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Abstract

Introduction: Glucose testing at six weeks postpartum has been recommended by the World Health 
Organization as the earliest period in which to detect abnormal glucose tolerance among women with 
a history of gestational diabetes mellitus (GDM). This study aimed to determine the outcomes of six 
weeks postpartum glucose testing and its associated factors among women with a history GDM who 
attended government primary health clinics in Johor Bahru.
Methods: The study was a cross sectional study which was conducted among women with a history 
of GDM who registered from January to June 2016 at primary health clinics in Johor Bahru and 
underwent an oral glucose tolerance test at six weeks postpartum. Secondary data were obtained from 
Maternal Health Records (clinic copy). Data were analyzed using SPSS Version 23.0. Descriptive 
statistics and simple logistic regression analysis were used.
Results: One hundred and twenty-two women with a history of GDM completed the postpartum 
glucose testing. Approximately 12% of these women were reported to have abnormal glucose 
tolerance. Insulin usage (OR:5.44; 95% CI:1.53, 19.43; p=0.009), abnormal glycated hemoglobin 
(OR:8.70; 95% CI:2.68,26.27; p<0.01), hospital follow-up (OR:3.38; 95% CI: 1.11, 10.34; 
p=0.033) and neonatal intensive care unit admission (OR:3.96; 95% CI: 1.16, 13.54; p=0.028) 
were found to have significant associations with abnormal glucose tolerance at six weeks postpartum. 
Conclusion: The proportion of women with a history of GDM and abnormal glucose tolerance 
at six weeks postpartum in Johor Bahru was 12% and was associated with insulin usage, abnormal 
glycated hemoglobin, hospital follow-up and neonatal intensive care unit admission. Screening 
during the postpartum period offers a window of opportunity for early identification of diabetes and 
prediabetes, as women with history of GDM are at increased risk of future glucose intolerance.
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Introduction

The global prevalence of gestational diabetes 
mellitus (GDM) ranges from 1-28%.1-3 It is 
increasing globally, as there is a trend towards 
late marriage, which leads to older maternal 
age, an epidemic of obesity and diabetes and  
an increase in sedentary lifestyles.4 In addition 
to having a higher risk of developing GDM 
in subsequent pregnancies, women with a 
history of GDM are seven times more at 
risk for developing type 2 diabetes compared 
to women with normal pregnancies. Thus, 
postpartum follow-up of women with GDM 
is crucial in order to improve their overall 
health and wellbeing.

During the postpartum period, abnormal 
glucose tolerance may indicate the presence 
of diabetes, prediabetes, impaired glucose 
tolerance, impaired fasting glucose or 

elevated glucose tolerance.5 The proportion 
of women with abnormal glucose tolerance 
at postpartum ranges between 20% to 60%, 
varies between countries and is influenced by 
the timing of the postpartum screening.6,7 A 
study by Jindal et al. conducted at a tertiary 
care center among Asian-Indian women who 
had GDM in their recent pregnancy, found 
that out of 62 women, one-third (33.8%) had 
an abnormal oral glucose tolerance test result 
at six weeks postpartum.5

The incidence of postpartum glucose 
intolerance among Filipino women with 
GDM was high at 42%, with 7.3% classified 
as having overt diabetes, and 34.7% classified 
as having prediabetes.8 This incidence was 
slightly higher than those of our Asian 
counterparts. Jang reported the rates of 
postpartum diabetes and impaired glucose 
tolerance in Korea to be 15.1% and 23.2%, 
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respectively, at 6-8 weeks postpartum.9 
Meanwhile, at the Diabetes Centre of Prince 
of Wales Hospital, 35.8% of Chinese women 
with a history of GDM had abnormal glucose 
tolerance 6 weeks postdelivery.10 Recognizing 
the variations in the reported prevalence, it 
is important to identify the magnitude of 
the problem in our local setting, especially 
because of the limited existing information.

