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Abstract
Introduction: Post-transplant diabetes mellitus (PTDM) after kidney transplantation is one of
the main complications that increases overall cardiovascular morbidity and decreases graft
and patient survival rate. Using fasting blood glucose the prevalence of diabetes i
underestimated, and it is impossible to assess the existence of pre-diabetes or implil"d
Blucose tolerunce (IGT). In this cross-sectional study we evaluate the prevalence of disbetes
and pre-cinbetes using oral glucose tolerance test (OGTT), and the impact of potential risk
factors assoctated with their occurrence.
Materiul and Methods: 59 living donor kidney transplant recipients without prior history of
dinbates and any rejection episode were included in the study. All patients were on the saio
tripte calcineurin inhibitors (CNI) based maintenance immunosuppressive therapy Including
Micophenalu h.-lofrfll and steroids.  OGTT with 75 grams of anhydrous glucose wis
performed in =l patients with normal or impaired fasting glucose (IFG). According to fie
tesults, patients were divided into two groups: dysglycemia group (DM, IGT and IFG) and
normal group (without glucose disorders). N i
Regulln‘ Before performing OGTT, IFG was already established in 8 of 59 patients ( 13.3%)
while 51 (86.44% ) were normoglycemic. After performing OGTT the overall prevalence of
glucose disorders (pre-diabetic and diabetic patients) was 33.9% (20/59) while 39 remaln
notmaglycemic. The prevalence of PTDM, IGT and IFG were 3.39% (2/59), 30.5% (18/48)
1;:‘]:)(7‘:“:\)' l;leh!:ie}:t'l}/ely: In the whole group cyclosporine trough level (CsA) (r = 0,37, p
trlln!.pi.ﬂmmin llu.ﬁ-] L (71 = 0.3}, p <0.05), L_DL'-c (r = 0.28, p <0.05) and the time singe
l i n (r = -0.26, P <0.05) were significantly correlated with the postprandial
glyeemin In the dysglycemic group CsA trough level (r = 0.38, p ~0.05), TL (r = 0.44, p

R;:“(—:!)cﬂgl(lulrililp,h (r=0.51, p <0.05) was significantly associated with the development of

; sion: T H 2 N .
ﬁdor](c‘lus!nn. llhcrc is a high prevalence of pre-diabetes among renal transplant reciplents,

Ajor f‘lxk. factors for glucose disorder after transplantation are CsA trough levels, and
cancentrations of total lipids and LDL. cholesterol,
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Abstract

Introdu_ction: Post-transplant diabetes mellitus (PTDM) after kidney transplantation is one of

the main complications that increases overall cardiovascular morbidity and decreases graft

and patient survival rate. Using fasting blood glucose the prevalence of diabetes is

underestimated, and it is impossible to assess the existence of pre-diabetes or impaired
glucose tolerance (IGT). In this cross-sectional study we evaluate the prevalence of diabetes
and pre-diabetes using oral glucose tolerance test (OGTT), and the impact of potential risk
factors associated with their occurrence.

Material and Methods: 59 living donor kidney transplant recipients without prior history of
diabetes and any rejection episode were included in the study. All patients were on the same
triple calcineurin inhibitors (CNI) based maintenance immunosuppressive therapy Including
Micophenolat Mofetil and steroids. OGTT with 75 grams of anhydrous glucose was
performed in all patients with normal or impaired fasting glucose (IFG). According to the
results, patients were divided into two groups: dysglycemia group (DM, IGT and IFG) and

normal group (without glucose disorders).

Results: Before performing OGTT, IFG was already established in 8 of 59 patients (13.3%)
while 51 (86.44% ) were normoglycemic. After performing OGTT the overall prevalence of
glucose disorders (pre-diabetic and diabetic patients) was 33.9% (20/59) while 39 remain
normoglycemic. The prevalence of PTDM, IGT and IFG were 3.39% (2/59), 30.5% (18/59)
11.86 (7/59) respectively. In the whole group cyclosporine trough level (CsA) (r=037,p
<0.05), total lipids TL (r = 0.31, p <0.05), LDL-c (r = 0.28, p <0.05) and the time since
transplantation (r = -0.26, p <0.05) were significantly correlated with the postprandial
glycemia. In the dysglycemic group CsA trough level (r = 038, p <0.05), TL (r=0.44, p
<0.05) and LDL-h (r = 0.51, p <0.05) was significantly associated with the development of

glucose disorders.

