
CONCLUSION AND RECOMMENDATIONS 
 

Heparinoid supplementation was not associated with 
statistically significant changes in all-cause mortality, SCr, 
CrCl, and achievement of therapeutic success for both Type 
1 and Type 2 DM patients. However, it may be associated 
with a statistically significant UAER reduction of 
approximately 31.62 mg/24h as compared to placebo in Type 
1 DM patients. Due to lack of data on hard endpoints as well 
as optimal dosing and duration of therapy, we cannot yet 
recommend its routine use for DKD patients. More studies 
involving larger populations are recommended. 
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Abstract 
 
Objective. To compare the maternal and perinatal outcomes in women with GDM diagnosed by Carpenter & Coustan 
(CC) criteria and by the International Association of the Diabetes and Pregnancy Study Groups (IADPSG) criteria.  
 
Methodology. A cross-sectional comparative study was conducted using data of women who were screened and 
diagnosed with GDM between April 2006-March 2007 using the CC criteria and April 2013-March 2014 using IADPSG 
criteria. Maternal and perinatal outcomes were noted. Means and proportions were calculated for continuous and 
categorical variables respectively. Data were analyzed using t-test for normally distributed data and Mann-Whitney U 
test for those that were not normally distributed. Pearson Chi-square test was used to find an association between the 
various outcomes between the two groups. 
 
Results. Among 500 pregnant women screened, 36 were diagnosed GDM in the CC group. In the IADPSG group, 733 
women were screened and 167 were diagnosed GDM. Prevalence of GDM was 7.2% in CC group and 22.78% in 
IADPSG group (p=0.000). There was a statistically significant difference in the number of women who developed 
hypertension and polyhydramnios among the two groups. Women who had an operative vaginal delivery (16.67% vs. 
6.6%, p=0.085) and mean birth weight (3.10 ± 0.55 kg vs. 2.97 ± 0.48 kg, p=0.165) were higher in CC group than the 
IADPSG group. Among the perinatal outcomes, a statistically significant improvement was found in the number of 
neonates developing respiratory distress syndrome (p=0.000) and hyperbilirubinemia (p=0.000), when the IADPSG 
criteria were used. 
 
Conclusions. There is a statistically significant difference between the maternal and neonatal outcomes when the newer 
IADPSG criteria were used for diagnosis of GDM. 
 
Key words. gestational diabetes mellitus, prevalence, Carpenter-Coustan criteria, IADPSG criteria 
 

INTRODUCTION 
 
The World Health Organisation (WHO) has estimated a 
rise in the prevalence of diabetes from 4.7% to 8.5% in the 
adult population worldwide between 1980 and 2016. This 
rise in prevalence has been faster in low- and middle-
income countries than in high-income countries.1 Diabetes 
mellitus is a common medical complication of pregnancy. 
Gestational diabetes mellitus (GDM) is defined as any 
glucose intolerance with onset or first recognition during 
pregnancy.2 One in 25 pregnancies is affected worldwide 
and about 4 million women have GDM in India.3 The 
variation in the prevalence is due to the difference in race, 

ethnicity, age, body composition and screening and 
diagnostic criteria used in that particular population.  
 
The increasing trend of prevalence of diabetes and GDM 
is due to the rising incidence of obesity and changing 
lifestyle patterns. Women with GDM are at a higher risk 
of both maternal complications like gestational 
hypertension, pre-eclampsia, operative delivery and fetal 
complications like macrosomia, birth injuries, stillbirths, 
neonatal hypoglycemia and hyperbilirubinemia. In 
addition, these women and their offsprings are known to 
develop type 2 diabetes mellitus later in life.1  
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Data were entered in Microsoft Office Excel spreadsheet 
and analysed using SPSS software version 19.0. Means and 
proportions were calculated for continuous and 
categorical variables respectively. Continuous data were 
tested for normality using the Shapiro-Wilk test. Normally 
distributed data were presented as mean ± SD and 
analysed using t-test. Data that were not normally 
distributed were presented as medians and analysed using 
Mann-Whitney U test. Pearson Chi-square test was used to 
find the association between the various outcomes 
between the two groups. A p-value <0.05 was considered 
as statistically significant. 
 
RESULTS 
 
Five hundred pregnant women were screened between 
April 2006-March 2007 and 36 were diagnosed GDM using 
Carpenter & Coustan criteria (CC group). After the 
protocol for screening and diagnosis of GDM at the 
hospital was changed from a two-step to a one-step 
approach, 733 women were screened between April 2013-
March 2014. Among them, 167 women were diagnosed as 
GDM using the IADPSG criteria (IADPSG group). The 
prevalence of GDM was 7.2% in the CC group and 22.78% 
in the IADPSG group (p=0.000).  
 
Majority of women in both groups were primigravidae 
(54% and 43.7% in CC and IADPSG groups respectively). 
Median age of women in the CC group was 25 years 
(interquartile range 23.50-27.00) and 26 years 
(interquartile range 23.00-30.00) in the IADPSG group. 
There was a statistically significant difference in the 
number of women who developed hypertension and 
polyhydramnios among the two groups (Table 1). Women 
who had an operative vaginal delivery (16.67% vs. 6.6%, 
p=0.085) were higher in the CC group than the IADPSG 
group and mean birth weight (3.10 ± 0.55 kg vs. 2.97 ± 0.48 
kg, p=0.165) was higher in the CC group than the IADPSG 
group. However, both these outcomes were not found to 
be statistically significant. Among the perinatal outcomes, 
a statistically significant improvement was found in the 
number of neonates developing respiratory distress 
syndrome (p=0.00) and hyperbilirubinemia (p=0.00) in the 
IADPSG group. 
 
