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Abstract.  New-onset diabetes after renal transplantation (NODAT) is known to be a potent risk factor for cardiovascular

events.  We therefore investigated the incidence and risk factors for NODAT, and evaluated surrogate endpoints of

atherosclerosis in Japanese patients with stable renal function after renal transplantation.  Seventy-nine patients were

enrolled in the study, and a 75 g oral glucose tolerance test (OGTT) was performed in subjects excluding patients with

known NODAT.  We evaluated the risk factors for NODAT and the degree of atherosclerosis, determined by brachial-

ankle pulse wave velocity (baPWV), ankle-brachial blood pressure index (ABPI) and intima-media thickness (IMT) of the

carotid artery.  Eleven patients diagnosed as NODAT had significantly higher fasting plasma glucose before

transplantation, blood pressure, and incidence of hepatitis C virus (HCV) infection than patients without NODAT.

Multivariate regression analysis revealed that the independent determinant of NODAT was fasting plasma glucose pre-

transplantation, HCV infection and systolic blood pressure.  The baPWV in patients with NODAT was significantly higher

compared to that in patients without NODAT.  In addition, the independent determinant of baPWV evaluated by

multivariate regression analysis was an increase in systolic blood pressure and age, and a decrease of adiponectin levels.

In conclusion, we found that high fasting plasma glucose prior to transplantation, HCV infection and high blood pressure

are risk factors for NODAT in Japanese patients after renal transplantation.  Since NODAT patients have advanced arterial

stiffness probably due to high blood pressure, strict control of blood pressure will be important for preventing the

development of cardiovascular disease in NODAT.
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SHORT-TERM renal allograft survival was dramati-

cally enhanced with the improvement of immunosup-

pressive therapy, while long-term allograft survival

remains problematic.  Major complications of long-

term allograft survival include cardiovascular disease

as well as chronic allograft failure.  Acute coronary

syndrome is highly prevalent during the early post-

transplant period and on average, cardiovascular dis-

ease mortality accounts for 30% and 75% of early and

late post-transplant deaths, respectively [1–3].  Vari-

ous risk factors for cardiovascular disease have been

identified in renal transplant recipients, such as dyslip-

idemia, hypertension, hyperglycemia, smoking, renal

allograft dysfunction, anemia, and an increase in in-

flammatory cytokines [4, 5].  Furthermore, new-onset

diabetes after transplantation (NODAT) has recently

been established as a potent risk factor for cardiovas-
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cular disease in addition to diabetes prior to dialysis

[6–8].  The incidence of cardiovascular disease was

approximately three times higher in renal transplant

recipients with NODAT than those without NODAT

[9].  It is therefore very important to evaluate the de-

gree of glucose tolerance and atherosclerosis of renal

transplant recipients to improve allograft survival and

mortality after renal transplantation.

Pulse wave velocity (PWV), ankle-brachial blood

pressure index (ABPI) and intima-media thickness

(IMT) of the carotid artery are accepted as strong inde-

pendent predictors for cardiovascular events and mor-

tality [10–12].  Recently, an instrument for measuring

ABPI and brachial-ankle PWV (baPWV) by a volume-

rendering method was developed [13].  These mea-

surements are widely used to evaluate the degree of

atherosclerosis, because the methods are easy, non-

invasive and repeatable.  A number of studies revealed

that these surrogate endpoints were worsened in pa-

tients with end-stage renal failure [14, 15], and that

renal transplantation could partially improve increased

arterial stiffness [16].  However, it has not been fully

evaluated whether NODAT affects these surrogate

endpoints.

We therefore determined the impact of NODAT on

baPWV, ABPI and IMT and the relationship between

various risk factors and arterial function in renal trans-

plant recipients in a single center cross sectional study.

Materials and Methods

Seventy-nine patients with renal transplants

performed from 1998 to 2005 at Osaka University

Medical Hospital were enrolled in this study.  These

subjects were stable renal transplant recipients without

pre-existing diabetes.  We excluded patients who had

a plasma glucose concentration of greater than 7.0

mmol/L at the fasting state or 11 mmol/L 2 hours after

a 75 g oral glucose load prior to transplantation.

Immediately after transplantation, patients received

immunosuppressant treatment composed either of anti-

lymphocyte globulin or basiliximab with corticoster-

oids.  The immunosuppressant treatment was based on

calcineurin inhibitors (48 mg/day of tacrolimus and

31 mg/day of cyclosporine) with prednisolone and

mycophenolate mofetile after the renal function was

stabilized.

