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Summary

An association between 25 hydroxyvitamin D [25(OH)D] deficiency and type 2

diabetes was observed in the general population. Such association was not investi-

gated in kidney transplant recipients. We prospectively evaluated 444 patients fol-

lowing primary kidney transplantation between 2000 and 2010. The 25(OH)D

level at transplantation was classified into three grades: deficiency (< 10 ng/ml),

insufficiency (≥ 10 and < 30 ng/ml), and normal range (≥ 30 ng/ml). Time to

Post-Transplant Diabetes Mellitus (PTDM) was defined according to the day of

first prescription of hypoglycemic treatment. The 25(OH)D level at transplanta-

tion was deficient in 88 patients, insufficient in 264 patients, and normal in 92

patients. At 1 year post-transplantation, cumulative incidence of PTDM was

13.2%. Cox multivariate analysis indicated that 25(OH)D deficiency (≤ 10 ng/ml)

at the time of transplantation was an independent risk factor for PTDM within

the first year post-transplantation (HR = 2.41, 95% CI 1.01–5.75, P = 0.048),

whereas insufficiency tended to increase this risk, although not significantly. 25

(OH)D deficiency is a new independent risk factor for PTDM within the first year

after kidney transplantation. Our study suggests that 25(OH)D may be a marker

of general health in kidney transplant recipients and could alert clinicians for

PTDM risk.

Introduction

Post-transplant diabetes mellitus (PTDM) is a frequent

metabolic complication following solid organ transplanta-

tion, affecting 10–45% of kidney transplant recipients.

PTDM is commonly associated with unfavorable outcomes

[1–4] such as an impaired patient and graft survival and an

increased rate of cardiovascular events [5,6]. These poor

outcomes are associated with an increased healthcare cost

[7], making the early diagnosis and management of PTDM

a major clinical challenge.

Common risk factors for PTDM are older age, high

Body Mass Index (BMI), family history of type 2 diabetes,

ethnicity, insulin resistance, increased plasma triglyceride

level, and chronic hepatitis C infection [1,8,9]. The type of

immunosuppression is well known to be a major contrib-

utor for PTDM (calcineurin inhibitors [CNIs] and corti-

costeroids), impairing both the beta cells’ function and

insulin sensitivity [3]. The occurrence of PTDM in the

early post-transplant period suggests that the risk factors

already exist or develop at the time or even before the

transplantation. For example, polycystic kidney disease,

number of Human Leucocyte Antigen (HLA) mismatches,

occurrence of CMV infection, hypomagnesaemia, and sur-

gical stress at the time of transplantation have been men-

tioned to increase beta cell dysfunction [10].
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In order to prevent PTDM, identification of modifiable

risk factors at the time of transplantation may be useful to

develop primary preventive therapeutic strategies for high-

risk patients. For example, a strategy to protect beta cells by

an early preventive intervention with exogenous insulin

therapy was recently proposed [11–13].
25 hydroxyvitamin D [25(OH)D] is well known for its

essential role in calcium and bone homeostasis [14]. Large

number of studies, both in vitro and in vivo, suggested

extraskeletal effects [15,16]. The almost universal presence

of vitamin D receptors (VDR) on large number of cell

types, including Langerhans’s islets, explain why 25(OH)D

deficiency is associated with an increased risk of human

diseases such as cardiovascular disease [17], cancer [18],

multiple sclerosis [19], type 1 diabetes [20], and insulin

resistance [21]. In the general population, observational

studies suggest an association between plasma 25(OH)D

level, which is the surrogate of vitamin D status, and the

onset of type 2 diabetes. A recent meta-analysis reported a

4% lower risk of type 2 diabetes for each 4 ng/ml increment

in 25(OH)D level [22]. Additionally, some interventional

studies demonstrated that 25(OH)D substitution improves

beta cell function [23]. Low 25(OH)D level is prevalent in

many populations, but reduced plasma concentrations of

25(OH)D (< 30 ng/ml) are common in patients with

chronic kidney disease (CKD). In the NHANES III cohort

study, the adjusted odds for ratio 25(OH)D deficiency was

32% higher in patients with chronic kidney disease [25]

