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 A b s t r a c t: Introduction: Post-transplant diabetes mellitus and impaired glu-
cose tolerance are confirmed complications after solid organ transplantation associated 
with the use of glucocorticoids and calcinuerin inhibitors in maintenance immunosup-
pression. Insulin resistance (IR) is also an independent factor for cardiovascular mor-
bidity and mortality among renal allograft patients. The aim of our work was to inve-
stigate the clinical importance of elevated IR in renal transplant recipients on standard 
triple-drug immunosuppression in correlation with immunosuppressive therapy and 
certain independent factors such as body mass index (BMI), time after transplantation, 
lipid disorders, etc. 

Methods: 36 allograft pts with different periods after transplantation without 
previous glucose disorders were included in the study. An oral glucose tolerance test 
(OGTT) was made to distinguish pts with or without glucose disorders. The basal va-
lues of glucose (G) and insulin (I) were used to calculate indexes of IR and beta-cell 
function according to the homeostasis equations. Impaired fasting glucose (IFG), im-
pairred glucose tolerance (IGT), impaired post prandial hyperglycemia (IPPH) and dia-
betes mellitus (DM) were also analysed.  

Results: The mean value of the IR index was 2.57 ± 1.20. It was elevated in 31 
pts (86%) The IR showed a positive correlation with: I0 (p < 0.01), I2 (p < 0.05), β cell 
___________________ ________ ___

* The part of the paper entitled "Insulin resistance as a surrogate marker for 
chronic allograft nephropathy" was presented at the traditional symposium – Nantes 
Advances in Transplantation, June 2007. 
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function (p < 0.05) and CsA (p < 0.01). The fasting I, G, and BMI were shown as inde-
pendent risk factors for IR (p < 0.01, p < 0.01, and p < 0.05 respectively). There were 
12 pts with different glucose disorders (IFG, IGT, DM) and 24 pts without. The pts with 
glucose disorders showed an elevated IR index (91%) more frequently compared with 
(41.67%) decreased β-cell function. 

Conclusion: IR is frequent among renal recipients with and without glucose 
disorders. IR is an independent risk factor for atherogenesis. Higher CsA trough levels 
are assotiated with higher Insulin values and indexes of IR. The defect in insulin action 
is more a prominent mechanism in post-transplant glucose disorders than the impaired 
insulin secretion.  
 
Key words: insulin resistance, post-transplant diabetes mellitus, renal transplantation.  
 
 

Introduction 
 

Modern immunosuppressive therapy enables better graft and patient 
survival after solid organ transplantation. Nevertheless, a high cardiovascular 
patient morbidity and mortality strongly correlate with it and its side-effects. 
One of the main reasons in this pathology is glucose metabolism disorders, 
increased insulin resistance (IR) and post-transplant diabetes mellitus (PTDM). 
It is well known that modern immunosuppressive therapy has a diabetogenic 
effect and the IR and the insulin deficiency are involved in the pathogenesis of 
the PTDM, but the relative importance of the two different mechanisms is not 
sufficiently clear. [1] The measurement of IR is an early and very strong pre-
dictor of diabetes type 2. [2] Even in the absence of hyperglycaemia or diabetes, 
the IR represents an important risk factor for cardiovascular diseases and early 
death [2]. Obesity, excessive caloric intake without any physical activity, is also 
important. On the other hand, IR can appear independently of obesity, but it 
always gets worse with it. [3] Even as many as 25% of the general population 
can be insulin-resistant due to genetic factors. IR and hyperinsulinaemia change 
the proportion of the body lipids by increasing triglycerides and LDL and dec-
reasing the "good" cholesterol HDL. It can increase the risk of hypercoaglabi-
lity, initiate inflammatory changes and increase natrium retention which leads to 
higher blood pressure.  
 Pts after renal transplantation are insulin-resistant compared to a control 
group with similar demographic characteristics. [2] Several factors connected 
with IR are present in these pts such as lifelong immunosuppressive therapy, 
especially corticosteroids and cyclosporine A (CsA), hypertension, anti-hyper-
tensive medications, obesity, etc. 
 According to ADA (American Diabetic Association – 1998), IR is defi-
ned as an impaired metabolic response to either exogenous or endogenous in-
sulin. Some researches explain that IR is a pathological condition in which the 
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target cell reacts inadequately to the normal level of the circulating insulin. [4) 
This indicates that the normal basal values of glucose and insulin do not exclude 
increased IR, i.e. decreased insulin sensitivity. This is the reason why IR should 
be measured. The measurement of IR and hyperinsulinaemia can be done using 
many methods. The most important include interventions such as intravenous 
application of glucose and insulin which enable direct evaluation of the insulin 
answer after glucose load. These so-called "clamp" techniques are expensive, 
difficult to perform, potentially dangerous and need specially-trained techni-
cians. There are more surrogate methods to measure IR or hyperinsulinaemia by 
measuring fasting values of G and I or determining of the I, C-peptide and 
glucose responses after being physiologically loaded with G, which can be done 
by OGTT. The indexes obtained with these methods are less complex than the 
direct measurements, but they correspond well with the results from the more 
invasive studies. [5] In any case, there is no consensus on whether any one spe-
cial IR or insulin sensitivity index is more adequate than others. [6] 
 The aim of the study was to determine the frequency of IR in renal 
allograft patients with and without glucose disorders, to correlate IR indexes 
with the doses of immunosuppressive medications and other risk factors such as 
time after transplantation, age, lipid parameters and to evaluate the relative role 
of IR (impaired insulin action) and the deficit β-cell function (defects in insulin 
release) in the pathogenesis of new onset glucose metabolic disorder. 

