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ABSTRACT 
 
Aims/hypothesis. Gestational diabetes mellitus (GDM) and type 2 diabetes share 

common pathophysiological background such as beta cell dysfunction and insulin 

resistance. In addition, women with GDM are at increased risk of developing type 2 

diabetes later in life. Our aim was to investigate whether GDM has a similar genetic 

predisposition as type 2 diabetes by studying 5 common polymorphisms in 4 

candidate genes that have been previously associated with type 2 diabetes. 

Material. We studied 1777 unrelated Scandinavian women (588 GDM and 1189 

pregnant non-diabetic controls) for the potassium inwardly-rectifying channel, 

subfamily J, member 11 (KCNJ11 E23K), insulin receptor substrate 1 (IRS1 G972R), 

uncoupling protein 2 (UCP2 –866G>A) and Calpain 10 (CAPN10 SNP43 & SNP44) 

polymorphisms.  

Results. The EE, EK and KK genotype frequencies of the KCNJ11 E23K 

polymorphism differed significantly between GDM and control women (31.5%, 

52.7%, 15.8% vs. 37.3%, 48.8%, 13.9% respectively, p=0.050). In addition, the K-

allele was increased in GDM women (odds ratio [OR] 1.17, 95% CI 1.02−1.35, 

p=0.027) and the effect was greater under a dominant model [KK/EK vs. EE] (OR 

1.3, 95% CI 1.05−1.60, p=0.016). Analysis of the IRS1 G972R polymorphism showed 

that RR homozygosity was found exclusively in GDM women (91.0%, 8.3%, 0.7% 

vs. 90.7%, 9.3%, 0.0% for GG, GR and RR genotypes respectively, p=0.014). The 

genotype and allele frequencies of the other studied polymorphisms did not 

statistically differ between GDM and control women.  

Conclusion. The E23K polymorphism of the KCNJ11 gene seems to predispose to 

GDM in Scandinavian women.  
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Abbreviations. CAPN10: gene encoding calpain 10. DBS: dried blood spots. ESM: 

electronic supplementary material. GDM: gestational diabetes mellitus. IRS1: gene 

encoding insulin receptor substrate 1. KCNJ11: gene encoding potassium inwardly-

rectifying channel, subfamily J, member 11. OR: odds ratio. SNP: single nucleotide 

polymorphism. UCP2: gene encoding uncoupling protein 2 
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INTRODUCTION 

Gestational diabetes mellitus (GDM) is defined as glucose intolerance that is first 

diagnosed during pregnancy [1]. It complicates about 2% of pregnancies in Sweden 

[2]. However, the prevalence varies between populations [3]. GDM results when 

pancreatic beta cells fail to compensate for the increased insulin resistance during 

pregnancy [4, 5]. However, the degree of beta cell dysfunction seems to be the 

predominant determinant of who will develop GDM [6]. In support of this, several 

studies have demonstrated that insulin secretion was substantially reduced in women 

with NGT and a history of GDM compared with controls after pregnancy [7, 8]. In 

addition, impaired insulin secretions as well as a history of GDM have been shown to 

predict future type 2 diabetes [9, 10]. Epidemiological studies have shown that beta 

cell dysfunction and insulin resistance are the main determinants of type 2 diabetes 

[11,12]. Furthermore, both type 2 diabetes and GDM may share other risk factors and 

the same genetic susceptibility [13]. Also, women with a family history of type 2 

diabetes are at increased risk of developing GDM [14]. Type 2 diabetes is considered 

a paradigm for a multifactorial polygenic disease where common variants in several 

genes interact with environmental factors to cause the disease [11, 15]. We have 

originally shown that the Ala allele of the peroxisome proliferator activated receptor 

gamma (PPARG Pro12Ala) polymorphism has been associated with reduced risk of 

type 2 diabetes [16]. In addition, we and others have reported association between the 

E23K polymorphism of the potassium inwardly rectifying channel subfamily J, 

member 11 (KCNJ11) gene and increased risk of type 2 diabetes [15, 17]. Although 

the G972R polymorphism of the insulin receptor substrate 1 (IRS1) gene has been 

associated with type 2 diabetes in several studies [15], no association was found in a 

recent large study [18]. Variations in the calpain 10 (CAPN10) gene have also been 
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associated with type 2 diabetes [15]. A promoter polymorphism (–866G>A) in the 

uncoupling protein 2 (UCP2) gene was originally associated with reduced risk of 

obesity [19] as well as with reduced [20, 21] or increased [22] risk of type 2 diabetes. 

