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Abstract
Objectives: Pathophysiological similarity exists between gestational diabetes mellitus (GDM) and type 2 diabetes
mellitus with common genetic origin. Genetic liability for GDM in our population is still not researched. The goal was
to reveal the genotypic and allele frequency differences of 2 single nucleotide polymorphisms (SNPs) namely, CDKAL1
(rs7754840) and CDKN2A/2B (rs10811661) between GDM pregnancies and normal pregnancies. We assessed them
by real time polymerase chain reaction using Taqman® allelic discrimination assays. We included 47 GDM pregnant
subjects and 51 normal glucose tolerance (NGT) pregnant women as controls.
Results: The genotype frequencies in the GDM group and the NGT group of rs7754840-GG/GC/CC were 6.4/15.7%
(3/8), 55.3/45.1% (26/23) and 38.3/39.2% (18/20) respectively. Also, those of rs10811661-CC/CT/TT were 74.5/14.9/4.3%
(38/7/2) and 80.9/19.6/5.9% (38/10/3) respectively. The allele frequencies in the GDM group and the NGT group of
C/G and T/C were 66/34% (62/32), 61.8/38.2% (63/39) and 11.7/88.3% (11/83), 15.7/84.3% (16/86) respectively. There
were no statistical differences between the two groups in allele frequencies and genotype frequencies (all P > 0.05).
Non-significant association was seen in the two SNPs of CDKAL1 and CDKN2A/B genes with GDM. Further studies are
essential to validate data.
Keywords: Allele frequency, Genetic association, CDKAL1, CDKN2A/B, Single nucleotide polymorphism (SNP),
Gestational diabetes mellitus (GDM)
Introduction
A well known subtype of diabetes mellitus (DM) is gestational diabetes mellitus (GDM) that could result in
serious morbidity for the mother and fetus [1]. Obesity
increases the incidence of the condition with a strong
association of disease occurrence [2, 3]. The pathophysiologic pathway of developing GDM is still not well understood. The condition may result in serious impact on
pregnant ladies and their offsprings, e.g. high blood pressure, cesarean delivery, preterm labor, macrosomia and
hyperbilirubinemia, in addition to the liability to develop
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metabolic syndrome and type 2 diabetes [1, 4]. GDM is a
cornerstone risk factor of various obstetric diseases like
polyhydramnios, neonatal hypoglycemia, hypocalcaemia,
raised red blood cell count, intellectual disability, birth
trauma and increased mortality rates [5].
DM subtypes GDM and type 2 diabetes mellitus
(T2DM) share common background of risk factors like
diabetic family history, abnormal glucose tolerance,
increased BMI, and specific races having higher predilection. The pathophysiology is commonly similar between
GDM and T2DM, this may indicate further genetic variability in GDM which may also act as a predictor for
T2DM [6].
Lately genome-wide association studies (GWAS) and
large-scale genetic linkage analyses regarding GDM have
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not been sufficiently explored. A targeted gene approach
of identified genes of T2DM has approached the majority
of GDM genetic causes [7].
So, GDM has also a genetic background. This was clear
in studies showing grouping of T2DM in families with
GDM. Mothers of women with GDM were also found to
have higher prevalence of T2DM [8].
GWASs shows that the risk allele of rs7754840 of
cdkal1 is associated with reduction in insulin secretion
[9], as well as decrease in first-phase insulin release by
24%, higher glucose area under the curve and impaired
insulin release [10]. There is association of T allele of the
rs10811661 to T2DM [11]. It has also a role in pancreatic
cancer [12].
In this study, we compared the single nucleotide polymorphisms (SNPs) in the diabetic genes rs7754840
in CDKAL1 [cyclin-dependent kinase 5 regulatory
subunit associated protein-1-like1] and rs10811661 in
CDKN2A/2B [cyclin-dependent kinase inhibitor 2A and
2B] in GDM patients with those in normal pregnant
women as controls.