 
 

Materials and Methods 
 

A group of 36 renal allograft pts (mean age 35.56 ± 9.47, range 14–53, 
24 male and 12 female) with a good graft function (average GFR 59.44 ± 14.45 
ml/min), 35.17 ± 27.87 months after the transplantation was included in the 
study. All the pts were under triple maintenance immunosuppressive therapy 
including Mycofenolat mofetil (MMF), Cyclosporin A (CsA) and Prednisolon 
(Pred) in the appropriate doses.  

The including criteria were: minimum age 14 years, absence of pre-
vious clinical DM, normal glucose levels in the pre–testing period and a satis-
factory graft function. Pts with a history of recent rejection episodes, steroid use 
for other comorbidity conditions, or DM established before testing of the glu-
cose metabolism were excluded. All examinations in the study were performed 
in accordance with the World Medical Assotiations and Helsinki Declaration. 
All patients gave informed consent to participate. 

Oral Glucose Tolerance Test. An OGTT with 75 gr. glucose (accor-
ding to recommendations of WHO) was performed in all pts with normal fas-
ting glucose levels. The classification of the glucose disorder was made 
according the criteria of ADA – 2003. [7] (pts with G0 6.1–6.9 had IFG; G0 < 7 
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and G2 7.8–11.1 had IGT; and G0 > 7 and G2 > 11.1mmol/l had DM.). The va-
lues of G and I were determined in all pts before and 2 hours after glucose 
loading. The concentration of I in the plasma was measured with MEIA (Micro-
particle Enzyme Immunoassay) in an automatic analyzer (Abbott). 

Insulin Resistance and β–cell function homeostasis. For a quantita-
tive estimate of IR and β-cell function homeostatic model assessment was used 
(Matthews DR. et al), according to which the normal value of HOMA-IR is 
considered to be 1, and for HOMA-β-cell is 100%. The evaluations were made 
using these formulas: 

 

 

5,3)05551,0/(
/20

−×
×

=−
dlGmg

mlIUIHOMA μβ  

 
Renal function and BMI: For evaluation of the renal function the 

Cockcroft-Gault formula was used. The body mass index (BMI) and other ana-
lyses within the framework of regular biochemical monitoring were made 
among all pts. 

Statistics. For statistical data processing, descriptive statistical methods 
were used: average values, standard deviation and percentage. The following 
analytical methods were used: Spearman–ratio for correlation of certain risk 
factors, multiple regression analysis for independent risk factors, Student’s –T– 
test for untied samples, X2-test and Fisher exact test for proportions.  
 
 

Results 
 

The results of all examined parameters in the whole group, as well as 
glucose disorders after OGTT, are presented in Table 1. 
 