Genetic predisposition to GDM has been reported for variations in the insulin receptor 

(INSR), insulin-like growth factor 2 (IGF2), β3-adrenergic receptor (ADRB3), 

sulphonylurea receptor 1 (ABCC8), CAPN10 and mannose-binding lectin (MBL2) 

genes [23–27], whereas no associations were found for the PPARG Pro12Ala 

polymorphism or insulin gene variable number of tandem repeats (INS VNTR) [28]. 

Also, an association with the ADRB3 W64R variant could not be replicated in 

subsequent studies [29, 30]. However, this might be due to lack of power, given the 

small effect size of most common variants, or due to ethnic heterogeneity between 

different populations. There are few data on the role of the KCNJ11 E23K, IRS1 

G972R, UCP2 −866G>A and CAPN10 (SNP43 and SNP44) variants in the risk of 

GDM. Therefore, in the present study we investigated whether GDM has a genetic 

predisposition similar to that of type 2 diabetes by genotyping these variants in a 

case–control study of 1,777 pregnant Scandinavian women, 33.1% of whom had 

GDM. 
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MATERIALS AND METHODS 

Study population 

In southern Sweden (Skåne), all pregnant women are routinely offered a 75-g OGTT 

at 27-28 weeks of pregnancy. Women at high risk (previous GDM or a family history 

of diabetes) are also offered a 75-g OGTT at 12-13 weeks. The tests are performed in 

the local antenatal care clinics, using HemoCue devices (HemoCue, Ängelholm, 

Sweden) for capillary whole blood analysis. GDM is defined as a 2-hour capillary 

glucose concentration (double test) of at least 9 mmol/l according to the proposal by 

the European Diabetic Pregnancy Study Group [31].  

We studied 1777 unrelated Scandinavian women (588 GDM women and 1189 non-

diabetic pregnant controls). Women were recruited from two different resources. Two 

hundred and twenty seven GDM women were recruited from women referred to 

Malmö or Lund University Hospitals during the period from March 1996 until 

December 2003. The other part of GDM women (n=361) and all non-diabetic 

pregnant controls (n=1189) were ascertained among women participating in the 

Diabetes Prediction in Skåne (DiPiS) study, which is a prospective, longitudinal study 

for the prediction of type 1 diabetes in all newborns in southern Sweden [32]. At 

delivery - for DiPiS subjects - and after oral consent, a blood sample was drawn and 

information obtained about possible GDM or diabetes status. When the child was 2 

months old and has been entered into the population registry, the parents were invited 

by letter to participate with their child in the DiPiS study. If the parents agreed to do 

so, they gave their written consent and filled out psychosocial and hereditary 

questionnaire including information about diabetes status in the family and their 

country of birth. Ethnicity was also determined using both surname and given name. 

Since the DiPiS study was not restricted to Swedish subjects but included immigrants 
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as well, we chose only women with Scandinavian background for the present study. 

Most of the Scandinavian women were of Swedish origin and only few women of 

Danish, Norwegian or Finnish origin. An informed oral and/or written voluntary 

consent was obtained from all study subjects. The study was approved by the ethical 

committee of Lund University. 

Genetic analyses  

DNA extraction 

Total DNA was isolated from peripheral blood lymphocytes or blood samples were 

collected as dried blood spots (DBS) on Schleicher & Schuell, Grade 2992 filters 

(Schleicher and Schuell; Dassel, Germany) and punch-outs in 96-well plates were 

soaked in PCR amplification buffer. 