DISCUSSION 
 
The prevalence of GDM was found to have increased from 
7.2% to 22.78% when diagnostic criteria were changed 

from CC criteria to the IADPSG criteria. This increase in 
prevalence was similar to that observed by many other 
authors (Table 2).10–14 The prevalence was found to be as 
high as 35.5% in one study conducted among a Spanish 
population.13 This is mainly due to the lower threshold 
values for diagnosis as per the IADPSG criteria and noted 
originally in the HAPO study as well.  
 

Table 2. Prevalence of GDM in various studies 
Study Prevalence using 

CC criteria* (n) 
Prevalence using 

IADPSG criteria*(n) 
Present study 7.2% (36) 22.78% (167) 
Wu et al.10 2.59% (888) 13.44% (952) 
Feldman et al.11 17% (513) 27% (847) 
Kong et al.18 7.9% (1838) 9.4% (2104) 
Duran et al.13 10.6% (185) 35.5% (542) 
Hung et al.14 4.6% (3641) 12.4% (3056) 
Gopalakrishnan et al.19 - 41.9% (139) 
*Data are presented as %; n represents the sample size in each study. 

 
The rate of preterm deliveries was not significantly 
different among the two groups, like that reported among 
Belgian, Spanish and Taiwanese cohorts.13–15 The rates of 
hypertension, polyhydramnios and mean birth weights 
were found to have decreased after changing the 
diagnostic protocol to the IADPSG criteria. However, only 
hypertensive disorders in pregnancy, polyhydramnios and 
shoulder dystocia were significantly reduced in the 
IADPSG group in our study (Table 1). This appears to be 
due to a higher number of women being treated for 
gestational diabetes. Similarly, Duran et al., in their study 
found a statistically significant decrease in maternal 
hypertension and large for gestational age (LGA).13 Hung 
et al., also demonstrated an improvement in perinatal 
outcomes like LGA and caesarean delivery rates.14 This is 
in contrast with the results obtained by other authors who 
did not find any significant changes in most other 
outcomes (Table 3).  
 
A major limitation of our study is its retrospective nature 
and another is the small sample size. Data on the maternal 
weight gain during pregnancy, the pre-pregnancy BMI, 
high risk factors like prior GDM and blood sugar control 
are lacking. Further, the two criteria were applied on 
different groups of women and in different time periods, 
which could have influenced the prevalence in the 
IADPSG group due to a general background increase in 
prevalence of obesity and type 2 DM in the population. 
 
The results of the HAPO study6 demonstrated an 
increasing risk of adverse maternal, fetal and neonatal 

Table 3. Comparison of selective outcomes (CC cohort vs. IADPSG cohort) in various studies 
Outcomes (P value CC cohort  

vs. IADPSG cohort) Present Study Duran et al13 Benhalima et al15 Ethridge et al20 Hung et al14 Feldman et al11 

Hypertension in pregnancy 0.003 Sig. NS NS - Sig 
Polyhydramnios 0.025 - - - NS - 
Shoulder dystocia 0.002 - NS NS - NS 
Spontaneous vaginal delivery 0.587 - - NS NS - 
Operative vaginal delivery 0.085 - - - NS - 
Caesarean section rate 0.587 - NS NS NS Sig. 
Preterm delivery rate 0.150 Sig. NS - NS NS 
Large for gestational age 0.831 Sig. NS NS Sig. NS 
Hyperbilirubinemia 0.000 - - - - NS 
P-value <0.05 was considered as statistically significant; Sig.-significant; NS- not significant. 

The screening and diagnosis of GDM has been a matter of 
considerable debate. The first diagnostic criteria of GDM 
was proposed by O’Sullivan using 100 g, 3-hour oral 
glucose tolerance tests (OGTT) which were modified by 
Carpenter and Coustan in 1982.4,5 The International 
Association of Diabetes and Pregnancy Study Group 
Consensus Panel (IADPSG) recommended a one-step 75 g 
OGTT based on results of the Hyperglycemia and Adverse 
Perinatal Outcomes (HAPO) study.6,7 The WHO has also 
recommended this strategy since 2013.8 The American 
Diabetes Association (ADA) adopted the IADPSG 
recommendation since 2010, but emphasised in 2014 that a 
one-step 75 g OGTT or two-step approach with a 50 g oral 
glucose challenge test (OCT) followed by a 3-hour 100 g 
OGTT at 24-28 weeks of gestation for those who screen 
positive, are both equally efficacious in diagnosing GDM, 
pending long-term outcome studies.9 However, American 
College of Obstetricians and Gynecologists (ACOG) 
continues to recommend the two-step strategy for 
diagnosis of GDM.2 
 
This study was undertaken to compare the prevalence of 
GDM and feto-maternal outcomes between CC and 
IADPSG groups. 
 
METHODOLOGY 
 
A cross-sectional comparative analysis of women who 
were screened and diagnosed GDM at a tertiary care 
teaching hospital was performed. The protocol for 
screening and diagnosis of GDM at our hospital was 
changed from that of a two-step approach using 
Carpenter & Coustan criteria to a one-step approach 
using the IADPSG criteria in 2011. Data of women 
screened and diagnosed as GDM between April 2006-
March 2007 (using Carpenter & Coustan criteria) and 

April 2013-March 2014 (using the IADPSG criteria) were 
included in the study. The study protocol was approved 
by the Institute’s Ethics Committee. Waiver of consent 
was granted as it was a retrospective study and patient 
confidentiality was maintained. 
 