According to Malaysian clinical practice 
guidelines for diabetes in pregnancy, it is 
recommended that women with a history of 
GDM undergo postpartum glucose testing 
six weeks after delivery.11 This service is 
widely available in our local government 
health clinics and appointments for the test 
are made during the first month postpartum 
visit. Clinicians should be more vigilant 
and strategies to implement compliance 
with postpartum glucose testing must be 
formulated in order to increase the rates of 
follow-up testing among these women.8 The 
postpartum glucose test is important because 
it can facilitate early detection of pre-diabetes 
and treatment of diabetes. 

This study was conducted in Johor Bahru, 
which is the capital city of Johor. Johor has 
the second-largest population in Malaysia. It 
is located in the southern part of Peninsular 
Malaysia, with a causeway across the Straits 
of Johor connecting it to Singapore. The 
state’s ethnic composition consists of Malay 
(53.9%), Chinese (29.9%), Indians (6.4%), 
other ethnic groups (0.5%) and non-citizens 
(9.3%).12 The aim of this study was to 
determine the proportion of postpartum 
women with abnormal glucose tolerance and 
its associated factors among those women 
with a history of GDM who underwent 
oral glucose tolerance testing at six weeks 
postpartum in Johor Bahru in 2016.

Methods

Study design and setting

This was a cross-sectional study involving 13 
primary health clinics in Johor Bahru that 
offer maternal and child health services. 

The information was gathered from Maternal 
Health Records (clinic copies). The Maternal 
Health Record is initiated once the women 
attend their first antenatal check-up and 
continues until six weeks after delivery. All 
information related to the pregnancy, delivery 

and postpartum period are entered into the 
record. There are two copies of the record for 
each pregnancy. One is a home-based card 
which belongs to the woman, and the other 
copy is kept by the respective health clinic.

Study participants

This study was conducted among women 
with a history of GDM who underwent a six 
weeks postpartum oral glucose tolerance test. 
Women who were registered in health clinics 
between January to June 2016 were included. 
Those who had their postpartum follow-
ups in other districts were excluded from the 
study. Since this study involved a secondary 
data review, records missing at least one of the 
study variables were also excluded.

The sample size required was calculated 
based on the following formula suggested 
by Naing et al.: n = (Z2 × p[1-p])/d2.13 The 
estimated proportion of women who had 
GDM with abnormal glucose tolerance at six 
weeks postpartum was sourced from a study 
by  Ogonowski.14 Here, ‘n’ is the required 
sample size, ‘Z’ is the Z-statistic for a 95% 
confidence level (standard value = 1.96), ‘p’ 
is the estimated proportion of women with 
abnormal glucose tolerance (13.5%%), and 
‘d’ is the margin of error at 5% (standard 
value = 0.05). Based on this calculation, the 
sample size was 200. 

Data collection and analysis

This study involved secondary data collection. 
Data was retrieved from the respective 
primary health care clinics. A list of women 
with a history of GDM was obtained, and 
their socio-demography, clinical, obstetrics 
and glucose screening results during 
pregnancy and after delivery were extracted 
from their Maternal Health Records that 
were kept at the clinics (clinic copy). The 
information was reviewed and recorded in the 
data collection form by a single researcher. To 
ensure accuracy, the researcher re-checked the 
data collected from records with the data kept 
in the clinics. Clinic returns were recorded by 
appointed staff at the clinics on a monthly 
basis and contained detailed information on 
women with GDM that had their follow-up 
in these primary care facilities. 

From the record, three main components 
of information were obtained: i) socio-
demographic data, ii) clinical data and iii) 
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healthcare data. The socio-demographic 
information that was collected in this study 
included the age of the women as well as 
their ethnicities, marital status, educational 
levels, and occupations. The educational level 
was classified into “primary or secondary 
education” or “tertiary education.”

