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Abstract. Post-transplant diabetes mellitus (PTDM) 
is a metabolic disorder occurring after solid organ 
transplantation during the therapy with calcineurin 
inhibitors. ATP-sensitive potassium channels KCNJ11 
and KCNQ1 play an important role in the regulation 
of insulin secretion by β cells and development of di-
abetes mellitus. Numerous studies have confirmed 
the association between KCNJ11 and KCNQ1 gene 
polymorphisms and type 2 diabetes. The aim of this 
study was to examine the association between 
KCNJ11 and KCNQ1 gene polymorphisms and post-
transplant diabetes mellitus in kidney allograft re-
cipients treated with tacrolimus. The study included 
201 patients who received kidney transplants. The 
patients were subdivided into two subgroups: pa-
tients with PTDM (N = 35) and patients without 
PTDM (N = 166). The association between KCNJ11 
and KCNQ1 gene polymorphisms and post-trans-
plant diabetes was studied in three models of univar-
iate Cox regression analysis, i.e., additive, dominant 
and recessive. In these three models there were no 
statistically significant associations between KCNJ11 
and KCNQ1 gene polymorphisms and PTDM. The 
results of this study suggest lack of association be-
tween KCNJ11 and KCNQ1 gene polymorphisms and 
post-transplant diabetes mellitus in kidney allograft 
recipients treated with tacrolimus in the Polish pop-
ulation.
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Introduction
Post-transplant diabetes mellitus (PTDM) is a meta-

bolic complication occurring after solid organ trans-
plantation. This disorder is associated with the treatment 
with calcineurin inhibitors (Bee et al., 2011). Previous 
studies suggest that many of the genes associated with 
type 2 diabetes mellitus have also been associated with 
an increased risk of PTDM (McCaughan et al., 2014). 
The KCNJ11 gene is a member of the potassium channel 
gene family encoding an inward-rectifier potassium ion 
channel (Kir6.2) (Gloyn et al., 2004). This channel 
modulates insulin production and secretion, as well as 
glucose metabolism, and is involved in a wide range of 
physiological responses (Aguilar-Bryan et al., 1998). 

KCNQ1 encodes the pore-forming subunit of a volt-
age-gated K+ channel (KvLQT1) and is involved in 
triggering and maintaining glucose-stimulated insulin 
secretion (Jespersen et al., 2005). Previous studies sug-
gest that genetic variants in the KCNJ11 and KCNQ1 
genes play an important role in the predisposition to dia-
betes mellitus. Several studies have already indicated 
that there are the associations between the common 
variants in KCNJ11 and KCNQ1 genes and higher fast-
ing plasma glucose levels, lower insulin secretion, im-
paired pancreatic β-cell function and development of 
diabetes mellitus (Liu et al., 2009; Benrahma et al., 
2014). The aim of this study was to examine the asso-
ciation between KCNJ11 and KCNQ1 gene polymor-
phisms and post-transplant diabetes mellitus in kidney 
allograft recipients treated with tacrolimus. 

Material and Methods

Patients 

The study included 201 patients who received kidney 
transplants at the Pomeranian Medical University in 
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Szczecin, Poland. The patients were divided into two 
subgroups: patients with PTDM (N = 35) and patients 
without PTDM (N = 166). Patients who had a diagnosis 
of diabetes mellitus prior to transplantation (either as the 
cause of kidney disease or co-morbidity) and patients 
with graft failure or death within one month post-trans-
plantation were excluded. The diagnosis of diabetes be-
fore transplantation was based on the oral glucose toler-
ance test. The diagnosis of diabetes was made when one 
of the following plasma glucose parameters was ex-
ceeded: fasting plasma glucose 5.5 mmol/l and 2 h plas-
ma glucose 7.8 mmol/l.

Patients with haemoglobin A1c continuously over 
6.5 %, fasting blood glucose ≥ 7.0 mmol/l, or requiring 
treatment with oral hypoglycaemic agents or insulin for 
more than three months after transplantation were diag-
nosed as having PTDM (Davidson et al., 2003). The 
blood glucose levels were examined once a week. The 
observation period was 36 months. The mean time of 
follow-up was 27.2 months for the whole group and 
32.4 months for the patients without PTDM. In patients 
with PTDM, the mean time of its diagnosis was 8.6 
months since transplantation (median 1.6 months). 
Standard immunosuppression consisted of tacrolimus, 
mycophenolate mofetil and steroids. Tacrolimus was 
initiated at 0.1 mg/kg, with doses adjusted to maintain 
serum levels between 10 and 12 ng/ml in the first month 
after transplantation and then between 8 and 10 ng/ml. 
Mycophenolate mofetil was given in doses of 2 g per 
day, while prednisolone was given in doses of 10–20 mg 
per day (Romanowski et al., 2015). The study was ap-
proved by the ethics committee of the Pomeranian 
Medical University, Szczecin, Poland, and written in-
formed consent was obtained from all subjects.