Main text
Methods
Study subjects

In their second trimester of 24–28 gestational weeks and
age group between 18 and 45 years, a total of 47 women
with GDM were selected. Fifty-one pregnant women
with normal glucose tolerance (NGT) were taken as
controls to account for the environmental influence (i.e.
pregnancy). All cases were recruited over a period of
12 months from The Medical Research Center of Excellence of The National Research Center and Kasr Al-Eini
Hospital, Cairo University. Screening of diabetes during
pregnancy was done according to the American Diabetes
Association guidelines [13]. Women with type 1 diabetes
mellitus were excluded from the study.
Demographic data

Clinical data of all subjects, age, height, weight at 1 year
before pregnancy, systolic blood pressure and diastolic
blood pressure, were recorded. Also, gravidity and parity, family history of diabetes and history of gestational
diabetes in each subject were recorded. Complete fetal
anomaly scan by ultrasound was done.
Blood samples Blood samples of 2 mL were collected
from the pregnant women in ethylene diamine tetra acetic acid (EDTA) tubes.
Isolation of genomic DNA

Genomic DNA was isolated from peripheral white blood
cells using QIA amplification extraction kit (QIAamp®
DNA Blood Mini Kit (50) Cat. No. 51104) according to
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the manufacturer’s instructions and the isolated DNA
was subsequently quantified using NanoDrop™ 2000
(Thermo Scientific, Wilmington, Delaware, USA).
Genotyping

DNA analysis for CDKAL1 (rs7754840) and CDKN2A/2B
(rs10811661) Screening of rs7754840 and rs10811661
was performed with the TaqMan® allelic discrimination
assay (TaqMan® universal Master Mix, no UNG, Part
No.: 4440043, Applied Biosystems, Foster City, CA). The
genotyping reaction was amplified on a GeneAmp PCR
system 2700 (95 °C for 10 min, followed by 40 cycles at
95 °C for 15 s and 60 °C for 1 min). Fluorescence was
detected on an ABI Prism 7000 sequence detector
(Applied Biosystems, USA). The genotyping success rate
was 99.7 and 100% in the two studied groups respectively,
and the error rate was 0% in both studied groups.
Statistical analysis

All statistical analyses were performed by SPSS 20.0 for
Windows. The statistical power and sample size were calculated using PASS 11. The Chi square test was used for
the comparison of expected and observed frequencies of
categorical variables. A value of p < 0.05 (two-tailed) was
considered statistically significant. A multiple logistic
regression model was used to investigate the individual
effect of these genes on GDM. These analyses were based
on additive, recessive and dominant models, and adjusted
for age and the family history of type 2 diabetes. The ORs
with 95% confidence intervals (CIs) were presented.
Results

The data of participants are summarized in Table 1. The
cases and controls were well matched in age, body mass
index (BMI), gestational week and gravidity. There was
a significant difference between pre-BMI women in the
GDM group compared to controls (non-GDM) (p < 0.01),
whereas obesity was similar in both groups (p = 0.141).
Although, history of GDM in women with GDM group
was less than NGT group with significant change
(< 0.0001).
Allele and genotypic association of different SNPs

The allele and genotype frequencies of the two SNPs are
shown in Table 2. The frequencies of the heterozygote
(GC) of the two SNPs of CDKAL1 gene were found to be
nonsignificantly higher in patients than in the controls
(non-GDM) (P = 0.184), suggesting risk manipulating
nature. Although a similar pattern of combination was
not observed in the homozygote genotype frequency
(TT) of CDKN2A/B gene, the heterozygote (CT) was
found to have the least frequency.
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Table 1 Characteristics of the study groups
Group
GDM (%)

NGT

18–20

2 (4.3%)

6 (11.8%)

21–30

20 (42.6%)

32 (62.7%)

31–40

22 (46.8%)

13 (25.5%)

>40

3 (6.4%)

0 (0%)

Underweight ≤ 18.5

Overweight = 25–29.9

P value

OR

95% CI

0.019

–

–

0.01

–

–

0.141

1.9

0.852–4.623

0.297

1.92

0.709–3.705

0.000

2.789

2.063–3.689

Age groupa (years)

Pre-BMIa categories
0 (0.0%)

2 (3.9%)

Normal weight = 18.5–24.9

10 (21.3%)

21 (41.2%)

