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ABSTRACT

Background: Chronic renal failure is an important and common complication of diabetes mellitus; hence, renal transplantation is a
frequent and the acceptable treatment in patients with diabetic nephropathy requiring renal replacement therapy. On the other hand, renal
transplantation and its conventional treatment can lead to increased diabetes outbreak in normoglycemic recipients. Also, uncontrolled
hyperglycemia may be increased and allograft lost thus decreasing patient survival.

Objectives: We aimed to assess the frequency of hyperglycemia in transplant patients and its risk factors.

Patients and Methods: A large retrospective study was performed on 3342 adult kidney transplant recipients between 2008 and 2010.
Demographic and laboratory data were gathered for each patient. All tests were done in a single laboratory and hyperglycemia was defined
as a fasting plasma glucose of >125 mg|dL. Univariate and multivariate logistic regression analyses were used to determine the risk factors of
hyperglycemia following kidney transplantation.

Results: There were 2120 (63.4%) males and 1212 (36.3%) females. Prevalence of hyperglycemia was 22.5%. By univariate linear regression,
hyperglycemia was significantly higher in patients with CMV infection (P = 0.001), elevated serum creatinine (P = 0.000), low HDL (P = 0.01),
and increased blood levels of cyclosporine (P = 0.000). After adjusting for covariates by multivariate logistic regression, the hyperglycemia
rate was significantly higher for patients with Cyclosporine trough level >250 (P=0.000), serum creatinine > 1.5 (P=0.000) and HDL < 45 (P
=0.03).

Conclusions: This study indicated that hyperglycemia is a common metabolic disorder in Iranian kidney transplant patients. Risk factors for
hyperglycemia were higher Cyclosporine level, impaired renal function, and reduced HDL value.
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1. Background patients without a history of DM. Although the new po-

) ) ) ) tent immunosuppressant agents have improved short-
Diabetes mellitus (DM) is considered as one of the most  term and long-term outcomes after transplantation,

costly diseases and important causes of end-stage renal  these drugs can cause greater prevalence of hypergly-
disease (ESRD) throughout the world (1-5). Hyperglyce-  cemia (6). In addition, DM may increase the risk of car-
mia is also a common complication among transplant  diovascular disease, infection, nephropathy, neuropathy
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and retinopathy (7).

Although some studies have shown that kidney trans-
plant recipients with DM have an increased risk of al-
lograft rejection (8-10), many studies indicated the similar
result for patient and graft survival rates in diabetic trans-
plant patients with good control of blood glucose level as
compared to general transplant recipients without DM (3,
11-13).

2. Objectives

There are limited data available regarding the preva-
lence of hyperglycemia after kidney transplantation
among Iranian transplant recipients (3, 14-16). Therefore,
we aimed to evaluate the frequency of hyperglycemia in
renal transplant patients and it’s risk factors in a large re-
nal transplanted population in Iran.

3. Patients and Methods

3.1. Patient Population

We carried out a retrospective analysis lab data of all
adult patients (age > 18 years) who underwent renal trans-
plantation at 8 academic hospitals of Tehran, Iran referred
to Gholhak laboratory during 2008-2010. Living related
and deceased kidney transplants were both included. We
obtained 14986 lab data in 3342 renal transplant recipients
within the period of the study. Ethics approval was sup-
plied by the local ethics committee of Bagiyatallah uni-
versity. We excluded patients who suffered from transient
hyperglycemia due to steroid pulse, incomplete data and
rejected allograft.

3.2. Data Collection

Datarecorded for all of the patients were age, sex, fasting
plasma glucose level (FBS), serum creatinine concentra-
tion (Cr), low-density lipoprotein (LDL), high-density lipo-
protein (HDL), uric acid, hemoglobin (Hb), trough level of
cyclosporine (C0) and cytomegalovirus Ag (CMV Ag).

3.3. Hyperglycemia Definition

We defined hyperglycemia as fasting plasma glucose of
> 125 mg/dL, according to the world American diabetes
association (17).

3.4. Immunosuppressive Regimen

The maintenance of immunosuppression in all pa-
tients was based on Cyclosporine neoral plus Mycophe-
nolate mofetil or Azathioprine and Prednisolone. The
amount of cyclosporine given to transplant patients was
mostly based on drug levels in the blood. Monitoring
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of Cyclosporine using its trough levels was periodically
performed at different times and dose was adjusted as
necessary. In our treatment strategy, target therapeutic
ranges for Cyclosporine levels were 200 to 300 ng/mL
during the first 3 months, 100 to 250 ng/mL during 4 to
12 months and 100 to 150 ng/mL past 1 year from trans-
plantation.