Genotyping using DNA 

When peripheral blood DNA was available from the subjects, genotyping of all SNPs 

was carried out using TaqMan allelic discrimination assay. The assay was carried out 

on the ABI PRISM 7900 Sequence Detection System (Applied Biosystems, Foster 

City, CA, USA) in a 5 µl reaction according to the manufacturer’s instructions. 

Primers and probes were designed using Assays-by-Design (Applied Biosystems, 

Foster City, CA, USA). The primers and probes used are listed in electronic 

supplementary material (ESM) Table S1. 

Genotyping using DBS 

When DBS were available from the subjects, SNP genotyping was carried out using 

PCR-RFLP, SNaPshot or TaqMan allelic discrimination assay. 

The polymorphisms KCNJ11 E23K (rs5219), UCP2 –866G>A (rs659366) and IRS1 

G972R (rs1801278) were genotyped using PCR-RFLP or TaqMan allelic 

discrimination assay (see below). The primers used for template PCR amplification 
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are listed in ESM Table S2. The template PCR was performed with initial 2 cycles at 

(4°C for 30 s followed by 98°C for 3 min), followed by holding at 80°C while the 

PCR mix was added. Then the PCR program was continued with an initial 

denaturation (94ºC for 5 min), followed by 45 cycles of denaturation (94°C for 30 s), 

annealing (30 s) and extension (72°C for 30 s), followed by final extension (72°C for 

10 min). PCR amplification was carried out with a 3x3 mm of DBS in a total volume 

of 40 µl containing 1 x Pharmacia Amersham buffer (Amersham Pharmacia Biotech, 

Uppsala, Sweden), 4 nmol each dNTP (MBI Fermentas, St Leon-Rot, Germany), 20 

pmol of each primer, 20 µmol Betaine (Sigma-Aldrich, Stockholm, Sweden) and 1.5 

U Taq polymerase (New England Biolabs, Beverly, MA, USA). The following 

restriction enzymes were used to digest the PCR products, with name, origin, 

incubation conditions and agarose gel concentrations in parentheses: KCNJ11 E23K 

(BanII; New England Biolabs; 37°C for 4 h; 3.5% agarose gel), UCP2 −866G>A 

(MluI; MBI Fermentas; 37°C for 4 h; 3% agarose gel) and IRS1 G972R (BstNI; New 

England Biolabs; 60°C for 2 h; 4.5% agarose gel). PCR products were separated on 

agarose gel (SeaKem, Rockland, ME, USA) and stained with ethidium bromide to 

visualise the fragments. 

CAPN10 SNP43 (rs3792267) & SNP44 (rs2975760) were genotyped using SNaPshot 

assay on the ABI PRISM 3100 Sequence Detection System (Applied Biosystems, 

Foster City, CA, USA) according to the manufacturer’s instructions or using TaqMan 

allelic discrimination assay (see below). The template PCR was carried out as 

described above (see description of PCR-RFLP above) and followed by primer 

extension (PE). The template PCR primers are listed in ESM Table S2. The primers 

used for PE were: CAPN10 SNP43 5'-GGCTTAGCCTCACCTTCAAA & SNP44 5'-

GACTGCAGGGCGCTCACGCTTGCTG. 
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The majority of the samples (n=949) were genotyped using TaqMan allelic 

discrimination assay for all the SNPs. Initially, a template PCR was carried out as 

described above (see description of PCR-RFLP above) using primers listed in ESM 

Table S2. The template PCR was followed by TaqMan allelic discrimination assay, 

which was carried out with 2 µl of the PCR product according to the manufacturer’s 

instructions. 

