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Introduction

The development of new-onset diabetes mellitus after

transplantation (NODAT) is a serious and frequent com-

plication in recipients of solid organ grafts. Cardiovascu-

lar morbidity and mortality [1], overall mortality, graft

failure [2], sepsis and medical costs [3] are significantly

increased in renal transplant recipients with NODAT.

Although the true incidence of NODAT has been difficult

to assess because of the heterogeneity of diagnostic crite-

ria used, a large-scale retrospective study reported a

cumulative incidence of NODAT of 9%, 16% and 24% at

3-, 12- and 36-month postrenal transplantation with a

significantly increased risk with tacrolimus (TRL) as ini-

tial maintenance immunosuppressive medication

(RR = 1.53) [2]. A meta-analysis of 16 randomized trials

also reported a significantly higher incidence of NODAT

in patients receiving TRL than with CsA (10.4% vs. 4.5%)

after solid organ transplantation [4]. Recently, a random-

ized controlled trial showed an incidence of treated new-

onset diabetes at 6 months of 8.9% in the cyclosporine A

(CsA) group and 16.8% in the TRL group (P = 0.005)

[5]. In addition to the classical risk factors known in the

general population, immunosuppressive drugs play an

important causal role in the occurrence of abnormalities

in glucose metabolism. Corticosteroids are diabetogenic

mainly by inducing insulino-resistance [6]. The calcineu-

rin inhibitor (CNI) TRL inhibits insulin secretion by

pancreatic b-cell cells [7]. The diabetogenic side-effect

of TRL might contribute to the persistent high risk of
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Summary

Tacrolimus (TRL) increases the incidence of new-onset diabetes mellitus after

transplantation (NODAT). Little is known about whether conversion from

TRL to cyclosporine A (CsA) improves glucose metabolism in patients with

NODAT. We retrospectively analysed glucose metabolism parameters in 54

TRL-treated renal transplant patients who developed NODAT. Thirty-four were

converted to CsA whereas 20 patients continued TRL. After conversion, fasting

plasma glucose decreased from 146 ± 64 to 104 ± 20 mg/dl (P < 0.0001) and

HbA1c levels decreased from 6.8 ± 0.8% to 6.0 ± 0.6% (P < 0.0001) after

1 year of follow-up. The remission rate of NODAT reached 42% (95% confi-

dence interval 24–59%) 1 year after conversion versus 0% in the control group

(P = 0.001). Blood pressure and lipid levels were stable after conversion

although the use of statins significantly increased (P < 0.01). The conversion

was safe in terms of graft function and acute rejection episodes. The 1-year

patient survival and graft survival rate were 100%. In conclusion, our results

suggest a significant improvement of glucose metabolism after conversion to

CsA in renal transplant patients with NODAT.
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NODAT in spite of the use of modern and efficient

immunosuppressive combinations that allow the use of

low doses or even withdrawal of steroids. Although CsA

is less diabetogenic than TRL, little is known about the

ability of a conversion from TRL to CsA to improve

glucose metabolism in patients with NODAT. Indeed, in

renal transplant patients this question has only been

addressed by two studies. However, the number of

patients studied was small, and the study endpoint was

not the reversal of diabetes but other measures of glycae-

mic control. In order to better assess the efficacy and

safety of a conversion strategy, we retrospectively

reviewed a cohort of 54 renal transplant recipients who

developed NODAT while being treated with TRL. Thirty-

four were converted to CsA, and the 20 patients who

were maintained on TRL served as controls. In addition,

we report a review of the literature on this issue.

Subjects and methods

To be included in this retrospective study, patients had

to meet the following criteria: 1/having received an

isolated kidney graft, 2/being treated with tacrolimus

(Prograft�; Astellas Pharma) as main immunosuppres-

sive agent and 3/having developed NODAT, with dia-

betes as defined by the 2003 diagnostic criteria of the

American Diabetes Association [fasting plasma glucose

(FPG) ‡126 mg/dl on at least two occasions] [8]. Only

cases of NODAT that persisted beyond the first month

were included. Two groups of patients with NODAT

were identified. The first corresponds to patients con-

verted from TRL to CsA (Neoral�; Novartis Pharma)

because of de novo diabetes (converted group, n = 34).