3.5. Statistical Analysis

CMV pp65 antigenemia was detected by Brite TM Turbu
(IQ Products, CMV Groningen, Netherlands) and Cyclo-
sporine levels were determined with Cobas Mira-Plus
analyzer (Roche). Statistical analyses were performed using
the SPSS software (statistical package for the social sciences,
version 17.0, SPSS Inc, Chicago, III, USA). All numeric data
were presented as mean * standard deviation. Differences
between the quantitative variables were compared using
the Chi square test or the Fisher exact test. The student t test
was used for evaluating continuous quantitative variables.
The univariate linear regression and multivariate logistic
regression were performed for risk factors associated with
hyperglycemia. A P value of less than 0.05 was considered
statistically significant.

4.Results

4.1. Demographics

There were 3342 renal transplant patients, 2120 males
(63.4%) and 1212 females (36.3%), referred to a single labora-
tory from 8 academic transplant centers. The majority of the
patients (93.4%) received a kidney from a living donor (85.2%
unrelated and 8.2% related). The mean age of recipients was
37 £ 16 years (range, 18-79 years). The majority of patients
were followed up for more than one year (92.6%), while 3.5%
of the recipients had 3-12 month follow ups and 3.9% had less
than 3 months of follow ups. Patients with hyperglycemia
were older compared to normoglycemic recipients (Table 1).
The prevalence of hyperglycemia was 22.5% of the cases.

4.2. Risk Factors of Hyperglycemia After Transplanta-
tion

Hyperglycemia patients had significantly higher rates of
CMV infection, elevated plasma cyclosporine levels and in-
creased plasma creatinine levels as compared to normogly-
cemic recipients Table 1, 2. Although hyperglycemia patients
had higher LDL, this difference was not statistically sig-
nificant (P = 0.7). Despite of the non significant correlation
which was observed between hyperglycemia and Hb or HDL
concentrations as quantitative values, these biochemical
markers as qualitative entities had a significant relation-
ship Table 2.
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Table 1. Patient Characteristics and Laboratory Data in Hyperglycemic and Normoglycemic Kidney Transplant Recipients

Variable Normoglycemic Group Hyperglycemic Group P value
Age of recipient, y, mean + 35.8+15.6 46.9+12.0 0.000
SD

Recipient sex, Male/Female, 62.8/37.2 66.4[33.6 0.37

%

CMV Ag, Positive/Negative,% 4.7/95.3 11.7/88.3 0.000
Trough level of Cyclospo- 182 £121 230 £150 0.000
rine, ng/mL, mean + SD

Creatinine, mg/dL, mean 1.54 % 0.97 1.79+1.20 0.000
+SD

HDL-Cholesterol, mg/dL, 49+15 4717 0.15
mean * SD

LDL-Cholesterol, mg/dL, 101+35 105+36 0.74
mean * SD

Hemoglobin, g/dL, mean 125£2.2 121+23 0.31

+SD

Table 2. Significant Qualitative Laboratory Data in Hyperglycemic and Normoglycemic Kidney Transplant Recipients

Variable Overall, % Normoglycemic Hyperglycemic Pvalue
Group, % Group, %
Trough level of 0.000
Cyclosporine, ng/
mL
>250 24.4 21.2 353
<250 75.6 78.8 64.7
Creatinine, mg/dL 0.000
>1.5 37.9 35.8 45
S1.5 62.1 64.2 55
HDL-Cholesterol, 0.02
mg/dL
>45 47.5 521 46
=45 52.5 47.9 54
Hemoglobin, 0.01
g/dL >11 26.7 32.2 25.1
=1 733 67.8 74.9
By univariate linear regression, the prevalence of hy- 5. pjscussion

perglycemia was significantly higher in patient with
CMV infection (P = 0.001), impaired renal allograft
function (P = 0.000), low HDL (P = 0.01), and elevated
plasma cyclosporine levels (P = 0.000). After adjust-
ing for covariates by multivariate logistic regression,
hyperglycemia rate was significantly higher for pa-
tients with plasma cyclosporine trough level > 250
(CI = 0.27-0.98, P = 0.000), plasma Cr > 1.5 mg/dL (CI
=0.93-0.98, P=0.000) and HDL < 45 mg/dL (CI = 0.95-
0.99,P=0.03).
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In the current study, hyperglycemia was a frequent
problem among renal transplant recipients. Perez-Flores
et al. showed that hyperglycemia was a common compli-
cation after kidney transplantation and it was present
in 65% of their patients (18). The incidence of post-trans-
plant diabetes mellitus ranges from 2% to 50% of cases in
different series, reflecting the wide variation in the defi-
nition of the disorder, population, and immunosuppres-
sive regimen (19).