The study was approved by the Ethical Committee

for Human Studies at Osaka University Hospital.  Af-

ter giving a detailed explanation of the study using a

document, written informed consent was obtained

from each subject.  The oral glucose tolerance test

(OGTT) was performed on all subjects excluding pa-

tients with known NODAT who had insulin therapy

post-transplantation upon enrollment in the study.

Plasma glucose and serum insulin levels were mea-

sured at 0, 30, 60 and 120 min after commencement of

the OGTT.  Diagnosis of NODAT has been clarified

by the International Consensus Guidelines, which rec-

ommends diagnostic criteria for NODAT to mirror that

of type 1 and type 2 diabetes mellitus as based on the

American Diabetes Association and World Health

Organization guidelines [17–19].  The degree of in-

sulin resistance and insulin secretion was evaluated as

the homeostasis model assessment of insulin resistance

(HOMA-IR) and insulinogenic index, respectively.

We also measured serum creatinine, adiponectin, lipid

profile and high sensitive C-reactive protein (hsCRP)

levels in the fasting state on the day of the OGTT.

HCV and CMV infections were determined at pre-

transplantation [9, 20].

The baPWV and ABPI were determined by using a

device (AT-form PWV/ABI; Nippon Colin, Komaki,

Japan) that can simultaneously monitor bilateral

brachial and ankle pressure wave forms by the volume

plethysmographic method, with optional tonometry

sensors for carotid arterial wave measurements.  To

evaluate baPWV, the time duration between the bra-

chial wave form and ankle wave form was automati-

cally calculated as the heart-ankle time duration minus

the heart-brachial time duration.  The ABPI was calcu-

lated by the ankle systolic pressure divided by the arm

systolic pressure.  To evaluate the IMT, ultrasono-

graphic scanning of the carotid artery was performed

using an echotomographic system (Aplio SSA-700A;

Toshiba Medical Systems Corp., Japan) with an

electrical linear transducer (midfrequency 7.5 MHz).

Scanning of the extracranial common carotid artery,

the carotid bulb, and the internal carotid artery in the

neck was performed bilaterally from three different

longitudinal projections (i.e., anterior oblique, lateral,

and posterior oblique) as well as the transverse projec-

tions, as reported in our previous studies [21–23].  All

of the images were photocopied.  The detection limit

of this echo system using 7.5 MHz was 0.1 mm.  The

IMT was measured as the distance from the leading

edge of the first echogenic line to the leading edge of
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the second echogenic line [24].  The first line repre-

sents the lumen-intima interface, and the second line is

produced by the collagen-containing upper layer of the

tunica adventitia.  At each longitudinal projection, the

site of the greatest thickness including a plaque lesion

was sought along the arterial walls.  Three determina-

tions of IMT, one at the site of the thickest point, max-

imum IMT (Max-IMT), and two at adjacent points

(located 1 cm upstream and 1 cm downstream from

this site) were conducted.  These three determinations

were averaged (Mean-IMT).  Higher values of IMT

and baPWV, and the lower value of ABPI between

both sides were used as representative values of the

individuals for analysis.

Data are represented as means ± SD.  Statistical

comparisons between the patients with and without

NODAT were assessed using ANOVA.  The χ2 test for

trend was used to determine the relationship between

the incidence of NODAT and risk factors such as HCV

infection, family history of diabetes, and immunosup-

pressive treatments.  Multivariate logistic regression

analysis was performed to estimate the factors

independently correlating with NODAT.  Multivariate

regression analyses were performed to evaluate the re-

lationship between surrogate markers of cardiovascu-

lar disease and various risk factors for atherosclerosis.

For multivariate regression analyses, the F value for

the inclusion and exclusion of variables was set at 2.0.

A p value of less than 0.05 was considered statistically

significant.  Analyses were performed with HALBAU

statistical software (Gendai Sugaku-sha, Kyoto, Japan)

on a personal computer.  The threshold of statistical

significance was defined as p<0.05.