Genotyping and quality control 

The genotyping success rate was 99.2% for cases (KCNJ11 E23K; 100%, UCP2 –

866G>A; 98.3%, IRS1 G972R; 99.8%, CAPN10 SNP43; 98.1% and SNP44; 99.6%) 

and 99.3% for controls (KCNJ11 E23K; 99.2%, UCP2 –866G>A; 98.7%, IRS1 

G972R; 100%, CAPN10 SNP43; 99.3% and SNP44; 99.3%). Genotyping accuracy, as 

determined from re-genotyping a random 1124 (12.6%) duplicates for all SNPs 

[KCNJ11 E23K; 170 (9.6%), UCP2 –866G>A; 212 (11.9%), IRS1 G972R; 176 

(9.9%), CAPN10 SNP43; 297 (16.7%) and SNP44; 269 (15.1%)], was 99.82%. In 

addition, 38 (6.5%) of GDM women had both peripheral blood DNA and DBS and 

their genotype results were compared to assess the concordance between the different 

genotyping methods and found no discrepancies. For all SNPs, both GDM and control 

groups were in Hardy-Weinberg equilibrium (HWE) (x2 P > 0.05) apart from the 

control group for UCP2 –866G>A polymorphism which showed mild deviation from 

equilibrium (p=0.029). Our quality control measures suggest that the deviation is due 

to chance variation rather than genotyping error.  

Statistical analyses 

Significance of difference in age (mean ± SEM) between GDM and control groups 

was tested by analysis of variance (ANOVA) using the Number Cruncher Statistical 

Systems (NCSS, Kaysville, UT, USA). Chi-square or Fisher’s exact tests were used 
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for comparison between group frequencies. Odds ratios (ORs) and 95% confidence 

interval (95%CI) were obtained from logistic regression analysis. The significance of 

difference in allele frequencies of the KCNJ11 E23K polymorphism between GDM 

and controls was also tested by 1,000 permutations. Two-sided p-values equal to or 

less than 0.05 were considered statistically significant.  

Power calculation 

Power calculations were performed using the Genetic Power Calculator (available at 

http://ibgwww.colorado.edu/~pshaun/gpc/ [33]. Our power estimates have shown that 

under a multiplicative model, the present study with a sample size of 588 cases and 

1189 controls have 80% power to detect an effect size of 1.23 (as measured in terms 

of genotypic relative risk [GRR]) when the frequency of the predisposing allele equals 

to 30%, with a 5% type 1 error rate.  
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RESULTS 

Table 1 shows some phenotypic characteristics of study subjects. GDM women were 

slightly older than non-diabetic control women (32.2±0.2 vs. 30.5±0.1, p<0.0001) and 

gained more weight (5–10kg) during pregnancy (31 vs. 19.1%, p<0.0001). The 

genotype and allele frequency distributions of all polymorphisms are presented in 

Table 2. 

KCNJ11 E23K. The EE, EK and KK genotype frequencies of the KCNJ11 E23K 

polymorphism differed significantly between GDM and control women (31.5%, 

52.7%, 15.8% vs. 37.3%, 48.8%, 13.9% respectively, p=0.050). In addition, the K-

allele was increased in GDM women (OR 1.17, 95% CI 1.02−1.35, p=0.027) and the 

effect was greater under a dominant model [KK/EK vs. EE] (OR 1.3, 95% CI 

1.05−1.60, p=0.016) [Figure 1]. The association became slightly stronger when 

women who were positive for GAD65Ab, IA-2Ab or both (n=21, data was not 

available for all subjects) or when GDM women who had low fasting C-peptide levels 

(< 0. 3 nmol/l) (n=15, data was not available for all subjects) were excluded (Table 3).  

To verify the results obtained by a chi-square test  (in an exact manner), we further 

analysed differences in allele frequency between cases and controls using 1000 

permutations and the empirical two-tailed p-value was the same as what was found by 

chi-square test.  

