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Introduction. Hyperglycemia is common and a contributing factor
to the undesirable outcomes in kidney transplant recipients. This
study investigates the relationship of pretransplant blood glucose
levels and the occurrence of delayed graft function among kidney
transplant recipients without a diagnosis diabetes mellitus before
transplantation.

Materials and Methods. Eighty-one patients on long-term
hemodialysis with no history of clinically diagnosed diabetes
mellitus were enrolled in this study. Correlation of the occurrence of
delayed graft function with age, gender, donor source, underlying
cause of kidney failure, insulin resistance, and blood glucose levels
before transplantation was evaluated.

Results. There was a significant correlation between abnormal glucose
metabolism categories and occurrence of delayed graft function
(P = .004). Logistic regression analysis showed that fasting blood
glucose before kidney transplantation is an independent predictor
of delayed graft function immediately after transplantation (odds
ratio = 1.042, P = .04).

Conclusions. Hyperglycemic patients have an increased risk for
delayed graft function and should be treated by more potent
immune therapy and further restriction of blood glucose regulation
in peritransplantation period.
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Some studies have shown that patients with
diabetes mellitus (DM) have an increased risk of
allograft rejection.! However, this is not a settled
issue, with reports that DM had no influence
on graft survival.? Hyperglycemia is a common
and contributing factor to the outcome of kidney
transplantation.’* Hyperglycemia is also common
following kidney transplantation among patients
without a history of DM. Hyperglycemia accentuates
renal ischemic injury, enhances antigen presentation
and apoptosis, and increases inflammatory
responses in kidney transplantation. This study
was performed to investigate the relationship of

pretransplant serum glucose levels and occurrence
of delayed graft function (DGF) among uremic
patients without a pretransplant diagnosis of DM.

Eighty-one kidney transplant candidates on
long-term hemodialysis with no history of clinically
diagnosed DM (48 men and 33 women) were
included in this study. They were going to receive
a kidney transplant at the kidney transplant centers
of Ghaem Hospital and Imam Reza Hospital, in
Mashhad, Iran, from September 2008 to March
2009. Informed consent was obtained from all
of the patients. The study was approved by the
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Mashhad University of Medical Sciences Research
Ethics Committee.

The participants” demographic and clinical data
were collected. Fasting blood glucose (FBG) and
glucose tolerance test were measured on the day
before transplantation and on days 3, 7, 14, and
21 after transplantation. The American Diabetes
Association criteria were used for definitions of
posttransplant DM (FBG = 7.0 mmol/L or 2-hour
postload glucose = 11.1 mmol/L), impaired fasting
glucose (FBG = 5.6 mmol/L and < 7.0 mmol/L),
impaired glucose tolerance (2-hour postload glucose
> 7.8 mmol/L and < 11.1 mmol/L), and normal
glucose tolerance (FBG < 5.6 mmol/L and 2-hour
postload glucose < 7.8 mmol/L). Requirement of
dialysis in the 1st week after transplantation was
defined as DGEF.> The basal values of glucose and
insulin, as measured by radioimmunoassay, were
used to calculate indexes of insulin resistance, beta-
cell function, and insulin secretion, according to
the homeostasis equations, before transplantation
and on days 3, 7, 14, and 21 after transplantation.
Because reporting beta-cell function in isolation
could be misleading,® we normalized percentile of
beta-cell function by insulin sensitivity, wherever
necessary; eg, 50% beta-cell function in the presence
of 200% insulin sensitivity was normalized to 100%.

Continuous variables were compared between
the two groups of patients with and without
DGF using the Student t test when normally
distributed; otherwise, the Mann-Whitney test
was used. Categorical variables were compared
using the chi-square test and Fisher exact test,
as appropriate. The 1-way analysis of variance
was used for analysis of variance for quantitative
dependent variables by a single factor (independent)

variable. Logistic regression analysis was used to
explore the impact of each putative independent
determinant on the dependant factor, which was
DGF. Multinomial logistic regression was used for
evaluation of predictor variables’ effect on glucose
metabolism categories. A P value less than .05 was
considered significant.