Table 1 – Tabela 1 

 
Average values and SD of the majority of variables and OGTT disorders 

Sredni vrednosti i SD na pove}eto ispituvani varijabli i OGTT 
naru{uvawa 

Parameters      Values  
Go – fasting glucose     5.28 ± 0.74 mmol/l 
G2 – after loading glucose     6.64 ± 1.89 mmol/l. 
GD – Glucose disorders         12 pts (33%)  
 IGT – Impaired glucose tolerance       7 pts (20%) 

5,22
/)05551,0/( mlIUIdlGmgIRHOMA × × μ

=−
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 IFG – Impaired fasting glucose       2 pts (5%) 
 IPPH – impaired postprandial hyperglicemia        2 pts (5%) 
 DM – diabetes mellitus        1 pts (3%) 
Io – fasting inuslin     10.65 ± 5.0 µIU/ml 
I2 – after loading insulin     40.56 ± 22.60 µIU/ml 
HOMA-IR – Insulin resistance        2.57 ± 1.20 
HOMA-ß cell function     144.19 ±  94.78% 
BMI – body mass index     25.61 ± 4.47 kg/m2 

CsA – trough level       133.19 ± 79.72 
ng/ml 
GFR (Cockroft–Gault)     59.44 ± 14.45 ml/min 
PRED – daily dose        7.85 ± 2.94 
mg/day. 
MMF – daily dose        2 gr/24 h 
 

OGTT and Glucose metabolism disorders. Before glucose loading, 
no patient showed confirmed glucose disorder. The average value of fasting 
glucose levels was 5.28 ± 0.74 mmol/l, and G after loading was 6.64 ± 1.89 
mmol/l. The basal insulin values were 10.65 ± 5.0 µIU/ml. and after loading 
40.56 ± 22.60 µIU/ml. After the OGTT, 12 pts (33.3%) showed glucose disor-
der: 7 pts with IGT (impaired glucose tolerance), 2 pts with IFG (impaired fas-
ting glucose), 2 pts with IPPH (impaired postprandial hyperglycaemia G2 from 
7–7.8 mmol/l), and 1 with DM (diabetes mellitus). 

HOMA-IR. The average value of HOMA-IR was 2.57 ± 1.20 and of 
HOMA-ß 144.19 ± 94.78%. Values of HOMA-IR higher than 1.3 are conside-
red to be pathological, and were elevated in 31 out of 36 pts (86%).  

The correlation of the majority of variables that have an impact on 
HOMA-IR and HOMA-ß values were made in the whole group (Spearman). 

HOMA-IR positively correlates with I0 (ρ = 0.873**, p < 0.01), and I2 
(ρ = 0.352*, p < 0.05), with HOMA-β (ρ = 0.651**, p < 0.01), as well as with 
the level of CsA (ρ = 0.439**, p < 0. 01). 

A positive correlation of IR was also noted with BMI, G0, G2 and with 
daily doses of corticosteroids, but that correlation did not reach statistical 
significance. Table 2. 

Multiple regression analyses were used to determine independent risk fac-
tors for IR and showed that G0 (beta = 0.491, p < 0.01), HOMA-β (beta = -0.712, 
p < 0.01), I0 (beta = 0.747, p < 0.01) and BMI (beta = 0.066, p < 0.05) were ss. 
associated with HOMA-IR. Table 3. 
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Table 2 ‡ Tabela 2 
 

Correlation (Spearman) of the majority of variables with HOMA-IR and HOMA-β 
Korelacija (Spearman) na pove}eto varijabli so HOMA-IR i HOMA-β 

Variables HOMA-IR   HOMA-β cell function 
 ρ p ρ P 

Io 0.873 < 0.01 0.692 < 0.01 
I2 0.352 < 0.05 0.293 n.s. 
Go 0,491    0,01    -0.582 < 0.01 
G2 0.186     n.s. 0.019 n.s. 
HOMA-β cell 0,651 < 0.01 1.000 n.s. 
CsA-level 0.439 < 0.01 0.149 n.s. 
BMI 0.191     n.s. 0.108 n.s. 
HOMA-IR 1.000     n.s. 0.651 < 0.01 
Time of transplantation -0.330     n.s. -0.110 n.s. 
TC -0.151    n.s. -0.061 n.s. 
PRED-dose 0.013    n.s. 0.098 n.s. 
LDL -0.110    n.s. -0.064 n.s. 

TC – Total Cholesterol; BMI – Body Mass Index; CsA – Cyclosporin A   
 
Table 3 – Tabela 3 
 

Multivariate linear regression analysis of independent risk factors for IR (s.s.) 
Multipla linearna regresiona analiza za nazavisni rizik faktori 

 za IR (s.s.) 