In the CC group, women who screened positive at 24–28 
weeks of gestation (plasma glucose of ≥ 140 mg/dL after 
1 hr of a 50 g GCT), underwent a 3-hour 100 g oral 
glucose tolerance test (OGTT) and were diagnosed GDM 
when at least two values were more than or equal to the 
following threshold values: Fasting plasma glucose-5.3 
mmol/L; 1 hr-10.0 mmol/L; 2 hr-8.6 mmol/L; 3 hr-7.8 
mmol/L. In the IADPSG group, women underwent a 
single-step 75 g OGTT and were diagnosed GDM when 
one or more of the following threshold values were 
exceeded: Fasting plasma glucose 5.1 mmol/L; 1 hr-10 
mmol/L; 2 hr-8.5 mmol/L.  
 
The antenatal care protocol followed remained the same 
for both the cohorts. Women with GDM were initially 
treated with diabetic diet for 1-2 weeks and plasma 
glucose was measured in the fasting and post-meal states. 
When the target plasma glucose values (fasting 5.0 
mmol/L and post-meals 6.7 mmol/L) were exceeded even 
with diabetic diet, insulin was started and dose titrated to 
achieve the target plasma glucose values.  
 
Maternal and perinatal outcomes in both these groups 
were noted from the case files of these women. The 
maternal outcomes studied were polyhydramnios, 
hypertensive disorders in pregnancy, mode of delivery 
and shoulder dystocia. Neonatal outcomes studied were 
birth weight, respiratory distress syndrome and 
hyperbilirubinemia. These outcomes were compared 
between the two groups.  

Table 1. Patient characteristics and pregnancy outcomes 
Characteristics CC group (n=36) IADPSG group (n=167) P value 
Age  

≤20 years  
21-30 years 
31-40 years 
>40 years 

 
5 (13.9%) 
25 (69.4%) 
6 (16.7%) 
0 (0%) 

 
10 (5.9%) 
123 (73.7%) 
33 (19.8%) 
1 (0.6%) 

 
0.352 

Parity  
0 
≥1 

 
19 (52.8%) 
17 (47.2%) 

73 (43.7%) 
94 (56.3%) 

 
0.322 

 
Gestational age at delivery 

Preterm (less than 37weeks)  
early term (37-39weeks) 
full term (39-41weeks) 

 
5 (13.9%) 
29 (80.6%) 
2 (5.6%) 

 
27 (16.2%) 
82 (49.1%) 
58 (34.7%) 

 
0.150 

Maternal complications 
Hypertension in pregnancy 
Polyhydramnios 
Shoulder dystocia 

 
9 (25%) 
4 (11.1%) 
2 (5.6%) 

13 (7.8%) 
2 (1.2%) 
0 (0%) 

 
0.003 
0.025 
0.002 

Mode of delivery 
Spontaneous vaginal delivery 
Operative vaginal delivery 
Lower segment caesarean section 

 
16 (44.4%) 
6 (16.7%) 
14 (38.9%) 

99 (59.3%) 
11 (6.6%) 
57 (34.1%) 

 
0.085 

Neonatal outcomes 
Large for gestational age  
Respiratory Distress Syndrome 
Hyperbilirubinemia  

 
1 (2.8%) 
7 (19.4%) 
11 (30.6%) 

4 (2.4%) 
0 (0.0%) 
8 (4.8%) 

 
0.831 
0.000 
0.000 

*CC – Carpenter Coustan criteria 
**IADPSG – International Association of the Diabetes and Pregnancy Study Groups. 
Data are presented as n (%). 
For age, parity and gestational age, Mann-Whitney U test was used to obtain the p value, as data were not normally distributed. 
For all other variables, Pearson Chi-square test of association was used to obtain the P values. 
P-value <0.05 was considered as statistically significant. 
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Data were entered in Microsoft Office Excel spreadsheet 
and analysed using SPSS software version 19.0. Means and 
proportions were calculated for continuous and 
categorical variables respectively. Continuous data were 
tested for normality using the Shapiro-Wilk test. Normally 
distributed data were presented as mean ± SD and 
analysed using t-test. Data that were not normally 
distributed were presented as medians and analysed using 
Mann-Whitney U test. Pearson Chi-square test was used to 
find the association between the various outcomes 
between the two groups. A p-value <0.05 was considered 
as statistically significant. 
 
RESULTS 
 
Five hundred pregnant women were screened between 
April 2006-March 2007 and 36 were diagnosed GDM using 
Carpenter & Coustan criteria (CC group). After the 
protocol for screening and diagnosis of GDM at the 
hospital was changed from a two-step to a one-step 
approach, 733 women were screened between April 2013-
March 2014. Among them, 167 women were diagnosed as 
GDM using the IADPSG criteria (IADPSG group). The 
prevalence of GDM was 7.2% in the CC group and 22.78% 
in the IADPSG group (p=0.000).  
 
Majority of women in both groups were primigravidae 
(54% and 43.7% in CC and IADPSG groups respectively). 
Median age of women in the CC group was 25 years 
(interquartile range 23.50-27.00) and 26 years 
(interquartile range 23.00-30.00) in the IADPSG group. 
There was a statistically significant difference in the 
number of women who developed hypertension and 
polyhydramnios among the two groups (Table 1). Women 
who had an operative vaginal delivery (16.67% vs. 6.6%, 
p=0.085) were higher in the CC group than the IADPSG 
group and mean birth weight (3.10 ± 0.55 kg vs. 2.97 ± 0.48 
kg, p=0.165) was higher in the CC group than the IADPSG 
group. However, both these outcomes were not found to 
be statistically significant. Among the perinatal outcomes, 
a statistically significant improvement was found in the 
number of neonates developing respiratory distress 
syndrome (p=0.00) and hyperbilirubinemia (p=0.00) in the 
IADPSG group. 
 
