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Abstract
Background  Glucose metabolism after kidney transplantation (KT) is highly dynamic with the first post-transplantation 
year being the most critical period for new-onset diabetes after transplantation (NODAT) occurrence. The present study 
aimed to analyze dynamics of glucose metabolism and report incidence/risk factors of abnormal glycemic state during the 
first year after KT in children.
Methods  Twenty-one consecutive freshly transplanted pediatric kidney transplant recipients (KTRs) were assessed for 
fasting plasma glucose (FPG) and oral glucose tolerance test (OGTT) weekly for 4 weeks, then every 3 months for 1 year.
Results  Interpretation of OGTT test showed normal glucose tolerance (NGT) in 6 patients (28.6%) while 15 (71.4%) expe-
rienced impaired fasting glucose (IFG) and/or impaired glucose tolerance (IGT) at any time point of monitoring. Seven 
patients had NODAT, for which three needed insulin therapy. Hyperglycemia onset was 7.8 ± 13.12 weeks (median (range) = 1 
(0–24) week) after KT. Percent of patients with abnormal OGTT was significantly more than that of IFG (38.1% vs. 71.4%, 
p = 0.029). Patients with abnormal glycemic state had significantly elevated trough tacrolimus levels at 6 months (p = 0.03). 
Glucose readings did not correlate with steroid doses nor rejection episodes while positively correlating with tacrolimus 
doses at 3 months (p = 0.02, CC = 0.73) and 6 months (p = 0.01, CC = 0.63), and negatively correlating with simultaneous 
GFR at 9 months (p = 0.04, CC =  − 0.57).
Conclusions  Up to two thirds of pediatric KTRs (71.4%) experienced abnormal glycemic state at some point with peak 
incidence within the first week up to 6 months after KT. OGTT was a better tool for monitoring of glucose metabolism than 
FPG. Abnormal glycemic state was induced by tacrolimus and adversely affected graft function.
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Introduction

Kidney transplantation (KT) is the ideal treatment for kidney 
failure, with better quality of life and lower risk of mor-
tality compared with dialysis [1]. However, KT is not a 
complication-free modality of kidney replacement therapy 

(KRT). One of the important complications after KT is the 
development of new-onset diabetes mellitus after transplant 
(NODAT), which affects patient and kidney survival, and is 
associated with increased risk of cardiovascular (CV) mor-
bidity [2].

There is wide variation in the reported incidence of 
NODAT in children (3–20%) due to differences in the use 
of diagnostic criteria, observation period, and immunosup-
pressive drugs with variable risk factors [3].

The first year after KT is the most critical as regards 
occurrence of NODAT, with reported double long-term 
mortality in adults who developed NODAT within their first 
KT year [4]. Moreover, glucose metabolism was reported 
to be highly dynamic, even several years after KT as kidney 
transplant recipients (KTRs) might flux into and out of the 
pre-diabetic state during their follow-up [5].
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Disorders in glucose metabolism are silent and serious 
adverse events of KT in children, which necessitate screen-
ing, early detection, and appropriate treatment [6]. The 
dynamic nature of glucose metabolism after KT provides 
a continuous opportunity for intervention aiming to reduce 
diabetes-associated complications.

The aim of the present study was to investigate the inci-
dence and potentially modifiable risk factors of abnormal 
glycemic state, and to analyze the dynamics of glucose 
metabolism during the first post-transplantation year in 
Egyptian children and adolescents.

Patients and methods

The current study was a prospective longitudinal cohort 
study that included 21 consecutive pediatric KTRs. 
Recruited patients underwent KT in the Kidney Trans-
plantation Unit and were followed up at the Kidney Trans-
plantation Outpatient Clinic, Cairo University Children 
Hospital (CUCH) (Abu El Reech El Mounira). The study 
was conducted over a period of 2 years (2015–2017). An 
informed consent for enrollment in the study was obtained 
from patients’ legal guardians. The protocol of the study was 
approved by the Research Ethics Committee of the Pediat-
ric Department, Faculty of Medicine, Cairo University (N: 
I-150315).

Included patients were all freshly transplanted recipients 
of a living related renal graft (according to national and hos-
pital regulations), aged between 6 and 14 years, and were 
committed to follow-up for at least 1 year after KT.

Baseline demographic, clinical, and transplantation 
related data

Basic data were collected at enrollment in the study, includ-
ing age, sex, family history of diabetes or kidney disease, 
original kidney disease, comorbidities, pre-transplantation 
dialysis duration, and pre-transplantation treatment with 
steroids or lipid-lowering agents.

Clinical assessment was performed for all patients 
(n = 21) including weight and height measurements, as well 
as estimation of weight SDS and height SDS [7]. Body 
mass index (BMI) was calculated by using the formula 
BMI = weight (kg)/height (m2). Blood pressure (BP) per-
centiles were determined according to American Academy 
of Pediatrics (AAP) Clinical Practice Guidelines for Screen-
ing and Management of High Blood Pressure in Children 
and Adolescents [8] and were categorized as following: 
(1) normal BP, < 90th percentile; (2) elevated BP, ≥ 90th 
percentile to < 95th percentile or 120/80 mm Hg to < 95th 
percentile (whichever is lower); (3) stage 1 hypertension 

(HTN), ≥ 95th percentile to < 95th percentile + 12 mmHg, 
or 130/80 to 139/89 mm Hg (whichever is lower); (4) stage 
2 HTN, ≥ 95th percentile + 12 mm Hg, or ≥ 140/90 mm Hg 
(whichever is lower).