IRS1 G972R. RR homozygosity of the IRS1 G972R polymorphism was found 

exclusively in GDM women (91.0%, 8.3%, 0.7% vs. 90.7%, 9.3%, 0.0% for GG, GR 

and RR genotypes respectively, p=0.014) and this was statistically significant under a 

recessive model [RR vs. GR/GG] (0.7% vs. 0.0%, p=0.011). However, the R972-

allele frequency was similar in both groups (OR 1.04, 95% CI 0.75–1.44, p=0.80). 
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UCP2 –866G>A. There was no significant difference in genotype frequencies of the 

AA, GA and GG genotypes of the UCP2 –866G>A polymorphism between GDM and 

control women (15.0%, 46.4%, 38.6% vs. 13.9%, 51.7%, 34.4% respectively, 

p=0.11). Also, the allele frequencies were similar in both groups (OR 1.07, 95% CI 

0.92−1.23, p=0.38).  

CAPN10 SNP43 & SNP44. To test for linkage disequilibrium (LD) between SNP43 

and SNP44, we have calculated both pairwise LD measures (D' and r2). The D' was 

1.0 with high LOD score values in cases [D'=1.0; CI 0.9-1.0 (LOD=17.4)] and 

controls [D'=1.0; CI 0.94-1.0 (LOD=33.3)], while the r2 was 0.09 in both groups. 

Both SNPs were in HWE (p>0.4) for GDM and controls. There was no significant 

difference in the frequencies of GG, GA and AA genotypes of SNP43 between GDM 

and controls (52.9%, 38.1%, 9.0% vs. 52.5%, 40.3%, 7.2% respectively, p=0.34) or in 

the allele frequencies of this SNP (OR 0.96, 95% CI 0.82–1.13, p=0.65). Neither was 

there any significant difference in the CC, TC and TT genotypes of SNP44 between 

GDM and control women (2.9%, 30.2%, 66.9% vs. 3.6%, 29.7%, 66.7% respectively, 

p=0.71) or in the allele frequencies (OR 0.97, 95% CI 0.81–1.16, p=0.71). 
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DISCUSSION 

To our knowledge, this is the largest study evaluating the role of common variants in 

genes predisposing for type 2 diabetes for their putative role in GDM.  

KCNJ11 E23K. The key finding of the present study is the modest association 

between the K-allele of the E23K polymorphism in the KCNJ11 gene and GDM. This 

is in line with the dominating role of beta cell dysfunction in GDM [5-9]. In vitro the 

E23K variant leads to a modestly over-active pancreatic beta cell ATP-sensitive K+ 

(KATP) channel subunit (Kir6.2) with a decreased sensitivity toward ATP resulting in 

decreased insulin release [34]. We have previously shown that the E23K variant in the 

KCNJ11 gene was associated with decreased insulin secretion in glucose-tolerant 

subjects [17].  Some caution is still warranted in the interpretation of the data. We did 

not correct for multiple comparisons, as we primarily tested the hypothesis whether a 

polymorphism increasing susceptibility to type 2 diabetes also would increase 

susceptibility to GDM.  

IRS1 G972R. IRS1 is a major substrate for the insulin receptor and is present in 

insulin-sensitive tissues [35]. The G972R polymorphism of the IRS1 gene, which is 

located between two potential tyrosine phosphorylation sites involved in binding of 

the p85 subunit of PI-3 kinase has previously been associated with type 2 diabetes 

[15], although we could not replicate this finding in our recent large study of 9000 

individuals [18], which is a common problem in genetic association studies [36]. The 

G972R polymorphism has also been associated with impaired beta cell function in 

NGT subjects as well as with reduced insulin content and impaired insulin secretion 

in isolated human islets [37, 38]. Our finding that homozygosity for the G972R 

polymorphism was found only in GDM women might indicate an increased risk for 

GDM in Scandinavian women. This is consistent with a report on a healthy man 
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homozygous for the R-allele who showed 22% reduction of fasting insulin and 48% 

reduction of C-peptide values as well as ~25% reduction in acute responses of insulin 

and C-peptide to intravenous glucose compared to carriers of the wild-type [39]. Of 

note, IRS1 protein level is reduced in adipose tissue of obese women with GDM [40].  

UCP2 –866G>A. UCP2 is a member of the mitochondrial inner membrane carrier 

family that is expressed in a number of tissues and cell types including the pancreatic 

islets [41]. Increased expression of UCP2 in pancreatic islets is associated with 

increased uncoupling, decreased formation of ATP and reduced insulin secretion [42]. 