There were 11 patients with DGF, of whom 8
were diagnosed with acute rejection and 3 with
acute tubular necrosis, according to kidney biopsy
results, renal scintigraphy, and the clinical course.
Table 1 summarizes the characteristics of the kidney
recipients with and without DGF.

The frequencies of normal and impaired glucose
tolerance, impaired FBG, and newly diagnosed
DM in the two groups are shown in Table 2. As
shown in this table, impaired glucose tolerance and
previously undiagnosed DM were highly frequent
among the patients. It is noteworthy that 5 of 11
patients with DGF had an undiagnosed DM and
7 of 11 with DGF had either an impaired glucose
tolerance test or an undiagnosed DM. Table 3 lists
the mean FBG levels in the two groups, which
were comparable between the DGF and no DGF
group before and after transplantation, except for
the measurements 1 week after transplantation
which were significantly higher among patients
with DGF.

The duration of hemodialysis before
transplantation was significantly longer in the
patients with DGF (P = .03; Table 1). Comparing
the patients with and without DGF showed no
differences regarding age, gender, donor source,
body mass index, systolic and diastolic blood

Table 1. Demographic and Clinical Characteristics of Kidney Allograft Recipients With and Without Delayed Graft Function

Delayed Graft Function

Characteristic No Yes P
Age, y 32.38 £ 13.52 26.18 £ 9.67 14
Male gender 42 (60.0) 8 (72.7) 42
Body mass index, kg/m? 20.64 + 4.41 20.057 + 4.62 74
Dialysis duration, mo 20.66 £ 24.99 26.27 + 18.55 .03
Pretransplant serum creatinine, mg/dL 8.19 £ 3.09 9.50 £ 3.17 27
Pretransplant systolic blood pressure, mm Hg 137.83 £22.94 137.63 + 21.85 97
Pretransplant diastolic blood pressure, mm Hg 83.80 + 1.42 86.54 + 10.87 .54
Donor source
Living unrelated 53 (75.7) 6 (54.5)
Cadaver 17 (24.3) 5 (45.5) 14

*Values in parentheses are percents.
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Table 2. Blood Glucose Tests Results Before Transplantation in
Patients With and Without Delayed Graft Function

Delayed Graft

Function
Glucose Tests Results No Yes P
Normal glucose tolerance 13 (18.6) 4 (36.4) .18
Impaired fasting blood glucose 1 (1.4) 0 .86
Impaired glucose tolerance 51(72.9) 2(18.2) <.001

Diabetes mellitus 5(71)  5(45.4) <.001

Table 3. Mean Fasting Blood Glucose Levels Before and After
Transplantation in Patients With and Without Delayed Graft
Function

Delayed Graft Function

Fasting Blood
Glucose, mg/dL

Before transplant

No Yes P

80.79 + 21.07 95.42 + 29.53 .50

Day 3 92.67 £31.13  104.44 + 20.01 .82
Day 7 73.92 +24.20 99.5 + 38.19 .02
Day 14 84.3 + 22.66 97.90 + 34.85 47
Day 21 81.28 +23.34 101.50 + 43.81 .32

pressure, insulin sensitivity, insulin resistance,
and the underlying disease resulting in end-stage
disease. There was a correlation between quartiles
of beta cell function before transplantation and
occurrence of DGF (P = .04), while no correlation
was found between quartiles of insulin resistance
or insulin sensitivity before transplantation and the
subsequent DGF. In the logistic regression model
in which the FBG, quartiles of beta cell function,
and duration of dialysis before transplantation
were entered, the only predictor factor correlated
significantly with DGF was FBG (odds ratio = 1.042,
P =.04; Table 4). In subsequent measurements until
the end of the 3rd week, only beta cell function
at the end of the 1st week of transplantation
and FBG at the same time showed a significant
difference between the two groups (P = .005 and
P = .01, respectively; Tables 3 and 5) This was
in spite of no differences regarding cumulative

Table 4. Logistic Regression Analysis of the Effect of Fasting
Blood Glucose Before Transplantation , Quartiles of beta Cell
Function, and Duration of Dialysis Before Transplantation on
Development of Delayed Graft Function