Transplantation-related data were reviewed and patients 
were observed during follow-up assessments through their 
first post-transplantation year. Collected data were in the 
form of donor age/relationship, early graft function (in 
terms of decline of serum creatinine and achieving adequate 
urine output), and immunosuppressive medications includ-
ing number/doses of pulse methylprednisolone received, 
cumulative steroid doses, trough levels of calcineurin inhibi-
tors (CNIs; cyclosporine (CsA) or tacrolimus), and type of 
antiproliferative agent (mycophenolic acid (MPA), enteric 
coated mycophenolate (MPA/Na), or everolimus).

Steroids were administered as a part of induction therapy 
and then tapered gradually according to center guidelines 
as follows: intravenous methylprednisolone is given in 
5–10 mg/kg (150–250 mg/m2) up to 250 mg/dose on the 
night before the operation, the time of induction of anesthe-
sia, the time of de-clamping, and 6 h postoperatively, and 
the same dose is given once on a day following the opera-
tion. Steroids were then gradually tapered, converted to oral 
when tolerated in a dose of 2–3 mg/kg/day then reduced, 
targeting 15–20 mg/m2 by postoperative day 14. After the 
first post-transplantation month, dose was gradually tapered 
down to 2.5–7.5 mg/day at 6–12 months. Patients with acute 
rejection episodes (n = 8) received extra pulse methylpred-
nisolone (250 mg/m2/dose for 3 successive days) followed 
by rapid tapering of oral steroids to or just above the main-
tenance regular dose.

Tacrolimus was administrated initially in a dose of 
0.15 mg/kg/day in 2 divided doses. Tacrolimus dose was 
adjusted to therapeutic ranges based on drug-level moni-
toring, with target trough level of 10–12 ng/ml in the first 
month, 8–10 ng/ml until 3 months, 7–8 until 6 months, and 
6–7 until the end of the first year post transplantation.

Acute graft dysfunction (AGD) was defined as rise of 
serum creatinine > 25% of the baseline level [9]. Presumed 
acute rejection (PRAR) was defined as AGD which is clini-
cally diagnosed as acute rejection (after exclusion of other 
causes of AGD such as infection and dehydration) and medi-
cally treated by pulse methylprednisolone therapy, but kid-
ney biopsy was not performed or did not show evidence of 
rejection [10]. Biopsy-proven acute rejection (BPAR) was 
defined as AGD accompanied by pathological evidence of 
rejection. First-line anti-rejection therapy was in the form of 
pulse methylprednisolone (150–250 mg/m2) for three suc-
cessive days followed by rapid tapering of oral steroids for 
all acute rejection (AR) episodes. AR was considered to be 
steroid resistant if there was no response within 5–7 days 
after the first dose. Further treatment of AR was based on 
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pathological findings of the kidney biopsy with acute T-cell-
mediated rejections (n = 2) being treated with T-cell deplet-
ing therapy and antibody-mediated rejection (ABMR) (n = 3) 
being treated with plasma exchange, IVIG, and rituximab.

Assessment of glucose profile

All patients were monitored for their glycemic state since 
their first postoperative week until the end of their first 
post-transplantation year. Blood samples were collected by 
peripheral venous puncture after 8 h of fasting, then fast-
ing plasma glucose (FPG) was withdrawn followed by oral 
ingestion of 1.75 g/kg to a maximum dose of 75 g, and blood 
samples for glucose measurement were obtained every 
30 min until 2 h post-glucose intake to assess oral glucose 
tolerance test (OGTT).

All patients were screened for pre-transplantation dia-
betes by review of pre-transplantation random blood sugar 
(RBS), performing fasting and 2-h postprandial blood 
sugar as well as assessing HBA1c. Patients with FPG above 
126 mg/dl, postprandial glucose above 200 mg/dl, and/or 
HbA1c > 6.5% (denoting diabetes) were excluded from the 
study. FPG and OGTT were performed within the first week 
after transplantation then were assessed weekly for 4 weeks, 
then every 3 months for 1 year.

The American Diabetic Association (ADA) interpreta-
tion criteria of FPG and 2-h plasma glucose levels of the 
OGTT [11] were used for interpretation of measured values 
of plasma glucose as follows:

Normal glucose tolerance (NGT) was defined as FPG 
<100 mg/dl and 2-h glucose levels of OGTT <140 
mg/dl. Impaired fasting glucose (IFG) was defined as 
FPG levels 100–125 mg/dl. Impaired glucose toler-
ance (IGT) was defined as 2-h glucose values 140–199 
mg/dl. Diabetes mellitus (DM) was defined as FPG 
≥126 mg/dl and/or second-hour glucose values during 
OGTT ≥200 mg/dl.