and related to a lower rate of sunshine exposition, a

decrease in the skin production and food intakes, and a

lower activity of 25-OH-hydroxylase. After kidney trans-

plantation, half of the recipients remained 25(OH)D defi-

cient despite the high rate of 25(OH)D substitution [26]

and 25(OH)D status at 3 months being indeed associated

with lower glomerular filtration rate and increased intersti-

tial fibrosis [27].

The aim of our study was to assess the association

between 25(OH)D concentration at the time of kidney

transplantation and the risk of developing PTDM within

the first year following transplantation. Additionally, we

evaluated the possible association between 25(OH)D level

at transplantation and nonmelanoma skin cancer (NMSC),

acute rejection episode, and patient–graft survival.

Methods

Patient population and data collection

We included adult patients (older than 18 years old) who

underwent primary kidney transplantation without other

simultaneous organ, without history of diabetes (all types)

or cancer (including skin cancer) at Nantes University

Hospital (France) between January 2000 and December

2011. Patients without a measurement of 25(OH)D level at

the time of transplantation were not included. Data were

prospectively collected and extracted from the French clini-

cal database DIVAT (http://www.divat.fr/en; Information

Commissioner’s Office data privacy declaration in France

no. 891735 CNIL agreement). Codes were used to assure

the anonymity in accordance with the hospital ethical com-

mittee requirements, and the patient’s written consent was

required for data collection.

25(OH)D measurements

Plasma 25(OH)D concentration was measured by radioim-

munoassay (RIA DiaSorin and LIAISON DiaSorin, Stillwa-

ter, MN). All samples were collected at the time of

transplantation. About 198 measurements were performed

at the day of transplantation, whereas 248 measurements

were performed on sera collected at the time of transplanta-

tion and stored in our bio collection at �80 °C. We com-

pared three groups of patients according to the 25(OH)D

level: 25(OH)D < 10 ng/ml (deficiency), 10–30 ng/ml (in-

sufficiency), or ≥ 30 ng/ml (within the normal range) [28].

These clinical thresholds seemed to be consistent with

smoothing plots of the confounder-adjusted effect of 25

(OH)D for PTDM analysis (data not shown) [29].

Definition of PTDM

Onset of PTDM was considered the day of first prescription

of hypoglycemic treatment (either insulin or oral antidia-

betic drugs). According to the local standards, antidiabetic

medication was prescribed by physicians in all patients with

at least 2 consecutive measurements of fasting plasma glu-

cose levels > 7.0 mmol/l or at any time > 11.1 mmol/l.

Physicians were not aware of 25(OH)D concentration at

any time during the study period.

Statistical analysis

Characteristics of the donor, recipient, and graft between

the three groups according to 25(OH)D status at transplan-

tation were compared using chi-squared test for qualitative

variables and using ANOVA for quantitative variables. The

cumulative incidence function for PTDM occurrence was

estimated by taking into account the competition risk

between return to dialysis and death with a functioning

graft [24]. Patient–graft survival analysis was based on the

time between transplantation and the first event among

return to dialysis and death with functioning graft. Survival

curve was estimated by the Kaplan–Meier method. Cox

proportional hazard regression models were used to assess

the association between the 25(OH)D status at transplanta-

tion and the kidney transplant recipients’ outcomes: PTDM

(censored at 1 year post-transplant for clinical relevance),
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NMSC, acute rejection episode (for all, return to dialysis

