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Introduction

Summary

Pulse pressure and urinary albumin excretion were recently identified as risk
factors of new-onset diabetes after renal transplantation (NODAT), suggesting
that microvascular injury may be implicated in NODAT. However, the rela-
tionship between of microvascular injury and NODAT is unknown. In the
present long-term (median follow-up: 5.7 years; observation period: 4908
patient-years) retrospective study in 656 renal transplant recipients, the associa-
tion between baseline renal resistance index (RI, used as a marker of wide-
spread microvascular damage) and the incidence of NODAT was assessed. The
incidence of NODAT was 11.2% and 14.6% at 5 and 10 years, respectively,
after transplantation. RI at 3 months was a risk factor for NODAT [hazard
ratio (HR) per 0.1: 2.19 (1.55-3.09), P < 0.0001]. RI >0.75 (vs. 0 < 0.75) was a
potent a predictor of NODAT [HR: 3.29 (1.91-5.67), P < 0.0001], even after
adjustments [HR: 3.29 (1.50-7.24), P = 0.0030] on age, weight, glucose,
nephropathy, and arterial pressure. Similar results were observed when RI was
measured at 1 month [HR per 0.1:1.74 (1.33-2.27), P < 0.0001] and
12 months [HR per 0.1:1.74 (1.33-2.27), P < 0.0001] after transplantation.
High RI early after renal transplantation is a long-term risk factor for NODAT,
and could be used to refine the individual risk of NODAT.

kidney transplant recipients [4]. High PP represents a
marker of aortic stiffness [6] and was associated with fur-

New-onset diabetes after transplantation (NODAT) is a seri-
ous complication after organ transplantation. It contributes
to the risk of cardiovascular disease and infection, thus
reducing graft and patient survival [1-3]. Risk factors include
recipient age, obesity, sirolimus and tacrolimus, steroids,
beta-blocker use, low-grade proteinuria, urinary albumin
excretion (UAE), and elevated arterial pressure [1-5].

In a previous report, we demonstrated that high pulse
pressure (PP) is an independent risk factor of NODAT in

ther renal dysfunction because of microvascular kidney
damage [6]. Aortic stiffness could also impair pancreas
microcirculation and thus insulin secretion, explaining, at
least partly, the greater risk of NODAT with high PP in
renal transplant recipients [4]. Interestingly, both pan-
creas and kidneys (unlike the heart) are perfused
throughout systole and diastole by pulsatile flow [6].
Pancreas microcirculation is not routinely measured in
humans; however, the microcirculation of the renal
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allograft can be estimated with the intrarenal resistive
index (RI) measured in segmental arteries of transplanted
kidneys by color Doppler sonography [7,8]. Altered intra-
renal Doppler indices of the grafts are associated with PP
in kidney transplant recipients [9-11], which may indi-
cate that high PP is associated with microvascular dys-
function in renal transplantation. In the present study, we
used elevated RI as a marker of widespread microvascular
damage, and assessed whether early intrarenal RI value
after transplantation could predict the long-term risk of
NODAT in a large cohort of renal transplant recipients.

Patients and methods

Selection of the population

Opverall, 1309 patients received a renal transplant between
October 1985 and March 2009 in our center. In the pres-
ent retrospective study, we excluded 653 patients because
of known diabetes mellitus before transplantation
(n=123), no RI evaluation at the 3-month visit
(n = 368), graft loss or death (n = 57) or new-onset dia-
betes (n = 48) within the first 3 months after transplanta-
tion, recipient age <16 years (n = 56), or no diabetes
status at the date of transplantation (n = 1). Finally, 656
patients were included. Initial immunosuppression
included methylprednisolone, 250 mg, pre- and postoper-
atively; anti-interleukin 2 receptor antibodies (Basilix-
imab, Simulect®; Novartis, Rueil-Malmaison, France) at
days 0 and 4; or antithymocyte antibodies (Thymoglobu-
line®; Genzyme, Lyon, France) usually for 5 days [12].
Maintenance immunosuppressive treatment included
prednisone with a gradual tapering and mycophenolate
mofetyl or azathioprine associated with cyclosporine,
tacrolimus or sirolimus in most patients. Target trough
levels at 3 months were 150-250 ng/ml for cyclosporine
and 8-12 ng/ml for tacrolimus and sirolimus [13]. Ste-
roids were withdrawn in half of the patients (most in the
first year after transplantation). Visits in our ward were
organized as followed: three visits per week during the
first 2 weeks; two visits per week until day 60; weekly vis-
its until day 120; monthly visits during the first year; one
visit every other month during the second year; and three
visits per year thereafter until death or end-stage renal
disease (ESRD) (i.e., dialysis or retransplantation).