The definition of NODAT in the current study was based 
upon diabetes definition by ADA in absence of evidence of 
pre-transplantation DM. Permanent NODAT was defined 
as being on anti-diabetic medication and/or FPG ≥ 126 mg/
dl at 1  year, while transient NODAT was defined as 
FPG < 126 mg/dl at 1-year assessment without anti-diabetic 
medications.

Separated simultaneous blood samples were tested for 
assessment of graft function (serum creatinine). Estimated 
glomerular filtration rate (eGFR) was calculated regu-
larly (ml/min/1.73 m2) with follow-up assessments using 
Schwartz formula [12] as follows: GFR = 0.413 × (height/
serum creatinine) with height expressed in centimeters and 
serum creatinine in milligrams per deciliter. Serum calcium, 
phosphorus alkaline phosphatase, and cholesterol levels 
were assessed at 6 months of follow-up of all patients.

Patients’ enrollment in the study, follow-up assessment, 
interpretation of OGTT, and further management are sum-
marized in Fig. 1.

Fig. 1   Flow chart of monitoring 
of glucose metabolism, interpre-
tation of glucose readings, and 
management in the study group 
(n = 21)
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Statistical analysis

All statistical calculations were done using computer pro-
gram IBM SPSS (Statistical Package for the Social Science; 
IBM Corp, Armonk, NY, USA) release 22 for Microsoft 
Windows. Nominal data were expressed as frequency and 
percentage and were compared using chi-square (χ2) test. 
Numerical data were expressed as mean ± standard devia-
tion (SD) and were compared using t test and Wilcoxon 
signed-rank test. Non-parametric data were expressed as 
median and interquartile range (IQR) and were compared 
using Mann–Whitney (U test) for comparing two groups and 
Kruskal–Wallis test in comparing more than two groups. For 
comparing categorical data, χ2 test was performed. Exact test 
was used instead when the expected frequency was less than 
5. Correlation between various variables was done using 
Spearman rank correlation equation. P values less than 0.05 
were considered statistically significant.

Results

The mean age of the study group (n = 21) was 
10.7 ± 9.89  years with male-to-female ratio of 2:1 (14 
males and 7 females). Thirteen patients (61.9%) had a fam-
ily history of type 2 DM and 5 patients (23.8%) had a family 
history of similar kidney disease. Primary kidney disease 
of the study group was obstructive uropathy in 6 (28.6%) 
patients, unknown kidney failure in 5 (23.8%) patients, juve-
nile nephronophthisis in 3 (14.3%) patients, glomerulopa-
thies in 5 (23.8%) patients, Caroli disease in 1 (5%) patient, 
and atypical hemolytic uremic syndrome (HUS) in 1 (5%) 
patient. No comorbidities were reported among the study 
group apart from hepatosplenomegaly with normal liver 
functions in the patient with Caroli disease. Patients with 
glomerulopathies (n = 5) received steroid therapy for a dura-
tion ranging between 3 and 6 months that was withdrawn at 
least 6 months before need for initiation of regular dialysis. 
No patients in the study group received a lipid-lowering 
agent.

Transplantation‑related data

All patients were recipients of living related donor renal 
graft (donors were either mother (62%), father (23%), 
brother (4.7%), uncle (4.7%), or aunt (4.7%) of the recipi-
ents). Early graft function was excellent (i.e., immediate 
urine flow > 1 ml/kg/h and gradual decline of serum cre-
atinine to < 1 mg/dl) in 17 (81%) patients while 4 (19%) 
patients experienced transient oliguria due to acute tubu-
lar necrosis (ATN). Thirteen patients (62%) suffered from 
postoperative HTN (BP was controlled (stage 1 HTN) in 

11 patients and uncontrolled (stage 2 HTN) on medica-
tions in 2 patients). Demographic, clinical, and transplan-
tation-related data of the studied cohort are summarized 
in Table 1.

As illustrated in Table 1, patients with NGT (n = 6) all 
through the follow-up period of blood glucose assessment 
(1 year post transplantation) were compared to patients 
with abnormal OGTT (including patients with changing 
pattern between NGT, IFG, IGT, or DM) (n = 15), in order 
to identify the risk factors for developing abnormal OGTT 
after KT. No significant difference was detected between 
patients with normal and abnormal OGTT as regards pri-
mary kidney disease, donor relationship or early graft 
function (p = 0.43, 0.77, and 1, respectively). Although 
patients with family history of type 2 DM were mainly in 
the abnormal OGTT group, the difference in this regard 
between patients with and without normal OGTT did not 
reach statistical significance (13 patients with 4 of them 
having normal OGTT and 9 having abnormal OGTT, 
p = 1).

Immunosuppression and rejection data

All patients received antibody induction (Ab) therapy 
except for one patient with low immunological risk 
in whom Ab induction was not indicated. All patients 
received classic triple therapy maintenance immunosup-
pression protocol consisting of steroids, CNI, and antipro-
liferative agent.

