Original Papers

Ukrainian Journal of Nephrology and Dialysis, 2 (82)'2024

0\“'\an Jo(, L. . .
& S Ukrainian Journal of Nephrology and Dialysis
Scientific and Practical, Medical Journal
z .
© & Founder:
%‘l@\* : . . .
% 3 + National Kidney Foundation of Ukraine
gy an
ISSN 2304-0238;
eISSN 2616-7352 Journal homepage: https://ukrjnd.com.ua
Research article Fatih Gokhan Akbay!, Zeki Toprak2, Pinar Seymen?

doi: 10.31450/ukrjnd.2(82).2024.06

Prevalence and risk factors of new-onset diabetes after
transplantation: A single-center experience

'University of Health Sciences, Gulhane Education and Research Hospital,
Ankara, Turkey

2University of Health Sciences, Umraniye Education and Research Hospital,
Istanbul, Turkey

3Kolan Hospital, Istanbul, Turkey

Citation:

Article history:

Received January 20, 2024

Received in revised form
February 26, 2024

Accepted February 27, 2024

Akbay FG, Toprak Z, Seymen P. Prevalence and risk factors of new-onset
diabetes after tfransplantation: A single-center experience. Ukr J Nephrol
Dial. 2024;2(82): 34-42. doi: 10.31450/ukrjnd.2(82).2024.06.

Abstract. New-onset diabetes after transplantation (NODAT) is a serious complication
Jollowing solid organ transplantation. NODAT occurs in 2.5% to 40% of all solid organ
transplant recipients. The identification of high-risk patients and the implementation of
measures to limit the development of NODAT can improve the long-term prognosis of patients.
The present study aimed to assess NODAT frequency and risk factors in kidney transplant
recipients.

Methods. A cohort of 103 kidney transplant patients was included in this retrospective single-
center study, excluding 31 with pre-existing diabetes. The remaining 72 were divided into
NODAT (n=17) and non-NODAT (n=55) groups. The logistic regression analysis was used
to assess the risk factors for NODAT.

Results. NODAT occurred in 17 (23.6%) out of 72 patients without diagnosed diabetes
before kidney transplantation. Age was significantly associated with increased NODAT risk
(p<0.0001). Pre-transplant impaired fasting plasma glucose (FPG) and impaired glucose
tolerance were significant predictors of NODAT. A statistically significant correlation was
Jfound between fasting plasma glucose (FPG) and postprandial blood glucose levels at various
time points during the first month post-transplantation, and the development of NODAT.
Similarly, patients requiring temporary insulin during hospitalization after transplantation
had a significantly increased risk of NODAT. Multivariate analysis identified age >45 years
(p=0.01), pre-transplant impaired FPG (p=0.001), post-transplant insulin requirement
(p=0.01), and first-month tacrolimus levels (p=0.04) as statistically significant independent
risk factors for NODAT development.

Conclusion. Age over 45 years, pre-transplant impaired FPG, perioperative insulin
requirement, and first-month tacrolimus blood concentration were identified as
independent factors associated with the development of NODAT.

Keywords: diabetes, kidney transplantation, risk factors, new-onset diabetes after
transplantation.
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®@arix I'vokxan AkOait!, 3eki Tonpax?, ITinap Ceiimen3

ITommpenicTs Ta hakTOpH PU3NKY NOCTTPAHCIIAHTAIIIIHOTO 1iadeTy:
JIOCBII OTHOTO LEHTPY
l'VHiBepcuTeT MEAUYHMX HAYK, HABYAJILHO-IOCIITHULIbKA JiKapHs [Tonbxane, AHkapa, TypeuunHa

ZYHiBepCUTET MEAMYHKX HAYK, HABYAILHO-IOCIIMHULIBEKA JTiKapHsa YMpanie, Ctam6yi1, Typeuunna
STocnirans Konan, Ctam0yi, TypeuunHa

Pestome. Ilocmepancnianmauiiinuii yykpoesuii diabem (IITLL) € cepiioznum yckaaduenuam, ke 0iaeHocmyemo-
cay 2,5% - 40% ycix peyunienmie conioHux opearis. Busenenns nayicumie epynu 6ucok020 pusuKy ma 6npoeaolceHHs
3axo00ie ujodo oomexncernns pozeumxy I TII moxce nokpawumu iddaneruil npoernos nayienmis. Lle docaioxcenns mano
Ha memi oyinumu yacmomy I TIIJ] ma eusnauumu iioeo paxmopu pusuxy y peyunicHmie mpaHcniaHmo8aHoi HUpKU.