Clinical and biochemical measurements

At the time of transplantation, the following variables
were recorded: for the donor, we recorded type of donor
(living or deceased), age, gender, and cause of death, and
for the recipient, graft rank, age, gender, panel reactive
antibodies, cytomegalovirus (CMV) status, hepatitis C
virus status, cause of renal failure and immunosuppressive
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induction treatment. At the 3-month visit after transplan-
tation, the following variables were recorded: systolic, dia-
stolic and pulse arterial pressure; acute rejection episodes;
body mass index (BMI); biochemical parameters includ-
ing fasting glucose, serum cholesterol and triglycerides;
serum creatinine level (measured by the Jaffe method);
estimated creatinine clearance (by the Cockcroft formula)
[14]; proteinuria (by a 24-h urine collection, measured by
the pyrogallol method [15]; and antihypertensive and
immunosuppressive medications.

Resistive index measurement

Graft volume measured with length, width and depth,
and peak systolic and end-diastolic velocities and RI mea-
sured in renal segmental arteries were evaluated by Dopp-
ler ultrasonography [7]. The RI was calculated with the
peak systolic velocity (S) and the end-diastolic velocity
(D) and the percentage reduction of the end-diastolic
flow as compared with the systolic flow (((S - D)/
S) X 100). The mean of three consecutive RI measure-
ments was used. Three ultrasound systems were Toshiba
Aplio 55A-770A, Esaote Technos MPX or Siemens
Antares Premium Edition [7]. RI was measured at 1, 3,
and 12 months after transplantation. Most Doppler mea-
surements were performed by the same operator (FT).
Renal artery stenosis was ruled out in all of our patients
at the time of measurement [16] (Doppler sonogram is
performed in our patients very early during follow-up
[7], and we previously reported that the incidence of
renal artery stenosis in around 6% in our center [16]).

In our analysis, high resistive index was defined as a RI
>0.75, in accordance with the literature (usual reported
cut-off values are 0.75 [17] and 0.80 [8]); to strengthen
our results, the 0.80 cut-off value was also used.

Definition of NODAT

NODAT was defined according to the American Diabetes
Association (ADA) [18]: symptoms of diabetes plus casual
plasma glucose concentration 211.1 mm, casual being
defined as any time of day without regard to time since
last meal; or fasting glucose >7 mmol/l, fasting being
defined as no caloric intake for at least 8 h (oral glucose
tolerance tests were not usually performed in our center,
because they are not recommended as routine practice)
[4,13]. These criteria were confirmed by repeat testing on
a different day.

Statistical analyses

Results are expressed as percentages, mean * standard
deviation or median [interquartile range (IQR)]. Cox
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proportional-hazards analysis was used in univariate and
multivariate analyses to assess the association of several
explanatory parameters and the risk of NODAT during
follow-up. The results are expressed as hazard ratio (HR),
95% confidence intervals (95% CI) and P values. We
explored the relation between RI measured at the
3 month visit and subsequent incidence of NODAT. To
strengthen our results, we performed sensitivity analyses
with RI measured at 1 month and 12 months after trans-
plantation. Pearson and partial correlation coefficients
were used to explore parameters potentially linked with
RI. Patients were censored at their date of death, graft
loss or date of last visit. Several models were used in the
multivariate analyses; adjustments on age, BMI, and
plasma fasting glucose were systematically used. No step-
wise or other ad hoc procedures were used. Analyses
involved use of SAS v9.1 (SAS Inst., Cary, NC, USA). A
P < 0.05 was considered statistically significant.

Results

Patient characteristics

Donor and recipient characteristics at the time of trans-
plantation and the 3-month visit are in Table 1. Recipi-
ents’ mean age was 45.9 * 13.3, and most of the patients
were male (61.9%). The transplantation was the first for
86.3% of patients. The first cause of renal failure was glo-
merulonephritis (32.3%). At the 3-month visit, mean
arterial pressure was 137 £ 16/81 £ 10 mmHg and PP
was 57 = 14 mmHg; mean RI was 0.67 £ 0.07 (median
0.67). Of note, the beta-blocker most frequently used in
our center was atenolol. RI was greater than 0.75 in
12.8% of patients.