Variables IR 
                 β         p               

  
Go 0.491          < 0.01 
HOMA β-cell            -

0.066          < 0.05 

0.712          < 0.01 
Io 0.747          < 0.01 
BMI 

Go – fasting glucose, Io – basal insulin 
 

ll, i.e. HOMA- ß < 90%, was 
noted in

a-
tion with

Β-cell function. Normal function of the ß–cell is considered to be from 
90–120%. HOMA-ß cell function > 120% was shown in 19 out of 36 pts or 
52.78%. Decreased secretion ability of the ß–ce

 12 pts out of the whole group (33.3%). 
HOMA-β function showed a positive statistically significant (ss) correl
 I0 (ρ = 0.692**, p < 0.01) and with HOMA-IR (ρ + 0.651**, p < 0.01). 

Contributions, Sec. Biol. Med. Sci., XXIX/1 (2008), 129–139 



 Clinical importance of insulin resistance… 135 

A positive but statistically non-significant correlation existed between 
HOMA-ß cell function and I2, BMI, CsA levels, as well as the daily prednisone 
doses. 

Glucose disorders. According to the glucose disorders after OGTT, the 
whole group of patients was divided into two different subgroups: group A – 
with different glucose disorders (n = 12, mean age 39 + 6.6 years, 10 males and 
2 females, mean time of transplantation 26.4 + 24.48 months) 7 pts with IGT 
(20%), 2 pts with IFG (5%), 2 pts with impaired postprandial hyperglicaemia 

%), and 1 with DM (3%), and group B – without glucose disorders ( n = 24, (5
mean age 33.8 + 10.29 years, 10 females and 14 males, and mean time of trans-

lantation 39.5 +p  28.91 months). Table 4 
 
Table 4 – Tabela 4  
 

Average values of tween groups 
(Stude les) 

Sredni vrednosti na glikoznite parametri i indeksite 
za IR-razlika me|u grupite (Studentov t-test 

za dva n meroci) 
 

glucose parameters and indexes of IR-differences be
nt t-test for two independent samp

    Analysis 
 

Group 

G0 

mmol/l 
G2 

mmol/l 
I0 

μIE/ml 
I2 

μIE/ml 
HOMA-

IR (index) 
HOMA-β 

(index) 
CsA 
ηg/ml 

k.s. 
mg/day 

A (n = 12) 5.78 
± 0.94 

8.19 
± 2.54 

12.43 
± 5.61 

39.07 
± 16.93 

3.14 
± 1.33 

128.61 
± 77.84 

157.58 
± 96.43 

8.3 
± 4.17 

B (n = 24) 5.03 
± 0.46 

5.87 
± 0.73 

9.76 
± 4.53 

41.18 
± 25.27 

2.29 
± 1.05 

153.18 
± 102.77 

121 
± 68.98 

7.6 
± 2.15 

Difference 
Between 
Groups 

t = 3.25 
DF = 34 
p < 0.05* 

T = 4.21 
DF = 34 
p < 0 01** 

 
p = n.s. 

 
p = n.s. 

T = 2.101 
DF = 34 

P < 0.05* 

 
p = n.s. 

 
p = n.s. 

 
p = n.s. 

evrzani pri

 
 

Discussion 
 

IR or decreased insulin sensitivity is not a disease or a specific diag-
nosis, but it is strongly associated with cardiovascular diseases, hypertension, 
DM type 2, obesity or non-alcoholic liver steatosis. Renal transplant recipients 
have a high prevalence of increased IR which is confirmed by other authors. 
Our group of pts showed an IR prevalence of 86%. The reason for this high per-
centage could be found in some other dependent factors as: glucose metabolism 
disorders, hypertension and anti–hypertensive therapy, lipid disorders, increased 
BMI and immunosuppressive therapy. Calcineurin inhibitor CsA as a main im-
munosuppressant increases insulin secretion as well as IR, which is confirmed 
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in the literature. [9] Hjelmesaeth et al. confirmed that neither the daily dosage 
nor the CsA concentration in the blood has a significant impact on IR. [2] Our 
results showed a positive correlation between IR and CsA (Fig. 1) and I0 and 
CsA (Fig. 2). IR inversely correlated with the time after transplantation which 
can be explained by the improvement of the renal function but also by the 
lowering of the immunosuppressive medications. CsA probably increases the 
risk for PTDM through insulin secretion disorder or deterioration of IR, which 
are more pronounced earlier after transplantation. Thus, we noticed a shorter 
(but ns) after-transplanation time in the group with glucose disorders. The same 
author also proved that high doses of prednisolone are independent predicators 
of IR after transplantation. Our study also confirmed a positive, but statistically 
nonsignificant correlation between the daily doses of prednisolone and IR, 
which can be explained by the relatively low average daily steroid dose at the 
time of performing the OGTT. A multiple regression analysis showed that fas-
ting insulin concentration and BMI were independently associated with indexes 
of IR, which is a similar finding to the results of Oterdoom LH, 2005. [10] 
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 It is known that IR and insulin deficiency are involved in the patho-
genesis of glucose disorders, but the relative importance of the two mechanisms 
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PTDM 6 years after the first examination, the insulin secretion was significantly 
decreased, before and after loading with glucose. [1] Our material showed that 