Memoou. Y ybomy pempochekmueHomy 00HOUEHMPOBOMY 00CAidNceHHi npoaHanizoeano koeopmy 3 103 nayien-
mie nicas mpancnaanmayii HUpKuU, 3a eunamkom 31 nayiecuma 3 exce icnyrouum diabemom. Pewuma 72 6yau posodineHi
Ha epynu 3 IITIT (n = 17) i 6e3 IITI (n = 55). Jlocicmuunuii peepeciiiHuil aHaniz 8UKOpUCmo8yeascs 04s OUiHKu
gaxmopie pusuxy IITI.

Pezyavmamu. [ITI dienocmosano y 17 (23,6%) i3 72 nayienmie, sxi He mMaiu yykpogoeo diabemy 0o mpaH-
cnaanmayii Hupku. Pusux pozeumky IITII 3pocmag 3 eikom (p<0,0001). Ilidsuwenus pieHa earoko3u Kpoei neped
MPAHCNAGHMAYIEI0 Ma NOPYUIEHHS MOAePAHMHOCMI 00 2AI0K03U 6yAU 3HAYYWUMU NPOSHOCIUYHUMU hakmopamu
HTII. Kpim moeo, 6cmanoéaeHo0 cMamucmu4Ho 3HA4YWy acoyiayiro Mixc pieHem eaoKo3u Hamue i nocmnpanoianb-
HUM pi6HeM eA0KO03U KpoBi 6 Pi3Hi nepiodu npomseom nepuio2o micaus nicas mpancnianmauii ma poseumxom IHTII.
Ilodibnum wunom, nayicumu, ki nompe0y8aru MumM4aco8020 AiKy8aHHs iHCYAIHOM nid uac eocnimanizayii nicas mpam-
cnaanmayii, maau 3nauno niosuwenuil pusux IITI. bacamogakmopHuii noeicmuunuil ananiz eu3Hayue ik >45 pokie
(p=0,01), nideuwenns piens eatoko3u Kkposi do mpancnaaumauii (p=0,001), nompeby 6 incyaini nicas mpauncniaumauii
(p=0,01) ma kKonuyeHmpayiro maxkposimycy é nepuwuil nocmmpaucnianmayitinuii micays (p=0,04) sk HezarexncHi pak-

mopu pusuxy pozeumky ITILI.

Bucnosok. Bpaxogyrouu 36’a30k diabemy 3 cepueso-cyOuHHUMU YCKAAOHEHHAMU, GIOMOPESHEHHAM MPAHCNAGH-
mama, cMepmHicmIo ma 3HUNCEHHAM AKOCMI JcUmmsl, pAHHE 8UABNEHHS nayienmie epynu gucokoeo pusuxy IITI] ma
npoghinakmuuti 3ax00U Marome 8UPIUIANbHE 3HAYEHHS 045 NOKPAUeHHS 8i00aneHuX pe3yabmamie AiKyeaHHs.

KnmouoBi cioBa: yykposuii diabem, mpauncniaumayis HUpku, ¢akmopu pusuky, nOCMmpaHCAGHMAYIUHUL

diabem.

Introduction. New-onset diabetes after transplan-
tation (NODAT) is a serious complication in patients
receiving kidney and other solid organ transplants that
significantly increases morbidity and mortality and de-
creases quality of life. In the literature, the incidence of
NODAT ranges from 2.5% to 40% [1-3].

The diagnosis of NODAT is currently made using
unmodified criteria for diagnosing diabetes in the gen-
eral population. These criteria are based on the World
Health Organization criteria proposed by the American
Diabetes Association [4].

