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Summary

New-onset diabetes mellitus (NODAT) is a serious complication following renal

transplantation. In this cohort study, we studied 118 nondiabetic renal transplant

recipients to examine whether indices of insulin resistance and secretion calcu-

lated before transplantation and at 3 months post-transplantation are associated

with the development of NODAT within 1 year. We also analysed the long-term

impact of early diagnosed NODAT. Insulin indices were calculated using homeo-

stasis model assessment (HOMA) and McAuley’s Index. NODAT was diagnosed

using fasting plasma glucose. Median follow-up was 11 years. The cumulative

incidence of NODAT at 1 year was 37%. By logistic regression, recipient age (per

year) was the only significant pretransplant predictor of NODAT (OR 1.04, CI

1.009–1.072), while age (OR 1.04, CI 1.005–1.084) and impaired fasting glucose

(OR 2.97, CI 1.009–8.733) were significant predictors at 3 months. Pretransplant

and 3-month insulin resistance and secretion indices did not predict NODAT.

All-cause mortality was significantly higher in recipients developing NODAT

within 1 year compared with those remaining nondiabetic (44% vs. 22%, log-

rank P = 0.008). By Cox’s regression analysis, age (HR 1.075, CI 1.042–1.110),
1-year creatinine (HR 1.007, CI 1.004–1.010) and NODAT within 3 months (HR

2.4, CI 1.2–4.9) were independent predictors of death. In conclusion, NODAT

developing early after renal transplantation was associated with poor long-term

patient survival. Insulin indices calculated pretransplantation using HOMA and

McAuley’s Index did not predict NODAT.

Introduction

Post-transplant hyperglycaemia and new-onset diabetes

after transplantation (NODAT) are common and impor-

tant complications following organ transplantation [1]. In

particular, NODAT has been shown to be associated with

major cardiac events and increased mortality in kidney

transplant recipients (KTRs) [1–3]. Certain traditional risk

factors such as age, ethnicity and obesity, and transplant-

specific risk factors such as steroids and calcineurin inhibi-

tors (CNIs) are known to play a role in the causation of

NODAT [4]. A few pretransplant risk factors have been

used in attempts to predict the development of NODAT in

KTRs, so that potential recipients at risk can be identified

early and interventions started [5, 6]. Indeed, active lifestyle

intervention with dietician advice and exercise programme

has been shown to improve glucose metabolism in KTRs

[7].

The pathophysiology of NODAT is similar to that of type

2 diabetes mellitus (DM). Defects in insulin secretion and

insulin resistance both occur post-transplantation, but

b-cell dysfunction seems to play the dominant role in caus-

ing NODAT [8, 9]. Insulin resistance and secretion can be

estimated by the homeostasis model assessment (HOMA),

which uses single fasting plasma glucose (FPG) and insulin

measurements [10]. This model has been validated against

gold-standard techniques for measuring insulin resistance

and secretion. McAuley’s Index is another equation which
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estimates insulin sensitivity values that closely correlate

with those obtained from gold-standard techniques [11].

These indices are simple and easy to calculate and hence

are useful to estimate insulin resistance in large studies. In

the general population, insulin resistance and secretion

values estimated by HOMA have been used to predict the

future development of type 2 DM [12,13]. While two stud-

ies found that HOMA was useful in predicting the develop-

ment of type 2 DM [12, 13], one Korean study questioned

the utility of HOMA in predicting DM [14].

Previous studies from our group and others have vali-

dated the HOMA model and McAuley’s Index against more

complex gold-standard methods in stable KTRs treated

with tacrolimus and cyclosporin [15, 16]. HOMA has also

been validated in patients with chronic kidney disease

treated with dialysis [17, 18]. However, the utility of

HOMA in predicting NODAT is unknown in the renal

transplant population.

Previous studies on the impact of NODAT on patient

survival have used indirect criteria such as insurance

records, medication use or random blood glucose to diag-

nose diabetes. The long-term effect of NODAT diagnosed

early after transplantation using FPG and WHO criteria is

not clearly known.