Conventional risk factors of NODAT

The median duration of follow-up was 5.7 years (range:
0.3-21.4 years), and the total observation period was
4908 patient-years. The incidence of NODAT was 7.7%
(95% CI 6.1-9.3%) at 12 months, 11.2% (9.2-13.2%) at
5 years and 14.6% (12.0-17.1%) at 10 years after trans-
plantation. Potent risk factors of NODAT were recipient
age [HR per 1vyear: 1.04 (95% CI 1.02-1.06), P <
0.0001], BMI at 3 months [HR per 1 kg/mzz 1.15 (1.08-
1.21), P < 0.0001], and fasting glucose at 3 months [HR
per 1 mmol/l: 1.95 (1.65-2.31), P < 0.0001] (Table 2).
Other factors associated with risk of NODAT were
nephrosclerosis as the cause of initial nephropathy [HR:
3.52 (1.74-7.12), P = 0.001], triglycerides level [HR: 1.43
(1.12-1.83), P =0.004] and use of beta-blockers [HR:
1.93 (1.18-3.14), P = 0.009] but not creatinine level [HR
per 1 pmol/l: 1.00 (0.99-1.01), P = 0.326] or estimated
creatinine clearance at 3 months [HR per 1 ml/min/

Mutinelli-Szymanski et al.

Table 1. Baseline characteristics of patients undergoing kidney trans-
plantation and their donors.

Donor characteristics (n = 656)

Living donor (%) 1.7
Age (years) 429 + 15.8
Male sex (%) 64.6

At transplantation
Recipient clinical characteristics

Second/third (%) 12.5/1.2
Gender (% male) 61.9
Age (years) 459 + 13.3
Panel reactive antibodies >75% (%) 6.4
Cytomegalovirus infection (%) 50.3
Hepatitis C virus infection (%) 6.6
Cause of renal failure
Glomerulonephritis (%) 323
Autosomal-dominant polycystic 17.4
kidney disease (%)
Uropathy (%) 6.0
Nephrosclerosis (%) 53
Unknown nephropathy (%) 31.5
Immunosuppressive drugs
Anti-interleukin 2 receptor (%) 27.0
Antithymocyte antibody 71.8
3-month visit
Clinical characteristics
Body mass index (kg/m?) 23.9+39
Systolic/diastolic arterial pressure (mmHg) 137 + 16/81 + 10
Pulse pressure (mmHg) 57 £ 14

Acute rejection (%) 23.6
Biochemical parameters

Glucose (mmol/l) 53+09
Total cholesterol level (mmol/l) 57+14
Triglycerides level (mmol/l) 19+1.0
Creatinine level (Limol/l) 133 +43
Estimated creatinine clearance (ml/min) 58.4 + 18.2
Proteinuria (g/24 h) [median, 0.15 [0.00-0.34]
(interquartile range)]

Medications
Steroids (%) 96.0
Cyclosporine/tacrolimus (%) 71.5/25.2
Mycophenolate mofetyl/azathioprine (%) 64.2/31.9

Sirolimus (%) 3.1

ACEI/ARB (%) 6.6/2.6

Beta-blockers/diuretics (%) 50.0/9.4

Calcium-channel blockers (%) 53.8
Resistive index (at 3 months) 0.67 + 0.07
Resistive index >0.75 (%) 12.8

Data are mean + SD unless indicated.
ADPKD, autosomal dominant polycystic kidney disease; ACEI/ARB,
angiotensin-converting enzyme inhibitor/angiotensin receptor blocker.

1.73 m* 0.99 (0.98-1.01), P = 0.383]. Among the immu-
nosuppressive treatments at 3 months, tacrolimus [HR:
1.92 (1.07-3.45), P = 0.028] and cyclosporine [HR: 0.47
(0.27-0.83), P = 0.0091] were significantly associated with
NODAT {sirolimus use did not reach statistical signifi-
cance [HR: 2.47 (0.77-7.95), P = 0.131]}. The following
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Table 2. Risk factors for new-onset diabetes mellitus after kidney
transplantation: univariate analysis.

Resistive index and risk of diabetes in kidney transplantation

Table 3. Pearson and partial correlation analyses of parameters asso-
ciated with resistive index.