i-
nished insulin secretion. [11, 12] Howe er, delineating whether IR, diminished 
insulin secretion, or both, is the primar

plication [13].  

ng the increased IR and the initial 
glucose disorders in time, cardiovascular morbidity and mortality can be decree-
sed among these pts either with cessat odification of immunosuppres-
sive therapy, appropriate diet 

–2159. 

insulin resistance on glucose 

tic ovary syndrome, 

in the group of pts with glucose disorders, IR was a pre-dominant mechanism 
and it was present in 91.6% of the pts, while the decreased secretion ability of 
the ß–cell as a mechanism was present in 41.67% of the pts, which is ss. less. 
 In the glucose disorder group, the average value of the IR index was ss. 
higher than within the group without glucose disorder, while the average value 
of the index for the ß–cell function was ns. higher in group B than in group A. 
According to Weir, PTDM related to steroid use has been assumed to be 
function of IR with a concomitant relative deficiency in insulin production. He 
also showed that pts treated with CsA (independent of steroids) were associated 
with impaired glucose tolerance, hyperinsulinaemia and IR rather than dim

v
y cause of posttransplant glucose disor-

ders in the clinical setting will have significant therapeutic im
 
 

Conclusion 
 

Renal transplant recipients with and without glucose disorders have a 
high frequency of increased IR, which is predominant especially in pts with 
verified glucose disorders. IR is a strong predictor of diabetes and should be 
calculated. Fasting I, G and BMI, as independent risk factors for IR after renal 
transplantation, should be also taken into consideration. A simple OGTT can 
discover more subtle disorders of the glucose metabolism such as IGT, IFG and 
postprandial hyperglycemia. Both impaired insulin secretion and IR are present 
in allograft pts with posttransplant glucose disorders, but a defect in insulin 
action seems to be a prerequisite. By discoveri

ion or m
and way of life. 
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ienti so i bez glikozni naru{uvawa po transplantacija na bubreg, 
da se napravi korelacijata so elementite na  imunosupresivnata terapija, 
kako i da se proceni relativnata va`nost na IR i insulinskata sekrecija 
pri sozdavawe na posttransplantacionite glikozni naru{uvawa.  

ni glikozni naru{uvawa. Za procenka na glikoznite naru{uvawa 
be{e napraven OGTT. Bazalnite vrednosti na glikoza (G0) i insulin (I0) bea 
koristeni  za presmetuvawe na indeksite za IR i beta-kleto~nata funk-
cija.  

IR sredno iznesuva{e 2,57 ± 1,20 i be{e nad referntnite vrednosti 
kaj  31 pacient (86%). Vrednostite za IR pozitivno koreliraa so:  I0 (p < 
0,01), I2 (p < 0,05), HOMA-ß (p < 0,05), kako i so nivoata na CsA (p < 0,01). 
Bazalniot I, G i BMI se paka`aa kako nezavisni rizik faktori za IR 
(p < 0,01, p < 0,01 i p < 0,05 soodvetno). Vrednostite na G0, G2 i indeksot za 
IR (p < 0,05) bea ss. povisoki vo grupata bolni so glik

a so grupata bez istite. Kaj 11 od 12 pacienti so glikozni naru{u-
vawa (91,6%) se potvrdi IR, dodeka namalena sekrecija na i od beta-klet-
kata imaa 5 od 12 pacienti (41,67%), {to se poka`a s# pomalku otkolku 
zgolemenata IR (Fisher exact test za proporcii; p < 0,05). 

IR e mnogu zastapena po renalnata transplantacija, kako kaj paci-
enti so, taka i kaj pacienti bez glikozni n
z
so bazalnite vrednosti na I i indeksite za IR. Taa e dominanten mehani-
zam za glikoznite naru{uvawa vo post
r
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