The primary aim of this study was to determine whether

insulin resistance indices calculated pretransplantation and

early after transplantation can predict the development of

NODAT in KTRs. We also sought to determine the effect

of early-onset NODAT (diagnosed based on fasting glu-

cose) on long-term patient survival.

Materials and methods

Study population

This was a single centre cohort study with a median follow-

up of 11 years. Patients were derived from a larger group of

150 patients who received a deceased donor renal allograft

as part of a randomized trial of tacrolimus versus cyclospo-

rin undertaken between 1996 and 2001 at the University

Hospital of Wales, Cardiff, UK. Patients were assigned

randomly on a 1:1 basis to receive either tacrolimus- or

cyclosporin-based triple therapy immunosuppression. The

study obtained approval from the local research ethics

committee. All 118 patients in this study met the following

inclusion criteria: (i) age 18–80 years and (ii) no history of

T2 DM and fasting glucose <7.0 mmol/l on at least two

occasions in the year before transplantation.

Immunosuppression regimen

Patients randomized to cyclosporin were given Neoral®

(Novartis Pharma AG, Basel, Switzerland) 8 mg/kg/day, in

two divided doses to maintain trough drug levels of

150–250 ng/ml for the first postoperative month and 100–
150 ng/ml thereafter. Individuals randomized to tacrolimus

were prescribed Prograf® (Astellas Pharma, Tokyo, Japan)

at a dose of 0.2 mg/kg/day, in two divided doses with target

trough levels of 5–15 ng/ml for the first month and

5–10 ng/ml thereafter. In addition to the primary agents,

both groups also received methylprednisolone (500 mg)

intravenously per-operatively. Both groups received azathi-

oprine (1.5 mg/kg/day) and prednisolone (20 mg/day).

Prednisolone dose was tapered according to departmental

protocol, so that all patients not experiencing an acute

rejection (AR) episode were steroid free by 3 months, while

individuals experiencing rejection continued taking

5 mg/day for at least 1 year.

Treatment of acute rejection episodes

All clinically suspected AR episodes were confirmed by an

ultrasound-guided allograft biopsy, with histological classi-

fication carried out according to the Banff ‘97 criteria. All

patients with histologically confirmed AR episodes were

treated initially with intravenous steroid boluses (500 mg

of methylprednisolone) on three consecutive days. For

patients randomized to cyclosporin, in the presence of ste-

roid resistant rejection, a switch from cyclosporin to tacrol-

imus was performed, and in the case of further rejection

episodes, azathioprine was substituted by mycophenolate

mofetil. In the presence of persisting rejection, anti-thymo-

cyte globulin (ATG) was given. Patients in the tacrolimus

arm of the study who experienced steroid resistant rejection

were directly commenced on mycophenolate mofetil fol-

lowed by ATG therapy if required.

Data collection

Follow-up data were obtained from the renal database (Pro-

ton) used at the University Hospital of Wales. Data were

collected until 30 June 2010, loss of graft or death. Fasting

metabolic parameters including plasma glucose, insulin and

triglyceride levels were measured pretransplantation, and

then at 3 and 12 months after transplantation. Fasting glu-

cose tolerance was determined from FPG values according

to the 1999 WHO classification [19] (NODAT diagnosed if

FPG � 7.0 mmol/l or pharmacological treatment for

DM). Cardiovascular cause of death was defined as death

because of myocardial infarction, cerebral haemorrhage,

cerebral infarct or cardiac arrest because of unknown cause.

Insulin resistance indices

The following indices were calculated at baseline (pre-

transplantation), 3 months and 12 months after transplan-

tation -
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1. IR-HOMA [10] (homeostasis model assessment of

insulin resistance) = FPG (mmol/l) 9 fasting plasma insu-

lin (FPI) (mU/l)/22.5

2. McAuley’s Index [11] = exp (2.63 � 0.28 ln[FPI {mic-

rounits/ml}] � 0.31 9 ln[triglycerides {mmol/l}])

3. HOMA secretion index (HOMAsec) [10] = 20 9 FPI

(mU/l)/(FPG [mmol/l] – 3.5)

IR-HOMA is a surrogate marker for insulin resistance.