Factor B P Exp(B)
Fasting blood glucose 0.041 .04 1.042
Dialysis duration -0.008 .56 0.992
Quartiles of beta cell function 0.001 .82 1.001
Constant -4.797 .01 0.008

Table 5. Mean beta Cell Function Before and After
Transplantation in Patients With and Without Delayed Graft
Function

Delayed Graft Function

Beta Cell Function*® No Yes P
Before transplant 113.97 £60.81 94.29+ 36.04 .26
Day 3 75.08 £50.60 68.44 £56.00 .39
Day 7 136.05 +60.35 82.60 +46.26 .005
Day 14 94.25+68.64 7240+41.63 .11
Day 21 131.58 £+ 77.37 90.15+53.58 .22

*Beta cell function was normalized by insulin sensitivity percentage.

corticosteroid and cyclosporine dose between the
two groups. At this point of time, multinomial
logistic regression analysis evaluating the effect
of evolving discriminatory factors, cumulative
corticosteroid and cyclosporine dose administered
until then and serum creatinine level on the
dependant factor (glucose metabolism categories)
showed that the only discriminator of different
four categories of blood glucose derangements was
serum creatinine level (Table 6). This was equally
reflected in the more elevated mean FBG level
in the patients with DGF compared with those
with normal allograft function at the end of the
1st week after transplantation (P = .02; Table 3).
Accordingly, we witnessed a significantly less
insulin secretion as assessed by normalized beta cell
function obtained by insulin resistance modeling
at the end of the 1st week after transplantation in
the patients with DGF (P < .001). On the 7th day

Table 6. Multinomial Logistic Regression Analysis on the 7th Day After Transplantation Comparing the Effect of Predictor factors on

Glucose Derangement Categories*

Category
Impaired Glucose Tolerance Diabetes Mellitus
Factor P Exp(B) P Exp(B)
Creatinine .51 1.21 .01 3.44
Corticosteroid 43 1.00 .59 1.00
Cyclosporine .71 0.99 .22 1.00

*The categories of impaired glucose tolerance and diabetes mellitus were compared with normal glucose tolerance as the reference category.

572-8.
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after transplantation, again we found a significant
negative correlation between FBG and beta cell
function both normalized and non-normalized
insulin sensitivity (r =-0.419, P = .002 and r = -0.369,
P = .008; respectively).

In our study, abnormal glucose metabolism
was highly frequent in uremic pretransplantation
patients; insulin resistance, hormonal imbalances,
systemic inflammation, oxidative stress, excess
parathyroid hormone, and chronic acidosis are
uremia-associated causes of abnormal glucose
metabolism.”'? Other researchers have also found
the abnormal glucose metabolism prevalent in
uremic patients before engraftment.'! In our
study, the pretransplantation abnormal glucose
metabolism was associated with an increased
occurrence of DGF in patients without diagnosed
DM. Impaired 2-hour postload glucose tolerance
test and undiagnosed DM before transplantation
significantly correlated with the occurrence of
DGF. Others have also found an association of
hyperglycemia on allograft function in the early
period after kidney transplantation.'? Brennan
and coworkers'® showed that diabetic etiology of
kidney disease is a the dominant risk factors for
DGF after living donor kidney transplantation,
and DGF strongly predisposes the patient to acute
rejection. Indeed, in our study, acute rejection
was the dominant cause of DGF (defined as
requirement of hemodialysis in the first week
after transplantation). On the contrary, Van Den
Berg and colleagues' found no apparent impact of
increased posttransplant blood glucose levels on
clinical outcome in kidney transplant recipients;
however, they studied the effect of the first 48
hours after kidney transplantation and not pre-
operative serum glucose levels.