Hazard
Recipient characteristics ratio 95% Cl P value
At transplantation
Clinical parameters
Cytomegalovirus infection 1.50 0.92-2.43 0.1045
(yes versus no)
Hepatitis C virus infection 0.25 0.03-1.85 0.1739
(yes versus no)
Polycystic kidney disease 1.44 0.81-2.56 0.2114
(yes versus no)
Renal vascular disease 3.52 1.74-7.12 0.0005
(yes versus no)
Age (per 1 year) 1.04 1.02-1.06  <0.0001
3-month visit
Clinical parameters
Systolic arterial pressure 1.25 1.08-1.44 0.0018
(per 10 mmHg)
Diastolic arterial pressure 1.10 0.86-1.41 0.4300
(per 10 mmHg)
Pulse pressure (per 10 mmHg) 1.27 1.08-1.48 0.0025
Pulse pressure >60 mmHg 1.97 1.21-3.21 0.0064
(yes versus no)
Acute rejection (yes versus no) 0.77 0.42-1.41 0.3966
Body mass index (per 1 kg/m?)  1.15 1.08-1.21  <0.0001
Glucose (per 1 mmol/l) 1.95 1.65-2.31 <0.0001
Cholesterol level (mmol/l) 1.06 0.85-1.31 0.6209
Triglycerides level (mmol/l) 1.43 1.12-1.83 0.0038
Creatinine level (per 1 umol/l) 1.00 0.99-1.01 0.3261
Estimated creatinine 0.99 0.98-1.01 0.3831
clearance (ml/min)
Medications
Steroids (yes versus no) 1.01 0.36-2.81 0.9810
Beta-blockers (yes versus no) 1.93 1.18-3.14 0.0090
Cyclosporine (yes versus no) 0.47 0.27-0.83 0.0091
Tacrolimus (yes versus no) 1.92 1.07-3.45 0.0282
Sirolimus (yes versus no) 2.47 0.77-7.95 0.1309

Cl, confidence interval.

were not risk factors for NODAT: hepatitis C virus [HR:
0.25 (0.03-1.85), P =0.174] and CMV infection [HR:
1.50 (0.92-2.43), P = 0.105] (only 6.6% had hepatitis C
virus in our cohort).

Hemodynamic factors associated with risk of NODAT
at 3 months were PP [HR per 10 mmHg: 1.27 (1.08—
1.48), P = 0.003] and systolic arterial pressure [HR per
10 mmHg;: 1.25 (1.08-1.44), P = 0.002].

RI as an independent risk factor of NODAT

Determinants of RI

Univariate analysis revealed PP, systolic arterial pressure,
recipient age and BMI correlated with RI at the 3-month
visit (Table 3). PP but not systolic arterial pressure was
significantly correlated with RI after adjustment for age

© 2012 The Authors

RI
Correlation
coefficient r
(95% ClI) P value
Pearson correlation
Pulse pressure (mmHg) +0.33 (0.26-0.40) <0.0001
(at 3 months)
Systolic arterial pressure +0.15 (0.08-0.23) <0.0001
(mmHg) (at 3 months)
Body mass index (BMI) +0.20 (0.13-0.28) <0.0001
(kg/m2) (at 3 months)
Recipient age (years) (at the +0.56 (0.51-0.61) <0.0001
time of transplantation)
Partial correlation*
Pulse pressure (mmHg) +0.17 (0.10-0.25) <0.0001
(at 3 months)
Systolic arterial pressure +0.01 (-0.07-0.09) 0.7985

(mmHg) (at 3 months)

*Adjusted for body mass index and age.
Cl, confidence interval; RI, resistive index.

and BMI (Table 3). Of note, donor age also correlated
with RI measured at 3 months [r = +0.38 (0.31-0.44)
P < 0.0001 (Table 3)]. However, the interpretation of this
finding is questionable since donor age and recipient age
are usually matched in our center.

High RI as a risk factor of NODAT

Resistive index (as a continuous variable) at the 3-month
visit was associated with increased risk of NODAT [HR
per 0.1: 2.19 (1.55-3.09), P < 0.0001] (Table 4). RI
remained significant even after multiple adjustments [HR
per 0.1: 1.61 (1.06-2.44), P = 0.026] (Table 4).

High RI was a potent a predictor of NODAT [HR for
>0.75 vs. 0 <0.75: 3.29 (1.91-5.67), P < 0.0001], even
after multiple adjustments [for age, body mass index, glu-
cose, initial nephropathy and systolic arterial pressure:
HR: 3.29 (1.50-7.24), P = 0.0030] (Table 4). Many mod-
els including other covariables were used: resistive index
remained a significant predictor of NODAT. Of note,
resistive index remained a risk factor of NODAT after
adjustment on tacrolimus use [HR: 2.09 (1.47-2.96),
P < 0.0001] and systolic arterial pressure [HR: 2.01
(1.41-2.84), P < 0001].