A high value of IR-HOMA indicates a higher level of insu-

lin resistance and lower level of insulin sensitivity [10].

McAuley’s Index is a measure of insulin sensitivity [11].

HOMAsec indicates insulin secretion function for a given

level of insulin resistance.

Statistical analysis

Continuous data were analysed using t-tests or appropriate

nonparametric tests. Categorical data were analysed using

Chi-squared test or Fisher’s exact test as appropriate.

Patient survival was analysed using Kaplan–Meier method

and Cox’s proportional hazards regression model. Risk fac-

tors for NODAT were identified using a logistic regression

model. Factors with a P-value <0.1 for the odds ratio in

univariate analysis were entered into the multivariate

model. PASW18 (SPSS Inc., Chicago, IL, USA) was used

for statistical analysis. A P-value of <0.05 was used to deter-

mine significance.

Results

The cumulative incidence of NODAT at 3 months,

12 months and 10 years post-transplantation was 25

(21%), 44 (37%) and 48 (42%), respectively. Median fol-

low-up was 11 years (range 10–15 years). Baseline charac-

teristics of patients who developed NODAT in the first year

and those who remained nondiabetic are shown in Table 1.

Only two patients were non-Caucasian. Patients who devel-

oped NODAT were significantly older than those who

remained nondiabetic (mean 52 � 12 vs. 46 � 14 years,

P = 0.01). A numerically higher proportion of patients

developing NODAT were on tacrolimus at baseline (59%

vs. 43%, P = 0.09). Baseline BMI was similar in both

groups.

Although the proportion of patients experiencing at least

one AR episode in the first year was higher in patients

developing NODAT than in nondiabetic patients, this was

not statistically different [22 (50%) vs. 27 (37%),

P = 0.15]. Nine recipients suffered two rejection episodes

(6/44 in NODAT vs. 3/74 in nondiabetics) and one recipi-

ent suffered three rejection episodes (NODAT group).

However, the mean number of AR episodes per patient in

the first year was significantly higher amongst NODAT

patients (0.7 vs. 0.4, P = 0.04). In 20 of 22 patients with

NODAT and AR, the rejection episode occurred first. In

general, recipients with AR by 3 months did not have a sig-

nificantly higher insulin resistance at 3 months compared

with those without AR (Table S1). Recipients who suffered

AR and developed NODAT had an early increase in insulin

resistance (by 3 months). In contrast, those recipients who

did not suffer AR but still developed NODAT demon-

strated a higher insulin resistance only by 12 months post-

transplantation (Tables S2 and S3).

There was no difference in the number of patients receiv-

ing prednisolone at 3 months (NODAT 73% vs. nondi-

abetics 76%, P = 0.7) or 1 year (NODAT 56% vs.

nondiabetics 49%, P = 0.5). Nine patients needed treat-

ment with anti-diabetic medication; all nine patients were

on tacrolimus at baseline and at follow-up.

Differences in insulin resistance and secretion indices

between NODAT and nondiabetic patients

Table 2 shows the values for HOMAsec, IR-HOMA and

McAuley’s Index in patients who developed NODAT and

those who remained nondiabetic in the first year after

transplantation. There were no differences in pretransplant

insulin resistance or secretion index between the two

groups of patients. Median HOMAsec was significantly

lower in patients with NODAT at 12 months compared

with nondiabetics (88 vs. 125, P = 0.05). At 3 and

12 months after transplantation, patients who developed

NODAT had a significantly higher IR-HOMA compared

with nondiabetic patients (median 6.0 vs. 2.8, P = 0.008

and 4.8 vs. 2.6, P = 0.01 respectively).