Methods
All samples were genotyped using allelic discrimina-

tion assays with TaqMan® probes (Applied Biosystems, 
Carlsbad, CA) in a 7500 Fast Real-Time PCR Detec
tion System (Applied Biosystems). To discriminate the 
KCNJ11 rs5219, KCNQ1 rs151290 and rs2237892 al-
leles, TaqMan® Pre-Designed SNP Genotyping Assays 
were used (assay IDs: C__11654065_10; C__3075727_1; 
C__16171025_10), including appropriate primers and 
fluorescently labelled (FAM and VIC) MGB™ probes 
to detect the alleles. Genotypes were assigned using all 
of the data from the study simultaneously.

Statistical analysis
The consistency of the genotype distribution with 

Hardy-Weinberg equilibrium (HWE) was assessed us-
ing the exact test. Univariate and multivariate Cox pro-
portional hazards models were used to assess the hazard 
of PTDM in the three years of follow-up after renal 
transplantation. χ2 test or Fisher’s exact test was used for 
the comparison of genotype and allele frequencies be-
tween the groups. P < 0.05 was considered statistically 
significant. The study sample size was sufficient to de-
tect, with 80 % probability, the true effect size for asso-

ciation of the analysed alleles with the risk of PTDM 
measured as odds ratio (OR) equal to 0.44 or 2.09 for 
rs5219, 0.27 or 2.30 for rs151290, and 3.42 for rs2237892.

Results
The distributions of the studied KCNJ11 and KCNQ1 

genotypes were in HWE (P > 0.05). There were no sta-
tistically significant differences in the distribution of 
KCNJ11 and KCNQ1 genotypes between patients with 
and without PTDM (Table 1).

The association between KCNJ11 and KCNQ1 gene 
polymorphisms and post-transplant diabetes was exam-
ined in three models of univariate Cox regression analysis, 
i.e., recessive (variant homozygotes vs. heterozygotes + 
wild-type homozygotes), dominant (variant homozy-
gotes + heterozygotes vs. wild-type homozygotes) and 
additive (number of alleles). In these three models, there 
were no statistically significant associations between 
KCNJ11 and KCNQ1 gene polymorphisms and PTDM 
(Table 2).

We also searched for potential confounding factors 
associated with PTDM and found that recipients’ female 
sex, older age, higher BMI and presence of acute rejec-
tion are significant independent predictors of PTDM 
(multivariate Cox model, P < 0.01 for BMI and P < 0.05 
for the other variables). Therefore, we performed multi-
variate Cox analyses adjusted for these four parameters 
and found that none of the three polymorphisms showed 
association with PTDM after this adjustment (Table 2).

Discussion
In this study, we examined whether polymorphisms 

in KCNJ11 and KCNQ1 genes are associated with in-
creased risk of PTDM development. Our results did not 
reveal any associations between KCNJ11 and KCNQ1 
gene polymorphisms and PTDM.

Previous studies have shown that these polymor-
phisms may be associated with increased risk of type 2 
diabetes. The minor allele frequency (MAF) of KCNJ11 
rs5219, KCNQ1 rs151290 and KCNQ1 rs2237892 in 
European population is 0.1–0.3%, 2–5% and 14–25%, 
respectively (Müssig et al., 2009; van Vliet-Ostaptchouk 
et al., 2012; Phani et al., 2014).

So far, the associations between KCNJ11 and KCNQ1 
gene polymorphisms and post-transplant diabetes mel-
litus have not been widely investigated. Tavira et al. 
(2011) examined the contribution of rs5219 KCNJ11 
gene polymorphism to PTDM after transplantation 
among patients treated with tacrolimus. The AA and AG 
genotypes were significantly associated with increased 
risk of PTDM. In the study by Parvizi et al. (2014), the 
KCNJ11 KK variant was associated with an increased 
risk for PTDM. This study showed that polymorphisms 
in KCNJ11 might predispose the patients treated with 
tacrolimus to development of PTDM after liver trans-
plantation. In the study by Kurzawski et al. (2012), there 
was no significant association between PTDM and 
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Table 1. The frequency of KCNJ11 and KCNQ1 genotypes in renal allograft recipients treated with tacrolimus with and 
without PTDM

No PTDM PTDM P value^ Compared 
genotypes 
or alleles

P value^ OR (95 % CI)

N % N %

KCNJ11 rs5219
CC 63 79.75 % 16 20.25 %

0.53
TT + CT vs CC 0.39 0.73 (0.35–1.52)

CT 74 86.05 % 12 13.95 % TT vs CT + CC 0.72 1.18 (0.47–2.96)
TT 29 80.56 % 7 19.44 % TT vs CC 0.92 0.95 (0.35–2.56)