Conclusion: There is a high prevalence of pre-diabetes among renal transplant recipients.
Major risk factors for glucose disorder after transplantation are CsA trough levels, and

concentrations of total lipids and LDL cholesterol.

Keywords: impaired fasting glucose, diabetes, renal transplantation, immunosuppression

MPEBAJIEHIIA ¥ PU3UK ®AKTOPH 3A IPEJUJABETEC H
NUJABETEC I10 PEHAJIHA TPAHCIITAHTAITHJA
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AnNCTpakT 2 ¢ (IIT .
TocT-TPaHCMLIAHTALHCKHOT nujaderec meantye (IITIM) e rnaswa xomnmukaumja no

Tpaucnnamaunja na Oybper Koja ro 3roJieMyBa UeNOKynHHOT KapAHOBAcKyJapeH
MOpGIINTET, KAKO i MPEkKBY BAILCTO na rpagror. Co ofipenysaiwe Ha rnukemuja Ha r1aHO
Ce NIOTLEHYBA NPEBAEHLATA HA nujaGetec, @ HEBOIMOKHO € 1a ce MPOLEHH NOCTOEHETO Ha
npenujaGeT M HapylieHa CIHKO3HA TosIepaHLLKja (HLT).
Marepujan 1 metoqu: Bo oBaa cTyamja Ha NpeceK HHe ja npoueHysame npepaieHUaTa Ha
anjaber u npeaujader, KopHcTejkn opaeH TIHKO3A Tonepac TecT (OI'TT), kako H
BMjaHHETO HA MOTEHUMjATHHTE PH3HK (hakTOPH acouupaHd co HMBHO HacTaHyBameE.
Hcnurysanu Gea 59 nauueHTH no peHaiHa TpaHCMIAHTALHK]a O KHB JOHOP KOH ce Ha MCTa
TpOjHa HMyHOCYNpeCHBHa Tepanuja BO J03H Ha OIpikyBatse, fe3 mpeTxoaHa MCTOpHja 3a
mjaber, n Ge3 MPETXONHM €MM3OAH Ha OT(panarse Ha rpapror. Kaj cute mauueHTH CO
HOPMATHH FIHKEMHH HIH HapylueHu rMkeMdH Ha rnanto (HIT) Oewe u3seeH OI'TT co
75 rpama aHxugpupaHa raukosa, CornacHo pesy/iTaTHTe NalHEeHTHTE Oea noJeneHy BO IBE
rpymu: rpyna co aucrnukemuu (IM, HI'T, HI'T) 1 rpyna Ge3 rnnko3uu HapyLyBama.
Pesyntath: Ipex OTTT kaj 13.55 % (8/59 naumenty) Gewe yTBpAEHa HIT, a 86.44%
(51/59 naument) Gea Hopmornukemuuni. o u3senenuor OI'TT, pKynHaTa npesancHLa Ha
IAMKO3HH HapyllyBama (naumeHTd co aujaber v npenujaber) Geiwe 33.9 % (20/59), a
HopMornHKkeMuuHu Gea 66.1% (39/59). MpesaneHuara Ha ITJIM, HI'T u HIT Gea 3.39%
(2/59), 30.5% (18/59), 11.86 (7/59) coonsetHo. Bo uenara rpyna LlukiocnophH HHBOTO
(LIcA) (r=0.37, p<0.05), Totanuute munumu (TN) ( r= 0.31, p<0.05), JIIJI-x ( r=0.28,
p<0.05) u BpeMeto mo Tpacrantaumja (r= -0.26, p<0.05) mokaxaa cHrHUQHKaHTHa
KopenalHja co nocTnpaHaujanHara riMkemuja. Bo rpynara co NIHKO3HH Hapywysasa LIcA
(r=0.38, p<0.05) uupoto, TII ( r=0.44, p<0.05) n JIUI-x (r=0.51, p<0.05) ce
curuuquam‘uo MOBp3aHH CO HacTaHyBak€ Ha CIUKO3HUTE HapyLllyBaibad.
3aknyqok: Kaj TpaHcrnaHTHpaHHTE MaLHEHTH npenujabeToT MMa BHCOKa NpeBaleHLa.
TnaBHu pu3HK (AKTOPH 3a MIMKO3HHTE HapyllyBaka [0 TpaHCILIAHTAlLKja ce HHBOAaTa Ha
LIMKJIOCTIOPKHOT, KAKO U KOHUEHTPALMHTE Ha BKYMHHUTC THITHIH H JIIJ1 xonectepod.