DISCUSSION 
 
The prevalence of GDM was found to have increased from 
7.2% to 22.78% when diagnostic criteria were changed 

from CC criteria to the IADPSG criteria. This increase in 
prevalence was similar to that observed by many other 
authors (Table 2).10–14 The prevalence was found to be as 
high as 35.5% in one study conducted among a Spanish 
population.13 This is mainly due to the lower threshold 
values for diagnosis as per the IADPSG criteria and noted 
originally in the HAPO study as well.  
 

Table 2. Prevalence of GDM in various studies 
Study Prevalence using 

CC criteria* (n) 
Prevalence using 

IADPSG criteria*(n) 
Present study 7.2% (36) 22.78% (167) 
Wu et al.10 2.59% (888) 13.44% (952) 
Feldman et al.11 17% (513) 27% (847) 
Kong et al.18 7.9% (1838) 9.4% (2104) 
Duran et al.13 10.6% (185) 35.5% (542) 
Hung et al.14 4.6% (3641) 12.4% (3056) 
Gopalakrishnan et al.19 - 41.9% (139) 
*Data are presented as %; n represents the sample size in each study. 

 
The rate of preterm deliveries was not significantly 
different among the two groups, like that reported among 
Belgian, Spanish and Taiwanese cohorts.13–15 The rates of 
hypertension, polyhydramnios and mean birth weights 
were found to have decreased after changing the 
diagnostic protocol to the IADPSG criteria. However, only 
hypertensive disorders in pregnancy, polyhydramnios and 
shoulder dystocia were significantly reduced in the 
IADPSG group in our study (Table 1). This appears to be 
due to a higher number of women being treated for 
gestational diabetes. Similarly, Duran et al., in their study 
found a statistically significant decrease in maternal 
hypertension and large for gestational age (LGA).13 Hung 
et al., also demonstrated an improvement in perinatal 
outcomes like LGA and caesarean delivery rates.14 This is 
in contrast with the results obtained by other authors who 
did not find any significant changes in most other 
outcomes (Table 3).  
 
A major limitation of our study is its retrospective nature 
and another is the small sample size. Data on the maternal 
weight gain during pregnancy, the pre-pregnancy BMI, 
high risk factors like prior GDM and blood sugar control 
are lacking. Further, the two criteria were applied on 
different groups of women and in different time periods, 
which could have influenced the prevalence in the 
IADPSG group due to a general background increase in 
prevalence of obesity and type 2 DM in the population. 
 
The results of the HAPO study6 demonstrated an 
increasing risk of adverse maternal, fetal and neonatal 

Table 3. Comparison of selective outcomes (CC cohort vs. IADPSG cohort) in various studies 
Outcomes (P value CC cohort  

vs. IADPSG cohort) Present Study Duran et al13 Benhalima et al15 Ethridge et al20 Hung et al14 Feldman et al11 

Hypertension in pregnancy 0.003 Sig. NS NS - Sig 
Polyhydramnios 0.025 - - - NS - 
Shoulder dystocia 0.002 - NS NS - NS 
Spontaneous vaginal delivery 0.587 - - NS NS - 
Operative vaginal delivery 0.085 - - - NS - 
Caesarean section rate 0.587 - NS NS NS Sig. 
Preterm delivery rate 0.150 Sig. NS - NS NS 
Large for gestational age 0.831 Sig. NS NS Sig. NS 
Hyperbilirubinemia 0.000 - - - - NS 
P-value <0.05 was considered as statistically significant; Sig.-significant; NS- not significant. 

The screening and diagnosis of GDM has been a matter of 
considerable debate. The first diagnostic criteria of GDM 
was proposed by O’Sullivan using 100 g, 3-hour oral 
glucose tolerance tests (OGTT) which were modified by 
Carpenter and Coustan in 1982.4,5 The International 
Association of Diabetes and Pregnancy Study Group 
Consensus Panel (IADPSG) recommended a one-step 75 g 
OGTT based on results of the Hyperglycemia and Adverse 
Perinatal Outcomes (HAPO) study.6,7 The WHO has also 
recommended this strategy since 2013.8 The American 
Diabetes Association (ADA) adopted the IADPSG 
recommendation since 2010, but emphasised in 2014 that a 
one-step 75 g OGTT or two-step approach with a 50 g oral 
glucose challenge test (OCT) followed by a 3-hour 100 g 
OGTT at 24-28 weeks of gestation for those who screen 
positive, are both equally efficacious in diagnosing GDM, 
pending long-term outcome studies.9 However, American 
College of Obstetricians and Gynecologists (ACOG) 
continues to recommend the two-step strategy for 
diagnosis of GDM.2 
 
This study was undertaken to compare the prevalence of 
GDM and feto-maternal outcomes between CC and 
IADPSG groups. 
 
METHODOLOGY 
 
A cross-sectional comparative analysis of women who 
were screened and diagnosed GDM at a tertiary care 
teaching hospital was performed. The protocol for 
screening and diagnosis of GDM at our hospital was 
changed from that of a two-step approach using 
Carpenter & Coustan criteria to a one-step approach 
using the IADPSG criteria in 2011. Data of women 
screened and diagnosed as GDM between April 2006-
March 2007 (using Carpenter & Coustan criteria) and 

April 2013-March 2014 (using the IADPSG criteria) were 
included in the study. The study protocol was approved 
by the Institute’s Ethics Committee. Waiver of consent 
was granted as it was a retrospective study and patient 
confidentiality was maintained. 
 