Hyperglycemia is a common and contributing factor
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for the outcome of kidney transplantation. Our study
was able to confirm previous findings by showing an in-
creased risk of renal allograft impairment associated with
PTIDM (8, 20, 21). Unless adequately controlled, DM after
transplantation enhances the risk of renal graft loss (21).

Several risk factors for the development of hypergly-
cemia after transplantation have been previously de-
scribed, which include advanced age, male donor, infec-
tions (HCV, EBV, CMV), obesity (13), immunosuppressive
agents (particularly Prednisolone and Cyclosporine) and
dyslipidemia (10). In our study, high blood level of cyclo-
sporine seemed to be an important factor for the devel-
opment of altered glucose metabolism. We also demon-
strated that our hyperglycemic patients had significantly
higher rates of CMV infection as compared to normogly-
cemic cases; this matches reports from previous studies
(22, 23). Conversely, two small studies showed that there
was no significant correlation between DM and CMV in-
fection after renal transplantation (24, 25). We were also
able to demonstrate a significant increase in the risk of
hyperglycemia with advanced age, which is consistent
with other studies (25-29).

Although no significant correlation was seen between
hyperglycemia and Hb concentration, hyperglycemic re-
cipients were more likely to be anemic as compared to nor-
moglycemic patients; also matching other research (27).

The main limitation of the present study resides in its
retrospective design. As a result, data about family histo-
ry, BMI, metabolic syndrome, and BP were not accessible.
However; we believe that this limitation exists in nearly
all retrospective studies using secondary data collection.
We could not consider all confounding factors in this
study.

In conclusion, this study indicated that hyperglycemia
is a common metabolic disorder in Iranian kidney trans-
plant patients. These results confirmed the importance
of an appropriate control of cyclosporine levels among
patients undergoing kidney transplantation.

Acknowledgements

There is no acknowledgment.

Authors’ Contribution

None declared.

Financial Disclosure

There is no conflict of interest

Funding/Support

This study is funded by Nephrology and Urology Re-
search Center, Baqiyatallah University of Medical Sci-
ences.

756

References

1. GoAS, Chertow GM, Fan D, McCulloch CE, Hsu CY. Chronic kidney
disease and the risks of death, cardiovascular events, and hospi-
talization. N Engl ] Med.2004;351:1296-305.

2. Weiner DE, Tighiouart H, Amin MG, Stark PC, MacLeod B, Griffith
JL, et al. Chronic kidney disease as a risk factor for cardiovascular
disease and all-cause mortality: a pooled analysis of community-
based studies. ] Am Soc Nephrol.2004;15:1307-15.

3.  Pourmand G, Ebrahimi MR, Mehrsai AR, Taheri M. Patient blood
glucose levels before and after kidney transplantation. Trans-
plant Proc.2000;32:566-8.

4. Crutchlow MF, Bloom RD. Transplant-associated hyper-
glycemia: a new look at an old problem. Clin | Am Soci
Nephrol.2007;2(2):343-355.

5. Mathew]T, Rao M, Job V,Ratnaswamy S, Jacob CK. Post transplant
hyperglycaemia: a study of risk factors. Nephrol Dialysis Trans-
plantat.2003;18(1):164-171.

6. Heisel O, Heisel R, Balshaw R, Keown P. New onset diabetes mel-
litus in patients receiving calcineurin inhibitors: a systematic
review and meta-analysis. Am | Transplant.2004;4(4):583-595.

7. Jindal RM, Hjelmesaeth J. Impact and management of posttrans-
plant diabetes mellitus. Transplantation.2000;70:SS58.

8. Wiesbauer F, Heinze G, Regele H, Horl WH, Schernthaner GH,
Schwarz C, et al. Glucose control is associated with patient sur-
vival in diabetic patients after renal transplantation. Transplan-
tation.2010;89(5):612-9.

9. AU Miles AM, Sumrani N, Horowitz R, Homel P, Maursky V,
Markell MS, et al. Diabetes mellitus after renal transplantation:
as deleterious as non-transplant-associated diabetes? Transplan-
tation.1998;65(3):380-4.

10. Cosio FG, Pesavento TE, Kim S, Osei K, Henry M, Ferguson RM.
Patient survival after renal transplantation: IV. Impact of post-
transplant diabetes. Kidney Int .2002;62(4):1440-6.

1. AU Schiel R, Heinrich S, Steiner T, Ott U, Stein GSO. Long-term
prognosis of patients after kidney transplantation: a compari-
son of those with or without diabetes mellitus. Nephrol Dialysis
Transplant.2005;20(3):611-7.

12. AU Burroughs TE, Swindle |, Takemoto S, Lentine KL, Machnicki
G, Irish WD, et al. Diabetic complications associated with new-
onset diabetes mellitus in renal transplant recipients. Transplan-
tation.2007;83(8):1027-34.