In within group analyses, amongst NODAT patients,

HOMAsec did not change significantly from baseline to 3

Table 1. Baseline characteristics of recipients who developed new-

onset diabetes (NODAT) and those who remained nondiabetic in the

first year after transplantation.

NODAT

(n = 44)

Non-NODAT

(n = 74) P

Age at transplant in years

(mean � 1SD)

52 � 12 46 � 14 0.01

Gender: male, n (%) 32 (73) 44 (60) 0.14

BMI in kg/m² (mean � 1SD) 26.2 � 4.5 26.1 � 4.2 0.9

Fasting plasma glucose

(mmol/l, mean � 1SD)

5.4 � 0.9 5.3 � 0.7 0.55

Fasting plasma insulin in mU/l,

median (range)

12 (3–41) 14 (3–43) 0.15

Fasting triglycerides in mmol/l,

median (range)

1.8 (0.4–5.5) 1.7 (0.5–7.5) 0.85

Baseline CNI (n)

Cyclosporin 18 42 0.09

Tacrolimus 26 32

BMI, body mass index; SD, standard deviation; CNI, calcineurin inhibitor.
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and 12 months (131 vs. 136, P = 0.37 and 131 vs. 88,

P = 0.85 respectively). However, IR-HOMA at 3 and

12 months was significantly higher compared with baseline

(median 6 vs. 3, P = 0.001 and 4.8 vs. 3, P = 0.008 respec-

tively). In contrast, amongst the nondiabetic patients, nei-

ther HOMAsec nor IR-HOMA changed significantly by 3

and 12 months compared with baseline (HOMAsec 166,

135, 125 and IR-HOMA 3.3, 2.8, 2.6 at baseline, 3 months

and 12 months respectively; P = NS for all comparisons

with baseline).

Change in insulin parameters according to baseline CNI

HOMAsec and McAuley’s Index at 3 and 12 months were

not significantly different compared with pretransplant val-

ues in either CNI group (Table 3). In tacrolimus-treated

patients, IR-HOMA was significantly higher at 3 and

12 months compared with baseline, whereas this was not

the case in cyclosporin-treated patients. Furthermore, there

was no difference in HOMAsec between tacrolimus and

cyclosporin-treated patients at 3 (median 137 vs. 137,

P = 0.8) or 12 months (115 vs. 125, P = 0.5).

Risk factors for developing NODAT

Logistic regression analysis was carried out to determine

factors predicting NODAT. In the first model, the following

pretransplant factors were included with NODAT in the

first year (n = 44) as the dependent variable – age, gender,

BMI, baseline CNI, fasting triglycerides, fasting glucose tol-

erance (NFG or IFG with FPG � 5.6 mmol/l as cut-off),

fasting insulin and baseline insulin indices (IR-HOMA,

HOMAsec & McAuley’s Index). On univariate analysis, age

and baseline CNI were significant predictors of NODAT in

the first year. On multivariate analysis, only age was a sig-

nificant factor (OR 1.04, 95% CI 1.009–1.072).
In the second model, logistic regression analysis was car-

ried out to see whether any factors at 3 months post-trans-

plantation were associated with the development of

NODAT after 3 months (n = 23). The following factors

Table 2. Comparison of insulin parameters at baseline, 3 months and 12 months between recipients who developed new-onset diabetes (NODAT)

and those who remained nondiabetic in the first year.

Pretransplantation 3 months 12 months

NODAT

n = 44

Non-NODAT

n = 74 P

NODAT

n = 44

Non-NODAT

n = 74 P

NODAT

n = 40

Non-NODAT

n = 74 P

IR-HOMA 3.0 (0.6–11.0) 3.3 (0.8–10.7) 0.18 6.0 (1.0–40.0) 2.8 (1.1–13.1) 0.008 4.8 (0.6–32.0) 2.6 (0.7–9.5) 0.01

HOMAsec 131 (41–666) 166 (40–916) 0.18 136 (30–2340) 135 (31–896) 0.29 88 (23–500) 125 (36–1953) 0.05

