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INTRODUCTION

Gestational diabetes mellitus (GDM) is defined as
carbohydrate intolerance that is first recognized during
pregnancy. The prevalence may range from 1 to 14% of all
pregnancies, depending on the population studied and the
diagnostic tests used (1). GDM is characterized with both
insulin resistance and impaired insulin secretion as
observed in T2DM and may share the same genetic
susceptibility (2). Evidence showed that both types of DM
are linked by the same risk factors such as family history of
diabetes mellitus, history of abnormal glucose tolerance,
excessive weight, and higher race tendency. Having similar
pathophysiology between T2DM and GDM enables further
exploration of genetic variants in GDM which may also
serve as predictors for developing future T2DM (2).

In current clinical practice, oral glucose tolerance test
(OGTT) is only offered to those who have at least one risk
factor for GDM. A study performed in our centre (3) showed
that the prevalence of gestational diabetes was about
24.9%. However, throughout the risk screening method,
27.7% cases of gestational diabetes mellitus had been
missed. For that reason, the undiagnosed group was not
treated as GDM patients until the baby was born with
complications such as macrosomia. The risks for recurrence
of GDM in future pregnancy include maternal weight gain
and early diagnosis of GDM since 24 weeks of gestation
which requires insulin treatment during pregnancy (4).
Most importantly, women with history of GDM during early
pregnancy have a higher risk to get T2DM compared to
those diagnosed with GDM later in their pregnancy (5).
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ABSTRACT

Recent association studies have described genetic variants among type 2 diabetes mellitus (T2DM) and their related
traits. Gestational diabetes mellitus (GDM) is pathophysiologically similar to T2DM and may share genetic susceptibility.
However, genetic susceptibility within GDM in our own population is still not yet explored. This study was to determine
the association of GDM genetic variants in the Malaysian population. We genotyped 384 T2DM related SNPs among 174
cases of GDM and 114 controls of pregnant women using Illumina’s Golden Gate genotyping assay. In this case-control
study, a custom of 384-SNP plex of 236 candidate genes was designed using the Illumina’s Assay Design Tool. The data
analysis showed 12 SNPs had a significant association with GDM among Malaysians with p values 0.002 to 0.048 with
their respective odd ratios. The SNPs rs7754840, rs10946398, rs9465871, rs7756992, rs6823091, rs7935082,
rs237889, rs7903146, rs7961581 were significant under additive model while rs10811661, rs1016472, rs2270031
were associated with GDM under recessive model. Three SNPs namely rs7935082, rs1016472 and rs2270031 had
reduced risk towards GDM while another nine SNPs which were rs7754840, rs10946398, rs9465871, rs7756992,
rs10811661, rs6823091, rs237889, rs7903146 and rs7961581 had increased risk as much 1.75 to 2.62 times. Twelve
genetic variants of T2DM were replicated in the SNP profiling among Malaysians GDM. Thus with a more significant
result in a bigger sample, SNP screening is potentially a useful method in predicting the risk of gestational diabetes
mellitus.
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Women with history of GDM have at least 20% risk of
getting T2DM (6) after 9 years of the last affected pregnancy.
In addition, babies of GDM mothers tend to be heavier and
suffer from abnormal glucose tolerance since birth compared
to those from non-diabetes mothers (7). Due to the exposure
of maternal diabetes since in utero, the child has increased
risk of obesity and getting T2DM in younger age (8).
Therefore GDM does not only affect the mother but may
also involve the child. So far, most of the genetic variants
associated with GDM have also been implicated in
determining T2DM (2). Such ability to identify pregnant
women with the genetic tendency to develop T2DM in
future will allow the use of targeted prevention strategies
to anticipate or totally prevent complications of this
condition from taking place. By recognizing the affected
genes, further identification of pregnant women with higher
risk will be possible and may also be used to prevent the
related pregnancy problems.

Candidate gene approach studies have been carried
out previously to identify susceptible genes predisposing
for development of GDM. Five common polymorphisms in
four genes, which previously shown to be associated with
T2DM, were identified involving genes encoding potassium
inwardly rectifying channel subfamily J, member 11
(KCNJ11 E23K)(9), insulin receptor substrate 1
(IRS1G972R)(10), uncoupling protein 2 (UCP2 -866G.A) and
calpain 10 (CAPN10 SNP43 and SNP44)(11). An association
of E23K polymorphism from KCNJ11 that predispose to
GDM was also observed in Scandinavian (12). Another
study had observed significant association of TCF7L2
variants with GDM and the polymorphisms interact with
adiposity to alter insulin secretion in Mexican Americans
(13). The effects of TCF7L2 polymorphisms were also seen
in Scandinavian women but other polymorphisms such as
PPARG Pro12Ala, PPARGC1A Gly482Ser, FOXC2 −512C>
T, and ADRB3 Trp64Arg were not significantly associated
with GDM in their population (13).

Previous genome wide association (GWA) studies had
described reproducible gene variants associations with
T2DM including CDKAL1, CDKN2A/B, SLC30A8, HHEX,
TSPAN8, IGF2BP2 and FTO (14-18), however, the
association of these variants with GDM was not known. A
recent study in Korea, which represented an Asian
population, discovered an association between the T2DM
genetic variants with GDM including CDKAL1, CDKN2A/
B, HHEX, IGF2BP2, SLC30A8, and TCF7L2 genes (19),
however, this may not be the same in the Malaysian
pregnant women as prevalence of GDM is highly dependent
on ethnicity (1).

Differential contribution of certain genetic loci to GDM
across the population is due to the differences of
environmental risk profiles, body composition and genetic
backgrounds (20). Among Asians, diabetes tends to
develop with a lesser degree of obesity at a younger age,
more diabetic complications and the death age is sooner
than people in other regions (21). A discrepancy in the
pathophysiology of diabetes mellitus among Asians is due

to a multiracial population and this is especially unique to
individual ethnic group (22). Consequently, it is important
to have one’s own population data on the association of
those SNPs with GDM. Thus, the aim of the study was to
analyze the association of common genetic variants with
GDM in pregnant women at our centre.

MATERIALS AND METHODS

SUBJECTS

This study was carried out in a tertiary hospital for 24
months since April 2007 until March 2009. Regardless of
their risk factors for GDM, a universal screening for 704
primigravidae and multiparae was done between 16 and 28
weeks of gestation by using the 75 g modified glucose
tolerance test (MGTT). Exclusion criteria included women
with chronic disease or metabolic syndrome during
pregnancy or multiple pregnancies. After an overnight fast,
all subjects underwent MGTT and venous blood samples
were taken at 0 hour (fasting blood glucose, FBS) and 2
hours. In this study, 2-hours post-prandial (2-HPP) blood
sugar levels of > 7.8 mmol/l or fasting level of > 6 mmol/l
were regarded as abnormal and indicative of GDM (1).
Written informed consent was obtained from the
participants and the Institutional Research and Ethical
Committee approved this study.

GENE AND SNP SELECTION

Two hundred thirty six candidate genes for T2DM or GDM
were identified from previous association studies or recent
diabetes GWA studies. Literature review was done using
online journal databases through search terms as
gestational, type 2 diabetes, SNP, polymorphism or
association study to get the appropriate articles. The SNPs
with significant association with gestational, type 2
diabetes or related traits in all population were listed as
candidate SNPs in the present study. Criteria of SNP
selections were based on the SNP locations, functional
significance, minor allele frequency more than 10% and
reproducibility of the SNPs in more than one population.
The list of selected SNPs was then submitted to
techsupport@illumina.com to be scored using Gene list,
RS list, Sequence list or Region list. We finally selected 384
SNPs that have significant association with T2DM in other
populations.

GENOTYPING

DNA was extracted from 10 ml of peripheral blood using
the salt extraction method. The genomic DNA samples were
genotyped for 384 T2DM related SNPs. A total of 174
subjects with GDM and 114 healthy pregnant women were
included for genotyping. Genotyping of SNPs was
performed using the Illumina GoldenGate assay (Illumina,
San Diego, CA, USA) according to manufacturer’s
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genotyping protocol. Briefly, the whole genome DNA
samples were amplified, fragmented and hybridized
overnight onto the allele-specific oligonucleotides on the
bead arrays. Non-specific fragments were then removed
by washing. The remaining specifically hybridized DNA
fragments were fluorescently labeled by a single base
extension reaction and detected using a BeadArray scanner.
Genotyping data for genotypes were then imported and
analyzed using BeadStudio Genotyping Module v3.0
(Illumina, San Diego). Individual SNPs were filtered based
on three criteria, including SNP call rate > 95%, minor allele
frequency > 0.1 (using BeadStudio Genotyping Module
v3.0) and absence of deviation from Hardy Weinberg
equilibrium in either cases or controls. Finally, SNPs which
qualified those criteria were used for further disease marker

association analysis while the other SNPs which did not
pass the criteria were excluded.

STATISTICAL ANALYSIS

Power calculation was performed using the PS-Power and
sample size calculation software (23) to calculate the sample
size based on comparing two proportions. Our study
provided at least 70% power to detect the effect size odds
ratio (OR) > 1.65, given a minor allele frequency (MAF) >
10% with a Type 1 error rate of 5% (Figure 1). Agreement
with Hardy-Weinberg equilibrium was tested for all SNPs
in cases and controls separately using χ2 analysis.
Statistical analyses were conducted using SPSS for
Windows, version 15.0 (SPSS, Chicago, IL, USA).

Figure 1. Power calculation

Power of the current Case-Control Study to detect associations with risk allele of varying frequencies and with a Type 1Error rate of
5%. Graphs were plotted with the PS power and sample-size program (available at http://www.mc.vanderbilt.edu/prevmed/ps;
DuPont and Plummer 1997).

Logistic regression was used to determine the genetic
effects of association between GDM and each individual
SNP, measured by the ORs and its corresponding 95%
confidence intervals (CI). The association analyses were
performed assuming dominant, recessive and additive
model for each polymorphism. Dominance was defined in
terms of allele 2 (minor allele) effects; in the dominant allele
2 models, homozygous allele 1 subjects were compared
with allele 2 carriers; in the recessive allele 2 models,
homozygous allele 2 subjects were compared to allele 1
carriers. The genotypes were assumed as having additive
effects where alleles were coded as 0 = 11, 1 = 12 and 2 = 22.
The p value less than 0.05 were considered statistically
significant. The associations between individual SNP and
fasting blood sugar (FBS) and 2-hour post prandial (2HPP)
were tested using ANOVA (SPSS v15.0).

RESULTS

A total of 384 SNPs were genotyped in 174 subjects with
GDM and 114 controls with normal pregnancy. The

characteristics of the study samples were summarized in
Table 1. The frequency of family history of DM, maternal
weight exceeding 80 kg, age at study and birth weight was
slightly higher, while gestation week at delivery in GDM
group were lower than those of the control group. There
was a significant difference between the two groups in
terms of weight exceeding 80 kg and age at sudy. However,
both groups of women were below 30 years old and similarly
had lesser risk for GDM. Among the participants, 83.9%
(146) women were treated using diet control only whereby
16.1% (28) were given insulin injection as well as dietary
control to manage their diabetes.

During SNP normalization, 77 SNPs which did not pass
the three criteria, were excluded from the extended analysis.
Data from our study showed that 12 SNPs had significant
association with GDM namely: CDKAL1 (rs7754840,
rs10946398, rs9465871 and rs7756992), CDKN2A/2B
(rs10811661), FBXW7 (rs6823091), MS4A7 (rs7935082),
OXTR (rs237889), TCF7L2 (rs7903146, rs7961581), TRIM27
(rs1016472) and WNT5B (rs2270031). The best model for
each SNP is shown in Table 2. Three genes, CDKN2A/2B
(rs10811661), TRIM27 (rs1016472) and WNT5B (rs2207731),
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Table 2. Comparison of genotype frequencies between GDM cases and controls with their respective best models

Gene SNP Genotype GDM Control  Best Model OR (95% CI) P valuea

n (%) n (%)
CDKAL1 rs7754840 GG 64 (22.7) 64 (22.7) Additive 2.19 (1.30-3.69) 0.003

GC 81 (28.7) 37 (13.1)
CC 24 (8.5) 12 (14.3)

CDKAL1 rs10946398 AA 67 (22.3) 64 (22.3) Additive 2.01 (1.20-3.37) 0.008
AC 80 (27.9) 38 (13.2)
CC 26 (9.1) 12 (4.2)

CDKAL1 rs9465871 TT 35 (12.2) 16 (5.6) Additive 1.75 (1.04-2.93) 0.035
TC 85 (29.7) 43 (15.0)
CC 54 (18.9) 53 (18.5)

CDKAL1 rs7756992 AA 54 (18.8) 52 (18.1) Additive 2.04 (1.62-2.58) <0.0001
AG 87 (30.2) 48 (16.7)
GG 33 (11.5) 14 (4.9)

CDKN2A/2B rs10811661 TT 76 (26.4) 46 (16.0) Recessive 2.62 (1.16-5.88) 0.02
TC 86 (29.9) 48 (16.7)
CC 12 (4.2) 19 (6.6)

FBXW7 rs6823091 AA 6 (5.3) 13 (7.5) Additive 1.79 (1.08-2.97) 0.024
AC 36 (31.6) 76 (43.7)
CC 72 (63.2) 85 (48.9)

MS4A7 rs7935082 CC 70 (24.3) 31 (10.8) Additive 0.51 (0.29-0.87) 0.014
CT 71 (24.7) 62 (21.5)
TT 31 (10.8) 20 (6.9)

OXTR rs237889 AA 16 (14) 29 (16.7) Additive 1.88 (1.11-3.19) 0.019
AG 47 (41.2) 94 (54.0)
GG 48 (42.1) 51 (29.3)

TCF7L2 rs7903146 CC 1 (0.3) 0 Additive 2.20 (1.16-4.19) 0.016
CT 43 (15.0) 15 (5.2)
TT 129 (44.9) 99 (34.5)

TCF7L2 rs7961581 AA 66 (57.9) 77 (44.3) Additive 1.89 (1.15-3.10) 0.013
AG 40 (35.1) 88 (50.6)
GG 8 (7.0) 8 (4.6)

TRIM27 rs1016472 TT 62 (21.5) 31 (10.8) Recessive 0.47 (0.25-0.86) 0.014
TC 80 (27.8) 48 (16.7)
CC 30 (10.4) 34 (11.8)

WNT5B rs2270031 CC 101 (35.1) 59 (20.5) Recessive 0.32 (0.12-0.91) 0.032
CG 64 (22.2) 40 (13.9)
GG 8 (2.8) 14 (4.9)

a The p-values were not corrected for multiple testing.

Table 1. Clinical characteristics of the study participants (n = 288)

Trait Case (n = 174) n % Control (n = 114) n % P value

Anthropometric
Race 0.627
Malay 117 (60.6) 76 (39.4)
Chinese 42 (57.5) 31 (47.5)
Indian 15 (68.2) 7 (31.8)
Family history of diabetes mellitus 96 (33.3) 55 (19.1) 0.250
Maternal weight > 80 Kg 41 (14.3) 16 (5.6) 0.042
Age at studya 29.7 ± 4.7 28.5 ± 3.6 <0.0001
Biochemical measurements
Fasting blood sugar (mmol/l) a 5.0 ± 1.2 4.4 ± 0.3 <0.0001
2 hour post prandial (mmol/l) a 8.7 ± 2.1 5.9 ± 0.9 <0.0001
Clinical
Gestational week at delivery 38 weeks 3 days 38 weeks 6 days 0.252
Birth weighta 3.09 ± 0.5 3.04 ± 0.5 0.221
Treatment
Diet control treatment 146 (83.9) <0.0001
Insulin treatment 28 (16.1)
aData presented as mean ± standard deviation (SD).
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showed significant association under recessive model while
others showed strongest evidence of association under
additive model.

Table 3 shows the association between risk allele SNPs
with fasting blood sugar (FBS) and 2-hour post prandial
(2HPP) glucose level. Risk allele represents the minor allele

on the marker while protective allele will be the major allele.
Seven SNPs in ALG10, CDKAL1, TCEB1 and TCF7L2
genes were associated with higher FBS while rs717120,
rs3829686 and rs7961581 were associated with higher 2HPP
among the GDM cases and controls.

 Table 3. Associations between risk alleles and fasting blood sugar (FBS) and 2 hour post prandial

Parameter Gene SNP Allele Homozygous Heterozygous Homozygous P valuea

(major/minor) Protective allele Risk allele

FBS ALG10 rs10466832 T/C 4.86 ± 1.1 5.25 ± 1.4 <0.0001
(mmol/L) CDKAL1 rs7754840 C/G 4.82 ± 1.0 4.97 ± 1.3 4.89 ± 0.9 0.029

CDKAL1 rs10946398 A/C 4.89 ± 1.3 4.9 ± 1.1 4.89 ± 0.9 0.023
TCEB1 rs 10504553 T/C 4.8 ± 1.1 5.07 ± 1.7 6.22 ± 2.1 0.029
TCF7L2 rs7903146 C/T 4.82 ± 1.2 5.1 ± 1.2 0.001
TCF7L2 rs7901695 T/C 4.84 ± 1.1 5.07 ± 1.3 <0.0001
TCF7L2 rs12255372 G/T 4.83 ± 1.1 5.17 ± 1.3 <0.0001

2HPP AHI1 rs717120 T/C 7.55 ± 2.3 7.83 ± 2.2 9.32 ± 3.5 0.046
(mmol/L) STK11 rs3829686 A/G 7.47 ± 2.2 8.4 ± 2.6 7.30 ± 1.8 0.036

TSPAN8 rs7961581 T/C 7.62 ± 2.3 7.81 ± 2.4 7.52 ± 2.5 0.015
a The p-values were not corrected for multiple testing.

DISCUSSION

The findings of this present study provided preliminary
insight into the GDM genetic variants in the Malaysian
population. There was an association with risk of GDM
involving 12 SNPs namely, CDKAL1 (rs7754840,
rs10946398, rs9465871, rs7756992), CDKN2A/2B
(rs10811661), FBXW7 (rs6823091), MS4A7 (rs7935082),
OXTR (rs237889); TCF7L2 (rs7903146, rs7961581), TRIM27
(rs1016472) and WNT5B (rs2270031) with modest effect (p
value = < 0.0001-0.035).

A significant p value is always used to confirm a
hypothesis (24). This would enable us to choose potential
markers that should be studied further in a larger sample.
There is generally no accepted answer to the question of
which single-SNP test to be used and we could only design
optimal analysis for them. The SNP contribution to disease
risk from an individual SNP is often thought to be roughly
additive manner where the heterozygote risk is then
intermediate between the two homozygote risks (25).
Association of rs7903146 (TCF7L2) had been reported
under three inheritance models (13). Frequencies of
TCF7L2 (rs7903146), CDKN2A/B (rs10811661), CDKAL1
(rs7756992), HHEX (rs7923837), IGF2BP2 (rs4402960),
SLC30A8 (rs13266634) and FTO (rs8050136) were also
compared to get the best respective model. The markers
reported by earlier studies showed insignificant association
under dominant model except rs7903146(20).

The subjects of the present study with genotype CC
in rs717120 (AHI1) possibly had a higher risk for GDM
compared to heterozygous genotype as they had twice the
effect from the risk allele. Furthermore, the mean for 2HPP

level was the highest and abnormal (> 7.8 mmol/L) for
genotype rs717120 (Table 3). Therefore, it is suggested
that the AHI1 gene may serve as a marker for GDM women
in Malaysia although this have to be further validated in a
bigger study. Meanwhile subjects with genotype AG in
rs3829686 (STK11) and genotype TC in rs7961581 (TSPAN8)
were predisposed to GDM due to the heterozygous effect.
Table 3 explains the association of all genotypes except
TCF7L2 for a dominant model (homozygous protective
allele) due to the small number of homozygous risk allele
carriers. The polymorphisms within ALG10, CDKAL1,
TCEB1 and TCF7L2 gene were also found to be significant
but the mean for FBS value was within the normal range.
Again, this should be validated in a larger study.

The T2DM related SNPs in the CDKAL1 gene that
were found consistently in recent GWA studies (16, 18,
26), were also seen with GDM in our population. In a recent
study, the association was established with an increased
risk of 2.04, in which the odd ratio for rs7756992 in Asians
was higher than Europeans (1.26 vs 1.14) (20). The finding
was similar to the Korean study (19) and the rs7756992 and
rs7754840 also correlated with our study. In addition,
rs7754840 and rs10946398 were also found to be associated
with high fasting blood sugar level (FBS) among GDM
cases (Table 3). This type 2 diabetes susceptibility allele
was associated with a decreased in insulin response,
decreased beta-cell glucose sensitivity (27) and was also
linked to impairment of beta cell function as estimated by
HOMA-beta index (28). Those effects were seen in GDM
but not clearly defined in this study except the association
with FBS level.
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An adjacent region near CDKN2A/B was associated
with T2DM and cardiovascular disease (20). In comparison,
the effect of genotype rs10811661 can be seen more in
Asians than Europeans (1.30 vs 1.20) (20). The present
study also identified an association of rs10811661 under
recessive model (OR = 2.62) with GDM women in Malaysia.
Meanwhile, rs7756992, rs7754840 (CDKAL1) and
rs10811661 (CDKN2A-CDKN2B) were associated with
significant decreases in the insulin area under curve (AUC)
during a 100 g OGTT performed at the time of diagnosis of
GDM (19). Combination of increased maternal adiposity
and insulin-desensitizing hormonal products of placenta
however results in insulin resistance. During pregnancy,
pancreatic β cells enhance their insulin secretion to
compensate for the insulin resistance. In GDM patients
however, the pancreatic β cells are either dysfunctional or
the insulin supply is inadequate for the body. This is most
likely where those susceptible alleles play a role in the
impairment of insulin secretion as in the pathogenesis of
GDM (19).

The rs7903146 polymorphism in TCF7L2 gene has
been suggested as the most powerful single genetic variant
influencing T2DM risk (29) until other SNPs were
recognized by GWA studies (14-18). Findings reported by
a meta-analysis of 27 studies suggested a global odd ratio
(OR) for TCF7L2 variants was 1.46 [1.42–1.51] (p = 5.4 ×
10−140) (32). The impact of TCF7L2 was also seen in our
population where rs7903146 and rs7961581 (TCF7L2) were
significantly associated with increased risk of 2.20 and 1.89
times. These genotypes were also significant with regards
to FBS in our study similar to the effect of TCF7L2 in the
elder diabetic population (32). Meanwhile other studies
found the association of rs12255372 and rs7903146 with an
increased level of 2-hour post prandial (2HPP) blood sugar,
however no association with metabolic syndrome, or with
insulin and glucose levels were noted (31, 33, 34). The meta
analysis showed that T2DM was associated with the
susceptible gene in TCF7L2 at 1.42 to 1.51 times the risk of
the population (32). Regardless of the sample size, the
association of this important gene had consistently been
identified (35-36). Even though the exact biological
mechanism between TCF7L2 and the risk of GDM is yet
still unknown, this relevant finding highlighted the genetic
contribution of TCF7L2 gene in GDM.

The wnt (WNT5B) signaling pathway controls
adipogenesis and insulin secretion (37). The gene also plays
a role in the gene transcription through interaction with
the TCF7L2 nuclear factor. A study reported WNT5B gene
to confer a significant risk of T2DM (38), while another
study defined a decrease risk of T2DM with OR = 0.03135.
It is probable that in combination with TCF7L2, the
variations in WNT5B conferred a higher risk thus
strengthening the role of wnt signaling in T2DM in
dominant model (39). In current study, we identified the
same interaction between these genes where there was a
negative association of rs2270031 (WNT5B)(OR = 0.32) and
positive association rs7903146 (TCF7L2)(OR = 2.20) with

GDM (see Table 2). With both associations in our study,
the gene interaction between WNT5B and TCF7L2 would
also increase the risk of GDM.

In most association studies, multiple testing were
carried out to reduce the false positive association that
may happen due to the large genome and its massively
polymorphic variants. In this study, the P value was given
without multiple testing corrections similar to the Korean
study (19) and after doing so the P value became non
significant due to its relatively small sample size. The lack
of association with other diabetic markers such as
SLC30A8, HHEX/IDE, IGF2BP2 and FTO with GDM in
the current study is also partly due to a small sample size.
With the number of cases and controls that had been used
in this study, we had less than 70% power of study to
detect odd ratios (OR) of 1.65. Therefore, meta-analyses or
studies with larger sample sizes are vital to draw a definitive
picture of such association in GDM.

Primary genome wide association study (GWAS) or
microarray work should be able to reflect true reproducible
associations, hence, technical validation was carried out
to allow early detection of technical errors which may result
in a spurious association signal (40). Technical validation
refers to the reanalysis of original GWA samples using a
second genotyping platform (40). Our microarray results
were validated by direct sequencing using ten anonymous
samples that were randomly picked. Five samples with the
significant SNPs (rs7754840, rs9465871, rs7903146,
rs12255372) were directly sequenced to validate their
genotype. The sequence analysis confirmed the genotype
as detected in the Golden Gate genotyping array (data not
shown). In fact, it is suggested that the sequencing method
should be made available in a bigger sample size study in
future. In comparison, although microarray is timely and
concise, sequencing or conventional PCR will be more cost-
effective if used in a larger population.

Our current findings highlighted the important
contribution of some key genetic variants to GDM in the
Malaysian population. However, we consider this to be a
preliminary study, with clearly a need for screening larger
number of patients to help validate the results further.
Locally, more information on GDM-SNP association is
needed to optimize the SNP screening among pregnant
women in Malaysia. The gene chip technology is now no
longer a myth, and countries like China have already started
the SNP screening in predicting GDM risks among pregnant
women with gestational age between 38-39 weeks using
this approach (41). However, it is still uncertain whether
this will be cost effective for developing countries where
certain ethnic groups of the population have a higher risk
to GDM.
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