36 (76.6.0%)

23 (45.1%)

Obesity = BMI of 30 or greater

1 (2.1%)

5 (9.8%)

Obese

34 (72.3%)

29 (56.9%)

None obese

13 (27.7%)

22 (43.1%)

Yes

20 (42.6%)

16 (31.4%)

No

27 (57.4%)

35 (68.6%)

Yes

18 (38.3%)

0 (0%)

No

29 (61.7%)

51 (100%)

Obesity

Family History of DM

History of GDM

a

Risk estimate statistics cannot be computed. They are only computed for a 2 * 2 table without empty cells

Table 2 Comparison of genotype frequencies between GDM cases and NGT group
Gene/allele

SNP

Genotype

GDM

NGT

CDKAL1
Genotype

rs7754840

GG/GC/CC

3/26/18
(6.4/55.3/38.3)

8/23/20
(15.7/45.1/39.2)

GG

3 (6.4)

8 (15.7)

0.132

GC

26 (55.3)

23 (45.1)

0.184

CC

18 (38.3)

20 (39.2)

0.746

C

62 (66)

63 (61.8)

G

32 (34)

39 ( 38.2)

CC/CT/TT

38/7/2
(74.5/14.9/4.3)

38/10/3
(80.9/19.6/5.9)

CC

38 (74.5)

38 (80.9)

1.00

CT

7 (14.9)

10 (19.6)

0.467

TT

2 (4.3)

3 (5.9)

0.655

T

11 (11.7)

16 (15.7)

C

83 (88.3)

86 (84.3

Allele
CDKN2A/B
Genotype

Allele

rs1081166

The presence of the risk alleles of CDKAL1 SNPs,
rs7754840 C allele and T allele of rs10811661 of
CDKN2A/B SNP were relatively not higher in GDM
patients than in the NGT group and the logistic regression analysis yielded non-significant odds ratios implying
that the variant alleles did not show risk for developing GDM. The allele distributions in loci rs7754840
(CDKAL1) and rs10811661 (CDKN2A/B) displayed

P

P value

OR (95% CI)

0.301

0.542

1.199 (0.669–2.152)

0.753

0.419

0.712 (0.312–1.625)

non-significant discrepancy between the GDM and NGT
groups (P > 0.05). Even, alleles C&T were a common
risk allele for both loci. The odds ratio (OR) values were
0.199 [95% confidence interval (CI): 0.669–2.152] for
rs7754840 (CDKAL1) and 0.712 (95% CI: 0.312–1.625)
for rs10811661 (CDKN2A/B) (Table 2).
Table 3 summarizes variants association under additive, dominant recessive and over-dominant models.
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Table 3 Logistic regression of distributions and genetic models of each SNP’s genotype of CDKAL1 and CDKN2A/B
GDM, n (%)

None GDM, n (%)

P value

OR (95% CI)

rs7754840 (CDKAL1)
Co-dominant model

Dominant model
Recessive model
Over-dominant model
rs10811661(CDKN2A/B)
Co-dominant model

Dominant model
Recessive model
Over-dominant model

G/G

3 (6.4)

8 (15.7)

C/G

26 (55.3)

23 (45.1)

0.122

3.014 (0.714–12.731)

C/C

18 (38.3)

20 (39.2)

0.236

2.400 (0.551–10.457)

CG + CC

44 (93.6)

43 (84.3)

0.145

2.729 (0.678–10.976)

GG

3 (6.4)

8 (15.7)

CC

18 (38.3)

20 (39.2)

GG + CG

29 (61.7)

31 (60.8)

CG

26 (55.3)

23 (45.1)

GG + CC

21 (44.7)

28 (54.9)

CC

38 (80.9)

38 (74.5)

CT

7 (14.9)

10 (19.6)

0.510

0.700 (0.241–2.031)

TT

2 (4.3)

3 (5.9)

0.665

0.667 (0.105–4.218)

CT + TT

9 (19.1)

13 (25.5)

0.452

0.692 (0.265–1.811)

CC

38 (80.9)

38 (74.5)

TT

2 (4.3)

3 (5.9)

CC + CT

45 (95.7)