In the CC group, women who screened positive at 24–28 
weeks of gestation (plasma glucose of ≥ 140 mg/dL after 
1 hr of a 50 g GCT), underwent a 3-hour 100 g oral 
glucose tolerance test (OGTT) and were diagnosed GDM 
when at least two values were more than or equal to the 
following threshold values: Fasting plasma glucose-5.3 
mmol/L; 1 hr-10.0 mmol/L; 2 hr-8.6 mmol/L; 3 hr-7.8 
mmol/L. In the IADPSG group, women underwent a 
single-step 75 g OGTT and were diagnosed GDM when 
one or more of the following threshold values were 
exceeded: Fasting plasma glucose 5.1 mmol/L; 1 hr-10 
mmol/L; 2 hr-8.5 mmol/L.  
 
The antenatal care protocol followed remained the same 
for both the cohorts. Women with GDM were initially 
treated with diabetic diet for 1-2 weeks and plasma 
glucose was measured in the fasting and post-meal states. 
When the target plasma glucose values (fasting 5.0 
mmol/L and post-meals 6.7 mmol/L) were exceeded even 
with diabetic diet, insulin was started and dose titrated to 
achieve the target plasma glucose values.  
 
Maternal and perinatal outcomes in both these groups 
were noted from the case files of these women. The 
maternal outcomes studied were polyhydramnios, 
hypertensive disorders in pregnancy, mode of delivery 
and shoulder dystocia. Neonatal outcomes studied were 
birth weight, respiratory distress syndrome and 
hyperbilirubinemia. These outcomes were compared 
between the two groups.  

Table 1. Patient characteristics and pregnancy outcomes 
Characteristics CC group (n=36) IADPSG group (n=167) P value 
Age  

≤20 years  
21-30 years 
31-40 years 
>40 years 

 
5 (13.9%) 
25 (69.4%) 
6 (16.7%) 
0 (0%) 

 
10 (5.9%) 
123 (73.7%) 
33 (19.8%) 
1 (0.6%) 

 
0.352 

Parity  
0 
≥1 

 
19 (52.8%) 
17 (47.2%) 

73 (43.7%) 
94 (56.3%) 

 
0.322 

 
Gestational age at delivery 

Preterm (less than 37weeks)  
early term (37-39weeks) 
full term (39-41weeks) 

 
5 (13.9%) 
29 (80.6%) 
2 (5.6%) 

 
27 (16.2%) 
82 (49.1%) 
58 (34.7%) 

 
0.150 

Maternal complications 
Hypertension in pregnancy 
Polyhydramnios 
Shoulder dystocia 

 
9 (25%) 
4 (11.1%) 
2 (5.6%) 

13 (7.8%) 
2 (1.2%) 
0 (0%) 

 
0.003 
0.025 
0.002 

Mode of delivery 
Spontaneous vaginal delivery 
Operative vaginal delivery 
Lower segment caesarean section 

 
16 (44.4%) 
6 (16.7%) 
14 (38.9%) 

99 (59.3%) 
11 (6.6%) 
57 (34.1%) 

 
0.085 

Neonatal outcomes 
Large for gestational age  
Respiratory Distress Syndrome 
Hyperbilirubinemia  

 
1 (2.8%) 
7 (19.4%) 
11 (30.6%) 

4 (2.4%) 
0 (0.0%) 
8 (4.8%) 

 
0.831 
0.000 
0.000 

*CC – Carpenter Coustan criteria 
**IADPSG – International Association of the Diabetes and Pregnancy Study Groups. 
Data are presented as n (%). 
For age, parity and gestational age, Mann-Whitney U test was used to obtain the p value, as data were not normally distributed. 
For all other variables, Pearson Chi-square test of association was used to obtain the P values. 
P-value <0.05 was considered as statistically significant. 
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Data were entered in Microsoft Office Excel spreadsheet 
and analysed using SPSS software version 19.0. Means and 
proportions were calculated for continuous and 
categorical variables respectively. Continuous data were 
tested for normality using the Shapiro-Wilk test. Normally 
distributed data were presented as mean ± SD and 
analysed using t-test. Data that were not normally 
distributed were presented as medians and analysed using 
Mann-Whitney U test. Pearson Chi-square test was used to 
find the association between the various outcomes 
between the two groups. A p-value <0.05 was considered 
as statistically significant. 
 
RESULTS 
 
Five hundred pregnant women were screened between 
April 2006-March 2007 and 36 were diagnosed GDM using 
Carpenter & Coustan criteria (CC group). After the 
protocol for screening and diagnosis of GDM at the 
hospital was changed from a two-step to a one-step 
approach, 733 women were screened between April 2013-
March 2014. Among them, 167 women were diagnosed as 
GDM using the IADPSG criteria (IADPSG group). The 
prevalence of GDM was 7.2% in the CC group and 22.78% 
in the IADPSG group (p=0.000).  
 
Majority of women in both groups were primigravidae 
(54% and 43.7% in CC and IADPSG groups respectively). 
Median age of women in the CC group was 25 years 
(interquartile range 23.50-27.00) and 26 years 
(interquartile range 23.00-30.00) in the IADPSG group. 
There was a statistically significant difference in the 
number of women who developed hypertension and 
polyhydramnios among the two groups (Table 1). Women 
who had an operative vaginal delivery (16.67% vs. 6.6%, 
p=0.085) were higher in the CC group than the IADPSG 
group and mean birth weight (3.10 ± 0.55 kg vs. 2.97 ± 0.48 
kg, p=0.165) was higher in the CC group than the IADPSG 
group. However, both these outcomes were not found to 
be statistically significant. Among the perinatal outcomes, 
a statistically significant improvement was found in the 
number of neonates developing respiratory distress 
syndrome (p=0.00) and hyperbilirubinemia (p=0.00) in the 
IADPSG group. 
 