The A-allele of the common (–866G>A) polymorphism in the promoter of the UCP2 

gene has originally been associated with reduced risk of obesity [19]. Subsequently, a 

study by Wang et al. has shown association of the G-allele with increased risk of type 

2 diabetes (OR= 1.43) in individuals of Northern European ancestry [20]. This has 

been supported in the same study by the finding that the G-allele was associated with 

decreased insulin secretion adjusted for the degree of insulin resistance (i.e. 

disposition index) in non-diabetic individuals [20]. Another study has also shown 

association of the A-allele with decreased risk of type 2 diabetes in Caucasians from 

Italy [21]. On the contrary, the AA-genotype conferred an increased risk of type 2 

diabetes (OR=1.84) in Italian women [22]. In line with that study, Sesti et al. found 

that the A-allele was associated with decreased glucose-stimulated insulin secretion in 

NGT subjects as well as in human islets [43]. Here, we could not find any association 

between the –866G>A polymorphism and GDM in Scandinavian women despite the 

fact that our study had 99% power to detect the OR reported for the AA-genotype in 

Italian women with type 2 diabetes [22], or for the G-allele reported by Wang et al. 

[20] as well as for the AA-genotype reported in Caucasians [21]. 
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CAPN10 SNP43 and SNP44. In keeping with previous results from our laboratory, 

SNP43 and SNP44 were in LD [44]. Whereas D' reflects recombination events 

between two SNPs, r2 reflects the absolute redundancy between them. The difference 

we observed between D' and r2 is mainly because SNP44 arose on the same haplotype 

rarer than SNP43. CAPN10 is a cystein protease with the gene located on 

chromosome 2q37 [45]. It is widely expressed in different tissues including the 

pancreatic islets [45, 46]. Calpain inhibitors have been shown to increase insulin 

secretion by accelerating exocytosis of insulin granules in mouse pancreatic islets 

[47]. In addition, an isoform of CAPN10 that is a Ca2+-sensor has recently been shown 

to trigger exocytosis in pancreatic beta cells [46]. The GG-genotype of the SNP43 has 

been associated with reduced CAPN10 mRNA expression in skeletal muscle and 

subcutaneous adipose tissue [48, 49]. Moreover, it has been associated with increased 

insulin secretion [50], insulin resistance [44] as well as decreased rate of glucose 

oxidation [48]. Consistent with the findings in the small study by Leipold et al. for 

SNP43, we did not observe any significant differences in allele or genotype 

frequencies between GDM and controls [26]. However, these authors reported 

association with SNP63 as well as a haplotype combination of SNP43, 19 and 63 

(121/221) [26], but no data was available on the degree of LD between these SNPs. 

Of note, SNP63 has been shown to be in tight LD with SNP43 and SNP44 in 

Scandinavians [44].  

Given the fact that both GDM and type 2 diabetes have beta cell dysfunction in 

common, we tested the hypothesis that common variants in candidate genes that have 

been associated with type 2 diabetes particularly with beta cell dysfunction might also 

be operative in GDM. We conclude that the K allele of the E23K polymorphism in 

KCNJ11 gene seems to predispose to GDM in Scandinavian women. This is 
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compatible with its effect on insulin secretion and the crucial role of impaired beta 

cell function in the pathogenesis of GDM.  
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TABLES 
 
Table 1. Clinical characteristics of women with and without GDM 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Variable GDM 
% (n) 

Controls 
% (n) 

p value 

Age (years) 32.2±0.2 (588) 30.5±0.1 (1189) <0.0001 
Weight gain during 
pregnancy 

   

• < 5 kg 11.8 (38/323) 4.0 (32/794) <0.0001 
• 5-10 kg 31 (100/323) 19.1 (152/794) <0.0001 
•11-15 kg 30.6 (99/323) 39.6 (314/794) 0.005 
• > 15 kg 26.6 (86/323) 37.3 (296/794) 0.0007 
Smoking 10.7 (35/327) 9.5 (76/802) 0.53 
At least one pregnancy 
before index pregnancy 

59.1 (202/342) 52.9 (431/815) 0.053 

Twin or triple pregnancies 2.7 (13/474) 1.4 (17/1189) <0.0001 
Insulin treatment during 
pregnancy 

4.9 (13/263) 0.0 (0/429) <0.0001 
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Table 2. Genotype and allele distributions and corresponding odds ratios for GDM. 
 

SNP 

(rs number) 

Genotype 

or 

allele 

GDM 

n (%) 

 

Controls 

n (%) 

 

OR (95% CI) 

for GDM 

 

OR (95% CI) 

for GDM, 

recessive model 

OR (95% CI)  

for GDM, 

dominant model 

KCNJ11 E23K 
(rs5219) 

EE 
 

185 (31.5) 
 

440 (37.3) 
 

 
 

 
 

 
 

 EK 310 (52.7) 576 (48.8) 1.28 (1.03–1.60) b   
 KK 93 (15.8) 164 (13.9) a 1.35 (0.99–1.83) c 1.16 (0.88–1.53) 1.3 (1.05–1.60) e 
 K 496 (42.2) 904 (38.3) 1.17 (1.02–1.35) d   
IRS1 G972R 
(rs1801278) 

GG 
 

534 (91) 
 

1078 (90.7) 
 

 
 

 
 

 
 

 GR 49 (8.3) 111 (9.3) 0.89 (0.63–1.27)   
 RR 4 (0.7) 0 (0.0)f Not applicable Not applicable 0.96 (0.68–1.36) 
 R 57 (4.8) 111 (4.7) 1.04 (0.75–1.44)   
UCP2 −866G>A 
(rs659366) 

AA 
 

87 (15.0) 
 

164 (13.9) 
 

 
 

 
 

 
 

 GA 268 (46.4) 607 (51.7) 0.83 (0.62–1.12)   
 GG 223 (38.6) 404 (34.4) 1.04 (0.77–1.41) 1.2 (0.98–1.47) 0.92 (0.69–1.21) 
 G 714 (61.8) 1415 (60.2) 1.07 (0.92–1.23)   
CAPN10 SNP43 
(rs3792267) 

AA  
 

52 (9.0) 
 

85 (7.2)  
 

 
 

 
 

 
 

 GA 220 (38.1) 476 (40.3) 0.76 (0.52–1.11)   
 GG 305 (52.9) 620 (52.5) 0.80 (0.55–1.17) 1.01 (0.83–1.24) 0.78 (0.55–1.12) 
 G 830 (71.9) 1716 (72.6) 0.96 (0.82–1.13)   
CAPN10 SNP44 
(rs2975760) 

TT 
 

392 (66.9) 
 

787 (66.7) 
 

 
 

 
 

 
 

 TC 177 (30.2) 351 (29.7) 1.01 (0.81–1.26)   
 CC 17 (2.9) 43 (3.6) 0.79 (0.45–1.41) 0.79 (0.45–1.40) 0.99 (0.80–1.22) 
 C 211 (18.0) 437 (18.5) 0.97 (0.81–1.16)   

a P-value for difference in genotype frequencies between women with and without GDM, p=0.050 
b P-value for comparison of EK vs. EE between women with and without GDM, p=0.028 
c P-value for comparison of KK vs. EE between women with and without GDM, p=0.056 
d P-value for difference in allele frequencies between women with and without GDM, p=0.027 
e P-value for comparison of KK+EK vs. EE between women with and without GDM, p=0.016 
f P-value for difference in genotype frequencies between women with and without GDM, p=0.014 
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Table 3. Genotype and allele distributions of the KCNJ11 E23K polymorphism and 
corresponding odds ratios for GDM in women without islet autoantibodies or low C-
peptide (<0.3 nmol/l). 
 