48 (94.1)

7 (14.9)

10 (19.6)

CC + TT

40 (85.1)

41 (80.4)

CT

rs7754840 CDKAL1 SNPs were not significantly associated with GDM under the four models. In addition,
CDKN2A/2B rs10811661 were not associated with
GDM, but illustrated lower magnitude of effect under the
additive model.
Using the logistic regression analysis of the genotypes, the heterozygote (GC) and homozygote (CC)
genotypes of CDKAL1 SNP reveal non significant odds
ratio (p = 0.122 and p = 0.236 respectively). The observed
association remained non-significant even after adjusting for covariates. Also, the genotype distribution of
rs10811661 (CDKN2A/2B) dif-fered between the GDM
and non-GDM groups but with no significant changes
in co-dominant, dominant, recessive and over-dominant models, with P values of 0122, 0.236, 0.145, 0.926
and 0.312 respectively, and OR values of 3.014 (95%
CI: 0.714–12.731), 2.400 (95% CI: 0.551–10.457), 2.729
(95% CI: 0.678–10.976), 0.962 (95% CI: 0.426–2.170)
and 1.507 (95% CI: 0.679–3.344), respectively. The findings revealed that the genotype frequency of CDKN2A/B
gene showed a negligible significance, it was not significant in the logistic regression analysis, with or without covariates (Table 3). The genotype distribution of
rs10811661 (CDKN2A/2B) contrasted between the GDM
and non-GDM groups but with no significant changes
in co-dominant, dominant, recessive and over-dominant models, with P values of 0.510, 0.665, 0.452, 0.715
and 0.538 respectively, and OR values of 0.700 (95% CI:

1

1
0.926

0.962 (0.426–2.170)
1

0.312

1.507 (0.679–3.344)
1
1

1
0.715

0.711 (0.114–4.454)
1

0.538

0.718 (0.249–2.070)
1

0.241–2.031), 0.667 (95% CI: 0.105–4.218), 0.692 (95%
CI: 0.265–1.811), 0.711 (95% CI: 0.114–4.454) and 0.718
(95% CI: 0.249–2.070), respectively (Table 3).
Discussion

Genome wide association studies GWAS studies have
revealed the association of a number of unique genes
with T2DM [14–17]. The SNPs were finally replicated in
different populations with strong association with T2DM
and the meta-analysis performed for each of these genes
also confirmed the risk for developing T2DM. Previous
studies also showed significant associations of CDKAL1
with minute reduction in insulin response. Past studies
exposed that there was a relation between SNPs in the
CDKAL1 gene and T2DM. Those typically hyper lined in
GWA studies, were also seen in Malaysian patients with
GDM [6, 14, 16]. Many studies among Asian populations
tested the association between rs7754840 in CDKAL1
and GDM risk [7, 18, 19]. There was a significant association between the risk of GDM and the C allele of
rs7754840 with collective OR 1.40 (95% CI: 1.13–1.72), P
value < 0.002 [20].
The decisive contrast over these studies appeared from
the variability within the study populations; two of them
were in Korean ladies with robust associations between
GDM risk and rs7754840 [18, 19]. However, a Chinese study did not find any association [7]. This was in
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agreement with our results in the present study where we
did not find any relation between rs7754840 and GDM.
Nevertheless, we did not detect a significant difference
in these genotype and allele frequencies between GDM
and non-GDM groups in Egyptian pregnant women
(P > 0.05), indicating that the common susceptibility loci
rs7754840 in CDKAL1 may be not associated with GDM.
The main genetic variant significant with risk of T2DM
{the loci CDKN2A/2B (rs10811661)} was examined in
Caucasian populations [21, 22], Eastern Uttar Pradesh,
India population and proved significant associated [23].
However, Nemr et al. [24]. demonstrated non significant
association in the Lebanese population.
GWA studies described gene variants associated with
T2DM containing CDKAL1, CDKN2A/B [9, 14–16,
25], yet, the association with GDM was not recognized.
Variants with GDM including CDKAL1 and CDKN2A/B
genes in pregnant Malaysian women is not the same as
GDM is dependent on ethnicity [18]. One of the primarily detected and widely analyzed deoxyribonucleic acid
(DNA) markers is the common variant rs10811661 on
the 9p21.3 locus. The marker is located in an intergenic
region between the genes coding for the cyclin-dependent kinase inhibitors CDKN2A and CDKN2B [26].
CDKN2A/2B encodes two kinase inhibitors, which play
an important role in β-cell regeneration [22], and thus
the functional connection to type 2 diabetes is obvious.
This research is the first genetic study to approach
GDM in Egypt. Our current findings highlighted the
important contribution of some key genetic variants
to GDM in Egyptian pregnant women. The findings of
this present study provided preliminary insight into
the GDM genetic variants in the Egyptian pregnant
women. We did not find any risk of GDM associated with
CDKAL1 (rs7754840) and CDKN2A/2B (rs10811661) (p
value ≥ 0.0301–0.753), however, in previous GWAs studies those two SNPs were found to be related to T2DM
[14, 16, 27]. In our study, the correlation was not established with GDM in pregnant women.