and death with functioning graft were censored), and

patient–graft survival. The proportional assumption for 25

(OH)D status was examined on log–log survival plots and

Schoenfeld residuals. We tested in univariate analysis vari-

ables clinically relevant or that were significantly differently

distributed according to 25(OH)D level. Possible risk fac-

tors studied in univariate analysis were as follows: type of

donor (deceased versus living); recipient characteristics

such as age at transplantation (> 55 vs. ≤ 55 years old),

gender, ethnicity (Causasian versus not Caucasian), BMI,

history of cardiovascular diseases, polycystic kidney disease,

type and duration of dialysis before transplantation, and

hepatitis C antibody status at transplantation; and graft

characteristics such as season of transplantation (winter

October to April versus summer June to September), num-

ber of HLA mismatches (> 4 vs. ≤ 4), type of immunosup-

pressive induction (T-cell depletion versus blocking

antibody), and type of maintenance therapy (tacrolimus,

ciclosporine, imTOR, MMF, azathioprine, cosrticos-

teroids). We introduced in multivariate analysis all vari-

ables that reached a P-value < 0.20 in univariate analysis

and forced the well-known risk factors for PTDM (age,

gender, BMI, tacrolimus, corticosteroids, and ethnicity).

We then performed a backward selection. Interactions were

tested between the 25(OH)D status at transplantation and

the parameters selected in the final multivariate model, and

the linearity assumption for continuous variables was

checked. Statistical significance was considered at the 5%

level, and adjusted hazard ratios were presented with their

95% confidence intervals (95% CI). Statistical analyses were

performed using R software, version 2.14.1 (R Foundation

for Statistical Computing, Vienna, Austria. URL: http://

www.R-project.org).

Results

Study population

Between January 2000 and December 2011, 1083 primary

kidney transplantations were performed in recipients over

18 years of age without history of diabetes or cancer in our

center. Among them, 444 recipients had a measure of 25

(OH)D concentration at the day of transplantation (whose

246 were performed on stored sera). The median time of

follow-up was 4 years [min–max: 0–11 years]. Characteris-

tics of the 444 recipients are described in Table 1. Mean age

at transplantation was 50.9 (� 13.7) years, 60.6% were

men, 89.2% were Caucasian, and 2.5% had a positive hep-

atitis C serology. Main causes of end-stage renal diseases

(ESRD) were polycystic kidney disease (18.2%), hyperten-

Table 1. Characteristics of the 444 kidney transplant recipients according to 25(OH)D level at transplantation.

All patients (n = 444) < 10 ng/ml (n = 88)

10–30 ng/ml

(n = 264) ≥ 30 ng/ml (n = 92) P-value

Recipient characteristics

Age (years) 50.9 � 13.7 50.8 � 13.0 51.3 � 13.8 50.0 � 14.1 0.7326

Male (%) 269 (60.6) 46 (52.3) 162 (61.4) 61 (66.3) 0.1442

Body mass index (kg/m²) 24.3 � 4.4 24.0 � 5.0 24.4 � 4.2 24.0 � 4.1 0.6996

History of hepatitis C virus (%) 11 (2.5) 3 (3.4) 8 (3.0) 0 (0.0) 0.2030

History of cardiovascular disease (%) 159 (35.8) 13 (14.8) 31 (11.7) 10 (10.9) 0.6877

Time of dialysis prior transplantation (years) 2.8 � 3.2 3.6 � 4.1 2.7 � 3.1 1.9 � 1.9 0.0040

Caucasian (%) 396 (89.4) 76 (87.4) 235 (89.0) 85 (92.4) 0.5241

Polycystic kidney disease (%) 81 (18.2) 8 (9.1) 49 (18.6) 24 (26.1) 0.0126

Graft characteristics

Pre-emptive graft (%) 90 (20.3) 13 (14.8) 55 (20.8) 22 (23.9) 0.2933

Deceased donor (%) 394 (88.7) 85 (96.6) 225 (85.2) 84 (91.3) 0.0096

Anticlass I PRA > 20% (%) 87 (19.6) 19 (21.6) 44 (16.7) 24 (26.1) 0.1274

Anticlass II PRA > 20% (%) 62 (14.0) 19 (21.6) 30 (11.4) 13 (14.1) 0.0565

HLA ABDR mismatches > 4 (%) 91 (20.5) 21 (23.9) 47 (17.8) 23 (25.0) 0.2308

HLA B27 and/or B42 (%) 41 (9.2) 12 (13.6) 24 (9.1) 5 (5.4) 0.1632

Induction with T-cell depletion (%) 120 (27.0) 31 (35.2) 59 (22.4) 30 (32.6) 0.0249