Many risk factors that cause diabetes mellitus in
patients in the normal population are similar to the
risk factors for diabetes mellitus that may develop af-
ter transplantation. These include age, obesity, African
American and Hispanic race, family history, and im-

Zeki Toprak
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paired glucose tolerance (IGT). In addition, some risk
factors are specific to the transplant population. Im-
munosuppressive agents, Human Leukocyte Antigens
(HLA) incompatibility, donor gender, and underlying
renal disease can be given as examples [5]. IGT before
transplantation and the development of hyperglycemia
in the perioperative period are increased risk factors
for NODAT [6-8]. The risk of developing NODAT is
increased by specific drugs administered following or-
gan transplantation, particularly immunosuppressants
such as glucocorticosteroids, calcineurin inhibitors like
cyclosporine and tacrolimus and mTOR kinase inhibi-
tors like sirolimus and everolimus. Cytomegalovirus
(CMV) infection, hepatitis C, male sex of the recipient
and donor, and immunological reactions such as acute
rejection are other risk factors for the development of
NODAT [2, 9, 10].

NODAT increases the risk of major cardiovascular
events, graft loss and death after transplantation [11,
12]. Identification of high-risk patients and implemen-
tation of measures to reduce the development of NO-
DAT may improve the long-term survival of patients.

The present study aimed to assess NODAT fre-
quency and risk factors in kidney transplant recipients.
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Material and methods. Patients who underwent
kidney transplantation at Istanbul Bilim University
Faculty of Medicine Hospital between November 2010
and October 2012, were over 18 years of age, had no
previous diagnosis of diabetes mellitus, had at least one
year of follow-up, and had adequate data in the out-
patient follow-up file were included in the study. The
patients files were retrospectively reviewed; including
information on age, gender, time to NODAT diagnosis,
height, weight, body mass index (BMI) values before
transplantation, BMI values at post-transplant follow-
up, primary disease, history of dialysis, blood group,
HLA tissue group, HLA tissue compatibility, age,
gender of kidney donor, history of hepatitis B or C in
the recipient, pre-transplant thyroid hormones, lipid
profiles and post-transplant follow-up, pre and post-
transplant magnesium values, pre and post-transplant
systolic blood pressures, preoperative fasting, postpran-
dial blood glucose (PBG) and HbAIc values, postop-
erative 1st week fasting and PBG values, postoperative
insulin requirement, postoperative 2nd week, 3rd week,
1st month, 3rd month, 6th month, 12th month and 24th
month FPG values, 3rd month and 1st year HbAlc val-
ues, 1st month, 3rd month, 6th month, 12th month and
24th month creatinine values, 1st month, 3rd month,
6th month, 12th month and 24th month immunosup-
pressive drug types and blood levels, pulse steroid his-
tory, history of cellular or humoral rejection, history of
CMYV infection, history of pyelonephritis, antihyper-
tensive use and treatment regimens given to patients for
NODAT were recorded.

The data obtained from patient files and hos-
pital computer system records were evaluated using
SPSS.20 statistical software. Descriptive statistics
were conducted for the available variables, with the
study endpoint defined as the development of NO-
DAT. The normality of variable distribution was as-
sessed using the Shapiro-Wilk W-test. Univariate
analyses utilized Chi-square, independent samples
T-test, and Mann-Whitney U-test. Odds ratios were
calculated for these comparisons using multivariate
logistic regression. Age, pre-transplant BMI, pre-
transplant fasting plasma glucose (FPG), post-trans-
plant FPG, FPG levels during post-transplant weeks
1 through 4, post-transplant 1-month BMI were vari-
ables with significant p-values in univariate analysis,
which were then converted into dichotomous data
(FPG =100 mg/dL, <100 mg/dL; postprandial blood
glucose (PBG) >140 mg/dL, <140 mg/dL; BMI >30
kg/m?2, <30 kg/m?2). Because of insufficient sample
size and the risk of type II error, only the data with
p<0.05 (age>45 years, pre-transplant and 1st month
BMI>30 kg/m?2, pre-transplant impaired FPG, IGT,