Kayunn 36oposu: npeaujaberec, anjabetec, peHania TpaHCTTaHTaLHja, HMYHOCYNpecHja

Introduction

Post-transplant diabetes mellitus (PTDM) is a well-known complication after renal
transplantation. It is a main reason for the increased cardiovascular morbidity and mortality
(1) and may adversely affect patient and graft survival. (2) Its prevalence in the literature
varies from 5-25%, mainly due to differences in the definition and diagnostic criteria for
diabetes. (3) Fasting glucose is commonly used for the diabetes diagnosis because of its
simplicity, but it is less sensitive and specific than OGTT. (4.5) Using fasting glucose the
prevalence of PTDM could be underestimated. On the other hand impaired glucose tolerance
can only be diagnosed with OGTT and it correlates with diabetes and cardiovascular risk.
(6.7) The diagnosis of PTDM has been clarified by the Guidelines of the International
Consensus, based on the principles of the American Diabetes Association (ADA) and the
World Health Organization (WHO). (8) Hence, carly detection of diabetes and especially
pre-diabetes is a prerequisite for early and appropriate treatment. Until now, pre-diabetes
following renal transplantation and risk factors associated with it have not been explored as

is the case with PTDM.
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The aim of this study is to assess the preva_lence and potential modifiable and non-
modifiable risk factors for development c_)f pre-diabetes a{1d diabetes in living donor kidney
transplant recipients on triple CNI based immunosuppressive maintenance regimen.

Subjects and methods

Patients . .
In this cross-sectional study were examined 59 patients, with mean age of 35,15 + 8,75

(range 14-53) after successful living donor kidney transplantation, satisfactory graft function
(mean GFR 60,55 13,77 ml / min), average 35.73£ 27.03 months after the surgery. All pts
were on the same triple immunosuppressive therapy, including Mycophenolate mofetil
(MMF), Cyclosporine A (CsA) and Prednisone (Pred).

Inclusion criteria were: age over 14 years, the absence of a history of DM, normal or
impaired fasting glycemia before testing the glucose metabolism (OGTT), satisfactory graft
function and a minimum of 6 months follow-up after transplantation. Exclusion criteria
included previous episodes of acute graft rejection, steroid use because of other
comorbidities and DM occurring before testing of glucose metabolism.

All investigation in the study was done in accordance with the rules of the WHO and the
Helsinki Declaration. All patients gave informed consent for participation.

The participants in the study had normal or impaired fasting glucose. After twelve hours
fasting OGTT was performed in all enrolled patients with 75 grams of anhydrous glucose
(as recommended by WHO), and post-prandial samples were harvested 2 hours after
administration of glucose. Results of the survey were classified according to the revised
criteria of the ADA as:

Normal - fasting blood glucose level <5.6 mmol /1,
Impaired fasting glucose (IFG) - fasting blood glucose level between 5.6-6.9 mmol /I,
Impaired glucose tolerance (IGT) — glucose level between 7.8-11.1 mmol / 1 2 hours after the load,

DM > 6.9 fasting glucose and> 11 mmol / I - 2 hours after the load)

Patients were divided into two groups: dysglycemia group (IFG/IGT, DM) and normal
group (without glucose disorders).

Lab
[ Glucose levels were measured in venous blood samples using glucose-oxidase method in the

automatic analyzer (Beckman). CsA trough levels were determined from the same blood
samples using FPIA technique (fluorescence polarization immunoassay) in an automatic
analyzer (Abbott).

In order to correlate multiple factors presumably associated with pre-diabetes and diabetes
we used data from the files of the patients and biochemical analyses made on the same day
with OGTT. The necessary data were entered in special questionnaires and included: CsA
trough level, daily steroid dosage, triglyceride levels, cholesterol levels, estimated
glomerulal filtration rate (e-GFR) (Cockeroft-Gault formula), blood pressure, gender, age,
BMI, HCV infection, length of the time after transplantation, family history of diabetes,
major disease as a cause of renal failure, duration of dialysis, HCV seropositivity.