The clinical data included a family history of 
diabetes, parity and any previous diagnosis 
of GDM. Other data obtained were any 
underlying medical illnesses, gestational age 
at booking (booking was defined as the first 
antenatal visit to any clinic undertaken by 
the women and classified according to the 
gestational stage at the time of booking- it 
was divided into early booking, which was 
done before 12 weeks of gestation, and late 
booking, which occurred later than 12 weeks 
of gestation). In the Maternal Health Record, 
information, such as on gestational weight 
gain, insulin usage and glycated hemoglobin 
(HbA1c level, which was measured right after 
the diagnosis of GDM was made during the 
antenatal period), was entered in the follow-
up columns by the attending physicians at the 
health clinics. Other clinical data that were 
retrieved included mode of delivery, infant 
birth weight and admission to the neonatal 
intensive care unit (NICU). 

Information on postpartum visits, home 
visits, and hospital follow-ups were also 
among the healthcare data obtained from the 
record. Information regarding postpartum 
glucose testing and the results from the tests 
were attached to the postnatal column of the 
Maternal Health Record. The women were 
recorded as undergoing postpartum glucose 
testing if they came in for the test at six weeks 
postpartum as scheduled.  

Postpartum glucose testing was conducted 
using the 75g, 2-h oral glucose tolerance 
test (OGTT) at the nearest health clinic at 
six weeks postpartum by appointment. The 
postpartum test results were categorized 
according to normal and abnormal glucose 
tolerance levels. In this study, an abnormal 
glucose reading was defined as abnormal 
glucose tolerance, which includes diabetes, 
prediabetes, impaired glucose tolerance, 

impaired fasting glucose and elevated glucose 
tolerance diagnosed at 6 weeks postpartum, in 
accordance with ICD 10.15 Those with fasting 
plasma glucose ≥ 6.1mmol/L and 2-hour 
post-prandial glucose ≥7.8mmol/L from the 
OGTT were considered to have abnormal 
glucose tolerance.16

All the information was analyzed using SPSS 
software Version 23. Data were expressed 
as frequency and percentages for categorical 
variables. Simple logistic regression analysis 
was used to evaluate the factors associated 
with abnormal glucose tolerance at six weeks 
postpartum. The significance level was set at 
p < 0.05. 

Results

A total of 341 women diagnosed with GDM 
were included in the study initially. However, 
only 122 of them returned for postpartum 
glucose testing at six weeks and were included 
in the analysis. The characteristics of those 
who underwent and did not undergo the 
postpartum glucose testing were: mean 
age 31.73 (underwent) vs 31.69 (did not 
undergo); completed secondary education 
at 94.3% (underwent) vs 97.3% (did not 
undergo); unemployed at 49.2% (underwent) 
vs 55.3% (did not undergo) and multiparous 
at 67.2% (underwent) vs 64.8% (did not 
undergo). Among women who performed the 
postpartum test, 59% had a family history 
of diabetes, and 29% had GDM in at least 
one previous pregnancy. Meanwhile, among 
women who did not perform the postpartum 
glucose test, 49% had a family history of 
diabetes, and 18% of them had GDM in at 
least one previous pregnancy. Of those who 
underwent the postpartum glucose testing, 
107 (87.7%) cases were normoglycemic 
and only 15 (12.3%) cases had abnormal 
glucose tolerance. Of the 15 cases with 
abnormal glucose tolerance, one (6.3%) case 
was diagnosed as diabetes mellitus, and 14 
(93.7%) cases were diagnosed as impaired 
glucose tolerance. Table 1 shows the socio-
demographic and clinical characteristics of the 
GDM women who underwent postpartum 
glucose testing at six weeks postpartum in 
Johor Bahru. 
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Table 1: Socio-demographic and clinical characteristics of GDM women who underwent postpartum 
glucose testing at six weeks postpartum in Johor Bahru (n=122).