DISCUSSION 
 
The prevalence of GDM was found to have increased from 
7.2% to 22.78% when diagnostic criteria were changed 

from CC criteria to the IADPSG criteria. This increase in 
prevalence was similar to that observed by many other 
authors (Table 2).10–14 The prevalence was found to be as 
high as 35.5% in one study conducted among a Spanish 
population.13 This is mainly due to the lower threshold 
values for diagnosis as per the IADPSG criteria and noted 
originally in the HAPO study as well.  
 

Table 2. Prevalence of GDM in various studies 
Study Prevalence using 

CC criteria* (n) 
Prevalence using 

IADPSG criteria*(n) 
Present study 7.2% (36) 22.78% (167) 
Wu et al.10 2.59% (888) 13.44% (952) 
Feldman et al.11 17% (513) 27% (847) 
Kong et al.18 7.9% (1838) 9.4% (2104) 
Duran et al.13 10.6% (185) 35.5% (542) 
Hung et al.14 4.6% (3641) 12.4% (3056) 
Gopalakrishnan et al.19 - 41.9% (139) 
*Data are presented as %; n represents the sample size in each study. 

 
The rate of preterm deliveries was not significantly 
different among the two groups, like that reported among 
Belgian, Spanish and Taiwanese cohorts.13–15 The rates of 
hypertension, polyhydramnios and mean birth weights 
were found to have decreased after changing the 
diagnostic protocol to the IADPSG criteria. However, only 
hypertensive disorders in pregnancy, polyhydramnios and 
shoulder dystocia were significantly reduced in the 
IADPSG group in our study (Table 1). This appears to be 
due to a higher number of women being treated for 
gestational diabetes. Similarly, Duran et al., in their study 
found a statistically significant decrease in maternal 
hypertension and large for gestational age (LGA).13 Hung 
et al., also demonstrated an improvement in perinatal 
outcomes like LGA and caesarean delivery rates.14 This is 
in contrast with the results obtained by other authors who 
did not find any significant changes in most other 
outcomes (Table 3).  
 
A major limitation of our study is its retrospective nature 
and another is the small sample size. Data on the maternal 
weight gain during pregnancy, the pre-pregnancy BMI, 
high risk factors like prior GDM and blood sugar control 
are lacking. Further, the two criteria were applied on 
different groups of women and in different time periods, 
which could have influenced the prevalence in the 
IADPSG group due to a general background increase in 
prevalence of obesity and type 2 DM in the population. 
 
The results of the HAPO study6 demonstrated an 
increasing risk of adverse maternal, fetal and neonatal 

Table 3. Comparison of selective outcomes (CC cohort vs. IADPSG cohort) in various studies 
Outcomes (P value CC cohort  

vs. IADPSG cohort) Present Study Duran et al13 Benhalima et al15 Ethridge et al20 Hung et al14 Feldman et al11 

Hypertension in pregnancy 0.003 Sig. NS NS - Sig 
Polyhydramnios 0.025 - - - NS - 
Shoulder dystocia 0.002 - NS NS - NS 
Spontaneous vaginal delivery 0.587 - - NS NS - 
Operative vaginal delivery 0.085 - - - NS - 
Caesarean section rate 0.587 - NS NS NS Sig. 
Preterm delivery rate 0.150 Sig. NS - NS NS 
Large for gestational age 0.831 Sig. NS NS Sig. NS 
Hyperbilirubinemia 0.000 - - - - NS 
P-value <0.05 was considered as statistically significant; Sig.-significant; NS- not significant. 

The screening and diagnosis of GDM has been a matter of 
considerable debate. The first diagnostic criteria of GDM 
was proposed by O’Sullivan using 100 g, 3-hour oral 
glucose tolerance tests (OGTT) which were modified by 
Carpenter and Coustan in 1982.4,5 The International 
Association of Diabetes and Pregnancy Study Group 
Consensus Panel (IADPSG) recommended a one-step 75 g 
OGTT based on results of the Hyperglycemia and Adverse 
Perinatal Outcomes (HAPO) study.6,7 The WHO has also 
recommended this strategy since 2013.8 The American 
Diabetes Association (ADA) adopted the IADPSG 
recommendation since 2010, but emphasised in 2014 that a 
one-step 75 g OGTT or two-step approach with a 50 g oral 
glucose challenge test (OCT) followed by a 3-hour 100 g 
OGTT at 24-28 weeks of gestation for those who screen 
positive, are both equally efficacious in diagnosing GDM, 
pending long-term outcome studies.9 However, American 
College of Obstetricians and Gynecologists (ACOG) 
continues to recommend the two-step strategy for 
diagnosis of GDM.2 
 
This study was undertaken to compare the prevalence of 
GDM and feto-maternal outcomes between CC and 
IADPSG groups. 
 
METHODOLOGY 
 
A cross-sectional comparative analysis of women who 
were screened and diagnosed GDM at a tertiary care 
teaching hospital was performed. The protocol for 
screening and diagnosis of GDM at our hospital was 
changed from that of a two-step approach using 
Carpenter & Coustan criteria to a one-step approach 
using the IADPSG criteria in 2011. Data of women 
screened and diagnosed as GDM between April 2006-
March 2007 (using Carpenter & Coustan criteria) and 

April 2013-March 2014 (using the IADPSG criteria) were 
included in the study. The study protocol was approved 
by the Institute’s Ethics Committee. Waiver of consent 
was granted as it was a retrospective study and patient 
confidentiality was maintained. 
 