Our analysis did not support the proposed
possible hypotheses to explain the association
between different abnormal glucose metabolism
categories and DGF, such as the ideas that
patients with abnormal glucose metabolism have
higher body mass indexes, are more likely to be
older, and have received more cadaveric kidney
allografts. The explanations more likely reflects
physiologic subcellular rather than demographic
or epidemiologic differences between those with
and whit out glucose metabolism abnormalities.
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Delayed graft function is thought to be initiated
in the early posttransplant period by allograft
injury and the inflammatory response to that
injury. We hypothesize that pretransplantation
hyperglycemia may directly increase the risk of
DGF. This may be due to several mechanisms;
high glucose levels may exacerbate warm ischemic
damage, with the resulting tissue injury. It is known
that hyperglycemia worsens renal ischemic injury
in experimental models,' signifying a direct role
for glucose. High glucose levels have a direct
vasoconstrictor effect in nondiabetic renal vessels,®
culminating in endothelial dysfunction through
hyperosmolarity, oxidant formation, and protein
kinase C activation.’® Other studies have shown
the incidence of DGF to be increased in patients
with DM." In addition, high glucose levels may
have a pro-coagulant effect.'®

Hyperglycemia increases antigen presentation
and co-stimulation. Glucose-induced ischemia/
reperfusion injury and oxidative stress enhances
expression of major histocompatibility complex
class I and class II antigens on allograft cells
and subsequently dendritic cells.!?®?% Also
production of chemokines that induce expression
of major histocompatibility complex antigens
are augmented,?! and the tissue response to
interferon-gamma is increased by the presence of
high glucose concentrations.' Peripheral dendritic
cells are activated by reactive oxygen species.?
Apoptosis is triggered by reperfusion injury, and
inhibition of apoptosis by ischemia-reperfusion
prevents inflammation.?? Apoptosis is also enticed
by hyperglycemia that can cause reperfusion-
induced inflammation and tissue injury.”*'° Also
co-stimulatory molecules are upregulated directly
by hyperglycemia, and indirectly, by glucose-
enhanced ischemia and oxidative stress.®

There are other possible mechanisms for
hyperglycemia-induced allograft dysfunction;
hyperglycemia causes an exaggerated inflammatory
response to ischemia/reperfusion and rejection.?*?
More nuclear factor-kappa B is produced in
hyperglycemic states,? resulting in upregulation
of both cellular and humoral mediators of
inflammation. Adhesion molecules including
intercellular adhesion molecule-1 and vascular
endothelial growth factor are overexpressed by
hyperglycemia.?® Increased phosphorylation of
platelet cell adhesion molecule-land expression
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of CD18, vascular cell adhesion molecule-1, and
E-selectin work together to enhance the adhesion and
transendothelial migration of monocytes.?”*® Both
the production and activity of cytokines including
tumor necrosis factor-alpha and interferon-gamma
may be increased by hyperglycemia.’” Amplified
production of transforming growth factor-beta 1
in hyperglycemia also decreases the production
of IL-10.”’ Reactive oxygen species, generated in
patients with higher plasma glucose level, lead to
the induction of pro-inflammatory cytokines.?*3°

Following steroid therapy and surgery,
occurrence of hyperglycemia is a marker of the
insulin resistance. This new metabolic milieu
is characterized by hypertension, dyslipidemia,
hyperinsulinism, and increased levels of circulating
advanced glycation end-products, leptin, tumor
necrosis factor-alpha, interleukins 1, 6, and
12.1931 These cytokines act concomitantly with
hyperglycemia to induce kidney allograft injury.

Interestingly, in patients with DGF we found a
remarkably more elevated FBG and less beta cell
function at the end of thelst week after transplant.
Patients with the DGF have abnormalities of the
overstimulated immune system, resulting in an
augmented cytokine responsiveness that may
predispose to beta cell injury. We hypothesize this
can be interpreted as the effect of continued uremic
milieu and oxidative stress and acidosis on beta
cells function in patients with DGF, mirrored in
significantly higher FBG and less insulin secretion
compared with patients with no DGF.1%%2 Others,
although in long-term follow-up, have also
shown that beta cell function rather than insulin
resistance is the main contributing factor to the
development of posttransplant glucose metabolism
derangements.333*