Treatment with CNIs (%) 432 (97.3) 84 (95.5) 258 (97.7) 90 (97.8) 0.4636

Treatment with cyclosporine (%) 103 (23.2) 32 (36.4) 50 (18.9) 21 (22.8) 0.0036

Treatment with tacrolimus (%) 331 (74.5) 52 (59.1) 210 (79.6) 69 (75.0) 0.0007

Treatment with imTOR (%) 7 (1.6) 2 (2.3) 3 (1.1) 2 (2.2) 0.6491

Treatment with MMF (%) 425 (95.7) 84 (95.5) 254 (96.2) 87 (94.6) 0.7903

Treatment with azathioprine (%) 4 (0.9) 0 (0.0) 1 (0.4) 3 (3.3) 0.0654

Treatment with corticosteroids (%) 278 (62.6) 63 (71.6) 164 (62.1) 51 (55.4) 0.0788

Transplanted in winter (%) 195 (43.9) 55 (62.5) 108 (40.9) 32 (34.8) 0.0003
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sive disease (10.5%), and glomerulonephritis (32.8%).

About 20.3% of patients received a pre-emptive transplan-

tation, and the duration of median dialysis duration before

transplantation was 1.8 years [min–max: 0.0 – 32.8]. Most

of the transplanted kidneys were from deceased donors

(88.7%), and 92% were considered as of low immunologi-

cal risk (PRA < 20%). About 96.4% of patients received an

induction treatment with anti-IL2 receptor monoclonal

antibody. Maintenance immunosuppression was mainly

based on CNIs (97.3%) and MMF (95.7%), and 62.6%

received corticosteroids after transplantation. Finally, our

standard protocol included corticosteroids maintenance for

3 months following the transplantation, but 37.4% of

recipients did not receive maintenance corticosteroids ther-

apy according to the clinical conditions (steroids were

stopped in cases of septic complication or metabolic disor-

ders, for example, and prolonged if immunological risk was

high or if MMF was stopped). Plasma level for tacrolimus

ranged between 7 and 10 ng/ml and for cyclosporine

between 100 and 150 ng/L within the first years following

transplantation. There were differences between the study

population (n = 444) and patients excluded because of no

25(OH)D measurement at transplantation (n = 639) on

the following characteristics: polycystic kidney disease

(18.2% vs. 10.9%, P < 0.001), pre-emptive graft (20.3% vs.

11.9% P < 0.001), tacrolimus therapy (74.5% vs. 65.5%,

P = 0.002), and corticosteroids (62.6% vs. 75.1%,

P < 0.001). These differences can be partly explained by the

period of transplantation in both groups: More than half of

patients included in the study were transplanted after 2006

(61.3%), the year from which 25(OH)D measurement was

routinely performed, whereas 29.1% were transplanted

after this date among the 885 patients excluded.

High prevalence of 25(OH)D deficiency and insufficiency

At the time of transplantation, median 25(OH)D concen-

tration was 19.4 ng/ml (range 3.4–160.0 ng/ml). A total of

88 patients (19.8%) were considered 25(OH)D deficient

(< 10 ng/ml), 264 (59.5%) insufficient (≥ 10 and < 30 ng/

ml), and 92 (20.7%) had 25(OH)D within normal range

(≥ 30 ng/ml). Characteristics of the 444 patients according

to 25(OH)D level are described in Table 1.