Patients with the highest RI (>0.80) had the greatest
risk of NODAT [HR for >0.80 vs. 0 < 0.80: 5.54 (2.81—
10.92), P < 0.0001].

To strengthen our results, we performed sensitivity
analyses using RI measured at 1 month and 12 months
after transplantation: RI measured at 1 month [HR per
0.1: 1.74 (1.33-2.27), P < 0.0001] and at 12 months [HR

Transplant International © 2012 European Society for Organ Transplantation 25 (2012) 464-470 467
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Table 4. High resistive index as a risk factor of new-onset diabetes mellitus after kidney transplantation.

Hazard ratio per 0.1
(resistive index used as

Hazard ratio

a continuous variable) 95% Cl P value (>0.75 vs. <0.75) 95% Cl P value

Univariate analysis

Resistive index (RI) 2.19 1.55-3.09 <0.0001 3.29 1.91-5.67 <0.0001
Multivariate analysis

Model 1 1.61 1.06-2.44 0.0264 2.06 1.06-3.98 0.0328

Model 2 1.56 1.03-2.36 0.0372 1.99 1.03-3.87 0.0419

Model 3 1.56 1.03-2.36 0.0359 1.93 0.98-3.80 0.0578

Model 4 2.16 1.27-3.67 0.0045 3.29 1.50-7.24 0.0030
Sensitivity analysis

Rl at 1-month visit 1.74 1.33-2.27 0.0001 2.31 1.40-3.84 0.0012

Rl at 12-month visit 1.63 1.11-2.41 0.0139 1.19 0.47-3.00 0.7189

95% Cl=95% confidence interval.

Resistive index was measured at 3 months following transplantation.
Model 1: Adjustment for age, BMI, fasting glucose.

Model 2: Model 1 + pulse pressure.

Model 3: Model 1 + nephrosclerosis (as the cause of initial nephropathy) + systolic arterial pressure.

Model 4: Model 1 + triglycerides.

per 0.1: 1.63 (1.11-2.41), P = 0.014] was significantly
associated with NODAT; results were qualitatively
unchanged when RI was used a binary variable (although
the relationship was less strong at 12 months) (Table 4).

To determine whether microvascular damage (assessed
by RI) could mediate the effect of aortic stiffness on
NODAT, we evaluated the risk of NODAT associated
with PP after adjustment for RI: PP was no longer associ-
ated with NODAT after adjustment for RI [HR per
10 mmHg: 1.00 (0.96-1.14), P = 0.1328].

Discussion

Pulse pressure, a marker of aortic stiffness, is an indepen-
dent risk factor of NODAT, but the exact link between
pulse pressure and NODAT is unknown [3]. We used ele-
vated RI as a marker of widespread microvascular dam-
age, and we assessed whether early intrarenal RI
measurement could predict the long-term risk of NODAT
in a large cohort of renal transplant recipients. At
3 months after transplantation, RI was a long-term risk
factor of NODAT in our cohort (4908 patient-years of
observation). Moreover, high RI (>0.75) was a potent a
predictor of NODAT, even after multiple adjustments. PP
was correlated with RI and was a risk factor of NODAT
on univariate analysis but not after adjustment for RI
Sensitivity analyses revealed RI a predictor of NODAT
even at 1 month and 12 months after transplantation.
Therefore, high RI early after transplantation can be con-
sidered as a long-term risk factor for NODAT, and could
be used to refine the individual risk of NODAT in renal
transplantation. Aortic stiffness leading to microvascular

injury within the pancreas circulation (leading to
impaired insulin secretion) may be one of the mecha-
nisms of NODAT.

Renal RI was previously linked to renal and patient sur-
vival in renal transplantation [8]; however, the relation
between RI and NODAT was not assessed [8]. To our
knowledge, the relationship between renal RI and the inci-
dence of diabetes mellitus has not been reported. In previ-
ous studies, RI was shown to be associated with systemic
atherosclerosis in kidney transplant recipients [9-11].
High RI was found mostly in patients with older age and
increased carotid intima-media thickness [19]. In another
study, RI was associated with age and PP but not renal
function [11]. In nontransplanted patients, renal RI was
associated with central PP [20]. Interestingly, hypertension
was found to be a risk factor of diabetes mellitus in the
general population [21]. This association suggests a link
between vascular damage and the onset of diabetes [22].
Ultrastructural alterations of vascular pancreatic islets with
loss of endothelial cell homeostasis have been suggested to
play a key role in the pathogenesis of beta-cell dysfunction
[23]. Moreover, endothelial dysfunction precedes the onset
of hyperglycemia and has been proposed to contribute to
the development of type 2 diabetes mellitus [24]. The rela-
tion between RI and the incidence of diabetes may be
because of increased central pressure associated with aortic
stiffness leading to pancreatic microvascular damage (but
pancreatic microvascular damage was not assessed in the
present study). Other mechanisms may be discussed. First,
high RI may a marker of insulin resistance: recently, renal
RI was found higher in type 1 diabetic children than
in controls and even higher in children with insulin