The second included patients who were not converted

and continued TRL (control group, n = 20). In practice,

the starting dose of CsA was between 3 and 5 mg/kg

according to the immunological risk of the patient. Dur-

ing the first post-transplant year, TRL trough levels were

targeted between 8 and 12 ng/ml and CsA trough levels

between 100 and 200 ng/ml. The patients were retro-

spectively identified with our computer database and

medical files at the outpatient clinic. We collected the

following data: patient baseline characteristics on the day

of transplantation, laboratory parameters including FPG,

HbA1c, serum creatinine and urea, cholesterol [total,

high-density lipoprotein (HDL) and low-density lipopro-

tein (LDL)], triglyceride levels, CsA and TRL trough

levels, several clinical parameters: weight, body mass

index (BMI), blood pressure, dose of immunosuppres-

sive, antihypertensive, lipid-lowering and glucose-lower-

ing medications. The creatinine clearance was calculated

with the Cockroft and Gault formula. The occurrence of

acute rejection episodes was also recorded. Data were

collected every 3 months for a period of 12 months.

Data collection was initiated at the time of conversion

(defined as t0) up to 1-year later for the converted

group and from the time of NODAT diagnosis (defined

as t0) up to 1-year later in the control group.

The aim of the study was to evaluate the efficacy and

safety of a conversion from TRL to CsA in case of

NODAT. The primary outcome was the proportion of

patients with reversible NODAT between t0 and

t12 months, defined as FPG <126 mg/dl without adminis-

tration of glucose-lowering medication.

Statistical analysis

Analyses were done on an intention-to-treat basis. Con-

tinuous data are expressed as mean ± standard devia-

tion (SD) or median with interquartile range (IQR)

and categorical data as proportions with 95% confi-

dence interval (CI). Comparisons between the two

groups were done by the Wilcoxon rank sum test or

the Fischer’s exact test as appropriate. Parameters dur-

ing time were compared by repeated measures anova

with treatment group as a between-subject factor in the

model. All statistical tests were two-sided and the level

of statistical significance was a P-value of the null

hypothesis <0.05.

Results

Patient characteristics and treatments

Among the 281 patients with tacrolimus-based immuno-

suppression, transplanted between August 1997 and

December 2005 and regularly followed in our centre, 54

patients (19.2% 95% CI 14.7–24.3%) developed

NODAT according to the 2003 ADA criteria. Thirty-

four were converted from TRL to CsA whereas 20 were

maintained on TRL. The main patient characteristics

relevant to NODAT are summarized in Table 1. The

proportion of patients with insulin or oral hypoglycae-

mic therapies was statistically not different (P = 0.082)

although there were numerically more patients treated

with hypoglycaemic agents at baseline in the control

group. There were no significant differences concerning

FPG at baseline, but HbA1c was significantly lower in

the control group (P = 0.005). This is probably due to

the fact that the duration of NODAT at the time of

inclusion (t0) was shorter in the control group [median:

19 days (IQR: 5–92) after transplantation] as compared

to 188 days (IQR: 107–276 days) for the conversion

group.

Calcineurin inhibitors dose and trough levels as well as

the prednisolone dose during the 1-year follow-up are

shown in Table 2. The mean CsA starting dose was
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3.9 mg/kg. One year after conversion, the average CsA

through level was 149 ng/ml. In the control group, the

average TRL trough level decreased from 11.7 ng/ml at

inclusion to 9.3 ng/ml 1-year later (P = 0.002) The dose of

prednisolone decreased during the 1-year follow-up from

7.2 to 5.0 mg/day in the converted group (P = 0.003), and

from 11.9 to 4 mg/day in the control group (P < 0.0001).

Steroids were completely withdrawn in seven out of 34

converted patients (21%) and in five out of 20 patients

who remained on TRL (25%); (P = NS).