post-transplant 2nd, 3rd, 4th week impaired FPG,
postoperative insulin requirement, 1st-month tacro-
limus level) were included in the regression analysis
with the backward stepwise elimination LR model.
Among the variables with p>0.1 at each step, those
with the largest p value were excluded from the mod-
el. When at least 9 evaluations per variable were con-
sidered sufficient for the 12 variables included in the
model, it was considered that there was sufficient
sample size for multiple regression analysis. Since the
standard error values obtained at the end of the analy-
sis were <2.0, it was accepted that there was no col-
linearity between the variables. Multiple regression
analysis results were reported as odds ratio (OR), 95%
confidence interval (95% CI), p-value, B coefficient
and standard error.

In order to evaluate the predictive risk factors for
the diagnosis of NODAT, which was the endpoint of
the study, patients were divided into two groups those
who developed NODAT during follow-up and those
who did not.

Results. Our study cohort consisted of 103 patients
undergoing a kidney transplant at the Istanbul Bilim
University Faculty of Medicine Hospital between No-
vember 2010 and October 2012. There were 31 patients
who were diagnosed with diabetes prior to surgery and
these were excluded from analysis. The remaining 72
patients were divided into two groups: 17 with NODAT
and 55 without NODAT.

Of the 72 patients included in the study, 33 were
male (46%) and 39 were female (54%). The mean age of
the patients was 40.65£12.6 years. 64 (89%) of the pa-
tients had a history of dialysis before transplantation. 8
patients (11%) had preemptive kidney transplantation.
13 patients (18%) had cadaveric transplantation and
59 patients (82%) had kidney transplantation from liv-
ing donors. Of the kidney donors, 29 were male (40%)
and 43 were female (60%). The mean age of the donors
was 46.2+13.6 years. 4 patients had a history of hepati-
tis B (5.6%) and 3 patients had a history of hepatitis C
(4.2%).

During at least one year follow-up of the 72 study
participants, NODAT developed in 17 patients (23.6%).
Among these cases, NODAT was diagnosed in 11 pa-
tients (65%) within the first month, 4 patients (24%)
within the first 6 months, and 2 patients (11%) within
the first year.

No significant differences were observed between
NODAT and non-NODAT groups in terms of gender,
history of dialysis, history of hepatitis B or C infection,
cadaveric or living kidney transplantation, donor age,
and donor gender. The risk of NODAT development
increased with age (p<0.0001) (Table 1).
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Table 1
Clinical and demographic characteristics of the patients
Variable Allpatients | NODAT (+) | NODAT (-) P LI
(95% CI)

Number of patients (n, %) 72 (100%) 17 (23.6%) 55(76.4%) - -
Age (years) 40.65 £ 12.6 514+ 124 37+10.8 <0.0001 -
>45 Age (n, %) 30(42%) 15 15
'S <0.0001 20 (4.0-98.1)
<45 Age (n, %) 42(58%) 2 40
Male (n, %) 33(46%) 8 (47.1%) 25 (45.5%)

0.9 1.06 (0.35-3.17)
Female (n, %) 39(54%) 9(52.9%) 30 (54.5%)
Cadaveric transplant (n, %) 13 (18%) 3(17.6%) 10 (18%)

0.9 1.03 (0.25-4.30)
Living transplant (n, %) 59 (82%) 14(82.4%) 45 (82%)
History of dialysis (n, %) 64 (88.9%) 16 (94.1%) 48 (87.3%) 0.4 2.3 (0.26-20.44)
Age of donor (years) 46.2 £ 13.6 447+ 13.8 46.7 £ 13.7 0.5 -
Donor gender
Male (n, %) 29 (40%) 8 (47.1%) 21 (38%)

0.5 1.4 (0.48-4.31)
Female (n, %) 43 (60%) 9 (52.9%) 34 (62%)
History of hepatitis B (n, %) 4 (5.6%) 1(5.9%) 3(5.5%) 0.9 1.08 (0.10-11.15)
History of hepatitis C (n, %) 3 (4.2%) 1(5.9%) 2 (3.6%) 0.6 1.65(0.14-19.47)

Abbreviations: NODAT: New-onset diabetes after transplantation.