Limitations
We observed that CDKAL1 (rs7754840) and
CDKN2A/2B (rs10811661) gene polymorphism is
unlikely to be associated with a risk of GDM in the
pregnant women in our sample of Egyptian population.
rs7754840 allele (C) and rs10811661 allele (T) were risk
alleles for T2D in the pregnant women. Therefore, we
assume that the lack of statistical significance is due to
lack of power. We need to examine other GDM cohorts
to confirm our results. Also, large scale studies should be
done on pregnant women with T2DM.
The lack of reliable relation between rs7754840(C/G)
and
rs10811661(C/T)
SNPs
of
CDKAL1and

Page 5 of 6

CDKN2A/2B genes may be explained by its dependence on other risk factors and genetic markers, which
in fact determines the need for further investigations.
Finally, we tend to present this study to be a preliminary one, with a requirement for investigating a larger
number of patients to confirm our results. Additional
information on GDM-SNP association is required to
optimize the SNP screening among pregnant ladies in
Egypt. However, it is still uncertain whether or not this
can be of value in developing countries where sure ethnicity of the population has much more risk to GDM.
Abbreviations
BMI: body mass index; DM: diabetes mellitus; GWAS: genome-wide association
studies; GDM: gestational diabetes mellitus; NGT: normal glucose tolerance;
PCR: polymerase chain reaction; SNP: single nucleotide polymorphism; T2DM:
type 2 diabetes mellitus.
Authors’ contributions
Conceived and designed the experiments: OA, AEN, JA, SS. Diagnosis of GDM,
selection of all participants in the study and medical explanations: OA. and AO.
Contributed with reagents/materials/analysis tools: AO and WG. Performed
the experiments: WG, and AO. Acquisition of data, analysis and interpretation of data: AO and WG. Conception and design, drafting and revising for
important intellectual content: OA, AEN, JA, SS, AO and WG. All authors read
and approved the final manuscript.
Author details
1
National Institute of Laser Enhanced Science, Cairo University, Cairo, Egypt.
2
Reproductive Health Department, National Research Centre, El Buhouth
St., Dokki, Giza 12622, Egypt. 3 Biochemistry Department, National Research
Centre, El Buhouth St., Dokki, Giza 12622, Egypt.
Acknowledgements
We thank the pregnant women with GDM and volunteers who participate in
the study. We thank Prof. Dr. Esmat Ashour for her useful cooperation.
Competing interests
The authors declare that they have no competing interests.
Availability of data and materials
Data and materials from this study are freely available and can be obtained by
contacting the corresponding author.
Consent for publication
Consent for publication has been obtained from all the participants.
Ethics approval and consent to participate
The study protocol both for the pre-test and implementation phase was
approved by the Bioethical Committee of the National Research Centre, Al
Buhouth St., Dokki, Cairo, Egypt (# No13 119). All participants provided written
informed consent following the provision of oral and written information on
the purpose of the study.
Funding
This was funded by National Research Centre under No 1/16/7 and project #
11010185.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.
Received: 11 October 2017 Accepted: 9 March 2018