McAuley’s Index 5.6 (3.1–11.0) 5.4 (3.2–10.6) 0.50 4.7 (2.4–8.3) 5.8 (2.7–9.3) 0.05 5.8 (3.0–12.0) 6.0 (2.7–9.5) 0.40

Plasma glucose, mmol/l 5.6 � 1.1 5.5 � 1.0 0.70 6.9 � 1.7 5.6 � 0.7 <0.001 7.1 � 1.9 5.5 � 0.8 <0.001

Plasma insulin, mU/l 12 (3–41) 14 (3–43) 0.15 17 (3–87) 13 (5–161) 0.01 16 (3–154) 13 (4–122) 0.37

S. cholesterol, mmol/l 5.6 � 1.5 5.4 � 1.3 0.58 5.3 � 1.5 5.7 � 1.1 0.15 5.6 � 1.4 5.5 � 1.2 0.74

S. triglycerides, mmol/l 1.8 (0.4–5.5) 1.7 (0.5–7.5) 0.85 1.8 (0.8–5.4) 2.0 (0.8–6.4) 0.56 2.1 (0.7–5.2) 1.5 (0.5–13.2) 0.51

S. low density lipoprotein,

mmol/l

3.3 � 1.2 3.4 � 1.1 0.74 3.2 � 1.2 3.3 � 1.0 0.62 3.1 � 1.0 3.3 � 1.0 0.52

Creatinine clearance,

ml/min

57 � 24 55 � 17 0.54 60 � 26 59 � 19 0.90

Body mass index, kg/m2 26.2 � 4.5 26.1 � 4.2 0.90 26.3 � 4.3 26.2 � 4.3 0.93 27.1 � 4.7 26.9 � 4.4 0.88

B. haemoglobin, g/dl 9.8 � 1.8 10.1 � 1.9 0.46 11.7 � 1.6 11.7 � 1.8 0.90 13.4 � 1.8 13 � 1.8 0.24

Values are expressed as median (range) or mean � 1 standard deviation.

IR-HOMA, homeostasis model assessment of insulin resistance; HOMAsec, HOMA secretion index.

Table 3. Differences in insulin parameters according to baseline calcineurin inhibitor (CNI)* (3- and 12-month median values were compared with

baseline values for each CNI).

IR-HOMA HOMAsec McAuley’s Index

Baseline 3 months 12 months Baseline 3 months 12 months Baseline 3 months 12 months

Cyclosporin, n = 43 3.9 2.9† 3.5† 174 137† 125† 5.2 4.8† 5.6†

Tacrolimus, n = 55 2.6 3.5‡ 4.1‡ 133 137† 115† 5.8 5.5† 5.9†

IR-HOMA, homeostasis model of assessment insulin resistance; HOMAsec, HOMA secretion index.

*Recipients who had a switch of CNI within 12 months of transplantation are excluded from this analysis.

†P > 0.05 compared with baseline.

‡P < 0.05 compared with baseline.
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were included in the univariate analysis – age, gender, BMI,

type of CNI, steroid use (yes or no), AR within 3 months,

fasting triglycerides, fasting glucose tolerance (NFG or

IFG), fasting insulin and insulin indices (IR-HOMA, HO-

MAsec & McAuley’s Index). In both univariate and multi-

variate analysis, only age (OR 1.04, 95% CI 1.005–1.084)
and IFG (OR 2.97, 95% CI 1.009–8.733) were significant

predictors.

Survival analysis

During follow-up, 35 patients died (30%). All-cause mor-

tality was higher in the NODAT group (44%) compared

with that in the nondiabetic group (22%, P = 0.01). Causes

of death were known in all patients and are shown in

Table 4. There was no difference in death rates because of

cardiovascular when compared with other causes (P = 0.3).

There was also no difference in the proportion of cardio-

vascular deaths between the two groups (P = 0.4).