During the pre-transplant period, 15 (21%) patients
exhibited impaired fasting plasma glucose (FPG), and 11
(15%) had impaired glucose tolerance (IGT). Among the
17 patients who developed NODAT, 7 (41%) had im-

paired FPG and 6 (35%) had IGT pre-transplantation.
Impaired FPG and IGT prior to transplantation were
significantly associated with NODAT development
(p<0.0001, p=0.009, respectively) (Table 2).

Table 2

The relationship between NODAT and height, weight, BMI, fasting and postprandial blood glucose
and HbAlc levels of the patients before transplantation

Variabe Alpatis | NODATCH [ NODATG) [ T oR
Pre-transplant weight (kg) 64.3 £13.6 68.9 £13.7 62.8 +134 0.1 -
Height (cm) 165.4£9.2 164.4+9.9 165.7 £ 9.1 0.5 -
Pre-transplant BMI kg/m? 235147 25.7t6.1 22.8 £3.97 0.02 -
Pre-transplant BMI >30kg/m? 6 (8.3%) 4 (23.5%) 2(3.5%) 0.009 (1.34%419.45)
Pre-transplant FPG (mg/dL) 89.2+14.9 96.4 +24.1 87 +£9.9 0.02 -
Pre-transplant PBG (mg/dL) 118.4 £ 20.9 132.1 £21.3 114 £ 19.1 0.002 -
Pre-transplant HbAlc (%) 5.2+0.49 54=x0.5 52+04 0.14 -

Abbreviations: NODAT: New-onset diabetes after transplantation, BMI: Body mass index, FPG: Fasting plasma glucose, PBG:

Postprandial blood glucose
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While height, weight, and HbAlc levels measured
before kidney transplantation did not correlate signifi-
cantly with NODAT development, body mass index
(BMI), FPG, and postprandial blood glucose (PBG)
levels were significant risk factors for NODAT. The
likelihood of NODAT development was significantly
higher in patients with a BMI above 30 compared to
those with a BMI below 30 (OR=8.1, p=0.009) (see
Table 2). Triglyceride levels, LDL levels, and hyperten-
sion, diagnostic criteria for metabolic syndrome, were
not statistically significant for NODAT development.

Similarly, no significant association was found between
low blood magnesium and TSH levels and NODAT de-
velopment.

A significant correlation was observed between
FPG levels during the first, second, and third weeks
and PBG levels during the first week of the first month
post-transplantation and NODAT development.
Likewise, patients requiring temporary insulin during
hospitalization after transplantation had a significant-
ly increased risk of developing NODAT (p<0.0001)
(Table 3).

Table 3
Postoperative insulin requirements and weekly blood glucose levels during the first month
after transplantation and their relationship with NODAT
. . NODAT (+) NODAT (-) OR
Variable All patients (=17 (n=55) P (%95 CI)

1st week FPG (mg/dL) 102.1 £21.6 114.2 £28.2 98.3+17.8 0.007 -

Ist week PBG (mg/dL) 144.2 £ 44.1 175.8 £58.8 135.1 £ 34.4 0.001 -

2nd week FPG (mg/dL) 102.6 £ 25.8 119.9 + 36.1 97.2+19.2 0.001 -

3rd week FPG (mg/dL) 100.2 £ 21.0 120.8 £ 27.8 93.8+13.3 0.0001 -

4th week FPG (mg/dL) 102.7£27.3 | 120.2£30.9 97.3+23.8 0.002 -
Postoperative insulin

requirements (n, %) 11 (15.3%) 8 (47.1%) 3(5.5%) <0.0001 | 15.4(3.42-69.31)

Abbreviations: NODAT: New-onset diabetes after transplantation, FPG: Fasting plasma glucose, PBG: Postprandial blood

glucose

Although there was no correlation between weight
and BMI and NODAT development in the first month
post-transplantation, the incidence of NODAT was

significantly higher in patients with a BMI above 30
(p=0.002) (Table 4).