Variable

Normal glucose level
(n=107)

Abnormal glucose level 
(n=15)

Mean 
(SD)

N %
Mean 
(SD)

N %

Age (years) 31.73 31.69
(5.19) 4.79)

Ethnicity
Malay 71 (66.4) 8 (53.3)
Chinese 21 (19.6) 4 (26.7)
Indian 10 (9.3) 2 (13.3)
Other 5 (4.7) 1 (6.7)
Education
Tertiary education 102 (95.3) 13 (86.7)
Primary/secondary 5 (4.7) 2 (13.3)
Employment status
Employed 51 (47.7) 9 (60.0)
Unemployed 56 (52.3) 6 (40.0)
Parity
Primiparous 73 (68.2) 9 (60.0)
Multiparous 34 (31.8) 6 (40.0)
Family history of diabetes
No    45 (42.0) 5 (33.3)
Yes    62 (58.0) 10 (66.7)
Previous diagnosis of GDM 
No    78 (72.9) 9 (60.0)
Yes    29 (27.1) 6 (40.0)
Gestational age at booking
12 weeks and above  52 (48.6) 10 (66.7)
Less than 12 weeks 55 (51.4) 5 (33.3)
Other medical illness
No    92 (86.0) 11 (73.3)
Yes    15 (14.0) 4 (26.7)
Insulin usage 
No    98 (91.6) 10 (66.7)
Yes    9 (8.4) 5 (33.3)
Hospital follow-up
No    85 (79.4) 8 (53.3)
Yes    22 (20.6) 7 (46.7)
Gestational weight gain
Normal 59 (55.2) 10 (66.7)
Excessive 18 (16.8) 2 (13.3)
Poor  30 (28.0) 3 (20.0)
Glycated hemoglobin (HbA1C)
Normal     (<6.0 mmol/L) 91 (85.0) 7 (46.7)
Abnormal (≥6.0 mmol/L) 16 (15.0) 8 (53.3)
Mode of delivery
Vaginal delivery 81 (75.7) 8 (53.3)
Caesarian section 26 (24.3) 7 (46.7)
Infant birth weight (grams)
2500-3500 84 (78.5) 7 (46.7)
< 2500 8   (7.5) 1   (6.6)
 > 3500 15 (14.0) 7 (46.7)
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In this study, the mean HbA1c was 5.4%, 
with 19.7% (n=24) having a HbA1c of 
6.0% and above. Factors associated with 
abnormal glucose tolerance among GDM 
women who underwent glucose testing at 
six weeks postpartum were determined by 
performing simple logistic regression. There 
were no significant associations between 
socio-demographic factors and abnormal 
glucose intolerance at six weeks postpartum. 

The variables that were significant in this 
univariable analysis were insulin usage, NICU 
admission, hospital follow- up and glycated 
hemoglobin (HbA1C) (Table 2). 

The multiple logistic regression analysis is not 
reported here, as the number of abnormal 
glucose tolerance (n=15) results at six weeks 
postpartum was small relative to the number 
of independent variables in the analysis.

Table 2: Factors associated with abnormal glucose tolerance at six weeks postpartum among 
women with a history of GDM using simple logistic regression (n=122).

Variable B
Crude OR
(95% CI)

Wald statistics
(df )

p-value

Parity
Multiparous 1
Primiparous 0.359 0.69 (0.69,1.78) 0.40(1) 0.658
Education level
Secondary and lower 1
Tertiary and above 1.144 0.32 (0.06,1.81) 1.66(1) 0.197
Employment status                               
Unemployed 1
Employed      0.499 0.61 (0.20,1.83) 0.79(1) 0.374
Family history of diabetes
No 1
Yes 0.373 1.45 (0.46,4.54) 0.41(1) 0.522
Previous diagnosis of GDM
No 1
Yes 0.584 1.79 (0.59,5.48) 1.05(1) 0.306
Gestational age at booking
12 weeks and above   1
Less than 12 weeks 0.637 0.53 (0.17,1.65) 1.20(1) 0.273
Other medical illness
No 1
Yes 0.727 2.23 (0.63,7.93) 1.27(1) 0.215
Insulin usage 
No 1
Yes 1.695 5.44(1.53,19.43) 6.82(1) 0.009
Gestational weight gain
Normal 1
Excessive 0.422 0.66 (0.13,3.27) 0.27(1) 0.607
Poor    0.528 0.59 (0.15,2.31) 0.58(1) 0.448
Glycated hemoglobin (HbA1C)
Normal     1
Abnormal 2.163 8.70 (2.68,28.27) 12.95(1) <0.01
Mode of delivery
Vaginal delivery 1
Caesarian section 1.003 2.72 (0.90,8.24) 3.16(1) 0.076
Infant birth weight
2500-3500 1
< 2500 0.405 1.50 (0.16,13.77) 0.13(1) 0.720
> 3500 1.723 5.60 (1.72, 18.28) 8.15(1) 0.004
Hospital follow-up
No 1
Yes 1.218 3.38 (1.11, 10.34) 4.56 (1) 0.033
NICU admission
No 1
Yes 1.376 3.96 (1.16,13.54) 4.81(1) 0.28
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Discussion