Immunosuppressive protocol
Maintenance immunosuppression in all patients was based on Neoral Cyclosporine plus

mycophenolate mofetil and prednisolone. The amount of cyclosporine in transplanted
patients was based on drug levels in the b]ood._Momtoring of CsA trough levels were done
periodically at different times and dose was adjusted as needed. In our therapeutic strategy,
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i losporine were 200-300 ng/m dyri
tareet therapeutic levels of Cyc uring the first three months,
10%_250 ng/ml 4-12 months and 100-200 ng/ml after a year of transplantation.

tatistical analysys :

ihe statistical !o%t)ware SPSS for Windows (version 13.0} Wwas used to perform analyses. For
statistical analysis were used methods of descriptive statistics: mean and standard deviation
for continuous data, categorical data were expressed as a percentage. Of analytical methods
were used: Pearson's correlation coefficient for certain risk factors, Continuous data were
analyzed by Student's t-test for unbound samples to detect inter-group differences.
Categorical data were analyzed with chi-square test and Fisher’s test for equivalent pairs of
frequencies. A P-value of <0.05 was defined as statistically significant in this study.

Results

The entire group consisted of 59 patients with successfully transplanted kidney from a living
donor. Of all respondents, women were 22 (37.29%), while men were 37 (62.71%) with a
mean age 35.15 + 8.75 (14-53). The median follow-up after renal transplantation was 35.73
+ 27.03 months. All included patients had no prior history of diabetes. Most patients 49
(83.05%) were anti-HCV negative, a 10 (16.94%) were anti - HCV positive. The average
levels of CsA was 130.62 = 70.64 ng / ml, and the average daily dose of prednisone was
7.45 +2.68 mg. The most important demographic and clinical variables are shown in Tab. 1

Table 1 Basic demographic and clinical variables

‘ Total number (n) 59
Age (years) 35.15£8.75
Gender of recipient
Male (%) 37 (62.71%)
Female (%) 22 (37.29%)
Gender of donor
Male (%) 20 (33.9%)
Female (%) 39 (66.1%)
BMI (kg/m®) 25.61+4.29
Mode of transplantation, n (%)
Living related 59 (100%)
HCV seropositivity, n (%)
Yes 10 (16.94%)
No 49 (83.05%)
DM in first-degree relatives, n (%)
Yes 9(15.26%)
No 50 (84.74%)
Primary diagnosis, n (%)
ESRD (HTA, CRF) 20 (33.89%)
Obstructive uropathy 9 (15.25%)
SLE 5 (8.47%)

Physioacta Vol.11-No1




PREVALENCE AND RISK FACTORS FOR...

Glomcrulonephritis 16 (27.11%)
Amiloidosis 4 (6.77%)
GIHT ; 2(3.38%)
Focal glomerular sclerosis 3 (5.08%)
sion
Hygee?m 55 (93.22%)
No 4 (6.77%)

Values are expressed as mean + SD or numbers (percentages)
ESRD- end stage renal desease, HTA- Hypertension, CRF-chronic renal failure
SLE - systemic lupus erythematosus

All 59 patients included in this cross-sectional study had fasting blood glucose levels less
§ than 6.9 mmol / 1. Before the OGTT 13,55 % (8/59 patients) were classified as IFG, and
86.44% (51/59 patients) were normal based on fasting blood glucose level alone. After the
performance of OGTT, prevalence of PTDM, IGT and IFG was 3:39% (2/59), 30.5%
(18/59), 11.86 (7/59) respectively. In the whole group the mean fasting blood glucose was
statistically significantly lower - 5.31 mmol / 1, than glucose after load amounting 6.59
mmol / 1. (P<0,001) The overall incidence of glucose disorders (patients with diabetes and
pre-diabetes) was 33.9% (20/59) versus 66.1% (39/59) patients with normal glucose values.
Statistical analysis showed significantly lower number of patients without glucose disorders
(P<0.05), and significantly higher number of patients with dysglycemia, (P<0.05) when
classification is based on OGTT compared with the classification based on fasting blood
glucose.
According the results of the OGTT patients were divided into two groups: Group A (n = 20)
— patients with dysglycemia (DM, IGT, IFG) and Group B (n = 39) - normal. Table 2
showed the factors associated with the occurrence of abnormalities in glucose metabolism
using univariate analysis and differences between groups. In the whole group time since
transplantation, higher CsA trough levels, increased levels of total lipids and LDL-c were
related to the occurrence of abnormalities in glucose metabolism through significant
correlation of risk factors listed with postprandial glucose. Male recipients dominated in the
group A (70% vs.33.3%, P<0.05). Time since transplantation was significantly shorter in
patients with pre-diabetes and diabetes than in normal subjects (24.50+21.32 vs.
41.48+28.06, P<0.05), and CsA trough level was higher (16.90+81.21 vs. 115.10£59.90,
P<0.05). The correlation of certain risk factors was repeated in the group with pre-diabetes
and diabetes, and was found that CsA trough levels (r = 0.38, p <0.05), TL (r = 0.44, p
<0.05) and LDL-c (r = 0.51, p <0.05) are significantly related to the occurrence of glucose