25(OH)D deficiency is independently associated with an

increased risk of PTDM

A total of 58 of 444 (13%) patients developed PTDM

within the first year post-transplantation. For the others,

the mean duration of hypoglycemic treatment was 6 years

(� 2.6). The unadjusted cumulative incidences for PTDM

at 3 and 12 months were estimated to be, respectively,

11.8% (95% CI 9.1–15.1%) and 13.2% (95% CI 10.3–

16.7%). The cumulative incidence of PTDM was comparable

in the 639 patients not included in the study (11.1% [95%

CI 8.9–13.8%] at 3 months and 12.8% [95% CI 10.5–
15.7%] at 1 year). Patients with 25(OH)D deficiency had

the highest incidence of PTDM, while patients with normal

ranges of 25(OH)D had the lowest (Fig. 1). Cumulative

incidence of PTDM at 3 and 12 months were, respectively,

15.9% (95% CI 9.7–25.4%) and 18.2% (95% CI 11.6–
28.0%) in patients with 25(OH)D deficiency; 11.8% (95%

CI 8.5–16.4%) and 13.0% (95% CI 9.5% to 17.7%) in

patients with 25(OH)D insufficiency; and 7.6% (95% CI

3.7–15.3%) and 8.7% (95% CI 4.5–16.7%) in patients with

normal ranges of 25(OH)D. Multivariate Cox analysis

(Table 2, n = 443) indicated an increased risk of PTDM in

the first year post-transplantation in patients with low 25

(OH)D concentration (< 30 ng/ml) at transplantation

(global P-value = 0.073). 25(OH)D-deficient patient at

transplantation had more than two times risk for PTDM

than patients with normal concentration (HR = 2.41, 95%

CI 1.01–5.75, P = 0.048). Patients with 25(OH)D insuffi-

ciency tended to have an increased risk of PTDM within

the first year post-transplantation although the difference

was not statistically significant (HR = 1.22, 95% CI 0.56–
2.66, P = 0.61). Other independent risk factors of PTDM

were recipient age (HR = 2.21 for ≥ 55 years, 95% CI

1.28–3.80), BMI (HR = 1.72 for each 5 kg/m2 increase;

95% CI 1.29–2.28), tacrolimus therapy (HR = 4.73, 95%

CI 1.86–12.04), and maintenance corticosteroids therapy

(HR = 1.99, 95% CI 1.10–3.62) (Table 2). In our study, a

25(OH)D substitution was prescribed to 19.1% of the

patients at any time after the transplantation, but only

6.8% of patients received 25(OH)D substitution within the

Figure 1 Cumulative incidence of PTDM in the first year post-trans-

plantation according to 25(OH)D status at transplantation.
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first year post-transplantation. Additionally, multivariate

Cox analysis remains unchanged when patients treated with

25(OH)D substitution during the first post-transplant year

were excluded (data not shown). As the association

between steroid exposure and onset of diabetes has been

already established, as well as an increased sensitivity to

steroids with 25(OH)D [30], we assessed whether adjust-

ment on corticosteroid pulses given in case of acute rejec-

tion could change the estimations of HR for 25(OH)D in

the final multivariate model of PTDM. Results were

roughly stable: HR for 25(OH)D < 10 ng/ml 2.12 with

adjustment vs. 2.41 without adjustment.

25(OH)D deficiency was not significantly associated with

patient–graft survival, acute rejection episode, and NMSC

In the total cohort, 21 (4.7%) patients died with a function-

ing graft and 47 (10.6%) lost their graft during follow-up.

The unadjusted cumulative incidence of graft failure (re-

turn to dialysis or death with functioning graft) at 5 years

was estimated to be 14.2% (95% CI 10.1–18.1%). In

patients with 25(OH)D deficiency, cumulative incidence of

graft failure at 5 years was 16.4% (95% CI 7.7–24.2%),

while in patients with normal range of 25(OH)D, the

cumulative incidence was 20.2% (95% CI 7.9–30.9%)

(Fig. 2). Cox multivariate regression analysis did not reveal

any significant relationship between 25(OH)D deficiency

and patient–graft survival (Table 3). During follow-up, 52

acute rejection episodes were observed and no significant

relationship between 25(OH)D deficiency and this out-

come was found (Table 4). There was in addition, no sig-

nificant association between 25(OH)D and the risk of

nonmelanoma skin cancer (n = 25, data not shown).