Efficacy of switch to CsA on diabetes

After 12 months of follow-up, 42% (95% CI 24–59%)

of converted patients no longer had diabetes versus 0%

in the control group (P = 0.001). In the converted

group, insulin could be stopped in four out of 13 insu-

lin-treated patients, and the dose reduced in seven

patients [from 31 ± 17 units at conversion to

13 ± 12 units per day (P < 0.05) at 12 months]. In the

control group, all the initially untreated patients had to

start a hypoglycaemic treatment, mainly an oral agent

but two patients had to start insulin. The detailed glu-

cose parameters are shown in Table 3. In the converted

group, FPG decreased from 146 ± 64 mg/dl at the time

of conversion to 104 ± 21 mg/dl 12 months later

(P < 0.0001). Most of the reduction occurred early after

conversion. HbA1c levels decreased from 6.8 ± 0.8% to

6.0 ± 0.6% at 12 months (P < 0.0001). In the control

group, while FPG decreased from 154 ± 47 mg/dl at t0

to 124 ± 30 mg/dl 12 months later (P = 0.004), HbA1c

levels increased from 5.9 ± 1.1% to 6.8 ± 1.5% at

12 months (P = 0.035). At 12 months, between-group

comparisons showed that both FPG (P = 0.007) and

HbA1c (P = 0.06) were lower in the in the converted

group.

Safety issues

After conversion to CsA, creatinine clearance remained

stable (56 ± 16 ml/min at t0, 60 ± 20 ml/min at

12 months; P = NS) as did blood pressure and lipid lev-

els, although the use of statins significantly increased after

conversion (P < 0.01). BMI increased significantly in the

Table 1. Baseline characteristics of patients.

Converted group

(n = 34)

Control group

(n = 20) P-value

Sex ratio (F/M) 12/22 12/8 NS

Age in years

(mean ± SD)

50.7 ± 11.8 54.1 ± 11.6 NS

Hepatitis C status (+/)) 10/ 24 2/18 0.17

Body mass index

(mean ± SD)

25.6 ± 4.7 25.6 ± 4.9 NS

Glucose-lowering

therapy

No 17 (50%) 6 (30%) 0.082

Oral 4 (11.8%) 8 (40%)

Insulin 12 (35.3%) 5 (25%)

Insulin + oral 1 1

FPG (mg/dl) 146 ± 64 154 ± 47 NS

HbA1c (%) 6.8 ± 0.8 5.9 ± 1.1 0.005

NS, not significant; FPG, fasting plasma glucose.

Table 2. Immunosuppressive agents.

t0 +3

months

+6

months

+12

months P-value

Converted group (n = 34)

Mean CsA trough

level (ng/ml)

– 190 164 149 <0.0001

Mean CsA dose

(mg/kg/day)

3.9 3.4 3.0 2.8 <0.0001

Mean prednisolone

dose (mg/day)

7.2 6.3 5.3 5.0 0.003

Control group (n = 20)

Mean TRL trough

level (ng/ml)

11.7 11.1 11.2 9.3 0.002

Mean TRL dose

(mg/kg/day)

0.14 0.11 0.10 0.08 0.0002

Mean prednisolone

dose (mg/day)

11.9 5.5 4.9 4.0 <0.0001

TRL, tacrolimus; CsA, cyclosporine A.

P-value corresponds to within-group comparisons.

Table 3. Glucose metabolism

parameters.t0 +3 months +6 months +12 months P-value

Converted group (n = 34)

FPG (mg/dl) 146 ± 64 111 ± 26 106 ± 19 104 ± 21a <0.0001

HbA1c (%) 6.8 ± 0.8 6.6 ± 1.0 6.1 ± 0.6 6.0 ± 0.6b <0.0001

Control group (n = 20)

FPG (mg/dl) 154 ± 47 121 ± 25 121 ± 42 124 ± 30a 0.004

HbA1c (%) 5.9 ± 1.1 6.4 ± 1.4 6.7 ± 1.0 6.8 ± 1.5b 0.03

FPG, Fasting plasma glucose.

P-value corresponds to within-group comparisons. Between group comparisons: aP = 0.007 at

t + 12 months, bP = 0.06 at t + 12 months.
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converted group (25.6 at t0 vs. 26.7 at 12 months;

P < 0.0001) and remained stable in the control group

(25.6 at t0 vs. 25.9 at 12 months; P = NS). There were

three episodes of acute rejection in the control group and

two episodes in the conversion group. In the converted

group, rejection followed the conversion in one case

and for the other case, rejection occurred 1 year after

conversion. Graft and patient survival rates were 100% in

both groups at 1 year.

Literature review

In addition to the present series, five reports on conver-

sion from tacrolimus to CsA for adverse events in

transplant recipients have been published in the litera-

ture [9–13]. Four of these have provided data on glu-

cose metabolism which are summarized in Table 4. The

four studies differ in terms of their diagnostic criteria

for diabetes, the outcome measurements for the assess-

ment of glucose metabolism, the type of solid organ

transplanted, and were mostly of relatively small size

and uncontrolled. Only two studies exclusively con-

cerned renal transplant patients with NODAT [9,10].

Similar to our study, more than half of patients experi-

enced either resolution or a significant improvement of

diabetes after conversion from TRL to CsA in all previ-

ous reports. Nevertheless, our trial adds more arguments

for a significant beneficial effect on glucose metabolism;

first, we used accurate criteria for the diagnosis and the

remission of NODAT and second, it is the largest retro-

spective cohort of transplanted patients converted to

CsA for NODAT under TRL.

Discussion

In our retrospective study of renal transplant patients

with NODAT, conversion from TRL to CsA was associ-

ated with a significant improvement of glucose metabo-

lism. This strategy was efficient as reflected by a

reversibility of diabetes in about half of the patients. On

the other hand, in the control group (under TRL) no

patient had a reversal of diabetes, although hyperglyca-

emia was adequately controlled by glucose-lowering medi-

cations.

Our study has several shortcomings that have to be

acknowledged. It is a retrospective analysis that reflects a

single-centre experience of the incidence and management

of NODAT in TRL-treated renal transplant recipients

during a 9-year period. The intervention was not ran-

domly assigned and the sample of the cohort is modest

Conversion was rapidly perceived by the physicians of the

transplantation team as an efficient and safe approach to

manage patients with NODAT. It explains why 50% ofT
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patients in the converted group had no hypoglycaemic

treatment at the time of conversion.

Interestingly, in our study, the observed 42% remission

rate of diabetes corresponds to the approximately 50%

increase in risk of NODAT associated with TRL immuno-

suppression [1] and suggests that most of the diabeto-

genic effect of TRL is reversible. These results do not

provide a formal proof of a causal association between

conversion and improved glucose metabolism, as sponta-

neous reversal of NODAT in TRL-treated patients has

been previously reported [14]. However, our results sug-

gest that conversion has contributed to the observed ben-

efit: the maximum reduction in FPG and insulin

requirements occurred rapidly after conversion, suggesting

that TRL discontinuation had an important role in the

observed improvement of glucose homeostasis. The fact

that none of the patients in our control group normalized

glucose metabolism in spite of a slightly lower mainte-

nance dose of steroids is also in favour of a direct effect

of conversion.

As expected, conversion to CsA resulted in the need

for more antihypertensive drugs and more lipid-lower-

ing medications. However, blood pressure and lipid

levels remained very well controlled. Concerning

CsA-induced hypercholesterolemia, we have recently

shown that both total cholesterol and LDL-C was sig-

nificantly lower when patients received CsA and ator-

vastatin therapy as compared to the values observed

after conversion from CsA to TRL [15]. Conversion

from TRL to CsA was safe as graft function remained

stable during the follow-up period and only one acute

rejection episode was directly associated with the

change in CNI. The other acute rejection episode

observed in the converted group occurred 12 months

after the conversion and was probably caused by in-

compliance of the patient.

A recent review on the management of diabetes in

TRL-treated patients with NODAT advocated aggressive

lowering of both TRL and steroids [16]. However, the

safety of this approach in terms of prevention of acute

rejection has not been prospectively assessed and in our

cohort, priority was given to the reduction and with-

drawal of steroids.

Conclusions

In summary, our retrospective study and the literature

review suggest that conversion from TRL to CsA is a sim-

ple, cost-effective and efficient strategy to improve glucose

metabolism in renal transplant patients with NODAT that

persists after minimization of steroids and TRL. The

safety and efficacy of this intervention need to be con-

firmed in a prospective and randomized trial.
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