Impaired glucose tolerance test and undiagnosed
DM are highly prevalent among patients on long-
term dialysis. We suggest there is a significant
correlation between these glucose metabolism
derangements and occurrence of DGF if the patients
undergo kidney transplantation. Logistic regression
analysis showed that FBG before transplantation
is an independent predictor of DGF immediately
after transplantation. Impaired insulin secretion, as
assessed by normalized beta cell function obtained
at the end of the 1st week after transplantation,

rather than insulin resistance is the probable
cause of more elevated FBG in patients with DGF.
This can be interpreted as a consequence of the
persistence of the uremic state and stimulated
immune system in the group of patients with DFG.
Hyperglycemic patients who have an increased risk
for DGF should be treated by more potent immune
therapy, and more restrict blood glucose regulation
in peritransplantation period may improve kidney
allograft function.
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1. Disney APS, Russ GR, Walker R, et al. Australia and New
Zealand dialysis and transplant registry. ANZDTA Registry
Report; 1999.

2. Sirivongs D, Liawnoraset W, Pongskul C, Reungjui S.
Graft survival analysis in kidney transplantation: a 12-year
experience in a Thai medical center. Transplant Proc.
2004;36:2034-7.

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

4. Thomas MC, Mathew TH, Russ GR. Glycaemic control
and graft loss following renal transplantation. Nephrol Dial
Transplant. 2001;16:1978-82.

5. Boom H, Paul LC, de Fijter JW. Delayed graft function in
renal transplantation. Transplant Rev. 2004;18:139-52.

6. Wallace TM, Levy JC, Matthews DR. Use and abuse of
HOMA modeling. Diabetes Care. 2004;27:1487-95.

7. Guarnieri G, Zanetti M, Vinci P, Cattin MR, Barazzoni
R. Insulin resistance in chronic uremia. J Ren Nutr.
2009;19:20-4.

8. Zanetti M, Barazzoni R, Guarnieri G. Inflammation and
insulin resistance in uremia. J Ren Nutr. 2008;18:70-5.

9. Akmal M, Massry SG, Goldstein DA, Fanti P, Weisz
A, DeFronzo RA. Role of parathyroid hormone in the
glucose intolerance of chronic renal failure. J Clin Invest.
1985;75:1037-44.

10. Mak RH. Effect of metabolic acidosis on insulin action and
secretion in uremia. Kidney Int. 1998;54:603-7.

11. Chan HW, Cheung CY, Liu YL, et al. Prevalence of
abnormal glucose metabolism in Chinese renal transplant
recipients: a single centre study. Nephrol Dial Transplant.
2008;23:3337-42.

12. Ganji MR, Charkhchian M, Hakemi M, et al. Association
of hyperglycemia on allograft function in the early period
after renal transplantation. Transplant Proc. 2007;39:852-
4.

13. Brennan TV, Freise CE, Fuller TF, Bostrom A, Tomlanovich
SJ, Feng S. Early graft function after living donor kidney
transplantation predicts rejection but not outcomes. Am J
Transplant. 2004;4:971-9.

151



Hyperglycemia and Delayed Graft Function—Hekmat et al

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26

152

van den Berg TJ, Bogers H, Vriesendorp TM, et al.

No apparent impact of increased post-operative blood
glucose levels on clinical outcome in kidney transplant
recipients. Clin Transplant. 2009;23:256-63.

Podrazik RM, Natale JE, Zelenock GB, D’Alecy LG.
Hyperglycemia exacerbates and insulin fails to protect in
acute renal ischemia in the rat. J Surg Res. 1989;46:572-
8.

Akbari CM, Saouaf R, Barnhill DF, Newman PA, LoGerfo
FW, Veves A. Endothelium-dependent vasodilatation is
impaired in both microcirculation and macrocirculation
during acute hyperglycemia. J Vasc Surg. 1998;28:687-
94.

Troppmann C, Gillingham KJ, Benedetti E, et al. Delayed
graft function, acute rejection, and outcome after
cadaver renal transplantation. The multivariate analysis.
Transplantation. 1995;59:962-8.

Min C, Kang E, Yu SH, Shinn SH, Kim YS. Advanced
glycation end products induce apoptosis and procoagulant
activity in cultured human umbilical vein endothelial cells.
Diabetes Res Clin Pract. 1999;46:197-202.