13.  Gilbertson D, Matas AJ. Diabetes mellitus after kidney transplan-
tation in the United States. Am J Transplant.2003;3:178-85.

14. Ramezania M, Ghoddousia K, Hashemib M, Khoddami-Vishteb
HR, Fatemi-Zadehc S, Saadata SH, et al. Diabetes as the Cause of
End-Stage Renal Disease Affects the Pattern of Post Kidney Trans-
plant Rehospitalizations. Transplant Proc.2007;39(4):966-9.

15.  Einollahi B, Jalalzadeh M, Taheri S, Nafar M, Simforoosh N. Out-
come of Kidney Transplantation in Type 1 and Type 2 Diabetic
Patients and Recipients With Posttransplant Diabetes Mellitus.
Urol].2008;5(4):248-54.

16. Naderia M, Aslania ], Hashemib M, Assarib S, Aminia M, Pour-
farziania V. Prolonged Rehospitalizations Following Renal
Transplantation: Causes, Risk Factors, and Outcomes. Transplant
Proc.2007;39(4):978-80.

17.  Standards of medical care in diabetes-2011. Diabetes Care.2011;34
Suppl 1:511-61.

18.  Perez-Flores I, Sanchez-Fructuoso A, Calvo N, Valga EF, Barrientos
A. Incidence and risk factors for the metabolic syndrome and
posttransplant diabetes in renal transplant recipients taking
tacrolimus. Transplant Proc.2010;42(8):2902-4.

19. Montori VM, Basu A, Erwin PJ, Velosa JA, Gabriel SE, Kudva YC.
Posttransplantation diabetes: a systematic review of the litera-
ture. Diabetes Care.2002;25(3):583-92.

20. Kuypers DR, Claes K, Bammens B, Evenepoel P, Vanrenterghem Y.
Early clinical assessmentof glucose metabolismin renal allograft
recipients: diagnosis and prediction of post-transplant diabetes
mellitus (PTDM). Nephrol Dial Transplant.2008;23(6):2033-42.

21.  Vanrenterghem Y. Post-transplant diabetes mellitus and renal

Nephro Urol Mon. 2013;5(2)



Hyperglycemia After Renal Transplantation

Khalili N et al.

22.

23.

24.

25.

function with tacrolimus: A decade of use, a decade of evidence.
Foreword. Nephrol Dial Transplant.2004;19 Suppl 6:vil-vi2.
Hjelmesaeth ], Sagedal S, Hartmann A, Rollag H, Egeland T, Ha-
gen M, et al. Asymptomatic cytomegalovirus infection is asso-
ciated with increased risk of new-onset diabetes mellitus and
impaired insulin release after renal transplantation. Diabetolo-
g1a.2004;47(9):1550-6.

Hartmann A, Sagedal S, Hjelmesaeth ]. The natural course of cy-
tomegalovirus infection and disease in renal transplant recipi-
ents. Transplantation.2006;82(2 Suppl):S15-7.

Siraj ES, Abacan C, Chinnappa P, Wojtowicz ], Braun W. Risk factors
and outcomes associated with posttransplant diabetes mellitus
in kidney transplant recipients. Transplant Proc.2010;42(5):1685-9.
Ossareh S, Naseem S, Faraji MA, Bahrami Asl M, Yousefne-
jad A. Frequency and risk factors for posttransplant diabe-
tes mellitus in Iranian renal transplant patients. Transplant
Proc.2009;41(7):2814-6.

Nephro Urol Mon. 2013;5(2)

26.

27.

28.

20.

Kuo HT, Poommipanit N, Sampaio M, Reddy P, Cho YW, Bunnapra-
dist S. Risk factors for development of new-onset diabetes mel-
litus in pediatric renal transplant recipients: an analysis of the
OPTN/UNOS database. Transplantation.2010;89(4):434-9.

Madhav D, Ram R, Dakshinamurty KV. Posttransplant diabetes
mellitus: analysis of risk factors, effects on biochemical parame-
ters and graft function 5 years after renal transplantation. Trans-
plant Proc.2010;42(10):4069-71.

Bora GS, Guleria S, Reddy VS, Tandon N, Gupta N, Gupta S, et al.
Risk factors for the development of new-onset diabetes mel-
litus in a living related renal transplant program. Transplant
Proc.2010;42(10):4072-3.

Cosio FG, Pesavento TE, Osei K, Henry ML, Ferguson RM. Post-
transplant diabetes mellitus: increasing incidence in re-
nal allograft recipients transplanted in recent years. Kidney
Int.2001;59(2):732-7.

757