Discussion

To the best of our knowledge, our study identified for the

first time 25(OH)D deficiency as an independent risk factor

for PTDM within the first year after kidney transplantation.

However, we found no significant relationship between

25(OH)D and acute rejection episodes, NMSC, and

patient–graft survival. In all patients, the use of tacrolimus,

recipient age ≥ 55 years old, high BMI, and the use of

maintenance corticosteroids were also confirmed as inde-

pendent risk factors of PTDM in our cohort. Diabetogenic

effect of 25(OH)D deficiency results from insulin secretion

impairment, which plays a key role in the early develop-

ment of PTDM. Surgical stress impairs beta cell function

because of catecholamine’s toxicity, and insulin secretion is

additionally decreased by CNIs and corticosteroids [34].

Moreover, a new management strategy with the goal of

protecting or rescuing beta cell function early after trans-

plantation by intensive exogenous insulin therapy has been

proposed [13]. Human’s pancreatic beta cells express vita-

min D receptor (VDR) and 1-alpha hydroxylase [31] and

are also able to convert in situ 25(OH)D into calcitriol

(1,25 dihydroxyvitamin D), which is the active form of 25

(OH)D. Calcitriol improves insulin secretion by regulating

insulin gene transcription and beta cell intra-cellular cal-

cium flux [32]. Recently, an in vitro protective effect of cal-

citriol on beta cell function and beta cell survival was

reported in human and mouse islets when exposed to pro-

inflammatory cytokines [33]. So far, 25(OH)D-deficient

kidney transplant recipients may have an increased predis-

position to beta cell dysfunction.

Table 2. Cox survival analysis: relationship between 25(OH)D at trans-

plantation and the time to develop PTDM in the first year post-trans-

plantation.

Multivariate analysis

(n = 443)

HR 95% CI P-value

25(OH)D status (ng/ml)

10–30 vs. ≥ 30 1.22 0.56–2.66 0.614

< 10 vs. ≥ 30 2.41 1.01–5.75 0.048

Recipient age (≥ 55 vs. < 55 years) 2.21 1.28–3.80 0.004

Treatment with corticosteroids

maintenance (yes vs. no)

1.99 1.10–3.62 0.024

Treatment with tacrolimus (yes vs. no) 4.73 1.86–12.04 0.001

Body mass index, for a 5 kg/m² increase 1.72 1.29–2.28 <0.001

Gender recipient (man vs. woman) 1.06 0.62–1.81 0.844

Ethnicity (caucasian vs. no caucasian) 0.60 0.28–1.29 0.190

P-value in univariate analysis for 25(OH)D: 0.158; P-value in final model

P = 0.073. The proportional assumption was checked for the final

model (Schoenfeld residuals = 0.589). Figure 2 Cumulative incidence of graft failure (first event among

return to dialysis or death with a functioning graft) according to 25(OH)

D status at transplantation.
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Renal transplant recipients are more insulin resistant

than the general population, particularly because of obesity,

waist to hip ratio, and corticosteroids [35]. The role of

insulin resistance might occur later after transplantation

than beta cell dysfunction.

In 2003, an International Expert Panel Meeting, based on

American Diabetes Association (ADA) [1], published

PTDM diagnosis criteria. In these first recommendations,

the diagnosis of PTDM was defined according to fasting

plasma glucose (FPG) > 126 mg/dl (7.0 mmol/l), or to

nonfasting plasma glucose > 200 mg/dl (11 mmol/l) or to a

2 h glucose level of an oral glucose tolerance test (OGTT)

> 200 mg/dl. In 2010, the level of standardized hemoglobin

A1c has been added by an international expert committee

(i.e. standardized HbA1c > 6.5%) [36,37]. More recently, a

new screening strategy has been proposed, based on after-

noon glucose testing [38]. This glucose measurement seems

more sensitive than FPG and OGTT in the first 3 months

following the transplantation, whereas after 3 months,

HbA1c and OGTT had comparable sensitivity [38]. Never-

theless, several authors suggest that these criteria are too

sensitive for clinical studies in transplant population [39].

Another limitation of these ADA’s diagnostic criteria is the

heterogeneity of glucose disorders, particularly for clinical

studies. Some patients develop transient PTDM, whereas

patients develop persistent diabetes. Particularly, several

renal transplant recipients develop very early and transient

postoperative hyperglycemia [40], which is probably a dif-

ferent pathology but may herald persistent PTDM. Whether

resolution of PTDM is associated with reduced adverse out-

comes remains unknown. A recent international consensus

has proposed to exclude transient post-transplant hyper-

glycemia from the PTDM diagnosis definition [41].

Our cohort study was limited by some difficulties result-

ing from its observational nature, mainly the lack of sys-

tematic collection of some important variables for that type

of research. For example, some relevant risk factors for dia-

betes such as pretransplantation glucose intolerance, family

history of diabetes, and history of gestational diabetes were

not evaluated. HbA1c was not routinely performed in our

center between 2000 and 2011, and plasma glucose level,

although measured, was not always fasting and mostly

influenced by the corticosteroid pulse (500 mg of methyl-

prednisolone) given pretransplant. So far, we may have

included some patients with pretransplant glycaemia disor-

ders, as glucose intolerance or even diabetes.

Hypoglycemic treatment as diagnostic criterion was

another limitation in our study. We focused on patients

requiring antidiabetic medication in the first year post-

transplant (insulin and/or oral hypoglycemic drug), and

among them, 28 (48%) still received antidiabetic medica-

tion at the last follow-up. Patients requiring antidiabetic

medication are probably those with the poorer expected

outcomes and the higher healthcare costs [7]. We have

probably under-estimated the global incidence rate of

PTDM, especially in the patients transplanted 10 years ago,

when plasma glucose level was not routinely screened after

transplantation. Nevertheless, the same diagnostic criteria

and medical management were applied among the three

groups of patients during the study period.

Due to the high number of studied variables and the few

number of encountered endpoints [i.e. PTDM, acute rejec-

tion, survivals), some over-adjustments can be observed,

leading to some bias [42]. In this study, we focused on a

biologic parameter (25(OH)D level)] in order to provide

preliminary data to further analyze vitamin D substitution

Table 3. Cox survival analysis: relationship between 25(OH)D at trans-

plantation and patient–graft survival.

Multivariate analysis

(n = 443)

HR 95% CI P-value

25(OH)D status (ng/ml)

10–30 vs. ≥ 30 0.63 0.34–1.17 0.143

< 10 vs. ≥ 30 0.82 0.40–1.65 0.571

Recipient age (≥ 55 vs. < 55 years) 1.08 0.64–1.81 0.783

Gender recipient (man vs. woman) 0.78 0.46–1.34 0.369

Body mass index, for a 5 kg/m² increase 1.02 0.75–1.37 0.921

HLA ABDR mismatches(> 4 vs. ≤ 4) 1.25 0.72–2.17 0.438

History of cardiovascular disease

(yes vs. no)

1.31 0.79–2.20 0.295

Time of dialysis prior transplantation

for a 1-year increase

1.05 0.98–1.14 0.158

Treatment with tacrolimus (yes vs. no) 0.60 0.36–1.02 0.061

P-value in univariate analysis for 25(OH)D level: 0.162; P-value in final

model: 0.303.

The proportional hazards assumption was checked for the final model

with Schoenfeld residuals (P = 0.845).

Table 4. Cox survival analysis: relationship between 25(OH)D at trans-

plantation and risk of acute rejection episode.