Figure 1 shows the Kaplan–Meier estimates for patient

survival in patients with and without NODAT in the first

year after transplantation. Patients with NODAT had sig-

nificantly worse survival after a median follow-up of

11 years (log-rank test P = 0.008). It is worth noting that

the survival curves in Fig. 1 start to diverge after only about

4 years post-transplantation.

Cox’s proportional hazards regression analysis was per-

formed to analyse variables correlated with decreased sur-

vival (Table 5). In univariate analysis, the following

variables were associated with decreased survival: higher

age at transplant, higher S. creatinine at 12 months, NO-

DAT within 3 months and NODAT within 12 months. On

multivariate analysis, age, S. creatinine at 12 months and

NODAT within 3 months were significant factors. Other

variables that did not correlate significantly with patient

survival included gender, pretransplant FPG, FPG at 3 and

12 months, IR-HOMA at baseline or 3 months, BMI at

baseline or 12 months, AR, prednisolone use at 3 or

12 months and cumulative methylprednisolone dose.

Discussion

Using simple and validated indices of insulin sensitivity and

secretion, we have demonstrated increasing insulin resis-

tance and a lack of compensatory increase in insulin secre-

tion in patients who developed NODAT following renal

transplantation. However, insulin indices calculated pre-

transplantation or early post-transplantation were not asso-

ciated with the development of NODAT. We also found that

NODAT developing within 1 year of transplantation

decreased the probability of long-term patient survival.

Table 4. Causes of deaths.

NODAT (n = 44) Non-NODAT (n = 74)

Total deaths 19 16

Cardiovascular 3 6

Infection 5 5

Malignancy 5 2

Other 6 3

Table 5. Cox’s proportional hazards regression model for all-cause mortality.

Univariate Multivariate

Hazard ratio 95% CI P Hazard ratio 95% CI P

Recipient age (per year) 1.07 1.04–1.10 <0.001 1.06 1.02–1.09 0.001

NODAT in 3 months* (yes) 2.52 1.27–5.01 0.008 2.26 1.08–4.73 0.03

NODAT in 1 year (yes) 2.24 1.16–4.32 0.016 1.67 0.82–3.38 0.17

S. creatinine at 12 months (per lmol/l) 1.007 1.004–1.009 <0.001 1.007 1.004–1.01 <0.001

*Entered into multivariate model without “NODAT in 1 year”.

CI, confidence interval.

P = 0.008 

Figure 1 Kaplan–Meier estimates of patient survival in recipients with

NODAT and those who remained nondiabetic in the first year after

transplantation.
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Changes in insulin resistance and secretion that occur

after renal transplantation have been previously described

using complex techniques such as the short insulin toler-

ance test [8], clamp methods [9] and oral glucose tolerance

test [20, 21]. These methods are time consuming, invasive

and not practical for large-scale studies or routine clinical

use. Using insulin indices such as those calculated from

HOMA have an advantage of being simple and easy to use.

Our findings on changes in insulin parameters detected

using HOMA are consistent with other studies that have

used gold-standard techniques to measure insulin

resistance and secretion [21, 22]. Although a decline in

insulin secretion has been shown consistently in patients

developing NODAT, the evidence for increasing insulin

resistance is conflicting. Nam et al., using the insulin sensi-

tivity index derived from the short insulin tolerance test,

found that in comparison to pretransplantation, there was

an improvement in insulin sensitivity 9 to 12 months after

transplantation in patients who remained normoglycaemic

as well as in those who developed NODAT [8]. Sato et al.,

using a modified euglycaemic hyperinsulinaemic clamp

technique, found no improvement in insulin sensitivity at

5 weeks after transplantation in patients treated with either

cyclosporin or tacrolimus [23]. In contrast, Hornum et al.

demonstrated deterioration in insulin sensitivity (calcu-

lated from an OGTT) by 12 months post-transplantation

[24].

In this study, we found that in patients who maintained

normoglycaemia, insulin resistance remained relatively sta-

ble, whereas in those who developed NODAT, insulin resis-

tance increased in the first year compared with

pretransplantation. As insulin resistance and secretion

share a hyperbolic relationship with each other [25], a lack

of increase in insulin secretion in patients with NODAT in

the presence of increasing insulin resistance suggests

pancreatic beta-cell deficiency. This is particularly evident

by 12 months post-transplantation when HOMAsec is sig-

nificantly lower in NODAT patients compared with those

without NODAT (Table 2). We found an early increase in

insulin resistance in KTRs with AR who developed

NODAT, in contrast to a later increase in resistance in

those without AR who developed NODAT (Tables S2 and

S3). These results are interesting and support the hypothe-

sis that AR and steroid treatment lead to an increase in

insulin resistance and thus NODAT in the absence of a cor-

responding increase in insulin secretion. However, it has to

be noted that this is based on a subgroup analysis and the

results have to be interpreted with caution.

In the general population, insulin resistance and insulin

secretion calculated by HOMA have been shown to predict

the future development of type 2 DM [12, 13]. However, in

one large epidemiological study in Korea, HOMA secretion

index did not predict the development of diabetes [14]. In

this study, pretransplant insulin resistance and secretion

did not differ between the patients who went on to develop

NODAT and those who remained nondiabetic. Also, a high

IR-HOMA or low HOMAsec at either baseline or 3 months

post-transplantation was not associated with the develop-

ment of NODAT. There are a few possible explanations for

this negative result. First, this study may have been under-

powered to identify the indices as potential risk factors, but

the lack of even a trend towards an association, and the fact

that median pretransplant IR-HOMA was in fact numeri-

cally lower in the NODAT group, makes this less likely.

Second, HOMA equation used to calculate IR-HOMA and

HOMAsec contains plasma glucose and insulin. IR-HOMA

and insulin level were almost perfectly correlated

(r = 0.98). As the level of plasma glucose (as IFG) but not

insulin was a significant factor associated with the develop-

ment of NODAT, including IR-HOMA in the regression

analysis only decreases the effect of glucose. Therefore,

insulin resistance and secretion as estimated by HOMA

may not predict NODAT. The effects of renal transplanta-

tion and immunosuppression on insulin resistance in indi-

vidual patients are variable. In other words, insulin

resistance might have changed after transplantation, thus

modulating the risk of NODAT.

The incidence of NODAT was 37% in the first year post-

transplantation. This incidence is higher compared with

that reported by other studies randomizing KTRs to receive

either cyclosporin or tacrolimus [26–28]. Disparities in

CNI doses and methodological variations in diagnosing

NODAT most likely account for the difference in the inci-

dences of NODAT. We identified NODAT by using FPG

measured in the outpatient clinic and by the use of pharma-

cological therapy (all patients on pharmacological therapy

also had high fasting glucose levels). As a result, we labelled

as diabetic even those patients who had a

FPG � 7.0 mmol/l but did not require pharmacological

therapy for diabetes, unlike other studies. Furthermore, the

mean age of recipients in this study (48 years) was higher

than that reported in other studies (means ranging from 39

to 46.5), as was the BMI (mean 26.2 in this study compared

to 23.5 to 25.6 in others) [26–28]. Higher age and BMI may

account for the higher incidence of NODAT in this study.

Similar to the finding in the DIRECT study, we noticed

that NODAT appeared to be more severe in patients treated

with tacrolimus; all nine patients needing pharmacological

therapy for NODAT were on tacrolimus. Although a higher

proportion of patients randomized to tacrolimus compared

with cyclosporin developed NODAT, this was not found to

be statistically different. As development of NODAT was

not an end-point in the original randomized study, this

study may have been underpowered to detect differences in

incidence of NODAT between tacrolimus and cyclosporin

groups. In tacrolimus-treated patients, IR-HOMA was
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significantly higher at 3 and 12 months compared with

baseline, whereas this was not the case in cyclosporin-trea-

ted patients (Table 3). Despite this increase in IR-HOMA

in tacrolimus-treated patients, there was no corresponding

increase in HOMAsec. One would expect an increase in

insulin secretion to compensate for an increase in insulin

resistance. This lack of increase in HOMAsec suggests

pancreatic beta-cell deficiency presumably as a result of the

effect of tacrolimus on beta-cells. Hecking et al. have dem-

onstrated that in tacrolimus-treated patients, basal insulin

therapy may be a simple and safe intervention to confer

beta-cell protection early after transplantation [29].