CT vs CC 0.28 0.64 (0.28–1.45)
TT vs CT 0.45 1.49 (0.53–4.15)

Allele
C 200 60.24 % 44 62.86 %

T vs C 0.68 0.90 (0.53–1.52)
T 132 39.76 % 26 37.14 %
KCNQ1 rs151290
CC 111 83.46 % 22 16.54 %

0.67*
AA + AC vs CC 0.65 1.19 (0.56–2.54)

AC 51 79.69 % 13 20.31 % AA vs AC + CC 1.00* -
AA 4 100.00 % 0 0.00 % AA vs CC 1.00* -

AC vs CC 0.52 1.29 (0.60–2.75)
AA vs AC 1.00* -

Allele
C 273 82.23 % 57 81.43 %

A vs C 0.87 1.06 (0.54–2.05)
A 59 17.77 % 13 18.57%
KCNQ1 rs2237892
CC 149 82.78 % 31 17.22 %

0.22*
TT + CT vs CC 0.83 1.13 (0.36–3.59)

CT 17 85.00 % 3 15.00 % TT vs CT + CC 0.17* -
TT 0 0.00 % 1 100.00 % TT vs CC 0.18* -

CT vs CC 0.80 0.85 (0.23–3.07)
TT vs CT 0.19* -

Allele
C 315 94.88 % 65 92.86 %

T vs C 0.50 1.43 (0.51–4.00)
T 17 5.12% 5 7.14 %

^ – χ2 test
* – Fisher’s exact test

Table 2. Univariate and multivariate Cox model analysis of PTDM hazard during 3-year follow-up in relation to KCNJ11 
and KCNQ1 genotypes

Model Univariate Multivariate *
HR (95% CI) P value HR (95% CI) P value

KCNJ11
rs5219

Additive model (number of T alleles) 0.88 (0.56–1.39) 0.59 0.78 (0.50–1.22) 0.27
Dominant model (TT+CT vs CC) 0.73 (0.38–1.40) 0.34 0.69 (0.36–1.35) 0.28
Recessive model (TT vs CT+CC) 1.08 (0.48–2.46) 0.85 0.72 (0.30–1.72) 0.45

KCNQ1
rs151290

Additive model (number of A alleles) 1.08 (0.59–1.97) 0.81 1.20 (0.64–2.25) 0.58
Dominant model (AA+AC vs CC) 1.20 (0.62–2.34) 0.59 1.33 (0.67–2.64) 0.42
Recessive model (AA vs AC+CC) - - - -

KCNQ1
rs2237892

Additive model (number of T alleles) 1.61 (0.70–3.68) 0.26 1.45 (0.64–3.29) 0.37
Dominant model (TT+CT vs CC) 1.40 (0.55–3.60) 0.48 1.35 (0.52–3.52) 0.54
Recessive model (TT vs CT+CC) - - - -

* adjusted for recipients’ age, sex, BMI and presence of acute rejection episodes
HR – hazard ratio calculated using the Cox proportional hazards model
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rs5215 in the KCNJ11 gene in kidney allograft recipi-
ents treated with tacrolimus. Tavira et al. (2012) geno-
typed three common KCNQ1 SNPs in Spanish patients 
who received a cadaveric kidney graft and developed 
PTDM. In addition, the authors searched for DNA vari-
ants in the whole KCNQ1 coding exons in these patients. 
SNP rs2237895 (genotype CC) was associated with an 
increased risk for PTDM after transplantation in the 
studied population, independently of other risk factors 
such as body mass index, recipient age, or tacrolimus 
dosage. Other KCNQ1 variants were not associated with 
PTDM (Kang et al., 2009). Kang et al. (2009) investi-
gated the association between the PTDM development 
and KCNQ1 rs2237892 polymorphism. This polymor-
phism was significantly associated with PTDM in a co-
hort of renal allograft recipients in Korea. 

ATP-sensitive potassium channels KCNJ11 and 
KCNQ1 play an important role in the regulation of insu-
lin secretion by β cells and development of diabetes 
mellitus. Previous studies indicate that polymorphisms 
in KCNJ11 and KCNQ1 genes are associated with type 
2 diabetes mellitus. Some studies suggest that these pol-
ymorphisms also are associated with PTDM. Probably, 
this association may depend on ethnic and genetic dif-
ferences in the studied population. The results of this 
study suggest lack of association between KCNJ11 and 
KCNQ1 gene polymorphisms and post-transplant diabe-
tes mellitus in kidney allograft recipients treated with 
tacrolimus in the Polish population. Nevertheless, this 
finding requires further investigations.
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