This study examined abnormal glucose 
tolerance among women with a history of 
GDM at six weeks postpartum in government 
health clinics in Johor Bahru from January to 
June 2016.

About 12% of the women had abnormal 
glucose tolerance, which was lower than the 
rates found in other studies that, which ranged 
from 30% to 40%.5,8,11 A local study done in 
public health clinics in Selangor reported a 
prevalence of postpartum abnormal glucose 
tolerance of 12.1%,2 which is similar to the 
value found in this study. The differences in 
screening rates might be due to variations in 
the criteria and methods used to diagnose 
abnormal glucose tolerance. Studies that use 
the World Health Organization criteria would 
be expected to find a smaller proportion of 
women progressing to abnormal glucose 
tolerance, even with an increase in the number 
of women identified with GDM, compared to 
those using the National Diabetes Data Group 
(NDDG) or Carpenter-Coustan criteria.17  
Ethnically homogenous cohorts who are known 
to be at high risk of GDM, as well as variations 
in cultural and lifestyle practices during the 
postpartum period, might contribute to a 
higher prevalence of abnormal glucose tolerance 
in some countries.5 In addition, a longer 
interval between delivery and screening might 
increase the number of women that return 
for postpartum glucose testing, as reported 
by Chew et al.18 Their study was conducted 
among women aged 20-50 who had history of 
GDM at a university hospital in Malaysia, and 
the reported prevalence of abnormal glucose 
tolerance was 61.7% when the period from the 
index pregnancy with GDM to testing ranged 
from three months to 15 years postpartum.18 
The association between GDM and type 2 
diabetes can be explained by the fact that most 
of the risk factors for the two disorders are the 
same and include high body mass index, a 
family history of diabetes and ethnic origin.19

A systematic review of studies investigating the 
incidence of postpartum type 2 diabetes among 
women with a history of GDM reported that 
5 to 10% of them became diabetic during the 
first year postpartum.20 It was found that the 
development of type 2 diabetes was correlated 
with progressive pancreatic β-cell failure in 
order to compensate for the ongoing insulin 
resistance in women with a history of GDM. 
Pre-conception care, maternal diet and exercise, 

and other lifestyle factors are among the 
interventions which can be used to mitigate 
modifiable risk factors that may have an impact 
on the preservation of β-cell function.21 In 
addition, pharmacological therapies, such as 
metformin, troglitazone and pioglitazone, have 
also been shown to reduce the development of 
diabetes by 50% or more.22 Hence, for optimal 
success, interventions to prevent or delay this 
process should be initiated as early as possible 
to avoid prolonged exposure, and the risk of 
diabetes may be determined by postpartum 
glucose testing as early as six weeks after 
delivery.23