CNI was in the form of CsA in 5 patients and tacrolimus 
in 16 patients during the first 6 months after KT. Three 
patients had their CNI changed from CsA to tacrolimus 
during the next 6 months due to CsA-associated adverse 
effects. Antiproliferative agent was in the form of MPA 
in 6 patients and MPA/Na in 15 patients. Everolimus was 
introduced with low CNI doses 6 months after KT in three 
patients and continued until the end of the first year in one 
patient, while classic triple therapy was resumed in the 
other two patients. No significant differences were seen 
between patients with normal OGTT (n = 6) and abnormal 
OGTT (n = 15) as regards simultaneous and cumulative 
doses of steroids at 3, 6, and 12 months (p > 0.05). Patients 
with abnormal OGTT (n = 15) had significantly elevated 
mean trough levels of tacrolimus during the second half 
of their first post-transplantation year (p = 0.03) (Table 2).

Eight patients (38%) experienced AGD during their fol-
low-up visits and were diagnosed as PRAR, for which pulse 
methylprednisolone therapy was received and graft biopsy 
was performed. Pathological confirmation of rejection 
(BPAR) was achieved in five patients (23.8%). No signifi-
cant difference was reported between patients with normal 
and abnormal OGTT as regards rejection data (Table 2).

850 Pediatric Nephrology (2023) 38:847–858



1 3

Monitoring of plasma glucose levels

OGTT results were interpreted over the first year post trans-
plantation. NGT was reported in 6 patients (28.6%) within 
the study cohort. In 15 patients (71.4%); abnormal FPG and/
or OGTT at any point of follow-up intervals was detected; 
7 patients (33.3%) had plasma glucose readings compatible 
with NODAT and 8 patients (38.1%) with IFG and/ or IGT. 
Of patients with NODAT (n = 7), three patients (14.3%) 
needed insulin therapy and were categorized as having 
permanent hyperglycemia while four patients (19.1%) had 
transient hyperglycemia (Fig. 1).

Glycemic data delivered by FPG and OGTT are pre-
sented in Table 3. The percentage of patients with abnormal 
OGTT was more than those with IFG at all point intervals 
of assessment but without statistical significance (p > 0.05). 
Nevertheless, incidence of abnormal glycemic state docu-
mented by interpretation of OGTT was significantly dif-
ferent from that reported by FPG among the study cohort 

(normal/IFG = 13/8 versus normal/abnormal OGTT = 6/15, 
p = 0.0299).

Onset of occurrence of hyperglycemia among abnor-
mal OGTT patients (n = 15) was 7.8 ± 13.12 weeks after 
KT (median 1 week with range between 0 and 24 weeks). 
Patients with NODAT (n = 7) had their onset of DM 
within the first week (in 2 patients) and second week (in 
5 patients) after KT. Figure 2 illustrates maximum glu-
cose reading (mg/dl) by OGTT in patients with perma-
nent hyperglycemia (n = 3) before starting insulin therapy. 
Patients with permanent hyperglycemia received multiple 
daily insulin injections (basal-bolus regimen) in the form 
of insulin glargine and insulin aspart in a dose ranging 
between 0.3 and 0.8 IU/kg/day (mean ± SD = 0.60 ± 0.27 
U/kg/day). HbA1c was assessed every 3 months in those 
patients and it ranged between 4.2% and 9.6% (mean of 
5.83 ± 1.42%).

Patients with transient hyperglycemia (n = 12) had their 
onset of impaired OGTT starting between the first week and 
6 months after KT (Fig. 3). On follow-up of patients with 

Table 1   Demographic, clinical, and transplantation-related data of patients

TX transplantation, RBS random blood sugar, BMI body mass index, SDS standard deviation score, H/O history, DM diabetes mellitus, BP blood 
pressure, S serum, eGFR estimated glomerular filtration rate, ALP alkaline phosphatase
* Abnormal OGTT includes patients with IFG, IGT, and DM and those who developed any of them at any assessment point interval
# Blood pressure data point to interpretation of the 6-month BP assessment data

Total cohort
(n = 21)

Patients with normal 
OGTT​
(n = 6)

Patients with abnormal 
OGTT (n = 15)*

P value (normal 
versus abnormal 
OGTT)

Age (years) at TX 10.7 ± 9 11.83 (± 3.37) 10.37 (± 2.53) 0.29
Weight SDS at TX –1.15 ± 1.8712 1.52 (± 1.14) –1.0 (± 2.11) 0.85
Height SDS at TX –7.71 ± 2.54 –2.14 (± 1.25) –1.85 (± 2.93) 0.85
BMI SDS at TX –0.52 ± 1.87 –0.52 (± 1.87) –0.51 (± 1.94) 0.91
Dialysis duration (years) 1.99 ± 2.92 1.583 ± 1.272 2.06 ± 3.39 0.61
Donor age (years) 36.67 ± 5.102 36.50 ± 3.21 36.73 ± 5.79 0.39
Family H/O of DM type 2 13 (61.9%) 4 (66.7%) 9 (60%) 1
Pre-TX RBS (mg/dl) 100.57 ± 21.91 99.12 ± 27.6 100.75 ± 11.79 0.216
Pre-TX cholesterol 213.29 ± 81.45 187.25 ± 29.76 250.37 ± 86.38 0.091
# BP
Normal BP 6 (28.6%) 4 (57.1%) 2 (14.3%) 0.58
Elevated BP 0 (0%) 0 (0%) 0 (0%)
Stage 1 hypertension 13 (61.9%) 3 (82.9%) 10 (71.4%)
Stage 2 hypertension 2 (9.5%) 0 (0%) 2 (14.3%)
S. Calcium at 6 months 9.63 ± 2.87 9.7 ± 0.5 9.45 ± 0.74 0.232
S. Phosphorus at 6 months 3.76 ± 0.72 4.13 ± 0.89 4.13 ± 0.51 0.341
S. ALP at 6 months 596.5 ± 876.82 300.3 ± 234.2 235.3 ± 870.8 0.185
S. Cholesterol 6 months 182.4 ± 41.73 134.5 ± 85 215.6 ± 49.8 0.08
S. Creatinine (mg/dl) 6 months 0.733 ± 0.19 0.93 ± 0.25 1.03 ± 0.49 0.432
e GFR (ml/min/1.73 m2) 6 months 82.16 ± 20.24 62.8 ± 15.3 66.05 ± 32.6 0.474
S. Creatinine (mg/dl) at 1 year 0.95 ± 0.37 1 ± 0.459 1.07 ± 0.55 0.08
eGFR (ml/min/1.73 m2) at 1 year 70.7 ± 23.5 75.23 ± 25.43 59.84 ± 13.5 0.17
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transient hyperglycemia, seven patients (33.3%) reverted 
to normal by lifestyle and therapy modifications and five 
patients (23.8%) reverted spontaneously within the first year 
after transplantation (Fig. 1). Glycemic status of included 
patients throughout the follow up period is detailed in 
Table 4.

Correlations of OGTT readings

No significant correlation was found between OGTT read-
ings and demographic, clinical, or disease/transplanta-
tion-related data. No significant correlation was detected 
between steroid doses and OGTT readings. A significant 
positive correlation between OGTT readings and tacroli-
mus doses at 3 and 6 months was reported (p = 0.03 and 
0.01, respectively). OGTT readings negatively correlated 
with eGFR at 9-month follow-up (p = 0.04, r =  − 0.57) 
(Table 5).

Discussion

Hyperglycemia after transplantation has been reported to be 
associated with a variety of adverse outcomes [13]. Distinct 
categories of patients with hyperglycemia following organ 
transplant have been identified, including known pre-exist-
ing DM, persistent hyperglycemia, and NODAT [14]. In the 
present study, we aimed to monitor blood glucose by FPG 
and OGTT at fixed time intervals through the first year after 
KT in a pediatric cohort followed up at CUCH.

In the current study, we reported an overall frequency of 
abnormal glucose metabolism up to 71.4% with 33.3% of 
patients having NODAT. Most of the studies conducted for 
similar purpose were cross-sectional in nature rather than 
longitudinal ones, which explains our high incidence when 
compared to previously published pediatric data (3–26.2%) 
[15–18]. Longitudinal adult reports showed similar results to 
the present study, with only about one third of their patients 
showing normal glucose regulation [5]. At fixed point inter-
vals, however, we reported similar frequency of glucose 

Table 2   Immunosuppression and rejection data of patients with normal and impaired OGTT​

ATG​ antithymocyte globulin, MPA/Na enteric coated mycophenolic acid
* Abnormal OGTT includes patients with IFG, IGT and DM and those who developed any of them at any assessment point interval

Patients with normal 
OGTT​
(n = 6)

Patients with abnormal 
OGTT (n = 15)*

P value

ATG induction immunotherapy n = 8 n (%) 3 (50%) 5 (33.3%) 0.864
Basiliximab induction immunotherapy n = 12 n (%) 3 (50%) 9 (60%) 0.528
Steroid (mg/m2/day) at 3 mo n = 21 Mean ± SD 25.55 ± 11.134 22.43 ± 8.44 0.69
Steroid (mg/m2/day) at 6 mo n = 21 Mean ± SD 22.81 ± 9.5895 32.04 ± 36.36 0.82
Steroid (mg/m2/day) at 12 mo n = 21 Mean ± SD 19.50 ± 8.91 24.01 ± 28.62 0.54
Cumulative steroids (mg/m2/day) at 3 mo n = 21 Mean ± SD 635.817 ± 406.9 814.97 ± 849.73 0.94
Cumulative steroids (mg/m2/day) at 6 mo n = 21 Mean ± SD 726.25 ± 548.17 847.12 ± 892.33 0.76
Cumulative steroids (mg/m2/day) at 12 mo n = 21 Mean ± SD 779.43 ± 710.67 1033.53 ± 1116.91 0.64
Cyclosporine (mg/day) at 3 mo n = 8 Mean ± SD 260 ± 34.88 231.57 ± 57.22 0.34
Cyclosporine (mg/day) at 6 mo n = 8 Mean ± SD 250 ± 20.46 226.7 ± 48.15 0.38
Cyclosporine (mg/day) at 12 mo n = 5 Mean ± SD 225 ± 0 229.65 ± 30.15 0.48
Cyclosporine level (0–6) (ng/ml) n = 8 Mean ± SD 227.36 ± 95.09 329.44 ± 115.15 0.2
Cyclosporine level (6–12) (ng/ml) n = 5 Mean ± SD 58.45 ± 74.32 120.78 ± 90.34 0.44
Tacrolimus (mg/day) at 3 mo n = 13 Mean ± SD 5.69 ± 1.01 6.79 ± 1.55 0.14
Tacrolimus (mg/day) at 6 mo n = 13 Mean ± SD 5.45 ± 0.86 6.89 ± 1.79 0.14
Tacrolimus (mg/day) at 12 mo n = 16 Mean ± SD 4.63 ± 0.86 5.92 ± 2.82 0.61
Tacrolimus level (0–6 mo))ng/ml) n = 13 Mean ± SD 5.78 ± 3.72 8.59 ± 2.56 0.21
Tacrolimus level (6–12 mo) (ng/ml) n = 16 Mean ± SD 4.0 ± 2.78 8.34 ± 0.94 0.03
MPA/Na (mg/day) at 3 mo n = 15 Mean ± SD 716.20 ± 151.56 891.32 ± 362.56 0.56
MPA/Na (mg/day) at 6 mo n = 15 Mean ± SD 782.76 ± 195.43 782.76 ± 406.25 0.55
MPA/Na (mg/day) at 12 mo n = 16 Mean ± SD 733.60 ± 125.71 665.96 ± 112.00 0.46
Everolimus (mg/kg/day) at 6 mo n = 3 Mean ± SD 1.50 ± 0 1.49 ± 0.09 1.00
Presumed acute rejection (PRAR) n = 8 n (%) 3 (50%) 5 (33.3%) 0.466
Biopsy-proven acute rejection (BPAR) n = 5 n (%) 1 (16.7%) 4 (26.7%) 0.157
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abnormalities after transplantation to previous reports. For 
example, abnormal FPG and/or OGTT was present in 28.6% 
of patients at 1, 3, and 6 months after KT, with only 4.7% 
of patients having NODAT at 1 month. This frequency is in 
accordance with published data of a recent study conducted 
in our center with an overall frequency of abnormal glucose 

metabolism of 23.3% with 10% of patients having post-trans-
plant diabetes mellitus (PTDM) [6]. Data provided by the 
current study proves that frequency of IFG and/or IGT has 
declined by the second half of the first post-transplantation 
year (up to 19.1% and 14.3% at 9 and 12 months, respec-
tively, with no reported cases of NODAT). So, continuously 

Table 3   Glycemic data 
delivered by FPG and OGTT in 
the study cohort (n = 21)

TX transplantation, IFG impaired fasting glucose, IGT impaired glucose tolerance, DM diabetes mellitus

Timing after TX Glucose readings by 
OGTT​
(mean ± SD)

OGTT max
(mean ± SD)

Abnormal FPG
N (%)

Abnormal
OGTT N (%)

P value

1 week G0 92.84 ± 25.48 151.11 ± 34.89 Total
IFG
DM

3 (14.3%)
2 (9.5%)
1(4.7%)

Total
IGT
DM

4 (19.1%)
2 (9.5%)
2 (9.5%)

0.679
G30 126.48 ± 27.1
G60 134.89 ± 46.78
G90 128.2 ± 28.1
G120 113.05 ± 27.38

2 weeks G0 90.05 ± 22.35 185.52 ± 70.22 Total
IFG
DM

6 (28.6%)
3 (14.3%)
3 (14.3%)

Total
IGT
DM

7 (33.3%)
1 (4.7%)
6 (28.6%)

0.739
G30 163.5 ± 70.51
G60 171.4 ± 68.73
G90 162.2 ± 57.43
G120 145.85 ± 52.8

3 weeks G0 91.78 ± 14.88 143.33 ± 29.05 Total
IFG
DM

3 (14.3%)
1 (4.7%)
2 (9.5%)

Total
IGT
DM

5 (23.8%)
3 (14.3%)
2 (9.5%)

0.432
G30 122.33 ± 19.52
G60 124.5 ± 16.7
G90 123.56 ± 22.59
G120 116.78 ± 36.56

1 month G0 96.38 ± 18.99 139 ± 21.98 Total
IFG
DM

3 (14.3%)
3 (14.3%)
0 (0%)

Total
IGT
DM

6 (28.6%)
5 (23.8%)
1 (4.7%)

0.259
G30 129.86 ± 14.23
G60 130.38 ± 18.03
G90 120.86 ± 24.22
G120 111.48 ± 34.74

3 months G0 90.15 ± 10.28 146.83 ± 28.15 Total
IFG
DM

4 (19.1%)
4 (19.1%)
0 (0%)

Total
IGT
DM

6 (28.6%)
6 (28.6%)
0 (0%)

0.469
G30 143.4 ± 28.1
G60 137.55 ± 29.8
G90 122.6 ± 24.69
G120 113.4 ± 26.46

6 months G0 88.89 ± 11.44 137.53 ± 25.91 Total
IFG
DM

3 (14.3%)
3 (14.3%)
0 (0%)

Total
IGT
DM

6 (28.6%)
6 (28.6%)
0 (%)

0.259
G30 126.53 ± 27.22
G60 126.26 ± 20.48
G90 117.78 ± 25.76
G120 111.42 ± 30.85

9 months G0 90.21 ± 14.72 126.67 ± 25.78 Total
IFG
DM

3 (14.3%)
3 (14.3%)
0 (0%)

Total
IGT
DM

4 (19.1%)
4 (19.1%)
0 (%)

0.259
G30 117.29 ± 24.8
G60 115.64 ± 20.85
G90 110.5 ± 20.49
G120 104.21 ± 18.79

12 months G0 88.25 ± 19.04 130.8 ± 19.46 Total
IFG
DM

2 (9.5%)
2 (9.5%)
0 (0%)

Total
IGT
DM

3 (14.3%)
3 (14.3%)
0 (0%)

0.634
G30 112.58 ± 22.91
G60 127.92 ± 24.36
G90 124.5 ± 17.02
G120 114.58 ± 16.42
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high fluxes between states of glucose metabolism, with the 
state of individual patients deteriorating or improving over 
time, resulted in a high number of our incident patients.

In the present study, although the majority of patients 
with family history of DM developed abnormalities in glu-
cose metabolism during follow-up (13 patients with family 
history of type 2 DM; 4 and 9 patients with and without 
NGT, respectively), it was not determined as a risk factor for 
development of hyperglycemia after KT (p = 1). Similarly, 
Porrini et al. did not find any relationship between family 
history of DM and NODAT [19]. In contrast to our work, 
Pham et al. found strong evidence suggesting that positive 
family history of DM among first-degree relatives was an 
important risk factor for development of PTDM in transplant 

recipients [20]. At the end of the day, NODAT is categorized 
as type 2 DM. However, the small sample size of this study 
limits the result validity in this regard.

In the present study, the onset of hyperglycemia was 
7.8 ± 13.12 weeks (median (range) = 1 (0–24) week) after 
KT. An adult longitudinal follow-up study has been con-
ducted at fixed point to assess glucose metabolism after KT. 
Guthoff and co-workers reported a persistent patient flux 
into and out of the pre-diabetic state reflecting the highly 
dynamic nature of glucose [5]. This fact is highly supported 
by our results (Table 4). However, we studied glucose state 
at earlier time intervals starting immediately after KT. More-
over, we found that all patients with NODAT (n = 7) have 
been diagnosed within the first post-transplantation month. 

Fig. 2   OGTT max (mg/dl) 
in permanent hyperglycemia 
patients (n = 3) before starting 
insulin therapy

Fig. 3   Mean ± SD of OGTT 
max (mg/dl) in transient hyper-
glycemia patients (n = 12)
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This is well explained by the hyperglycemic effect of high 
doses of corticosteroids and CNI needed within the early 
postoperative period. Moreover, Hjelmesaeth et al. proposed 
a division of NODAT into three clinical forms with the first 
one occurring very early after transplantation due to insulin 
resistance secondary to high doses of corticosteroids [21].

The sensitivity of FPG in screening for NODAT has pre-
viously been questioned, while OGTT has been mooted as 
an alternative, but is inconvenient for all patients. In the 
present study, we report that the incidence of abnormal gly-
cemic state diagnosed by OGTT was significantly higher 
than that diagnosed by FPG (38.1% vs. 71.4%, p = 0.0299). 
Our finding is well supported by data recently published 
from our center also. The authors concluded that using FPG 
levels as a screening tool will underdiagnose abnormali-
ties of glucose metabolism after KT and that OGTT is the 
gold-standard method for assessment, not only after trans-
plantation but also prior to it [6]. Similarly, previous studies 
conducted on adult transplant recipients reported the same 
finding [22, 23].

Among immunosuppressive drugs used in solid organ 
transplantation protocols, tacrolimus is characterized by 
the strongest diabetogenic effects [24]. In the present study, 
patients with abnormal glycemic state had significantly ele-
vated trough tacrolimus levels at 6 months (p = 0.03). Our 

findings came in accordance with a report of a multi-center 
DIRECT trial where the authors described a significantly 
higher incidence of abnormal FPG 6 months after KT as well 
as of NODAT in patients treated using tacrolimus (34% vs. 
26%, p = 0.046) [25]. Arafa and co-workers in their pediatric 
reports failed to find a significant difference between groups 
of normal and abnormal glucose metabolism regarding the 
type of CNI used; nevertheless, 85.7% of their patients with 
abnormal glucose metabolism were receiving tacrolimus and 
only 14.3% of them were receiving CsA with significantly 
higher tacrolimus trough values among those with abnormal 
glucose metabolism [6].

In the present study, glucose readings did not correlate 
with steroid doses nor rejection episodes, while they posi-
tively correlated with tacrolimus doses at 3 months (p = 0.02, 
CC = 0.73) and 6 months (p = 0.01, CC = 0.63). Moreover, 
we found that glucose readings negatively correlated with 
simultaneous eGFR at 9 months (p = 0.04, CC =  − 0.57) 
reflecting the probable negative impact of abnormalities in 
glucose metabolism after KT on graft survival. Abnormal 
glucose metabolism has been reported to impact allograft 
survival [26]. However, the presence of confounders that 
could also affect graft function limits interpretation of our 
results in this regard.

Table 4   Individual glycemic 
status at different points 
throughout the follow-up

NGT normal glucose tolerance, IFG impaired fasting glucose, IGT impaired glucose tolerance. Bold entries 
refer to any form of abnormal glucose metabolism reported for each patient
Controlled on insulin * NODAT on insulin therapy

1 week 2 weeks 3 weeks 1 month 3 months 6 months 9 months 1 year

Patient 1 NGT DM NGT NGT NGT NGT NGT NGT
Patient 2 IFG,IGT NGT NGT NGT NGT IFG,IGT IFG,IGT IFG,IGT
Patient 3 NGT NGT NGT IFG IFG NGT NGT NGT
Patient 4 NGT NGT NGT NGT IFG,IGT IFG,IGT IFG,IGT IFG
Patient 5 NGT NGT NGT NGT NGT NGT NGT NGT
Patient 6 NGT NGT NGT NGT NGT NGT NGT NGT
Patient 7 NGT NGT NGT NGT IGT NGT NGT NGT
Patient 8* DM DM IFG NGT NGT IFG IFG NGT
Patient 9 NGT NGT NGT NGT NGT NGT IGT IGT
Patient 10 NGT IGT NGT NGT IGT IGT NGT NGT
Patient 11 NGT NGT NGT NGT NGT NGT NGT NGT
Patient 12 NGT NGT NGT NGT NGT NGT NGT NGT
Patient 13 NGT NGT NGT NGT IFG,IGT NGT NGT NGT
Patient 14* NGT DM DM DM IFG,IGT IGT NGT NGT
Patient 15 NGT NGT NGT NGT NGT NGT NGT NGT
Patient 16 NGT DM DM IGT NGT NGT NGT NGT
Patient 17 IFG,IGT NGT NGT IFG NGT IGT NGT NGT
Patient 18* DM DM IFG,IGT IFG NGT NGT NGT NGT
Patient 19 NGT NGT NGT NGT NGT NGT NGT NGT
Patient 20 NGT DM IGT IGT NGT NGT NGT NGT
Patient 21 NGT DM NGT NGT NGT NGT NGT NGT
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Our results show no significant association between ster-
oid doses and NODAT which was unexpected since steroids 
are a well-established cause of hyperglycemia through sev-
eral mechanisms. The effect of steroids on inducing hyper-
glycemia had been historically believed to be dose depend-
ent [27]. However, in a study conducted by Burroughs et al., 
based on data from the USRDS registry, the authors reported 
that increasing steroid dosages potentiates the diabetogenic 
effect of tacrolimus while steroid dosage did not seem to 
affect the risk for NODAT in patients who receive CsA [28]. 

Owing to the fact that 24% of patients in the current study 
received cyclosporine, in addition to the small sample size 
and lack of control group on steroid-free protocol, our results 
in this regard may have some reservations.

The main limitation of this study is the small sample 
size. Also, lack of detailed glycemic data before transplan-
tation and longer follow-up after KT could limit the data of 
this study. Further studies are planned to overcome these 
limitations.

In conclusion, abnormalities of glucose metabolism are 
highly prevalent after pediatric kidney transplantation to the 
extent that up to two thirds (71.4%) of pediatric KTRs expe-
rience abnormal glycemic state at any point within their first 
post-transplantation year. The peak incidence of NODAT 
was within the first month after KT, with IGT occurring 
with a peak from first week and up to 6 months after KT. 
Patient fluxes into and out of the pre-diabetic state reflect 
the highly dynamic nature of glucose metabolism during 
the observation period, with OGTT being a better tool for 
monitoring glucose metabolism than FPG. Abnormal gly-
cemic state was induced by tacrolimus and could adversely 
affect graft function. Frequent monitoring of blood glucose 
by OGTT, especially during the early post-transplantation 
period (weekly in the first month, twice monthly in the sec-
ond month, and monthly in the following 4 months), and 
lifestyle/immunosuppression modifications in patients with 
abnormal OGTT are recommended.
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Table 5   Correlation between abnormal OGTT and different variables

BMI SDS body mass index standard deviation score, MPA/Na enteric 
coated mycophenolic acid, GFR glomerular filtration rate

OGTT​

Number P value Correlation 
coefficient 
(CC)

Age (years) 21 0.3 –0.23
BMI SDS 21 0.91 0.03
Donor age (years) 21 0.39 0.19
Dialysis duration (years) 21 0.62 –0.11
Cholesterol (mg/dl) 21 0.93 –0.02
Mean steroid 3 mo 21 0.84 0.05
Mean cyclosporine 3 mo 8 1.0 0.0
Mean tacrolimus 3 mo 13 0.02 0.63
Mean MPA/Na 3 mo 15 0.03 0.91
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Mean cyclosporine 6 mo 8 0.5 0.28
Mean tacrolimus 6 mo 13 0.01 0.73
Mean MPA/Na 6 mo 15 0.72 –0.1
Mean everolimus 6 mo 3 0.33 0.87
Mean steroid 12 mo 21 0.87 0.05
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