Noury et al. BMC Res Notes (2018) 11:181

References
1. Zhao C, Dong J, Jiang T, Shi Z, Yu B, Zhu Y, Chen D, Xu J, Huo R, Dai J. Early
second-trimester serum miRNA profiling predicts gestational diabetes
mellitus. PLoS ONE. 2011;6(8):e23925.
2. Dabelea D, Snell-Bergeon JK, Hartsfield CL, Bischoff KJ, Hamman RF,
McDuffie RS. Increasing prevalence of gestational diabetes mellitus
(GDM) over time and by birth cohort. Diabetes Care. 2005;28(3):579–84.
3. Ferrara A. Increasing prevalence of gestational diabetes mellitus. Diabetes
Care. 2007;30(Supplement 2):S141–6.
4. Reece EA. The fetal and maternal consequences of gestational diabetes
mellitus. J Matern Fetal Neonatal Med. 2010;23(3):199–203.
5. Ayaz A, Saeed S, Farooq MU, Bahoo A, Luqman M, Hanif K. Gestational
diabetes mellitus diagnosed in different periods of gestation and neonatal outcome. Dicle Med J/Dicle Tip Dergisi. 2009;36(4)235–40.
6. Aris NKM, Ismai NAM, Mahdy ZA, Ahmad S, Naim NM, Siraj HHH, Jaafar
R, Ishak S, Harun R, Jamal R. An analysis of targeted single nucleotide
polymorphisms for the risk prediction of gestational diabetes mellitus in
a cohort of Malaysian patients. Asia Pac J Mol Med. 2011;1:1–8.
7. Wang Y, Nie M, Li W, Ping F, Hu Y, Ma L, Gao J, Liu J. Association of six
single nucleotide polymorphisms with gestational diabetes mellitus in a
Chinese population. PLoS ONE. 2011;6(11):e26953.
8. Robitaille J, Grant AM. The genetics of gestational diabetes mellitus:
evidence for relationship with type 2 diabetes mellitus. Genet Med.
2008;10(4):240–50.
9. Saxena R, Voight B, Lyssenko V, Burtt N, De Bakker P, Chen H, Roix J,
Kathiresan S, Hirschhorn J, Daly M. Diabetes Genetics Initiative of Broad
Institute of Harvard and MIT, Lund University, and Novartis Institutes of
BioMedical Research. Genome-wide association analysis identifies loci for
type 2 diabetes and triglyceride levels. Science. 2007;316(5829):1331–6.
10. Stancáková A, Pihlajamäki J, Kuusisto J, Stefan N, Fritsche A, Häring
H, Andreozzi F, Succurro E, Sesti G, Boesgaard TW. Single-nucleotide
polymorphism rs7754840 of CDKAL1 is associated with impaired insulin
secretion in nondiabetic offspring of type 2 diabetic subjects and in a
large sample of men with normal glucose tolerance. J Clin Endocrinol
Metab. 2008;93(5):1924–30.
11. Helgadottir A, Thorleifsson G, Magnusson KP, Grétarsdottir S, Steinthorsdottir V, Manolescu A, Jones GT, Rinkel GJ, Blankensteijn JD, Ronkainen A.
The same sequence variant on 9p21 associates with myocardial infarction, abdominal aortic aneurysm and intracranial aneurysm. Nat Genet.
2008;40(2):217–24.
12. Ghiorzo P, Fornarini G, Sciallero S, Battistuzzi L, Belli F, Bernard L,
Bonelli L, Borgonovo G, Bruno W, De Cian F. CDKN2A is the main
susceptibility gene in Italian pancreatic cancer families. J Med Genet.
2012;49(3):164–70.
13. Association AD. Standards of medical care in diabetes—2017: summary
of revisions. Diabetes Care. 2017;40(Supplement 1):S4–5.
14. Sladek R, Rocheleau G, Rung J, Dina C, Shen L, Serre D, Boutin P, Vincent D,
Belisle A, Hadjadj S. A genome-wide association study identifies novel risk
loci for type 2 diabetes. Nature. 2007;445(7130):881–5.