SNP 
(rs number) 

Genotype 
or 
allele 

GDM 
n (%) 

Controls 
n (%) 

OR (95% CI) 
for GDM 

OR (95% CI) 
for GDM, 
recessive model 

OR (95% CI)  
for GDM, 
dominant model 

KCNJ11 E23K 
(rs5219) 

EE 171 (30.8) 439 (37.3)    

 EK 299 (53.9) 574 (48.8) 1.34 (1.07–1.68) b   
 KK 85 (15.3) 164 (13.9) a 1.33 (0.97–1.83) c 1.12 (0.84–1.48) 1.34 (1.08–1.66) e 
 K 469 (42.2) 902 (38.3) 1.18 (1.02–1.36) d   

a P-value for difference in genotype frequencies between women with and without GDM, p=0.030 

b P-value for comparison of EK vs. EE between women with and without GDM, p=0.011 
c P-value for comparison of KK vs. EE between women with and without GDM, p=0.076 
d P-value for difference in allele frequencies between women with and without GDM, p=0.027 
e P-value for comparison of KK+EK vs. EE between women with and without GDM, p=0.008 
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Figure 1. Odds ratios and 95% CI for KCNJ11 E23K polymorphism in women with 

GDM. The E/E genotype or the E-allele is defined as the reference (i.e., OR=1.0). 
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ESM Table S1. Primers and probes used for TaqMan allelic discrimination assay 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

SNP  

(rs number) 

Forward primer 

(5' 3') 

Reverse primer 

(5' 3') 

Probe (5'FAM) 

 

Probe (5'VIC) 

 

KCNJ11 E23K 

(rs5219) 

CAGTTGCCTTTCT-

TGGACACAAA 

CCGAGGAATACG- 

TGCTGACA 

CTGCCGAGCCCAG CCTGCCAAGCC- 

CAG 

IRS1 G972R 

(rs1801278) 

GGGTAGGCCTGC-

AAATGCTA 

GGTCGAGATGGG- 

CAGACT 

CAGCCCTGGGA 

-GGT 

CAGCCCCGGGA- 

GGT 

UCP2 −866G>A 

(rs659366) 

GGGCCTGGTTCG-

CCTTTAATT 

GCCAGAGGGCC- 

CAATTGTT 

TTCACGCATCAGT- 

TAC 

CACGCGTCAGT- 

TAC 

CAPN10 SNP43 

(rs3792267) 

GCGCTCACGCTT-

GCT 

CCTCACCAAGTCA-

AGGCTTAGC 

AAGTAAGGCATTTG-

AAG 

AAGTAAGGCGT- 

TTGAAG 

CAPN10 SNP44 

(rs2975760) 

GCAGGGCGCTC-

ACG 

CCTCACCAAGTCA-

AGGCTTAGC 

CCTTACTTCACAGC-

AAG 

CCTTACTTCGC- 

AGCAAG 



   

 27

ESM Table S2. Primers used for template PCR  

 

SNP &  

(rs number) 

Forward primer 

(5' 3') 

Reverse primer 

(5' 3') 

Fragment 

size 

(bp) 

Annealing 

temp. 

 (°C) 

KCNJ11 E23K 

(rs5219) 

GACTCTGCAGTGAG-

GCCCTA 

ACGTTGCAGTTG-

CCTTTCTT 

210 58 

IRS1 G972R 

(rs1801278) 

CTTCTGTCAGGTGT-

CCATCC 

TGGCGAGGTGT-

CCACGTAGC 

263 62 

UCP2 −866G>A 

(rs659366) 

CACGCTGCTTCTG-

CCAGGAC 

AGGCGTCAGGAG-

ATGGACCG 

369 63 

CAPN10 SNP43 

(rs3792267) & 

 -SNP44 

(rs2975760) 

GCTGGCTGGTGA-

CATCAGTGC    OR 

AGAGTTTCTGT-

GTGTGGGCA 

TCAGGTTCCATC-

TTTCTGCCAG   OR 

TTCTTCCTCATC-

CTCACCAA 

475 

 

105 

64 

 

55 