Results

A total of 79 renal stable transplant recipients con-

sented to the study and 77 subjects excluding patients

with known NODAT underwent the OGTT.  Clinical

characteristics and metabolic parameters of the renal

transplant recipients used in this study were as fol-

lows: 44 men and 35 women, age 44.6 ± 11.9 years,

duration after transplantation 39.9 ± 23.2 months,

body mass index (BMI) 21.2 ± 3.8, serum creatinine

levels 124.7 ± 37.7 μmol/L, glycated hemoglobin A
1C

(HbA
1C
) 5.2 ± 0.6%, and fasting plasma glucose (FPG)

4.8 ± 0.9 mmol/L at the time of enrollment in the

study.  Prior to transplantation, BMI (20.7 ± 3.2) and

FPG (4.8 ± 0.5 mmol/L) values were similar to those

at the time of enrollment, although the HbA
1C
 (4.6 ±

0.5%) level was significantly lower than that at the

time of enrollment.

Eleven patients were diagnosed as NODAT, and 7

and 61 patients (Non-NODAT) were diagnosed to

have impaired glucose tolerance and normal glucose

tolerance, respectively.  In NODAT patients, plasma

glucose levels during the OGTT and HOMA-IR were

significantly higher than those of Non-NODAT sub-

jects, while the insulinogenic index was significantly

lower than that in Non-NODAT subjects (Table 1).

Patients with NODAT had a significantly higher age at

transplantation, fasting plasma glucose concentration

prior to transplantation, systolic blood pressure and

low-density lipoprotein cholesterol (LDL-C) upon the

OGTT compared with Non-NODAT subjects (Table

2).  Among the other previously reported risk factors

for NODAT, such as infection of HCV and CMV,

family history of diabetes, class of calcineurin inhibi-

tors, and treatment with high dose prednisolone at epi-

sodes of acute rejection, only the incidence of HCV

infection was significantly higher in NODAT patients

compared with Non-NODAT subjects.  Multivariate

logistic regression analysis revealed that the risk fac-

tors for NODAT were the incidence of HCV, high

fasting plasma glucose levels prior to transplantation,

and high systolic blood pressure (Table 3) at the time

of enrollment.

Table 1. Metabolic parameters derived from oral glucose toler-

ance test with (NODAT) and without (Non-NODAT)

new-onset diabetes after renal transplantation

NODAT Non-NODAT P values

n 9 68 —

0-min glucose (mmol/L) 5.75 ± 2.08 4.63 ± 0.54 <0.05

30-min glucose (mmol/L) 9.60 ± 2.91 6.67 ± 1.80 <0.05

60-min glucose (mmol/L) 10.7 ± 4.19 6.20 ± 2.33 <0.05

120-min glucose (mmol/L) 10.0 ± 3.84 5.50 ± 1.52 <0.05

0-min insulin (pmol/L) 35.9 ± 12.0 29.1 ± 14.3 NS

30-min insulin (pmol/L) 157.7 ± 147.1 287.9 ± 247.0 NS

60-min insulin (pmol/L) 202.2 ± 112.2 208.8 ± 130.5 NS

120-min insulin (pmol/L) 203.1 ± 119.9 180.5 ± 99.5 NS

HOMA-IR 1.59 ± 0.88 1.00 ± 0.52 <0.01

HOMA-β 72.3 ± 48.0 103 ± 84.2 NS

Insulinogenic Index 0.43 ± 0.46 1.75 ± 2.49 <0.01

Data are given as means ± S.D.  Data between the groups were

compared by the one-way ANOVA followed by Scheffe’s test.

NS: not significant
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Furthermore, we assessed the surrogate endpoints

for cardiovascular disease in NODAT and Non-

NODAT subjects.  As shown in Table 2, the baPWV

in NODAT patients was significantly higher than that

in Non-NODAT subjects, while there were no signifi-

cant differences in Max-IMT, Mean-IMT and ABPI

between the two groups.  The baPWV was positively

correlated with HbA
1C
, age, systolic blood pressure,

and Max-IMT levels, and negatively correlated with

adiponectin levels.  Multivariate regression analyses

revealed that high blood pressure, age, and low adi-

ponectin levels were independent determinants for

developing arterial stiffness (Table 4).

Table 2. Clinical characteristics with (NODAT) and without (Non-NODAT) new-onset diabetes after renal transplantation

NODAT Non-NODAT P values

n 11 68 —

Age (pre-transplant) (years) 45.7 ± 13.0 37.8 ± 11.6 <0.05

Age at OGTT (years) 50.5 ± 12.5 43.6 ± 11.6 NS

Gender (% male) 73 53 NS

Body mass index (pre-transplant) 22.1 ± 4.2 20.4 ± 3.0 NS

Body mass index at OGTT 22.5 ± 3.9 21.0 ± 3.7 NS

Duration after transplantation (months) 44.9 ± 24.2 39.1 ± 23.1 NS

Duration of dialysis (months) 43.7 ± 50.3 44.0 ± 48.2 NS

Fasting plasma glucose (pre-transplant) (mmol/L) 5.3 ± 0.8 4.8 ± 0.4 <0.01

HbA1C (pre-transplant) (%) 4.6 ± 0.5 4.6 ± 0.5 NS

HbA1C at OGTT (%) 5.7 ± 1.1 5.1 ± 0.3 <0.01

Serum creatinine (µmol/L) 133 ± 44 124 ± 35 NS

Systolic blood pressure at OGTT (mmHg) 135 ± 18 121 ± 15 <0.01

Total cholesterol (mmol/L) 5.61 ± 0.78 5.07 ± 0.96 NS

Triglyceride (mmol/L) 1.36 ± 0.35 1.38 ± 0.96 NS

Low-density lipoprotein cholesterol (mmol/L) 3.85 ± 0.72 3.26 ± 0.91 <0.05

Family history of diabetes (%) 9.1 34.3 NSa

Smoking (Brinkman index) 245 ± 455 202 ± 410 NS

Rejection episodes (%) 55 36 NSa

Cyclosporin (%) 27 41 NSa

Tacrolimus (%) 73 59 NSa

Adiponectin (µg/dL) 26.2 ± 13.1 21.4 ± 11.1 NS

High sensitive C-reactive protein (mg/dL ) 0.14 ± 0.21 0.06 ± 0.15 NS

Hepatitis C virus infection (%) 18 0 <0.01a

Cytomegalovirus infection (%) 64 77 NSa

baPWV (m/s) 1.59 ± 0.34 1.34 ± 0.21 <0.01

ABPI 1.12 ± 0.06 1.13 ± 0.10 NS

Max-IMT (mm) 1.24 ± 0.87 1.08 ± 0.62 NS

Mean-IMT (mm) 0.68 ± 0.22 0.59 ± 0.27 NS

Data are given as means ± S.D.  Data between the groups were compared by the one-way ANOVA followed by Scheffe’s test, except for

a = X2 test.  NS: not significant

Table 3. Factors related to new-onset diabetes after renal trans-

plantation (NODAT) in renal transplant subjects

Variables Odds ratio (95% CI) P values

Age (pre-transplant) 1.005 (0.932–1.083) 0.905

Fasting plasma glucose
(pre-transplant)

1.098 (1.001–1.203) 0.047

Systolic blood pressure 1.053 (1.000–1.107) 0.048

Low-density lipoprotein 
cholesterol

1.027 (1.000–1.054) 0.051

Hepatitis C virus infection 1.222 (0.924–1.650) 0.0006

Rejection episodes 1.363 (0.861–2.247) 0.055

Tacrolimus 1.456 (0.548–4.888) 0.431

Multivariate logistic regression analysis was performed for 79

subjects with stable renal function after renal transplantation to

select variables significantly associated with NODAT.  Variables

were considered for the multivariable models when their univari-

able p-value was less than 0.05.

CI: confidential interval
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Discussion

In the present study, we firstly demonstrated that

new-onset diabetes after renal transplantation induces

arterial wall stiffening as determined by baPWV.  Ar-

terial stiffness is known to increase before dialysis in

patients with chronic renal disease [14, 15], and renal

transplantation improves this increased arterial stiff-

ness [16].  In addition, hyperglycemia itself is known

to be a potent promoter for developing arterial stiffness

in patients with type 1 and type 2 diabetes [25, 26].  In

this study, since the average baPWV level was within

the normal range in the renal transplant recipients

without NODAT, renal transplantation may have im-

proved their arterial stiffness.  Multivariate regression

analyses demonstrated that the independent risk fac-

tors for arterial stiffening were an increase in blood

pressure and age, and a decrease in adiponectin levels,

but not an increase in hemoglobin A
1C
 levels, in all re-

nal transplant patients.  Since hypertension was a risk

factor for NODAT, increased blood pressure, but not

hyperglycemia, could be a major cause of arterial stiff-

ness in NODAT.  Hypertension is also known to be the

most potent factor for developing arterial stiffness in

end-stage renal disease [27].  Therefore, strict control

of hypertension may be a key factor in preventing

NODAT and atherosclerosis after renal transplanta-

tion.  The HbA
1C
 level of 8 out of 11 patients with

NODAT was within the normal range (less than

5.8%), and thus such mild hyperglycemia failed to

contribute to increased arterial stiffness.

A previous report in patients with hypertension

demonstrated that low serum adiponectin levels, as

well as high arterial pressure and age, were indepen-

dently related to arterial stiffness [28].  In the present

study, we found a similar correlation between high

baPWV and low serum adiponectin levels in renal

transplant patients.  Adiponectin is known to correlate

directly with whole-body insulin sensitivity, which is

a major cause of diabetes [29] and cardiovascular

disease [30].  In the present study, however, plasma

adiponectin levels were not correlated with the index

of insulin resistance, HOMA-IR.  Thus the effect of

adiponectin on preventing arterial stiffness may be

independent of the effect of insulin resistance after

renal transplantation.  In addition, the absolute levels of

serum adiponectin in the subjects of the present study

were elevated compared with those of Japanese sub-

jects with various types of glucose tolerance in our

previous report [31].  Several reports demonstrated

similar findings that adiponectin levels were increased

in subjects with end-stage renal disease and after renal

transplantation [32].  Our results suggest that a lower

adiponectin level may contribute to the development

of atherosclerosis in renal transplant recipients.

We found that patients with NODAT have a higher

HOMA-IR and lower insulinogenic index, indicating

that the pathogenesis of NODAT involves an impair-

ment of both insulin action and insulin secretory abili-

ty.  Since the dosage and class of immunosuppressants

used were identical between the patients with and

without NODAT, impaired insulin secretion and ac-

Table 4. Correlation between baPWV and variables in renal transplant subjects

Variables

Univariate analysis*

(95% CI)

Multivariate

analysis†

r value P value F value

Age at OGTT (years) 0.481 <0.001 9.699

Systolic blood pressure at OGTT (mmHg) 0.648 <0.001 32.378

Adiponectin (µg/dL) –0.322 0.016 3.762

HbA1C at OGTT (%) 0.379 0.006 0.910

High sensitive C-reactive protein (mg/dL) 0.077 NS NE

Total cholesterol (mmol/L) 0.054 NS NE

Triglyceride (mmol/L) 0.046 NS NE

Low-density lipoprotein cholesterol (mmol/L) 0.111 NS NE

Smoking (Brinkman index) 0.093 NS NE

*Pearson’s univariate correlation coefficients.  †Multivariate regression analysis.

NS: not significant

NE: not entered
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tion were not due to the immunosupression therapy.

Since plasma glucose levels prior to transplantation

were significantly higher in patients with NODAT,

evaluation of glucose tolerance by the OGTT may be

beneficial for predicting the development of NODAT

prior to transplantation.  We should therefore treat

renal transplant recipients that have fasting hyper-

glycemia or impaired glucose tolerance with strict in-

tervention of their lifestyle prior to transplantation.

In addition to immunosuppressive drugs and previ-

ous glucose intolerance, age, race, and family history

of diabetes were reported as non-modifiable risk fac-

tors for developing NODAT, whereas obesity, HCV

and CMV infections [33, 34] were reported as modi-

fiable risk factors.  In this study, we found that HCV

infection prior to transplantation was a risk factor for

NODAT in renal transplant recipients.  HCV infection

is a well known risk factor for not only NODAT, but

also type 2 diabetes, probably due to impaired insulin

action in the liver [35].  In addition to these risk

factors, lower adiponectin and higher high sensitive C-

reactive protein (hs-CRP) levels were recently report-

ed to be associated with NODAT [36], but we failed to

observe such correlations.

In conclusion, we found that high fasting plasma

glucose prior to transplantation, HCV infection and

high blood pressure are risk factors for new-onset dia-

betes in Japanese patients after renal transplantation.

Development of diabetes after transplantation induces

increased arterial stiffness probably due to elevated

blood pressure.  Strict treatment for hypertension and

mild fasting hyperglycemia will therefore be beneficial

for the prevention of new-onset diabetes and cardio-

vascular disease after renal transplantation.
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