Page 6 of 6

15. Zeggini E, Weedon MN, Lindgren CM, Frayling TM, Elliott KS, Lango H,
Timpson NJ, Perry JR, Rayner NW, Freathy RM. Replication of genomewide association signals in UK samples reveals risk loci for type 2 diabetes. Science. 2007;316(5829):1336–41.
16. Timpson NJ, Lindgren CM, Weedon MN, Randall J, Ouwehand WH, Strachan DP, Rayner WN, Walker M, Hitman GA, Doney AS. Adiposity-related
heterogeneity in patterns of type 2 diabetes susceptibility observed in
genome wide association data. Diabetes. 2008.
17. Takeuchi F, Serizawa M, Yamamoto K, Fujisawa T, Nakashima E, Ohnaka K,
Ikegami H, Sugiyama T, Katsuya T, Miyagishi M. Confirmation of multiple
risk loci and genetic impacts by a genome-wide association study of type
2 diabetes in the Japanese population. Diabetes. 2009;58(7):1690–9.
18. Cho Y, Kim T, Lim S, Choi S, Shin H, Lee H, Park K, Jang H. Type 2 diabetesassociated genetic variants discovered in the recent genome-wide association studies are related to gestational diabetes mellitus in the Korean
population. Diabetologia. 2009;52(2):253–61.
19. Kwak SH, Kim S-H, Cho YM, Go MJ, Cho YS, Choi SH, Moon MK, Jung HS,
Shin HD, Kang HM. A genome-wide association study of gestational
diabetes mellitus in Korean women. Diabetes. 2012;61(2):531–41.
20. Zhang C, Bao W, Rong Y, Yang H, Bowers K, Yeung E, Kiely M. Genetic
variants and the risk of gestational diabetes mellitus: a systematic review.
Hum Reprod Update. 2013;19(4):376–90.
21. Duesing K, Fatemifar G, Charpentier G, Marre M, Tichet J, Hercberg S,
Balkau B, Froguel P, Gibson F. Strong association of common variants in
the CDKN2A/CDKN2B region with type 2 diabetes in French Europids.
Diabetologia. 2008;51(5):821–6.
22. Bao XY, Xie C, Yang MS. Association between type 2 diabetes and
CDKN2A/B: a meta-analysis study. Mol Biol Rep. 2012;39(2):1609–16.
23. Sunita S, Shyam Babu P, Suresh Singh Y, Neeraj Kumar A, Gopeshwar N.
Association of Common Variants of CDKN2A/2B Rs10811661 (C/T) and
WFS1 Rs6446482 (C/G) to type 2 diabetes mellitus in the Indian population of eastern Uttar Pradesh.
24. Nemr R, Almawi AW, Echtay A, Sater MS, Daher HS, Almawi WY. Replication study of common variants in CDKAL1 and CDKN2A/2B genes associated with type 2 diabetes in Lebanese Arab population. Diabetes Res Clin
Pract. 2012;95(2):e37–40.
25. Scott LJ, Mohlke KL, Bonnycastle LL, Willer CJ, Li Y, Duren WL, Erdos MR,
Stringham HM, Chines PS, Jackson AU. A genome-wide association study
of type 2 diabetes in Finns detects multiple susceptibility variants. Science. 2007;316(5829):1341–5.
26. Pasmant E, Sabbagh A, Vidaud M, Bièche I. ANRIL, a long, noncoding RNA,
is an unexpected major hotspot in GWAS. FASEB J. 2011;25(2):444–8.
27. Ng MC, Park KS, Oh B, Tam CH, Cho YM, Shin HD, Lam VK, Ma RC, So WY,
Cho YS. Implication of genetic variants near TCF7L2, SLC30A8, HHEX,
CDKAL1, CDKN2A/B, IGF2BP2, and FTO in type 2 diabetes and obesity in
6,719 Asians. Diabetes. 2008;57(8):2226–33.

Submit your next manuscript to BioMed Central
and we will help you at every step:
• We accept pre-submission inquiries
• Our selector tool helps you to find the most relevant journal
• We provide round the clock customer support
• Convenient online submission
• Thorough peer review
• Inclusion in PubMed and all major indexing services
• Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit

