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ABSTRACT

Introduction: This cohort aimed to determine glycemia distribution of pregnant women and maternal glycemia cat-
egories and its correlation with adverse pregnancy outcomes among Malaysian women. Methods: A retrospective 
cohort study of normal glycemia pregnant women. Binary logistic regression was used to examine the associations 
between maternal glycemia categories and adverse outcomes. Results: Women with elevated fasting plasma glucose 
(FPG) were at lower risk of having SGA infants (aOR

FPG 4
= 0.64, 95% CI= 0.47 – 0.85; aOR

FPG 6
= 0.68, 95% CI= 0.43–

0.98; aORFPG 7= 0.64, 95% CI= 0.42–0.96) than those women in category 1. Women in the higher 2-hour plasma 
glucose (2hPG) category had a nearly two-fold risk of having LBW and LGA infants. Hyperglycemia less severe than 
gestational diabetes mellitus (GDM) was associated with LGA (aOR= 1.22, 95% CI= 1.07 – 1.88) and caesarean 
delivery (aOR= 1.80, 95% CI= 1.20 – 2.69), in the meanwhile GDM was associated with caesarean delivery (aOR= 
1.33, 95% CI= 1.02 –1.79). Conclusion: Cut-off points for FPG and 2hPG that relate to adverse pregnancy outcomes 
started at 4.9 – 5.0 mmol/l and 7.5 – 7.7 mmol/l. These cut-off points were lower than the current recommended cri-
teria of Clinical Practice Guideline (CPG) of Malaysia for GDM diagnosis. Large-scale studies are required to identify 
the optimal GDM cut-off.   
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INTRODUCTION

Gestational diabetes mellitus (GDM) is defined as 
diabetes that first diagnosed in the second trimester, 
with no overt diabetes before or in early gestation (1). 
Worldwide, GDM is a common metabolic disorder 
during pregnancy, whereby about 21.3 million 
of live births were affected by hyperglycemia and 
approximately 86.4% of the cases attributed to GDM 
(2). Among Asian countries, Malaysia reported a much 
higher prevalence of GDM (13.5%) (3) compared to 
other Asian populations (2 – 7%) (4,5). Considering the 
magnitude of the problem and the multitude effects of 
GDM for both mother and child, the assessment of the 
association between maternal glucose level and birth 

outcomes may reveal a locally significant threshold for 
the GDM diagnosis.

There has been a debate on the most appropriate maternal 
glycemia threshold for GDM diagnosis. In 2008, the 
multicenter Hyperglycemia and Adverse Pregnancy 
Outcomes (HAPO) study provided compelling evidence 
that maternal glycemia below those GDM diagnostic 
criteria had positive linear association with adverse 
pregnancy outcomes (6). The HAPO findings led 
to the revision of the GDM diagnostic criteria. The 
International Association of the Diabetes and Pregnancy 
Study Groups (IADPSG) subsequently recommended 
a new GDM glucose level threshold, with a cut-off of 
either or both FPG ≥ 5.1 mmol/l or 8.5 mmol/l after 
2-hour (7). In 2013, the World Health Organization 
(WHO) adopted the IADPSG guideline and revised 
the GDM cut-off threshold (8). This adoption has led 
to controversy, as the revised threshold resulted in an 
increased prevalence of GDM. Furthermore, there has 
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been a lack of evidence on the effectiveness of this 
criterion in improving adverse outcomes of pregnancy 
(9). 

Previously, the practiced diagnostic guidelines for GDM 
in Malaysia were based on the frequently used WHO cut-
off thresholds, with both/either a FPG ≥ 5.6 mmol/l  and/
or a 2hPG ≥ 7.8 mmol/l in an oral glucose tolerance test 
(OGTT) test (10), which differ from the IDAPSG criteria. 
In 2017, the Ministry of Health of Malaysia reviewed 
the CPG and further proposed a lower GDM diagnostic 
criterion to having one or more abnormal values of FPG 
≥ 5.1 mmol/l and 2hPG ≥ 7.8 mmol/l in OGTT test (11). 
Both guidelines were derived by consensus of the task 
force members using findings from the literature. 

Several maternal characteristics, such as maternal 
age (12,13), parity (12) and height (14,15), as well as 
environmental factors, such as dietary intake (16,17), 
physical activity (18,19), and smoking (13,20), are 
associated with GDM risk. Chu et al. (2010) found that 
the GDM prevalence was lower among non-Hispanic 
blacks (3.5%), Hispanics (3.6%) or non-Hispanic whites 
(3.8%) compared to Asian/Pacific American (6.3%). In 
Asia,  Japanese women (3.7%) had the lowest GDM 
prevalence and Indian (8.6%) had the highest GDM 
prevalence (21,22). 

The general application of the worldwide cut-off value 
for diagnosing GDM for the Malaysian population may, 
therefore, be questioned. The correct interpretation of 
maternal glycemia values requires knowledge of the 
influencing factors and the application of appropriate 
cut-offs associated with greater risks of adverse 
outcomes. Thus, this study aimed to identify the maternal 
glycemia distribution in pregnant women in Malaysia 
and to examine the maternal glycemia cut-off level 
that is associated with adverse pregnancy outcomes. 
This finding can serve as a basis for future investigation 
on the cut-off level of maternal glycemia in relation to 
GDM diagnosis.

MATERIALS AND METHODS

Respondents
A retrospective cohort study of 1967 normal glycemia 
pregnant woman attending antenatal care at Senawang 
Maternal Child Health (MCH) clinic and Ampangan 
MCH clinic between January 2010 and December 2012. 
The exclusion criteria for this study were: i) diabetes in 
pregnancy (DIP) at < 14th weeks of gestation, ii) multiple 
gestation, iii) incomplete pregnancy data and birth 
records. A statistical formula for a retrospective cohort 
study was used to calculate sample size (23), with a 
risk ratio (RR) of 5.5 of having macrosomic infants in 
women presenting with abnormal glucose level during 
pregnancy (24). Therefore, a minimum of 572 pregnant 
women were needed to achieve 80% statistical power 
at 5% significance in order to detect a significant RR of 

5.5. 

This study was approved by the Medical Research Ethics 
Committee (MREC), Ministry of Health Malaysia (KKM/
NIHSEC/08/0804/P12-613) and the Medical Research 
Ethics Committee (MREC), Universiti Putra Malaysia 
(UPM/FPSK/100-9/2-MJKEtika). Permission was also 
granted by the Head of Seremban District Health Office. 
Informed consent was not required due to the study 
design of a retrospective study and all participants in 
this study were anonymized. 

Sources of data
Data source was antenatal clinic cards of pregnant 
women who attending MCH clinics for antenatal check-
up. Data were extracted by trained enumerators. The 
antenatal clinic cards consisted of the demographic 
characteristics, obstetric history, antenatal care 
information, and birth information (e.g., gender, 
gestational age, length, head circumference, and birth 
weight). 

Maternal glycemia during pregnancy
According to the Perinatal Care Manual (Third edition) 
Guidelines, selective screening is use whereby only 
pregnant women with GDM risk attending the first 
prenatal care at MCH clinics must undergo a standard 
2-hour 75-g OGTT as early as possible and those with 
normal OGTT results in the early pregnancy have to 
repeat the OGTT test between 28-32 weeks of gestation 
(10). In this study, universal screening was done whereby 
all the pregnant women attending the first prenatal 
care had to undergo OGTT test as early as possible 
(< 14th weeks) and those with normal first OGTT test 
were requested to repeat the OGTT test between 28-32 
weeks. The average gestational week for the 2nd OGTT 
test in this sample was 28.4 ± 1.5 weeks with majority 
(91%) did the test at week 28 and above.  FPG and 
2hPG between the 28-32 weeks were divided equally 
into six categories using sextile as cut-off points. The 6th 
category of FPG and 2hPG were further divided into two 
categories, maternal hyperglycemia and GDM based on 
the Clinical Practical Guidelines (CPG) Malaysia cut-off 
for GDM, which were FPG ≥ 5.1 mmol/l or/and 2hPG ≥ 
7.8 mmol/l (25). Thus, a total of 7 categories for FPG and 
2hPG were derived (Table I). 

Table I:  Maternal glycemia categories

Categories
Plasma glucose level (mmol/l)

Fasting 2-hour

1 < 4.0 < 4.9

2 4.0 to 4.1 4.9 to 5.5

3 4.2 to 4.3 5.6 to 5.9

4 4.4 to 4.5 6.0 to 6.5

5 4.6 to 4.8 6.6 to 7.4

6 4.9 to 5.0 7.5 to 7.7

7 ≥ 5.1 ≥ 7.8
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Pregnancy outcomes
The pregnancy outcomes evaluated were pre-term 
delivery, low birth weight (LBW), high birth weight 
(HBW), small-for-gestational-age (SGA), large-for-
gestational age (LGA), and cesarean delivery. Pre-term 
delivery was defined as delivery before 37 weeks of 
gestation (26). LBW was defined as birth weight less 
than 2,500 g (27), while HBW was defined as a birth 
weight more than 4,000g (28). The fetal growth charts 
for Malaysian female and male infants were used 
as a reference for infant’s birthweight percentile by 
gestational age. Infants with birth weight greater than 
the 90th percentile for gestational age were considered 
as LGA, while those with birth weight below the 10th 
percentile for gestational age were considered as SGA 
(27). 

Statistical analysis
All analyses were preformed using IBM SPSS version 22. 
Binary logistic regression was performed to determine the 
associations between maternal glycemia and the risk of 
adverse outcomes. Maternal characteristics (BMI at first 
prenatal visit, age, parity and total gestational weight gain 
(GWG)) found to be significant with maternal glycemia 
were included in the multiple logistic regression as 
covariates. As the study found significant associations 
between FPG and 2hPG with GDM risk starting at 4.9 
to 5.0 mmol/l for FPG and 7.5 to 7.7 mmol/l for 2hPG, 
these categories were then labeled as hyperglycemia 
less severe than GDM as the FPG and 2hPG values 
did not meet the GDM diagnosis criteria. Analysis was 
further performed to examine the associations between 
maternal glycemia (normal, hyperglycemia less severe 
than GDM, and GDM) and the risk of adverse outcomes 
of pregnancy. 

RESULTS

Demographic characteristics of women and their 
newborns
Table II shows the demographic characteristics of 1976 
pregnant women. About 1,647 were Malay (83.7%), 92 
were Chinese (4.7%), 228 were Indian, and 9 were other 
races (11.6%). The mean gravidity and parity of women 
were 2.65 ± 1.52 and 1.42 ± 1.31, respectively. Forty-
three percent of women were either overweight (28.6%) 
or obese (14.7%). Approximately two-thirds (67.1%) had 
inappropriate GWG; 48.2% presented with insufficient 
GWG, while 18.9% had excessive GWG. There were 
1003 male infants (51.0%) and 964 female infants 
(49.0%).  About 7.8% of infants were born preterm (< 
37 weeks). The mean length, head circumference and 
weight at birth were 49.12 ± 2.54 cm, 32.90 ± 1.97 cm 
and 3.03 ± 0.46 kg, respectively. About 10.0% of infants 
were categorized as LBW infants. One-third of infants 
were SGA (33.7%), while a small percentage of infants 
(7.7%) were LGA. 

Table II: Demographic characteristics of women and their newborns 
(N= 1,967)

Characteristics n M ± SD

Year of registration 
     2010
     2011
     2012

651 (33.0)
896 (45.6)
420 (21.4)

Age at registration (years)
     ≤ 20
     21 – 30
     31 – 40
     > 40

61 (3.1)
1275 (64.8)
606 (30.8)
25 (1.3)

28.98 ± 4.57

Ethnicity
     Malay     
     Chinese
     Indian and others 

1647 (83.7)
92 (4.7)
228 (11.6)

Gravidity
     1
     2
     3
     ≥4

505 (25.7)
478 (24.3)
565 (28.7)
419 (21.3)

2.65 ± 1.52

Parity
     0
     1
     2
     ≥ 3

566 (28.7)
525 (26.7)
568 (28.9)
308 (15.7)

1.42 ± 1.31

BMI at first booking (kg/m2)
     Underweight (< 18.5)
     Normal (18.5–24.99)
     Overweight (25.00–29.99)
     Obese (≥ 30.00)

209 (10.6)
906 (46.1)
562 (28.6)
290 (14.7)

24.79 ± 5.71

Total gestational weight gain (GWG)¶

      Insufficient  
      Normal
      Excessive

949 (48.2)
647 (32.9)
371 (18.9)

10.09 ± 4.45

Pregnancy outcomes

Gestational age at delivery (weeks)
     Preterm (< 37 weeks)
     Full-term (≥ 37 weeks)

153 (7.8)
1814 (92.2)

38.53 ±1.63

Mode of delivery
     Vaginal delivery 
     Cesarean delivery
     Assisted vaginal delivery
          Forceps
          Vacuum

1531 (77.8)
381 (19.4)

10 (0.5)
45 (2.3)

Infant’s gender
     Male
     Female

1003 (51.0)
964 (49.0)

Infant’s length (cm) 49.12 ± 2.54

Infant’s head circumference (cm) 32.90 ± 1.97

Infant’s birth weight (kg)
     < 2.5 (Low birth weight)
     2.5 – 2.9     
     3.0 – 4.0
     > 4.0 (High birth weight)

196 (10.0)
647 (32.8)
1095 (55.7)
29 (1.5)

3.03 ± 0.46

Birth weight percentile†

     SGA (< 10) 
     AGA (10 – 50)
     AGA (51 – 90)
     LGA (> 90)

663 (33.7)
913 (46.4)
239 (12.2)
152 (7.7)

†Birth weight percentile was defined as infant’s birth weight for gestational age. ¶ Total ges-
tational weight gain (GWG) was defined as the difference between the measured weight at 
booking and the last clinically recorded weight before delivery (36th – 40th weeks of gestation) 
and further categorized according to IOM (2009) recommendation.

Maternal glycemia
The mean FPG and 2hPG for early pregnancy (< 14th 
weeks of gestation) were 4.39 ± 0.52 mmol/l and 5.65 ± 
1.10 mmol/l (Table III). Meanwhile, the FPG and 2hPG 
at second trimester (28–32nd weeks of gestation) were 
slightly higher with means of 4.37 ± 0.51 mmol/l and 
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LGA (aOR= 2.13, 95% CI= 1.03 – 3.52) compared to 
women in 2hPG category 1. Additionally, women in 
2hPG category 6 were significantly at greater risk of 
LGA (aOR= 2.12, 95% CI= 1.12 – 4.87). No significant 
association was observed for preterm delivery, HBW 
and cesarean delivery with FPG and 2hPG.

Hyperglycemia less severe than GDM was defined 
as either FPG 4.9 to 5.0 mmol/l or/and 2hPG 7.5 to 
7.7 mmol/l. About 7.3% and 16.1% of the women 
had hyperglycemia less severe than GDM and GDM, 
respectively. Hyperglycemia less severe than GDM was 
significantly associated with cesarean delivery (aOR= 
1.80, 95% CI= 1.20 – 2.69) and LGA (aOR= 1.22, 95% 

6.09 ± 1.41 mmol/l, respectively. For OGTT at 28th 
weeks, 5.7% and 3.8% of women in the FPG category 
6 and 2hPG category 6. The GDM prevalence based on 
the previous MOH criteria and CPG criteria were 13.0% 
and 16.1%, respectively. Among women with GDM, 
most of the women (53.2 – 80.9%) diagnosed GDM by 
having one criterion (2hPG ≥ 7.8 mmol/l).

Associations between maternal glycemia and adverse 
outcomes
Table IV shows the associations between maternal 
plasma glucose levels and adverse pregnancy outcomes. 
FPG and SGA showed a significant association. Women 
in FPG category 4, category 6 and category 7 had lower 
risks for SGA infants (aOR

FPG 4
= 0.64, 95% CI= 0.47 

– 0.85; aOR
FPG 6

= 0.68, 95% CI= 0.43 – 0.98; aOR
FPG 

7
= 0.64, 95% CI= 0.42 – 0.96) compared to women 

in FPG category 1, respectively. For 2hPG, there were 
significant associations between 2hPG with LBW 
and LGA. Women in the 2hPG category 7 had higher 
risks for LBW (aOR= 1.91, 95% CI= 1.13 – 3.22) and 

Table III: Maternal glycemia levels of pregnant women

Biochemical measurements

Glucose level (mmol/l)

  OGTT at < 14th weeks of gestation

      Fasting plasma glucose 4.39 ± 0.52

      2-hours plasma glucose 5.65 ± 1.10

  OGTT at 28th weeks of gestation

      Fasting plasma glucose 4.37 ± 0.51

         1 – ≤ 3.9 326 (16.6)

         2 – 4.0 – 4.1 350 (17.8)

         3 – 4.2 – 4.3 353 (17.9)

         4 – 4.4 – 4.5 358 (18.2)

         5 – 4.6 – 4.8 320 (16.3)

         6 – 4.9 – 5.0 112 (5.7)

         7 – ≥ 5.1 
        (GDM according to 2017 CPG criteria)

148 (7.5)

     2-hours plasma glucose 6.09 ± 1.41

         1 – ≤ 4.8 346 (17.6)

         2 – 4.9 – 5.5 366 (18.6)

         3 – 5.6 – 5.9 272 (13.8)

         4 – 6.0 – 6.5 359 (18.3)

         5 – 6.6 – 7.4 319 (16.2)

         6 – 7.5 – 7.7 74 (3.8)

         7 – ≥ 7.8 
        (GDM according to 2017 CPG criteria)

231 (11.7)

GDM according to previous MOH criteria 256 (13.0)

    1 criterion (FPG ≥ 5.6) 25 (9.8)

    1 criterion (2hPG ≥ 7.8) 207 (80.9)

    2 criteria (FPG ≥ 5.6 & 2hPG ≥ 7.8) 24 (9.3)

GDM according to 2017 CPG criteria 316 (16.1)

    1 criterion (FPG ≥ 5.1) 85 (26.9)

    1 criterion (2hPG ≥ 7.8) 168 (53.2)

    2 criteria (FPG ≥ 5.1 & 2hPG ≥ 7.8) 63 (19.9)

Table IV: Adjusted odds ratios for association between maternal plas-
ma glucose levels as categorical variables and pregnancy outcomes 
(N=1, 967)

Pregnancy
Outcomes

Plasma glucose level

FPG 2-h PG

Adjusted OR
[95% CI]

p-value
Adjusted OR
[95% CI]

p-value

Preterm delivery (< 37 weeks)

Level 1 
Level 2
Level 3
Level 4
Level 5
Level 6
Level 7

1.00
0.32 [0.14 – 1.77]
0.64 [0.37 – 1.10]
1.11 [0.70 – 1.78]
0.67 [0.39 – 1.16]
0.97 [0.60 – 2.32]
0.91 [0.47 – 1.76]

0.01
0.11
0.65
0.15
0.64
0.78

1.00
1.57 [0.90 – 2.74]
0.89 [0.45 – 1.76]
1.10 [0.60 – 2.02]
1.29 [0.71 – 2.35]
1.62 [0.18 – 2.13]
2.10 [0.99 – 3.79]

0.11
0.74
0.75
0.41
0.20
0.06

Low birth weight (< 2.5kg)

Level 1 
Level 2
Level 3
Level 4
Level 5
Level 6
Level 7

1.00
0.72 [0.41 – 1.23]
0.62 [0.39 – 1.02]
0.69 [0.44 – 1.08]
0.55 [0.34 – 1.10]
0.66 [0.33 – 1.33]
0.70 [0.38 – 1.30]

 
0.23
0.05
0.10
0.06
0.24
0.26

1.00
1.42 [0.87 – 2.31]
1.03 [0.58 – 1.81]
0.93 [0.54 – 1.59]
0.95 [0.54 – 1.64]
1.30 [0.57 – 2.97]
1.91 [1.13 – 3.22]

0.16
0.92
0.78
0.84
0.53
0.02*

High birth weight (> 4.0kg)

Level 1 
Level 2
Level 3
Level 4
Level 5
Level 6
Level 7

1.00
-
0.85 [0.26 – 2.79]
1.49 [0.51 – 4.32]
0.62 [0.15 – 2.48]
2.60 [0.80 – 8.46]
1.65 [0.50 – 5.48]

 
-
0.79
0.46
0.50
0.11
0.41

1.00
6.01 [0.63 – 57.72]
6.81 [0.68 – 68.38]
7.04 [0.78 – 63.46]
10.52 [0.16 – 95.11]
12.29 [0.95 – 120.77]
6.81 [0.81 – 57.56]

0.12
0.10
0.08
0.05
0.06
0.08

SGA

Level 1 
Level 2
Level 3
Level 4
Level 5
Level 6
Level 7

1.00
0.74 [0.52 – 1.06]
0.83 [0.63 – 1.11]
0.64 [0.47 – 0.85]
0.77 [0.57 – 1.04]
0.68 [0.43 – 0.98]
0.64 [0.42 – 0.96]

 
0.10
0.21
0.01*

0.08
0.04*
0.03*

1.00
1.20 [0.88 – 1.63]
1.01 [0.72 – 1.41]
0.94 [0.69 – 1.20]
0.94 [0.68 – 1.30]
0.81 [0.47 – 1.42]
0.95 [0.66 – 1.36]

0.26
0.96
0.72
0.71
0.46
0.77

LGA

Level 1 
Level 2
Level 3
Level 4
Level 5
Level 6
Level 7

1.00
1.23 [0.66 – 2.29]
1.23 [0.66 – 2.27]
1.39 [0.76 – 2.54]
1.76 [0.98 – 3.18]
1.03 [0.46 – 2.30]
1.12 [0.55 – 2.27]

 
0.51
0.51
0.29
0.06
0.95
0.76

1.00
0.98 [0.81 – 2.62]
0.66 [0.31 – 1.41]
1.14 [0.62 – 2.11]
1.58 [0.87 – 2.86]
2.12 [1.12 – 4.87]
2.13 [1.03 – 3.52]

 
0.20
0.29
0.67
0.13
0.04*
0.03*

Cesarean delivery

Level 1 
Level 2
Level 3
Level 4
Level 5
Level 6
Level 7

1.00
1.03 [0.69 – 1.55]
0.83 [0.55 – 1.25]
0.89 [0.59 – 1.34]
1.16 [0.77 – 1.74]
1.46 [0.89 – 2.40]
1.22 [0.78 – 1.91]

 
0.88
0.37
0.58
0.47
0.13
0.39

1.00
0.85 [0.57 – 1.29]
0.71 [0.45 – 1.12]
1.01 [0.73 – 1.59]
1.38 [0.93 – 2.04]
1.51 [0.81 – 2.81]
1.28 [0.84 – 1.96]

 
0.45
0.15
0.72
0.11
0.19
0.25

Adjusted for maternal age, BMI at first booking, gestational age at OGTT, parity and total 
GWG
Glucose categories are defined as follows:
Fasting plasma glucose level: 1 – < 3.9 mmol/l; 2 – 4.0 to 4.1 mmol/l; 3 – 4.2 to 4.3 mmol/l; 
4 – 4.4 to 4.5 mmol/l; 5 – 4.6 to 4.8 mmol/l; 6 – 4.9 to 5.0 mmol/l; 7 – ≥ 5.1 mmol/l
2-hr plasma glucose level: 1 – < 4.8 mmol/l; 2 – 4.9 to 5.5 mmol/l; 3 – 5.6 to 5.9 mmol/l; 4 
– 6.0 to 6.5 mmol/l; 5 – 6.6 to 7.4 mmol/l; 6 – 7.5 to 7.7 mmol/l; 7 – ≥ 7.8 mmol/l
*p<0.05
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CI= 1.07 – 1.88). GDM women was only significantly 
associated with cesarean delivery (aOR= 1.33, 95% CI= 
1.02 –1.79) (Table V).  

Table V: Associations between maternal glycemia and pregnancy 
outcomes (N=1,967)

Pregnancy outcomes

Maternal glycemia†

Hyperglycemia less severe 
than GDM‡ (n= 144)

GDM according to CPG 
criteria§ (n= 316)

OR [95% CI] p-value OR [95% CI] p-value

Preterm (< 37 weeks) 0.97 [0.49 – 1.89] 0.92 1.61 [0.98 – 2.41] 0.06

Low birth weight (< 
2.5kg)

0.80 [0.43 – 1.53] 0.51 1.62 [0.92 – 2.36] 0.07

High birth weight (> 
4.0kg)

1.46 [0.50 – 4.25] 0.49 1.10 [0.49 – 2.48] 0.82

SGA 0.80 [0.55 – 1.17] 0.25 0.90 [0.69 – 1.17] 0.42

LGA 1.22 [1.07 – 1.88] 0.02* 1.01 [0.53 – 1.93] 0.98

Cesarean delivery 1.80 [1.20 – 2.69] 0.001** 1.33 [1.02 – 1.79] 0.04*

Note. †Normal glycemia as a reference (n= 1507).
‡ Hyperglycemia, less severe than GDM was defined as either or both FPG 4.9 – 5.0 mmol/l 
or 2hPG 7.5 – 7.7 mmol/l.
§ GDM was defined as either or both FPG ≥ 5.1 mmol/l or 2hPH ≥ 7.8 mmol/l.
Adjusted maternal age, BMI at first booking, parity and gestational age at OGTT, and total 
GWG
*p<0.05, **p<0.001

 
DISCUSSION

In this study, both FPG and 2hPG cut-off levels to detect 
adverse pregnancy outcomes were at 4.9 – 5.0 mmol/l 
(category 6 of FPG) and 7.5 – 7.7 mmol/l (category 6 
of 2hPG), which were categorized as hyperglycemia 
less severe than GDM. It is also noted that the Malaysia 
CPG criteria for GDM diagnosis were not able to predict 
all adverse pregnancy outcomes, such as in this study 
subjects. The results of the present study were consistent 
with the HAPO hypothesis (26,29) that pregnant women 
with hyperglycemia that is less severe than the current 
GDM diagnostic cut-offs were significantly associated 
with adverse pregnancy outcomes, such as LGA, and 
cesarean delivery. However, two previous landmark 
randomized trials failed to demonstrate that the 
pregnancy adverse outcomes were markedly improved 
by a lower diagnostic threshold for GDM (30,31). A 
nationwide study with greater sample size is required 
to confirm these study findings before such criteria are 
generalized to all pregnant women in Malaysia. If the 
results are replicated in such study, then it is imperative 
that maternal hyperglycemia cut-off values be re-
examined with the treatment costs and benefits. 

This study found that the OR for LGA increased across 
maternal glycemia categories with the OR of 2.12 in the 
2hPG category 6, and followed by the 2hPG category 
7, with the OR of 2.13. This finding was consistent 
with the HAPO study in that the OR for LGA increased 
with increasing maternal glycemia categories, with 
the OR of 5.01 for the highest category of the FPG 
(29,32). This pattern was similar to another pregnancy 
outcome (cesarean delivery) in that the odds ratio 
(OR) increased across maternal glycemia categories; 
however, this association was not significant. This study 
only focused on term birth, birth weight, fetal size and 

cesarean delivery for the determination of the diagnostic 
glycemia threshold. Future studies should also include 
other pregnancy outcomes that are related to diabetic 
fetopathies, such as percentage body fat, cord blood 
serum C peptide and neonatal hypoglycemia. These 
pregnancy outcomes are not only related to the 
pathophysiology of GDM, but also with future adult 
metabolic abnormalities in adult life. 

The LBW prevalence in this study (10%) was relatively 
lower than the prevalence reported by studies conducted 
in Kuala Lumpur (11.1%) and Negeri Sembilan (12.6 – 
14.0%) (33,34), but higher than those of studies conducted 
in Kelantan (3.7 – 8.7%) (35,36). The differences in the 
LBW prevalence between the studies could be due to the 
differences in methodology applied, such as study design 
and inclusion criteria. This study also found that women 
in the highest category of 2hPG (category 7) had higher 
risk for LBW infants. Although no significant association 
between 2hPG with preterm delivery was observed, a 
similar trend was found in which women with higher 
2hPG had increased risk of preterm delivery. This could 
be possible due to a large proportion of the LBW infants 
(42.5%) were born preterm. Interaction effects between 
covariates (age, parity, total GWG, BMI at first prenatal 
visit, and gestational age at delivery) with 2hPG on 
LBW were further examined. Significant associations 
between higher 2hPG and a higher risk for LBW were 
only observed in inadequate GWG women (aOR= 1.79, 
95% CI= 1.08 – 3.39) and those delivered at full-term 
(aOR= 2.02, 95% CI= 1.10 – 3.73). Although insufficient 
GWG is a risk factor for LBW (37,38), whether having 
hyperglycemia further increases the LBW risk in women 
with below recommended GWG is unknown. It is also 
possible that regardless of maternal glycemia level, 
inadequate GWG is an important determinant of LBW. 
The association between hyperglycemia and risk of 
LBW among full-term infants could be due to pregnancy 
complications, intrauterine growth restriction, and birth 
defects (39). However, further investigation is warranted 
to explore the association between hyperglycemia and 
LBW, as well as the role of GWG in the association 
between hyperglycemia and LBW. 

There were 33.7% of infants born SGA in this sample, 
whereby were lower than in India (36.5%) (40) and 
Pakistan (36.0%) (41), but much higher than in Vietnam 
(15.7%) (42), Korea (11.4%) (43), and China (10.4%) 
(44). However, the comparison between studies 
should be done with caution because of methodology 
differences. The methods for determining gestational 
age differed between studies might affect the gestational 
length estimates. This study found that women in the FPG 
category 6 and category 7 were at significantly lower 
risk for having SGA infants and this finding was in line 
with previous studies (29,44). Glucose is an important 
nutrient for fetal growth (45). Maternal hyperglycemia 
or GDM leads to fetal hyperglycemia and increased 
growth, which results in a lower risk of SGA (29). 
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This study has several limitations. This cohort might not 
be representative of all pregnant women in Malaysia 
as it only enrolled pregnant women from clinics in the 
Seremban District. In addition, most of the women in this 
study were Malays (83.7%). This study used retrospective 
health clinic data whereby information such as previous 
obstetric history (e.g. GDM and pre-eclampsia) and 
family history of diabetes as well as critical neonatal 
outcomes (e.g. hypoglycemia, hyperinsulinemia, 
stillbirth, neonatal intensive care admission, and 
respiratory distress) were not extracted, although these 
are important risk factors and health consequences of 
GDM. The findings on the association between LBW 
and maternal glycemia should be interpreted with 
caution as no stratification was performed by ethnic 
groups and maternal characteristics. Although poor 
control of  glycemic during pregnancy was associated 
with adverse pregnancy outcomes, such as SGA, LBW, 
and preterm delivery (46,47), the glycemic control of 
women during pregnancy in this sample was unknown. 
This study did not distinguish between elective or non-
elective cesarean delivery. Fukatsu et al. (2016) reported 
that the non-elective cesarean delivery rate was higher 
among GDM women (35.6%) compared to normal 
glycemic women (22.1%) (48). Another limitation 
was the use of last menstruation period (LMP) dates to 
estimate gestational age (GA). Estimation of GA using 
last menstrual cycle date  may be associated with SGA 
prevalence misclassification compared to ultrasound-
based estimates (49,50). 

CONCLUSION

In conclusion, 7.3% and 16.1% of women had 
hyperglycemia less severe than GDM and GDM, 
respectively. While FPG was significantly associated 
with SGA, 2hPG was significantly associated with LBW 
and LGA. Women with hyperglycemia less severe than 
GDM had significantly higher risk of LGA and caesarean 
delivery, whereas women with GDM was significantly 
associated with caesarean delivery. Future studies are 
warranted to identify the optimal cut-off level of maternal 
glycemia for detecting adverse pregnancy outcomes. 
Additionally, large-scale and well-design trials are 
needed to examine the cost-effectiveness of therapeutic 
strategies for management of hyperglycemia less severe 
than GDM that could improve pregnancy outcomes.

ACKNOWLEDGEMENTS

This study was funded by Danone Dumex (Malaysia) 
Sdn. Bhd. The authors wish to express their gratitude to 
all nurses in MCH clinics Seremban districts for helping 
in the data collection. 

REFERENCES
 
1. American Diabetes Association. Standards of 

Medical Care in Diabetes - 2017. Diabetes Care. 

2017;40(Supplement 1):S33–43. 
2.  International Diabetes Federation. Eighth edition 

2017. 2017. 46 p. 
3.  Institute for Public Health. National Health & 

Morbidity Survey (NHMS) 2016. Fact Sheet. 
2015;5–6. 

4.  Jeganathan R, Karalasingam SD, Man Z, Naidu 
GB, Fadzi MB. Preliminary Report of National 
Obstetrics Registry, July-December 2009. 
Jeganathan R, Karalasingam SD, editors. . Kuala 
Lumpur, Malaysia: Jointly published by the National 
Obstetrics Registry and the Clinical Research 
Centre (CRC), Ministry of Health Malaysia.; 2011. 

5.  Kwapisz J, Bodaghi M. Preliminary Report of 
National Obstetrics Registry, Jan-December 2010. 
Jeganathan R, Karalasingam SD, editors. Kuala 
Lumpur, Malaysia, Malaysia: Jointly published by 
the National Obstetrics Registry and the Clinical 
Research Centre (CRC), Ministry of Health 
Malaysia.; 2013. 1–24 p. 

6.  Metzger BE, Buchanan TA, Coustan DR, De Leiva 
A, Dunger DB, Hadden DR, et al. Summary and 
recommendations of the Third International 
Workshop-Conference on Gestational Diabetes 
Mellitus. Diabetes Care. 1991;30 Suppl 2:197–
201. 

7.  Kalter-Leibovici O, Freedman LS, Olmer L, 
Liebermann N, Heymann A, Tal O, et al. 
Screening and Diagnosis of Gestational Diabetes 
Mellitus: Critical appraisal of the new International 
Association of Diabetes in Pregnancy Study Group 
recommendations on a national level . Diabetes 
Care  [Internet]. 2012 Sep 1;35(9):1894–6. 
Available from: http://care.diabetesjournals.org/
content/35/9/1894.abstract

8.  WHO. Diagnostic Criteria and Classification of 
Hyperglycaemia First Detected in Pregnancy. World 
Heal Organ [Internet]. 2013;1–63. Available from: 
http://apps.who.int/iris/bitstream/10665/85975/1/
WHO_NMH_MND_13.2_eng.pdf

9.  Langer O, Umans JG, Miodovnik M. Perspectives 
on the proposed gestational diabetes mellitus 
diagnostic criteria. Obstet Gynecol. 2013 
Jan;121(1):177–82. 

10.  Ministry of Health Malaysia. Perinatal Care Manual 
3rd Edition. Putrajaya, Malaysia: Division of Family 
Health Development, MOH; 2013. 1–251 p. 

11.  Malaysia Health Technology Assessment Section 
(MaHTAS). Management of Diabetes in Pregnancy. 
Ministry of Health Malaysia. Putrajaya, Malaysia; 
2017. 70 p. 

12.  Leng J, Shao P, Zhang C, Tian H, Zhang F, Zhang 
S, et al. Prevalence of gestational diabetes mellitus 
and its risk factors in Chinese pregnant women: 
A prospective population-based study in Tianjin, 
China. PLoS One. 2015;10(3):e0121029. 

13.  Erem C, Kuzu UB, Deger O, Can G. Prevalence 
of gestational diabetes mellitus and associated 
risk factors in Turkish women: the Trabzon GDM 



Mal J Med Health Sci 17(3): 55-62, July 2021 61

Study. Arch Med Sci [Internet]. 2015;11(4):724–
35. Available from: http://www.ncbi.nlm.nih.gov/
pubmed/26322083

14.  Brite J, Shiroma EJ, Bowers K, Yeung E, Laughon SK, 
Grewal JG, et al. Height and the risk of gestational 
diabetes: Variations by race/ethnicity. Diabet Med. 
2014;31(3):332–40. 

15.  Ogonowski J, Miazgowski T. Are short women at risk 
for gestational diabetes mellitus? Eur J Endocrinol 
[Internet]. 2010;162(3):491–7. Available from: 
http://www.ncbi.nlm.nih.gov/pubmed/19952123

16.  Bowers K, Tobias DK, Yeung E, Hu FB, Zhang 
C. A prospective study of prepregnancy dietary 
fat intake and risk of gestational diabetes. Am 
J Clin Nutr [Internet]. 2012;95(2):446–53. 
Available from: http://ovidsp.ovid.com/ovidweb.
cgi? T=JS&CSC=Y&NEWS=N&PAGE=fulltext&D 
=medl&AN=22218158

17.  Bao W, Bowers K, Tobias DK, Olsen SF, Chavarro 
J, Vaag A, et al. Prepregnancy low-carbohydrate 
dietary pattern and risk of gestational diabetes 
mellitus: a prospective cohort study. Am J Clin 
Nutr [Internet]. 2014;99(6):1378–84. Available 
from: http://www.ncbi.nlm.nih.gov/pmc/articles/
PMC4021782/pdf/ajcn9961378.pdf

18.  Chasan-Taber L, Silveira M, Lynch KE, Pekow P, 
Braun B, Manson JE, et al. Physical activity before 
and during pregnancy and risk of abnormal glucose 
tolerance among Hispanic women. Diabetes Metab 
[Internet]. 2014 Feb;40(1):67–75. Available from: 
http://www.sciencedirect.com/science/article/pii/
S126236361300178X

19.  Deierlein AL, Siega-Riz AM, Evenson KR. 
Physical Activity During Pregnancy and Risk 
of Hyperglycemia. J Women’s Heal [Internet]. 
2012;21(7):769–75. Available from: http://www.
pubmedcentral.nih.gov/articlerender.fcgi?artid= 
3387759&tool= pmcentrez&rendertype=abstract

20.  Collier A, Abraham EC, Armstrong J, Godwin J, 
Monteath K, Lindsay R. Reported prevalence of 
gestational diabetes in Scotland: The relationship 
with obesity, age, socioeconomic status, smoking 
and macrosomia, and how many are we missing? J 
Diabetes Investig. 2017 Jul;8(2):161–7. 

21.  Abouzeid M, Versace VL, Janus ED, Davey MA, 
Philpot B, Oats J, et al. Socio-cultural disparities 
in GDM burden differ by maternal age at first 
delivery. PLoS One. 2015;10(2):e0117085. 

22.  Hedderson MM, Darbinian JA, Ferrara A. Disparities 
in the risk of gestational diabetes by race-ethnicity 
and country of birth. Paediatr Perinat Epidemiol. 
2010;24(5):441–8. 

23.  Fleiss JL, Levin B, Paik MC, Shewart WA, Wilks SS. 
Comparative Studies: Prospective and Retrospective 
Sampling. In: Statistical Methods for Rates and 
Proportions [Internet]. 2004. p. 144–58. Available 
from: http://dx.doi.org/10.1002/0471445428.ch7

24.  Nordin NM, Wei JWH, Naing NN, Symonds 
EM. Comparison of maternal-fetal outcomes 

in gestational diabetes and lesser degrees  of 
glucose intolerance. J Obstet Gynaecol Res. 2006 
Feb;32(1):107–14. 

25.  MaHTAS. Clinical Practice Guidelines (CPG): 
Management of Diabetes in Pregnancy. Putrajaya, 
Malaysia: Malaysia Health Technology Assessment 
Section (MaHTAS); 2017. 70 p. 

26.  Lowe LP, Metzger BE, Dyer AR, Lowe J, McCance 
DR, Lappin TRJ, et al. Hyperglycemia and Adverse 
Pregnancy Outcome (HAPO) Study: Associations 
of maternal A1C and glucose with pregnancy 
outcomes. Diabetes Care [Internet]. 2012 Mar 
10;35(3):574–80. Available from: http://www.
ncbi.nlm.nih.gov/pmc/articles/PMC3322718/

27.  World Health Organization. International 
Statistical Classification of Diseases and Related 
Health Problems: Instruction manual [Internet]. 
Vol. 2, Family practice management. Geneva: 
World Health Organization; 2010. 195 p. 
Available from: http://apps.who.int/classifications/
icd10/browse/2015/en

28.  Polhamus B, Dalenius K, Mackentosh H, Smith 
B, Grummer-Strawn L. Pediatric Nutrition 
Surveillance 2008 Report. Centers for Disease 
Control and Prevention. Atlanta: U.S. Department 
of Health and Human Services: Centers for Disease 
Control and Prevention; 2009. 

29.  Metzger BE, Lowe LP, Dyer AR, Trimble ER, 
Sheridan B, Hod M, et al. Hyperglycemia and 
adverse pregnancy outcome (HAPO) study: 
Associations with neonatal anthropometrics. 
Diabetes. 2009;58(2):453–9. 

30.  Crowther CA, Hiller JE, Moss JR, McPhee AJ, Jeffries 
WS, Robinson JS. Effect of treatment of gestational 
diabetes mellitus on pregnancy outcomes. N Engl 
J Med [Internet]. 2005;352(24):2477–86. Available 
from: http://www.nejm.org/doi/abs/10.1056/
NEJMoa042973

31.  Landon MB, Spong CY, Thom E, Carpenter MW, 
Ramin SM, Casey B, et al. A multicenter, randomized 
trial of treatment for mild gestational diabetes. 
N Engl J Med [Internet]. 2009;361(14):1339–48. 
Available from: http://www.pubmedcentral.nih.
gov/articlerender.fcgi?artid=2804874&tool= 
pmcentrez&rendertype=abstract

32.  Metzger BE, Lowe LP, Dyer AR, Trimble ER, 
Chaovarindr U, Coustan DR, et al. Hyperglycemia 
and adverse pregnancy outcomes. N Engl 
J Med [Internet]. 2008 May;358(19):1991–
2002. Available from: http://www.nejm.org.
ezproxy.auckland.ac.nz/doi/ ful l /10.1056/
NEJMoa0707943%5Cnhttp://www.ncbi.nlm.nih.
gov/pubmed/18463375

33.  Yadav H, Lee N. Maternal factors in predicting 
low birth weight babies. Med J Malaysia [Internet]. 
2013;68(1):44–7. Available from: http://www.
ncbi.nlm.nih.gov/pubmed/23466766

34.  Sutan R, Mohtar M, Mahat AN, Tamil AM. 
Determinant of Low Birth Weight Infants: A 



Mal J Med Health Sci 17(3): 55-62, July 202162

Malaysian Journal of Medicine and Health Sciences (eISSN 2636-9346)

Matched Case Control Study. Open J Prev Med 
[Internet]. 2014;04(03):91–9. Available from: 
http://www.scirp.org/journal/PaperInformation.
aspx?PaperID=43684&#abstract

35.  Loy SL, Marhazlina M, Nor Azwany Y, Hamid 
Jan JM. Higher intake of fruits and vegetables in 
pregnancy is associated with birth size. Southeast 
Asian J Trop Med Public Health. 2011;42(5):1214–
23. 

36.  Loy SL, Marhazlina M, Jan JMH. Association 
between maternal food group intake and birth size. 
Sains Malaysiana. 2013;42(11):1633–40. 

37.  Arima K, Kasai Y, Sugimoto M, Marui E, Minematsu 
K. Risk Factors for Low Birth Weight Infants in 
Japanese Pregnancies : A One-year Study of 
2551 Cases in Tokyo. Int J Pediatr Neonatal Care. 
2017;3:122–8. 

38.  Han Z, Lutsiv O, Mulla S, Rosen A, Beyene J, 
Mcdonald SD. Low gestational weight gain and 
the risk of preterm birth and low birthweight: A 
systematic review and meta-analyses. Acta Obstet 
Gynecol Scand [Internet]. 2011;90(9):935–54. 
Available from: https://obgyn.onlinelibrary.wiley.
com/doi/abs/10.1111/j.1600-0412.2011.01185.x

39.  Begum P, Hassan MK, Saha AK, Akter T, Afrin M. 
Risk Factors of Low Birth Weight Baby: A Review. 
Faridpur Med Coll J [Internet]. 2017;12(1):40. 
Available from: http://www.banglajol.info/index.
php/FMCJ/article/view/33490

40.  Katz J, Wu LA, Mullany LC, Coles CL, Lee ACC, 
Kozuki N, et al. Prevalence of small-for-gestational-
age and its mortality risk varies by choice of birth-
weight-for-gestation reference population. PLoS 
One. 2014;9(3):e92074. 

41.  Lee ACC, Kozuki N, Cousens S, Stevens GA, 
Blencowe H, Silveira MF, et al. Estimates of 
burden and consequences of infants born small for 
gestational age in low and middle income countries 
with INTERGROWTH-21 st standard: Analysis of 
CHERG datasets. BMJ. 2017;17(358):j3677. 

42.  Young MF, Nguyen PH, Addo OY, Pham H, 
Nguyen S, Martorell R, et al. Timing of gestational 
weight gain on fetal growth and infant size at birth 

in Vietnam. PLoS One. 2017;12(1):e0170192. 
43.  Cho WK, Jung IA, Suh BK. Current growth status 

and metabolic parameters of Korean adolescents 
born small for gestational age: Results from the 
Korea National Health and Nutrition Examination 
Surveys (KNHANES) 2010-2011. Pediatr Int. 
2014;56(3):344–8. 

44.  Leng J, Hay J, Liu G, Zhang J, Wang J, Liu H, et 
al. Small-for-gestational age and its association 
with maternal blood glucose, body mass index and 
stature: a perinatal cohort study among Chinese 
women. BMJ Open. 2016;6(9):e010984. 

45.  Scholl TO, Sowers M, Chen X, Lenders C. Maternal 
glucose concentration influences fetal growth, 
gestation, and pregnancy complications. Am J 
Epidemiol. 2001;154:514–20. 

46.  Li HP, Wang FH, Tao MF, Huang YJ, Jia WP. 
Association between glycemic control and 
birthweight with glycated albumin in Chinese 
women with gestational diabetes mellitus. J 
Diabetes Investig. 2016;7(1):48–55. 

47.  Buhary B, Almohareb O, Aljohani N, Alzahrani 
S, Elkaissi S, Sherbeeni S, et al. Glycemic control 
and pregnancy outcomes in patients with diabetes 
in pregnancy: A retrospective study. Indian J 
Endocrinol Metab. 2016;20(4):481–90. 

48.  Fukatsu M, Takai Y, Matsunaga S, Era S, Ono 
Y, Saito M, et al. Diagnosis and potential 
management of gestational diabetes mellitus 
using the International association of diabetes and 
pregnancy study groups criteria. J Obstet Gynaecol 
Res. 2016 Dec;43(2):272–80. 

49.  Dietz PM, England LJ, Callaghan WM, Pearl M, 
Wier ML, Kharrazi M. A comparison of LMP-based 
and ultrasound-based estimates of gestational 
age using linked California livebirth and prenatal 
screening records. Paediatr Perinat Epidemiol. 
2007;21(Suppl 2):62–71. 

50.  Callaghan WM, Dietz PM. Differences in birth 
weight for gestational age distributions according 
to the measures used to assign gestational age. Am 
J Epidemiol. 2010;171(7):826–36. 