In this study, we have also demonstrated a worse long-

term patient survival in KTRs who developed NODAT

early after transplantation. After 11 years follow-up, recipi-

ents who remained normoglycaemic in the first year had

much better survival rates than those who developed

NODAT within this period. Using fasting glucose values to

diagnose diabetes is important as our results indicate that

even NODAT that may not require pharmacological ther-

apy is detrimental to long-term patient survival. A study by

Cosio et al. showed that a high plasma glucose level at

1 year after renal transplantation increased the risk of

adverse cardiovascular events but was not related to long-

term patient survival [30]. In this study, the presence of

NODAT at 3 or 12 months but not FPG level itself was sig-

nificantly associated with mortality. Because of small num-

bers, we were not able to demonstrate an association

between NODAT and death because of cardiovascular

causes. The mortality associated with early NODAT in this

study could be speculated to be a reflection of over-immu-

nosuppression, causing death by infection and malignancy

in addition to CV causes. However, we did not see any

association between mortality and AR, prednisolone use at

1 year or cumulative dose of methylprednisolone in the

multivariate Cox analysis.

Our finding of a lack of association between NODAT

and cardiovascular mortality is in contrast to that reported

by Hjelmesaeth et al. [3]. In their study, cardiovascular

mortality in KTRs with NODAT (20%) was higher than

that in nondiabetic recipients (8%, P = 0.058). Although

not statistically significant, there was a clear trend towards

higher cardiovascular mortality in KTRs with NODAT. As

they used OGTT in addition to fasting glucose to diagnose

diabetes compared with only fasting glucose in this study,

the difference in cardiovascular mortality in the two studies

may be a reflection of the adverse effect of postprandial

hyperglycaemia. Nevertheless, the factors we found signifi-

cantly associated with death [increased age, chronic kidney

disease (high creatinine level) and diabetes (NODAT)] are

also the traditional CV risk factors.

The strengths of this study include the long duration of

follow-up, use of fasting rather than random metabolic

parameters and the use of WHO criteria for the diagnosis

of diabetes. This study has certain limitations. First, OGTT

was not performed prior to transplantation. This may

have led to underestimation of the burden of type 2 DM

at baseline and over-estimation of early NODAT because

of unravelling of previously undiagnosed type 2 DM. A

similar issue may have arisen post-transplantation by

using FPG rather than an OGTT. Second, the relationship

between GFR, glucose and insulin levels is complex [31].

HOMA equations contain FPG and insulin measurements.

Therefore, using HOMA to estimate insulin resistance and

secretion in patients with renal disease may be simplistic,

but is the most practical method to avoid more invasive

tests. However, these indices have been validated in dialy-

sis patients and KTRs. Finally, homeostatic techniques

such as HOMA may not accurately reflect the prevailing

levels of insulin resistance and secretion. We speculate that

dynamic methods such as the OGTT-derived Insulin Sen-

sitivity Index may yield more accurate measurements of

insulin sensitivity and thus give rise to differing results

[32].

In conclusion, using validated indices, we have demon-

strated a lack of an appropriate insulin secretory response

in the face of increasing insulin resistance in patients devel-

oping NODAT in the first year after renal transplantation.

However, these indices measured pretransplantation or

3 months after transplantation were not able to predict the

development of NODAT. However, traditional risk factors

for diabetes such as higher age and IFG remained signifi-

cant risk factors for NODAT. Development of early

NODAT was associated with decreased patient survival.

These findings emphasize the importance of early and fre-

quent screening to identify those at risk of progression to

NODAT so that timely interventions can be initiated to

reduce this risk.
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