Multivariate analysis (n = 443)

HR 95% CI P-value

25(OH)D status (ng/ml)

10–30 vs. ≥ 30 1.31 0.59–2.90 0.513

< 10 vs. ≥ 30 1.48 0.61–3.60 0.390

HLA ABDR mismatches(> 4 vs. ≤ 4) 1.90 1.03–3.52 0.041

History of hypertension (yes vs. no) 0.47 0.21–1.05 0.066

History of dyslipidemia (yes vs. no) 0.56 0.30–1.04 0.067

Treatment of induction 0.36 0.13–1.03 0.057

Anticlass I PRA > 20% 1.78 0.93–3.41 0.081

P-value, univariate analysis for 25(OH)D level: 0. 641; in final model:

P = 0. 679.

The proportional hazards assumption was checked for the final model

with Schoenfeld residuals (P = 0. 843).
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if necessary and doses needed in these patients developing

PTDM. Concerning the characteristics of our population,

the great majority of patients were Caucasian and received

tacrolimus-based immunosuppression.

There were some differences between our study popula-

tion and the excluded patients regarding immunosuppres-

sive regimen, initial kidney disease, and proportion of pre-

emptive grafts, what could be seen as a selection bias. How-

ever, as excluded patients were mainly transplanted before

2006 (the year from which 25(OH)D measurement was

routinely performed), our study sample is probably more

representative of the patients recently transplanted. The

incidence of PTDM was 13.2% at 1 year and comparable to

the incidence rate of PTDM reported by other European

authors. A French multicenter observational study using

ADA’s biological diagnosis criteria reported 7% of PTDM

at 1 year (17.4% and 5.5% under tacrolimus and cyclospor-

ine, respectively) [43]. In the observational cohort study of

Medical University of Vienna, 11% of kidney transplant

recipients had history of PTDM and 43% of the patients

without diabetes history had abnormal OGTT results [44].

The incidence rate of PTDM increased in US population

up to 30–37% at 1 year using four biological parameters

including glycated hemoglobin level [39].

The most recent Kidney Disease Global Outcomes guide-

lines for the management of mineral bone disorders in

patients with chronic kidney disease suggest periodic mea-

surement of 25(OH)D concentration and a substitution, in

the case of deficiency or insufficiency, using the strategies

recommended for the general population to maintain 25

(OH)D concentrations above level desirable for fracture

prevention (i.e. > 30 ng/ml) [40]. In our study, conducted

between 2000 and 2011, 19.8% of renal transplant recipi-

ents were 25(OH)D deficient (< 10 ng/ml) at the time of

transplantation. Indeed, since few years, vitamin substitu-

tion is widely used in dialysis centers. However, in our cen-

ter, in the past 2 years, 60% of kidney transplant recipients

remained 25(OH)D insufficient (≤ 30 ng/ml), and among

them, 9% were 25(OH)D deficient (< 10 ng/ml) at the

time of transplantation.

In summary, in this single center observational study, we

identified 25(OH)D deficiency at the time of transplanta-

tion as an independent risk factor of PTDM within the first

year after transplantation. 25(OH)D deficiency at the time

of transplantation may be a strong biological marker of

general health and can alert clinicians about the possible

risk of PTDM. This study reported an association between

25(OH)D deficiency and PTDM risk, but could not provide

evidence that 25(OH)D deficiency is causative of PTDM.

Evidence for the benefit with substitution is limited in gen-

eral population [45] but was not yet evaluated in kidney

transplant recipients. Our study could represent a step

toward the design of an interventional randomized placebo

controlled trial. It could be hypothesized that a sufficient

25(OH)D substitution at the time of transplantation

should be able to preserve, maintain, and/or improve beta

cell function after kidney transplantation. A such controlled

trial may be conducted either before or at the time of trans-

plantation. PTDM often occurred within the first 3 months

after transplantation, suggesting that 25(OH)D prescrip-

tion may be useful in this early post-transplant period. 25

(OH)D repletion, which is a nonexpensive and nontoxic

medication, could then decrease the healthcare costs gener-

ated by antidiabetic medication and cardiovascular events.
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