein S, Scwartz
M, Roman SH (1998) Higher incidence of diabetes
in liver transplant recipients with hepatitis C.
Journal of Clinical Gastroenterology 26: 30–33

Konrad T, Steinmuller T, Vicini P et al (2000)
Regulation of glucose tolerance in patients after
liver transplantation. Transplantation 69:
2072–78

Markell MS (2001) Post transplant diabetes:
Incidence, relationship to choice of
immunosuppressive drugs, treatment and
protocol. Advanced Renal Replacement Therapy 8:
64

Navasa M, Bustamente J, Marroni C et al (1996)
Diabetes mellitus after liver transplantation:
prevalence and predictive factors. Journal of
Hepatology 25: 64–71

Nieuwenhuis MG, Kirkels JH (2001) Predictability and
other aspects of post-transplant diabetes mellitus in
heart transplant recipients. Journal of Heart and Lung
Transplant 20: 703–08

Ramirez CB, Sebayel MI, Kizilisik T (1998) Early
steroid withdrawal after liver transplantation.
Transplantation Proceedings 30: 318–83

Rao KV, Anderson RC (1987) The impact of diabetes
on vascular complications following cadaver renal
transplantation. Transplantation 43: 193–97

Reding R (2000) Steroid withdrawal in liver
transplantation: Benefits, risks and unanswered
questions. Transplantation 70: 405–10

Shaw KM (2003) Reforming the NHS: Can the
Government deliver? Practical Diabetes International
20: 35–36

Srumph P, Kirsch D, Gooding W, Carrol P (1995) The
effect of FK506 on glycaemic response as assessed
by the hyperglycaemic clamp technique.
Transplantation 60: 147–51

Stegall M, Everson G, Schroter G et al (1997)
Prednisolone withdrawal late after liver
transplantation reduces diabetes, hypertension and
hypercholesterolemia without causing graft loss.
Hepatology 25: 173–77

Tabasco-Minguillan J, Mieles L, Carrol P, Gavaler J, Van
Theil D, Starzl TE (1993) Insulin requirements after
transplantation and FK506 immunosuppression.
Transplantation 56: 862–67

Tueche SG (2003) Diabetes mellitus after liver
transplant, new etiologic clues and cornerstones
for understanding. Transplant Proceedings 35:
1466–68

Wyzgal J, Oldakowska-Jedynack U, Paczek L et al
(2003) Post-transplantation diabetes mellitus under
calcineurin inhibitor. Transplantation Proceedings 35:
2216–18

Young L, Koda-Kimble M (eds) (1995) Applied
Therapeutics: The Clinical Use of Drugs. 6th ed,
Vancouver, Applied Therapeutics Inc

Journal of Diabetes Nursing Vol 9 No 3 2005 109

JDN93pg106-109  3/18/05  5:18 PM  Page 4