In the CC group, women who screened positive at 24–28 
weeks of gestation (plasma glucose of ≥ 140 mg/dL after 
1 hr of a 50 g GCT), underwent a 3-hour 100 g oral 
glucose tolerance test (OGTT) and were diagnosed GDM 
when at least two values were more than or equal to the 
following threshold values: Fasting plasma glucose-5.3 
mmol/L; 1 hr-10.0 mmol/L; 2 hr-8.6 mmol/L; 3 hr-7.8 
mmol/L. In the IADPSG group, women underwent a 
single-step 75 g OGTT and were diagnosed GDM when 
one or more of the following threshold values were 
exceeded: Fasting plasma glucose 5.1 mmol/L; 1 hr-10 
mmol/L; 2 hr-8.5 mmol/L.  
 
The antenatal care protocol followed remained the same 
for both the cohorts. Women with GDM were initially 
treated with diabetic diet for 1-2 weeks and plasma 
glucose was measured in the fasting and post-meal states. 
When the target plasma glucose values (fasting 5.0 
mmol/L and post-meals 6.7 mmol/L) were exceeded even 
with diabetic diet, insulin was started and dose titrated to 
achieve the target plasma glucose values.  
 
Maternal and perinatal outcomes in both these groups 
were noted from the case files of these women. The 
maternal outcomes studied were polyhydramnios, 
hypertensive disorders in pregnancy, mode of delivery 
and shoulder dystocia. Neonatal outcomes studied were 
birth weight, respiratory distress syndrome and 
hyperbilirubinemia. These outcomes were compared 
between the two groups.  

Table 1. Patient characteristics and pregnancy outcomes 
Characteristics CC group (n=36) IADPSG group (n=167) P value 
Age  

≤20 years  
21-30 years 
31-40 years 
>40 years 

 
5 (13.9%) 
25 (69.4%) 
6 (16.7%) 
0 (0%) 

 
10 (5.9%) 
123 (73.7%) 
33 (19.8%) 
1 (0.6%) 

 
0.352 

Parity  
0 
≥1 

 
19 (52.8%) 
17 (47.2%) 

73 (43.7%) 
94 (56.3%) 

 
0.322 

 
Gestational age at delivery 

Preterm (less than 37weeks)  
early term (37-39weeks) 
full term (39-41weeks) 

 
5 (13.9%) 
29 (80.6%) 
2 (5.6%) 

 
27 (16.2%) 
82 (49.1%) 
58 (34.7%) 

 
0.150 

Maternal complications 
Hypertension in pregnancy 
Polyhydramnios 
Shoulder dystocia 

 
9 (25%) 
4 (11.1%) 
2 (5.6%) 

13 (7.8%) 
2 (1.2%) 
0 (0%) 

 
0.003 
0.025 
0.002 

Mode of delivery 
Spontaneous vaginal delivery 
Operative vaginal delivery 
Lower segment caesarean section 

 
16 (44.4%) 
6 (16.7%) 
14 (38.9%) 

99 (59.3%) 
11 (6.6%) 
57 (34.1%) 

 
0.085 

Neonatal outcomes 
Large for gestational age  
Respiratory Distress Syndrome 
Hyperbilirubinemia  

 
1 (2.8%) 
7 (19.4%) 
11 (30.6%) 

4 (2.4%) 
0 (0.0%) 
8 (4.8%) 

 
0.831 
0.000 
0.000 

*CC – Carpenter Coustan criteria 
**IADPSG – International Association of the Diabetes and Pregnancy Study Groups. 
Data are presented as n (%). 
For age, parity and gestational age, Mann-Whitney U test was used to obtain the p value, as data were not normally distributed. 
For all other variables, Pearson Chi-square test of association was used to obtain the P values. 
P-value <0.05 was considered as statistically significant. 
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Data were entered in Microsoft Office Excel spreadsheet 
and analysed using SPSS software version 19.0. Means and 
proportions were calculated for continuous and 
categorical variables respectively. Continuous data were 
tested for normality using the Shapiro-Wilk test. Normally 
distributed data were presented as mean ± SD and 
analysed using t-test. Data that were not normally 
distributed were presented as medians and analysed using 
Mann-Whitney U test. Pearson Chi-square test was used to 
find the association between the various outcomes 
between the two groups. A p-value <0.05 was considered 
as statistically significant. 
 
RESULTS 
 
Five hundred pregnant women were screened between 
April 2006-March 2007 and 36 were diagnosed GDM using 
Carpenter & Coustan criteria (CC group). After the 
protocol for screening and diagnosis of GDM at the 
hospital was changed from a two-step to a one-step 
approach, 733 women were screened between April 2013-
March 2014. Among them, 167 women were diagnosed as 
GDM using the IADPSG criteria (IADPSG group). The 
prevalence of GDM was 7.2% in the CC group and 22.78% 
in the IADPSG group (p=0.000).  
 