Goes N, Urmson J, Ramassar V, Halloran PF. Ischemic
acute tubular necrosis induces an extensive local
cytokine response. Evidence for induction of interferon-
gamma, transforming growth factor-beta 1, granulocyte-
macrophage colony-stimulating factor, interleukin-2, and
interleukin-10. Transplantation. 1995;59:565-72.

Rutault K, Alderman C, Chain BM, Katz DR. Reactive
oxygen species activate human peripheral blood dendritic
cells. Free Radic Biol Med. 1999;26:232-8.

Pavlovic D, van de Winkel M, van der Auwera B, et

al. Effect of interferon-gamma and glucose on major
histocompatibility complex class | and class Il expression
by pancreatic beta- and non-beta-cells. J Clin Endocrinol
Metab. 1997;82:2329-36.

Daemen MA, van ‘t Veer C, Denecker G, et al. Inhibition
of apoptosis induced by ischemia-reperfusion prevents
inflammation. J Clin Invest. 1999;104:541-9.

Rovere P, Vallinoto C, Bondanza A, et al. Bystander
apoptosis triggers dendritic cell maturation and antigen-
presenting function. J Immunol. 1998;161:4467-71.

Panes J, Kurose |, Rodriguez-Vaca D, et al. Diabetes
exacerbates inflammatory responses to ischemia-
reperfusion. Circulation. 1996;93:161-7.

Yerneni KK, Bai W, Khan BV, Medford RM, Natarajan R.
Hyperglycemia-induced activation of nuclear transcription
factor kappaB in vascular smooth muscle cells. Diabetes.
1999;48:855-64.

. Takami S, Yamashita S, Kihara S, Kameda-Takemura

K, Matsuzawa Y. High concentration of glucose induces
the expression of intercellular adhesion molecule-1 in
human umbilical vein endothelial cells. Atherosclerosis.
1998;138:35-41.

27. Rattan V, Shen Y, Sultana C, Kumar D, Kalra VK.
Glucose-induced transmigration of monocytes is linked to
phosphorylation of PECAM-1 in cultured endothelial cells.
Am J Physiol. 1996;271:E711-7.

28. Manduteanu I, Voinea M, Serban G, Simionescu M. High
glucose induces enhanced monocyte adhesion to valvular
endothelial cells via a mechanism involving ICAM-1,
VCAM-1 and CD18. Endothelium. 1999;6:315-24.

29. Reinhold D, Ansorge S, Schleicher ED. Elevated
glucose levels stimulate transforming growth factor-
beta 1 (TGF-beta 1), suppress interleukin IL-2, IL-6 and
IL-10 production and DNA synthesis in peripheral blood
mononuclear cells. Horm Metab Res. 1996;28:267-70.

30. Hanson LA, Padyukov L, Strandvik B, Wramner L. [The
immune system of the hunter-gatherer meets poverty and
excess]. Lakartidningen. 2000;97:1823-6. Swedish.

31. Fernandez-Real JM, Ricart W. Insulin resistance
and inflammation in an evolutionary perspective: the
contribution of cytokine genotype/phenotype to thriftiness.
Diabetologia. 1999;42:1367-74.

32. Fadda GZ, Hajjar SM, Perna AF, Zhou XJ, Lipson
LG, Massry SG. On the mechanism of impaired
insulin secretion in chronic renal failure. J Clin Invest.
1991;87:255-61.

33. Hagen M, Hjelmesaeth J, Jenssen T, Morkrid L,
Hartmann A. A 6-year prospective study on new onset
diabetes mellitus, insulin release and insulin sensitivity
in renal transplant recipients. Nephrol Dial Transplant.
2003;18:2154-9.

34. Nam JH, Mun JI, Kim SI, et al. beta-Cell dysfunction rather
than insulin resistance is the main contributing factor for
the development of postrenal transplantation diabetes
mellitus. Transplantation. 2001;71:1417-23.

Correspondence to:

Reza Hekmat, MD

Department of Nephrology, Ghaem Hospital, Mashhad, Iran
Tel: +98 511 801 2829

E-mail: drhekmatreza@yahoo.com

Received August 2009
Revised November 2009
Accepted January 2010