Table 4
First-month weight and BMI values of patients and their relationship with NODAT
. . NODAT (+) NODAT (-) OR
Variable All patients (=17 (n=55) P (%95 CI)
Ist month weight (kg) 64.6 £13.2 69.0 £12.5 63.2£13.2 p=0.1 -
Ist month BMI kg/m2 23.6 £ 4.6 258+59 229+39 p=0.09 -
11.04
2 =

Ist month BMI >30kg/m 7(9.7%) 5(29%) 2(3.6%) p=0.002 (1.90-63.88)

Abbreviations: NODAT: New-onset diabetes after transplantation, BMI: Body mass index

In addition to corticosteroids, all patients re-
ceived calcineurin inhibitors and antimetabolites for
immunosuppression. 66 patients (92%) were treated
with tacrolimus and 6 patients (8%) were treated with
cyclosporine. Of the patients diagnosed with NO-
DAT, 15 (88%) were receiving tacrolimus and 2 (12%)
were receiving cyclosporine. In patients without NO-
DAT, 51 (93%) were on tacrolimus and 4 (7%) were
on cyclosporine. No significant difference was found

between tacrolimus and cyclosporine use in terms
of NODAT development (p=0.5). The mean tacro-
limus blood level in the first month was 9.7+3.1 ng/
ml, 11.1+3.1 ng/ml in patients who developed NO-
DAT and 9.3%+3 ng/ml in patients who did not de-
velop NODAT. A statistically significant correlation
was found between the tacrolimus blood level in the
first month and the development of NODAT (p=0.04)
(Table 5).
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Table 5
Association of immunosuppressive therapies and blood levels with NODAT
. . NODAT (+) NODAT (-) OR
Variable All patients (n=17) (n=55) P (%95 CI)
Tacrolimus (n, %) 66 (92%) 15 (88%) 51 (93%)
Cyclosporine (n, %) 6 (8%) 2 (12%) 4 (7%) 0.5 0.58 (0.09-3.53)
Tacrolimus
1st month level (ng/ml) 9.7£3.1 11.1£3.17 9.31£3.0 0.04 -
Tacrolimus
3rd month level (ng/ml) 8.81+2.7 9.8+£3.2 8.51£2.5 0.1 -
Tacrolimus
6th month level (ng/ml) 7.5+2.4 8.842.2 7.2+2.4 0.03 -
Tacrolimus
12th month level (ng/ml) 5.7+1.7 6.0£1.7 5.6x1.7 0.4 -
Tacrolimus
24thmonthilevel (ns/ml) 5.3t1.5 4.9%1.1 5.4%1.6 0.3 -
Cyclosporine C0 1st month level 323+185) 318461 3264236 03 ~
(ng/ml)
Cyclosporine C0 3rd month level 245449 231441 252456.9 06 _
(ng/ml)
Cyclosporine C0 6th month level 2494105 217445 266+129 08 _
(ng/ml)
Cyclosporine C0 12th month level 188455 189414 188470 5 08 B
(ng/ml)
Cyclosporine C0 24th month level 173439 201414 155+43.5 02 _
(ng/ml)
Mycophenolate mofetil (n, %) 54 13 (77%) 41 (75%) B
Mycophenolic acid (n, %) 18 4(23%) 14 (25%) Ui DL AS527)
Steroid pulse (n, %) 23 (31%) 5(29%) 18 (32%) 0.7 0.85(0.26-2.80)

Abbreviations: NODAT: New-onset diabetes after transplantation

In the follow-up of patients who developed NO-
DAT, a significant difference in tacrolimus levels was
found at month 6 compared to patients without NO-
DAT (p=0.03), but this difference was not observed
at months 3, 12 and 24. While 29% of patients with
NODAT received pulse steroid treatment, there was
no significant difference compared to patients without
NODAT (p=0.7) (Table 5). Similarly, no association
was found between acute cellular and humoral rejection
and the development of NODAT (p=0.2, p=0.3 respec-
tively).

While the frequency of NODAT was increased in
patients with CMV infection (12%) compared to those
who did not develop NODAT (2%), it was not statisti-
cally significant (p=0.07).