disorders.
Table2 Comparison between patients who developed dysglycemia and normal

subjects

Group A (DG) Group B (NG) P-value
N=20 N=39
Gender, n (male %) 14 (70%) 13 (33.3%) P<0.05*
HTA, n (%)
Yes 19 (95%) 36 (92.3%) P>0.05
No 1 (5%) 3(7.7 %) p>0.05
DM in first degree relatives,
n (%)

No 17 (85%) 33 (84.6%) P>0.05
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e 0,
Yes 30 8 (15.4% P>0.05
Duration of dialysis 65.5 . 576+44.8 P>0.05
HCV seropositivity
Yes | 305 7(79%) P>0.05
Primary diagnosis, “F()%)
ESRD (HTA, CR
Obstruc(tive uropathy 7(35%) 13333 ¢
SLE 3 (15%) 6(15.4 %)
Glomerulonephritis 2 (10%) 3(7.7%) P>0.05
Amiloidosis 6 (30%) 10(25.6%)
GIHT 1(5%) 3(7.7%)
Focal glomerular 2(5.1%)
sclerosis 1 (5%) L 2(5.1%)
Time since transplantation 24.50+21.32 41.48 + 28 06 P<0.05* (r=-0.26)
Prednisolone dose (mg/day) 7.50+3.52 730+£2.17 P>0.05
CsA trough level (ng/ml) 160.90 + 81.21 115.10 = 59.90 P<0.05* (r=0.37)
Glucose (after load) 8.19+2.33 5.80+0.70 P<0.05*
Total lipids (mmol/l) 9.52= .41 886+ 1.60 P<0.05* (=0.31)
Tg (mmal/l) 2.29+0.91 216+0.77 P>0.05
TC (mmol/l) 5.84%1.05 558+ 06 P>0.05
LDL-¢ (mmol/l) 3,824 0.91 3.54+ 1,08 P<0.05* (=0.28)
GFR (ml/min) 62.63 £ 16.51 59.49 + 12.24 P>0.05
BMI (kg/m2) 26.38 £ 4.03 25.21 + 4.41 kg/m?2 P>0.05
Age of recipient (year) 36.6 + 8.92 34414951 P>0.05

Values are expressed as mean + SD or numbers (percentages)

Continuous variables were analyzed with the use of t-tests, and all categorical data were
analyzed with the use of the chi-square test.

Discusion

PTDM has been long recognized as a common complication of kidney transplantation,
promoting cardiovascular disease, death, and graft failure. Its incidence varies from 2% -
50% in different studies, due to major differences in the definitions of the disorder, different
populations of patients included in the studies and various immunosuppressive protocols.(9)
Most studies using only fasting glucose underestimate the prevalence of PTDM and other
glycaemic abnormality in kidney transplant recipients. Revealing the pre-diabetic states such
as IFG and/or IGT are very important because of the increased risk of developing diabetes

and cardiovascular disease. (10)

ADA and WHO criteria for diabetes and prediabetes

The International Consensus Guidelines in 2003 (11) attempted to bring consistency in the
diagnosis and management of PTDM. Diagnosis was to be based on ADA and WHO criteria
that included the OGTT for the diagnosis of diabetes. OGTT has increased sensitivity and
specificity compared to fasting glucose alone in diagnosis of diabetes in the general
population. (12) As recommended by ADA screening is required for pre-diabetes and
diabetes in high-risk patients such as transplant patients. There are different criteria of
defining IFG according to WHO and ADA guidelines. If ADA classification is used, more
people will require OGTT and more people will be classified as IFG. If you are using ADA
criteria (5.6-6.9 mmol/l), then 46% of the population would require an OGTT compared
with WHO criteria with only 12 % of patients who require OGTT. (4)