In this study, women with elevated glycated 
hemoglobin (HbA1C) during pregnancy were 
found to have higher odds of having abnormal 
glucose tolerance at six weeks postpartum 
compared to those within normal levels. 
Hemoglobin A1c (HbA1c) has less intra-
individual variability, is easily measured with a 
single blood test and does not require fasting. 
Our findings in this study largely agree with 
previously published studies which indicate that 
HbA1c at GDM diagnosis is associated with an 
increased risk of postpartum abnormal glucose 
tolerance.24-26 In addition, a systematic review 
found that HbA1c at GDM diagnosis was 
positively associated with postpartum abnormal 
glucose. Women with postpartum diabetes 
or impaired glucose tolerance had higher 
mean HbA1c levels at GDM diagnosis than 
those with normal post-partum glucose (p ≤ 
0.002), and a 1% increase in HbA1c at GDM 
diagnosis was associated with 2.36 times higher 
odds of postpartum abnormal glucose 6 weeks 
after delivery.27 HbA1c above 5.55% is a strong 
predictor of postpartum diabetes in a study that 
evaluated the clinical usefulness of HbA1c in 
predicting risk of future diabetes among GDM 
patients.24 

In the present study, insulin usage for the 
management of hyperglycemia in pregnancy 
was associated with abnormal glucose tolerance. 
Findings reported by Nouhjah et al. showed 
that pharmacotherapy (use of insulin or 
metformin) for GDM management was a 
strong predictor of abnormal glucose tolerance 
at 6-12 weeks postpartum.28 Treatment with 
insulin is an indicator of the severity of the 
hyperglycemia and may reflect impairment in 
the β-cell function in women with a history of 
GDM.  

A scheduled postpartum test is important 
for detecting abnormal glucose tolerance and 
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initiating prompt intervention in order to 
reduce the risk of diabetes or diabetes-related 
complications.23 By performing the glucose 
test at six weeks postpartum, the onset of 
type 2 diabetes may be prevented and delayed 
soon after the postpartum period through 
lifestyle modifications such as dietary changes, 
physical activity, weight management and/
or pharmacological intervention.7 In order to 
facilitate postpartum testing, the risk of type 
2 diabetes must be discussed during routine 
GDM care to increase the risk perception 
among women with GDM, and postpartum 
care reminders should be considered.29 Strategic 
and effective measures, such as flexible time 
for the test, active involvement from health 
staff, and strengthening continuous care, 
need to be implemented to reduce the rate 
of subsequent diabetes and improve the 
outcomes of future pregnancies. The use of 
a short messaging system (SMS) and phone 
reminders have also been shown to improve the 
return rate for postpartum testing.30 Primary 
care providers have a key role in organizing 
postpartum screening strategies and increasing 
the awareness of these women concerning 
their high risk of progression to type 2 diabetes 
through health promotion and education.

To our knowledge, this is the first study to 
report on the proportion of women with 
a history of GDM who attended primary 
health clinics with postpartum abnormal 
glucose tolerance, particularly in Johor Bahru. 
Nevertheless, several limitations should be 
taken into consideration when interpreting this 
study. These findings are not generalizable to 
the general population due to its small sample 
size. In addition, we were unable to assess 
what factors could be contributing to failure 
to undergo postpartum glucose testing, which 

may include service quality, time and financial 
constraints. Further studies are recommended 
for investigating why women with GDM do 
not return for postpartum glucose testing.

In conclusion, the proportion of women who 
have had GDM exhibiting abnormal glucose 
tolerance at six weeks postpartum in Johor 
Bahru was 12%. The diagnosis of GDM 
should initiate a long-term intervention and 
diagnostic process in order to minimize the 
risk of developing diabetes or to diagnose it 
as early in its course as possible. Screening 
during the postpartum period offers a window 
of opportunity for early identification of 
diabetes and prediabetes and prompt initiation 
of treatment. Hence, current management 
strategies for women with a history of GDM 
should be strengthened to ensure compliance 
with postpartum glucose testing.
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How does this paper make a difference to general practice?

• Despite the availability of guidelines, attendance for six weeks postpartum glucose 
readings were less than optimal.

• This paper may encourage primary care practitioners to perform postpartum screenings 
for the detection of prediabetes or diabetes. 

• To our knowledge, there is no published study that has investigated abnormal glucose 
tolerance at six weeks postpartum among women with history of gestational diabetes 
mellitus who attended primary care clinics in Malaysia, particularly in Johor Bahru. 
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