In univariate analysis, age>45 years (p<0.0001),
pre-transplant and 1st month BM1>30kg/m2 (p=0.009,
p=0.002), postoperative insulin requirement (p<0.0001),
pre-transplant and 2nd, 3rd, 4th week Impaired FPG
(p<0.0001, p=0.001, p=0.004, p<0. 0001), pre-trans-
plant IGT (p=0.0001, p=0.001, p=0.004, p<0.0001),
pre-transplant IGT (p=0.009) and tacrolimus blood
level>10ng/dl (p=0.006) were statistically significant in
relation to the risk of developing NODAT.

Multivariate analysis revealed that age >45 years
(p=0.01), pre-transplant impaired FPG (p=0.001),
post-transplant insulin requirement (p=0.01) and ta-
crolimus level in the first month (p=0.04) were statisti-
cally significant independent risk factors for the devel-
opment of NODAT (Table 6).

Table 6
Multivariate analysis results
R A=
Age>45 2.772 1.161 15.99 1.64 155.55 0.01
Pre-transplant Imparied FPG 3.709 1.158 40.82 4.21 395.23 0.001
Perioperative insulin requirement 3.354 1.336 28.6 2.087 392.08 0.01
Ist month Tacrolimus level 0.337 0.164 1.4 1.016 1.93 0.04

Abbreviations: FPG: Fasting plasma glucose
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Discussion. In previous studies, the incidence of
NODAT was reported between 4% and 25% in renal
transplant recipients, 2.5% and 25% in liver transplant
recipients, 4% and 40% in heart transplant recipients,
and 30% and 35% in lung transplant recipients [1, 2,
3, 13]. In our study, the prevalence of NODAT was
23.6%, which is similar to other studies.

Studies from the Organ Procurement and Trans-
plantation Network / United Network for Organ Shar-
ing database found that the relative risk increased by
90% in kidney recipients aged 45-49 years and by 160%
in those aged over 60 years compared with kidney re-
cipients aged 18-44 years [11]. Another study showed
that the risk of NODAT increased 1.5-fold every 10
years with increasing age [14]. Similarly, the incidence
of NODAT increased with age in our study. While 42%
of our patients were aged 45 years or older, 50% of these
patients were diagnosed with NODAT. As a result of
univariate and multivariate analyses of our study, it was
found that the development of NODAT increased 16-
fold at the age of 45 years and older. This finding was
similar to studies in the literature.

In the retrospective study conducted by Tokodai
and colleagues on 158 kidney transplant patients, a sig-
nificant relationship was found between the increase
in BMI and the development of NODAT [15]. In our
study, univariate analyses revealed that the pre-trans-
plant BMI value was statistically higher in patients who
developed NODAT compared to those who did not. No
statistically significant difference was found between the
BMI in the 1st month and the development of NODAT.

In a single-center retrospective study involving 254
kidney transplant patients conducted by Van Laecke
and colleagues, it was demonstrated that hypomagne-
semia in the first month after transplantation is associ-
ated with the development of NODAT, independent of
the immunosuppressive regimen [16]. In a subsequent
study by the same authors, pre-transplant hypomag-
nesemia and hypomagnesemia in the first month after
liver transplantation were identified as independent risk
factors for NODAT [17]. Post-transplant hypomagne-
semia is often associated with the use of calcineurin in-
hibitors. In our study, hypomagnesemia was not found
to be a significant risk factor for the development of
NODAT. There was no difference in magnesium levels
between patients who developed NODAT and others
during their follow-up.

The diabetogenic effects of CMV infection on pan-
creatic beta cells are known [18]. In previous studies,
asymptomatic CMV infection has been found to in-
crease the risk of NODAT by 4 times [19]. In our study,
no association was found between NODAT and symp-
tomatic or asymptomatic CMV infection. This may be
due to our limited sample size or the fact that a signifi-
cant portion of patients received valganciclovir prophy-
laxis in the first three months after transplantation.

It is believed that Hepatitis C infection has a diabe-
togenic effect, especially when used in conjunction with
tacrolimus [20]. In our study, no significant relation-

ship was found between Hepatitis C infection and NO-
DAT. This may be attributed to our limited number of
Hepatitis C patients and our use of cyclosporine instead
of tacrolimus in patients with known Hepatitis C, which
could have led to no observed increase in the frequency
of NODAT development.

In a study involving 490 kidney transplant patients
conducted by Cosio and colleagues, it was demon-
strated that elevated pre-transplant glucose levels are a
risk factor for the development of NODAT in the first
year. When pre-transplant plasma FPG levels between
90mg/dl and 100mg/dl were considered as a reference,
individuals with plasma glucose <90mg/dl were found
to have a low risk for NODAT development (OR=0.46,
p=0.01). As plasma glucose levels increased, an increase
in the risk of NODAT was observed (FPG=101-109,
OR=1.5, and FPG=110-125, OR=7.6, p<0.0001) [21].
In our study, similarly, both univariate and multivariate
analyses revealed an increased risk of NODAT in indi-
viduals with impaired FPG (100-125mg/dl) pre-trans-
plant (p<0.0001, OR=14). For those with IGT (PBG
140-199mg/dl), univariate analyses also showed a simi-
lar increase in the risk of NODAT (p=0.009, OR=5).

Post-transplant early glucose measurements may
serve as predictors for the development of NODAT
[22]. In a study by Rodrigo and colleagues, monitoring
208 kidney transplant patients without diabetes prior to
transplantation, an FPG>126 on the 5th day was found
to be associated with a 4-fold increase in the risk of NO-
DAT [23]. In the study by Kuypers and colleagues, the
normal finding of oral glucose tolerance tests on the 5th
day was determined to reduce the risk of NODAT [10].
In our study, univariate analyses revealed a statistically
significant relationship between post-transplant fasting
blood glucose elevation in the 1st, 2nd, 3rd, and 4th
weeks and PBG elevation in the 1st week with the de-
velopment of NODAT.

The risk of NODAT is increased in patients with
postoperative hyperglycemia requiring insulin use [8].
In one study, among 23 patients with perioperative
transient hyperglycemia, 11 developed persistent hy-
perglycemia after maintaining normoglycemia for 6-12
months [7].

In our study, both univariate and multivariate
analyses revealed an increased frequency of NODAT
development in patients requiring insulin during the
early postoperative period, specifically during the hos-
pitalization period (p=0.01, HR=28). Although periop-
erative hyperglycemia may develop due to immunosup-
pressive protocols, it can assist in identifying patients at
an increased risk for NODAT.

In a retrospective study conducted with patients from
the OPTN/SRTR database, a significant decrease in the
risk of NODAT was observed when patients receiving a
steroid-free immunosuppressive regimen were compared
to those receiving a steroid-based regimen [24].

In our patient group, as there was no steroid-free
regimen, the impact of steroid treatment on NODAT
could not be evaluated.
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The use of calcineurin inhibitors, cyclosporine, and
tacrolimus, is a known risk factor for the development
of NODAT [14]. Compared to cyclosporine, tacroli-
mus generally has a more diabetogenic effect [25-28].
In our study, the number of patients using cyclospo-
rine was very small compared to those using tacrolimus
(1:11), so a statistically significant relationship between
the two drugs and NODAT development could not be
found. Similar to other studies, a statistically signifi-
cant relationship between the 1-month level of tacroli-
mus and the development of NODAT was found in both
univariate and multivariate analyses (p=0.04, HR=1.4).
There is a strong association between increasing levels of
tacrolimus and IGT and NODAT. In one study, it was
demonstrated that a blood tacrolimus level above 15 ng/
ml is significant for the risk of glucose intolerance (15%)
and NODAT (32%) in the first year [29]. In our study, in
univariate analyses, an increase in NODAT development
was found in those with a 1-month tacrolimus level of 10
ng/ml and above (p=0.006, OR=5.5).

Our study has several limitations. These include
the small number of patients included, as well as the
study being designed as a single-center, retrospective
analysis. While our findings generally align with existing
literature on NODAT, some discrepancies were noted
due to the constraints of our study design.

Conclusions. NODAT presents a significant com-
plication post-solid organ transplantation. Our study re-
vealed that 23.6% of kidney transplant recipients develop
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