© 2012 The Authors
468 Transplant International © 2012 European Society for Organ Transplantation 25 (2012) 464-470



Mutinelli-Szymanski et al.

resistance [25]. This relationship was also observed in
patients with newly diagnosed type 2 diabetes mellitus
[26]. Thus, high RI as a marker of insulin resistance could
explain the relation with risk of NODAT but is unlikely:
we found RI correlated with BMI but still a significant risk
factor of NODAT after adjustment for triglycerides level
and BMI (excellent markers of insulin resistance). Second,
the relation between RI and NODAT could be mediated by
inflammation [27]. In effect, high RI was more frequently
found in nontransplanted patients with elevated UAE than
in those with normal excretion of urinary albumin [28].
Moreover, two recent studies from our group confirmed
that elevated UAE or microalbuminuria was a risk factor
for diabetes in renal transplant recipients [4] and in sub-
jects from the general population [29]. In this latter report,
UAE was correlated with C-reactive protein (CRP) level
[29]. This hypothesis is also supported by the positive sig-
nificant correlation found between CRP level and RI in
untreated hypertensive patients [30]; of note, RI was also
correlated with PP and UAE in this study [29]. Unfortu-
nately, we did not collect CRP values for our patients.

Our study has several limitations. It is a retrospective
study, and our findings need to be confirmed in large
long-term prospective studies. However, our analysis is
based on a close follow-up of our cohort, and the total
duration of observation (4908 patient-years of observa-
tion) is greater than that for most epidemiological studies
of renal transplantation. The 5- and 10-year incidences of
NODAT were 11.2% and 14.6%, respectively. In the liter-
ature, the short-term incidence of NODAT was highly
variable (2-50% at 1 year) depending on the diagnostic
criteria [1]; however, the long-term incidence of NODAT
is less clear because studies with long-term follow-up are
scarce. The incidence of NODAT being lower in our
study than in other studies [1,30] probably reflects our
strict diagnostic criteria: NODAT was defined according
to the ADA [18], these criteria were systematically con-
firmed by repeat testing on a different day, and patients
with transient elevation of fasting glucose were not classi-
fied as having NODAT. Some parameters such as waist
circumference were not available for our patients, but
BMI was used as a surrogate, as was done in other studies
[31]. In the present study, the association between steroid
use and NODAT did not reach the significant threshold;
however, we did find an association with steroids in a
previous paper when all patients from our center were
included in the analysis [4].

Finally, elevated RI was used as a marker of widespread
microvascular damage as a result of arterial stiffness. The
use of this marker is supported by recent findings of
increased arterial stiffness (measured by brachial-ankle
pulse wave velocity) strongly correlated with cerebrovas-
cular resistance (measured in the anterior cerebral blood
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flow) in nontransplanted patients [32] (because pancreas,
kidneys, and brain — unlike the heart — are perfused
throughout systole and diastole by pulsatile flow [6]).
Pancreas function or vascularisation was not assessed, so
that the association between RI and pancreas microvascu-
larisation is putative. High resistive index values in renal
transplant recipients should prompt frequent glucose
monitoring and correction of other modifiable risk factors
for NODAT; however, it is presently unknown whether
correcting risk factors for NODAT could be associated
with a decrease in resistive index. The association of ele-
vated RI (or high PP) and further development of diabe-
tes should now be assessed in other cohorts of renal
transplant recipients and in the general population.

In conclusion, our findings indicate that renal RI is an
independent predictor of new-onset diabetes in kidney
transplant patients. High RI be used to refine the individ-
ual risk of NODAT early after renal transplantation: from
a practical point of view, patients with high RI early after
transplantation should be considered at high risk of NO-
DAT: in such patients, early therapeutic changes (adequate
use of CNI or sirolimus, steroid withdrawal, diuretics and
beta-blockers avoidance, body weight reduction...) can be
discussed in order to reduce the risk of NODAT.
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