Sf)me recent studies that used OGTT and ADA criteria for the diagnosis of diabetes and pre-
diabetes show similar prevalence. In one study 187 patients with normal or IFG underwent

6
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OGTT, 130 patients (69.5%) had normal test Tesults, v, ]

results diagnostic of pre-diabetes. (13) In another Cross:e;:t?inzz s1;t>ar(':]1entsf (13]09.5%)_had
recruited, 31 had OGTT performed. Bz;sed on the Tesults frop OGTT 41;3{ (C1>2 v pagents
were diagnosed IFG, 8/31 (25.8%) patients were diagnoseg IGT, 4/31 (12.9%) -at;gn]:_: \;:ts
diagnosed PTDM. In the entire group of 119 patients overal] Pl‘eval;ence I;f abn()nnl:i

glucose metabolism was 31, 9%. ( 14)

Our results showed prevalence of PTDM, IGT and IFG of 3.39% (2/59), 30.5% (18/59)
11.86% (7/59) respectively, which presents a lower prevalence of ]5M .and simila;
prevalence of pre-diabetes compared with other studies, ( 13,14) There is consistent evidence
that PTDM is more common in older individuals. Cosio et 212001 reported that recipients
>45 years old were 2.9 times more likely to become diabetic post-transplant when compared
with younger recipients.(15) A similar association of age with the development of abnormal
! glucose metabolism was found in two other studies, but their patients were older at the time
: of transplant. (13,14) Our results did not showed significant association between the age at
the time of transplant and the development of pre-diabetes and diabetes. We believe that the
possible explanation is that our patients were much younger (35.15 + 8.75) than in the
studies mentioned before,

CNI and PTDM
Despite more than two decades of research the pathogenesis of post-transplant dysglycemia

is incompletely understood and a consensus on approach to screening, diagnosis and

management is lacking. (16) It has been demonstrated that normal glucose levels in

the moming combined with rising levels during the day are typical features of transplant

patients; most presumably due to metabolic effects of immunosuppressive medications (17)

and that this distinct pattern differs from that in Type 2 diabetes patients. (18) The most

significant transplant specific modifiable risk factors are immunosuppressive medications

specifically the use of calcineurin inhibitors (CNI - Tac and CsA) and glucocorticoids. (16)

Diabetogenic impact of CsA has been described since the early 1980s. ( (19) There is some

evidence that dysglycemic states are related the degree of CNI exposure. The dose response

effect with respect to new onset of diabetes after transplantation (NODAT) risk has also

been described with the use of CsA with less dysglycemia post-transplant in those treated

with low dose CsA (C2 600-800).(20) Some studies have not confirmed significant
correlation between CNI and NODAT probably due to lower doses of CNI used in their
centers.(13,14) Our results showed statistically significant correlation between the CsA and
postprandial blood glucose levels. Also dysglycemia group had shorter time since
transplantation and higher CsA trough levels than normal, which confirm the dose response
effect with respect to new onset of diabetes after transplantation.

Steroids and PTDM
Steroids have been known for decades to induce impairments in blood glucose control. In

transplant patients, steroid use or the cumulative prescribed steroid dosage are commonly

associated with an increased risk of developing PTDM (21,13). There is consistent evidence

that the number of rejection episodes to be positively correlated to pre-diabetes, whereas

steroid use alone at a dose of or below 7.5 mg/day was not. (13,14) In one study forty-three
patients (23%) were on a steroid-free immunosuppressive protocol and did not show a lower
prevalence of pre-diabetes as compared to patients with low-dose steroids. (13) We also did
not find a significant correlation between daily doses of corticosteroids and pre-diabetes and
diabetes post transplantation, and our patients were on similar average daily doses of
prednisone of 7.45 + 2.68 mg. All patients who had episodes of acute graft rejection were
excluded in our study due to the need for increased doses of immunosuppressive therapy and

7
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: i mulati :
consecutively higher exposure of higher cu Ve corticostergjg dose for the treatment of
acute rejection.

irolimus and other medications .

girolimus, a mammalian target of rapamycin (m{I"QR) inhibitor, is an immunosuppressive
agent used in conjunction with, or instead of, calcineyrip inhibitors. Clinical data suggests
that sirolimus use is not without risk for the flevglopment of NODAT (16, 22),

Analysis found that the combination of sirolimus with » CNI created a higher HR for
cumulative 1yr incidence of NODAT compared to CNJ with mycophenolate/ azathioprine
(MMEF/AZA) or sirolimus with MMF/AZA. Indeed higher sirglimus Jevels in the absence of
CNI may have increased the risk of NODAT (16).

Lastly, as with CNI, it is likely that there is an important interaction between modifiable and
nonmodifiable risk factors. For example, a multivariate analysis has found that older age and
higher sirolimus trough levels were associated with increased hazard for NODAT (21), once

again suggesting that drug level targets in older recipients could be reviewed, for both effect
and toxicity.

BMI and PTDM

In many studies obesity expressed as BMI > 30 kg / m2 has been demonstrated as a risk
factor for the development of PTDM (21, 23, and 24). In contrast to other publications in our
study BMI as a continuous and categorical variable was not associated with deranged
glucose metabolism. Our results are consistent with the results of several authors. (25, 13,
14) The reason is probably because of the fact that our patients were relatively thin and the
average BMI was 25.61 = 4.29, indicating overweight but not obesity.

Chronic Hepatitis C and PTDM

Chronic hepatitis C infection is associated with an increased incidence of PTDM in liver
transplantation. (26) Fabrizi F et all, 2005 using a meta-analysis has also shown a significant
relationship between anti-HCV seropositive status with the development of PTDM after
renal transplantation with adjusted odds ratio 3.97. (27) The prevalence of HCV positivity
among our patients was small, amounting to around 16% in both groups, so that we could
not verify connectivity of dysglycemic conditions and anti - HCV seropositive status.

Lipids and PTDM

Lipid disorders are frequently observed in renal transplant recipients. Mean serum lipid
levels and incidence and prevalence of hyper TC, especially LDL-c, was significantly higher
in patients receiving CsA when compared with Tac. (28) Also, patients with PTDM had
significantly higher total serum cholesterol and triglycerides (TG), higher systolic blood
pressure and higher pulse pressure throughout the post-transplant period. Of interest, all of
these abnormalities preceded the development of PTDM. Hypertriglyceridemia was
particularly pronounced in PTDM and elevated TG levels correlated with the subsequent
development of PTDM, independent of other risk factors (P = 0.001 by multivariate Cox).
(28) There is also a higher amount of oxidized LDL cholesterol. (29) In other study risk
factors for hyperglycemia were higher cyclosporine level, impaired kidney function, and
reduced high-density lipoprotein cholesterol values. (30) In other study dyslipidemia had
weak correlation with age of recipient, serum creatinine, CO and C2 levels of CsA. At
logistic regression, serum creatinine was the only risk factor for hypercholesterolemia
development after kidney transplantation (OR = 1.6, CI 95%: 1.4 -1.8). (31) We found a
significant positive correlation of total lipids (TL) and LDL-c with postprandial glucose. So,
our results showed that hyperlipidemia and dyslipidemia are associated with hyperglycemia
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ion. We cannot exclude that dysfin: ...
fter renal transplantation. We cannol Yslipidemia a5 4 i i
2ould be an effect of CsA, or a diminished graft function, L

A limitation in our study might be the underestimatioy,

s ! of patients with pre-transplant
dysglycemia. In the pretransplant examination, the diagnosig of diabetes mellitus was based

on routine fasting blood glucose only. Lack of mandatory yee of oGTT might include
patients with dysglycemia in our study an'd overestimate the prevalence of pre-diabetes after
transplantation. Although all of our patients Were on a majntenance immunosuppressive
protocol, the point in time of testing was not pre-determipeq by the study protocol. This
resulted in marked differences in the time-delay from transplantation to OGTT between
patients. There was significant difference in this time-delay between the two study
populations.

In conclusion, the prevalence of diabetes and pre-dijabetes (IFG/IGT) in our renal transplant
recipients was 3,39% and 30.5%, respectively, Thug the overall prevalence of
hyperglycemia was 33.9%. Higher therapeutic CsA trough levels positively correlate with
postprandial glucose, while daily doses of corticosteroids in maintenance doses do not affect
glucose disorders. Significant correlation existed between total lipids and LDL-¢ and
hyperglycemia after transplantation. Intensive glucose monitoring before and early after
transplantation, treatment of potentially modifying risk factors and the application of dietary

regimen may contribute to reducing the prevalence of pre-diabetes and diabetes in renal
transplant recipients.
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