Majority of women in both groups were primigravidae 
(54% and 43.7% in CC and IADPSG groups respectively). 
Median age of women in the CC group was 25 years 
(interquartile range 23.50-27.00) and 26 years 
(interquartile range 23.00-30.00) in the IADPSG group. 
There was a statistically significant difference in the 
number of women who developed hypertension and 
polyhydramnios among the two groups (Table 1). Women 
who had an operative vaginal delivery (16.67% vs. 6.6%, 
p=0.085) were higher in the CC group than the IADPSG 
group and mean birth weight (3.10 ± 0.55 kg vs. 2.97 ± 0.48 
kg, p=0.165) was higher in the CC group than the IADPSG 
group. However, both these outcomes were not found to 
be statistically significant. Among the perinatal outcomes, 
a statistically significant improvement was found in the 
number of neonates developing respiratory distress 
syndrome (p=0.00) and hyperbilirubinemia (p=0.00) in the 
IADPSG group. 
 
DISCUSSION 
 
The prevalence of GDM was found to have increased from 
7.2% to 22.78% when diagnostic criteria were changed 

from CC criteria to the IADPSG criteria. This increase in 
prevalence was similar to that observed by many other 
authors (Table 2).10–14 The prevalence was found to be as 
high as 35.5% in one study conducted among a Spanish 
population.13 This is mainly due to the lower threshold 
values for diagnosis as per the IADPSG criteria and noted 
originally in the HAPO study as well.  
 

Table 2. Prevalence of GDM in various studies 
Study Prevalence using 

CC criteria* (n) 
Prevalence using 

IADPSG criteria*(n) 
Present study 7.2% (36) 22.78% (167) 
Wu et al.10 2.59% (888) 13.44% (952) 
Feldman et al.11 17% (513) 27% (847) 
Kong et al.18 7.9% (1838) 9.4% (2104) 
Duran et al.13 10.6% (185) 35.5% (542) 
Hung et al.14 4.6% (3641) 12.4% (3056) 
Gopalakrishnan et al.19 - 41.9% (139) 
*Data are presented as %; n represents the sample size in each study. 

 
The rate of preterm deliveries was not significantly 
different among the two groups, like that reported among 
Belgian, Spanish and Taiwanese cohorts.13–15 The rates of 
hypertension, polyhydramnios and mean birth weights 
were found to have decreased after changing the 
diagnostic protocol to the IADPSG criteria. However, only 
hypertensive disorders in pregnancy, polyhydramnios and 
shoulder dystocia were significantly reduced in the 
IADPSG group in our study (Table 1). This appears to be 
due to a higher number of women being treated for 
gestational diabetes. Similarly, Duran et al., in their study 
found a statistically significant decrease in maternal 
hypertension and large for gestational age (LGA).13 Hung 
et al., also demonstrated an improvement in perinatal 
outcomes like LGA and caesarean delivery rates.14 This is 
in contrast with the results obtained by other authors who 
did not find any significant changes in most other 
outcomes (Table 3).  
 
A major limitation of our study is its retrospective nature 
and another is the small sample size. Data on the maternal 
weight gain during pregnancy, the pre-pregnancy BMI, 
high risk factors like prior GDM and blood sugar control 
are lacking. Further, the two criteria were applied on 
different groups of women and in different time periods, 
which could have influenced the prevalence in the 
IADPSG group due to a general background increase in 
prevalence of obesity and type 2 DM in the population. 
 
The results of the HAPO study6 demonstrated an 
increasing risk of adverse maternal, fetal and neonatal 

Table 3. Comparison of selective outcomes (CC cohort vs. IADPSG cohort) in various studies 
Outcomes (P value CC cohort  

vs. IADPSG cohort) Present Study Duran et al13 Benhalima et al15 Ethridge et al20 Hung et al14 Feldman et al11 

Hypertension in pregnancy 0.003 Sig. NS NS - Sig 
Polyhydramnios 0.025 - - - NS - 
Shoulder dystocia 0.002 - NS NS - NS 
Spontaneous vaginal delivery 0.587 - - NS NS - 
Operative vaginal delivery 0.085 - - - NS - 
Caesarean section rate 0.587 - NS NS NS Sig. 
Preterm delivery rate 0.150 Sig. NS - NS NS 
Large for gestational age 0.831 Sig. NS NS Sig. NS 
Hyperbilirubinemia 0.000 - - - - NS 
P-value <0.05 was considered as statistically significant; Sig.-significant; NS- not significant. 

The screening and diagnosis of GDM has been a matter of 
considerable debate. The first diagnostic criteria of GDM 
was proposed by O’Sullivan using 100 g, 3-hour oral 
glucose tolerance tests (OGTT) which were modified by 
Carpenter and Coustan in 1982.4,5 The International 
Association of Diabetes and Pregnancy Study Group 
Consensus Panel (IADPSG) recommended a one-step 75 g 
OGTT based on results of the Hyperglycemia and Adverse 
Perinatal Outcomes (HAPO) study.6,7 The WHO has also 
recommended this strategy since 2013.8 The American 
Diabetes Association (ADA) adopted the IADPSG 
recommendation since 2010, but emphasised in 2014 that a 
one-step 75 g OGTT or two-step approach with a 50 g oral 
glucose challenge test (OCT) followed by a 3-hour 100 g 
OGTT at 24-28 weeks of gestation for those who screen 
positive, are both equally efficacious in diagnosing GDM, 
pending long-term outcome studies.9 However, American 
College of Obstetricians and Gynecologists (ACOG) 
continues to recommend the two-step strategy for 
diagnosis of GDM.2 
 
This study was undertaken to compare the prevalence of 
GDM and feto-maternal outcomes between CC and 
IADPSG groups. 
 
METHODOLOGY 
 
A cross-sectional comparative analysis of women who 
were screened and diagnosed GDM at a tertiary care 
teaching hospital was performed. The protocol for 
screening and diagnosis of GDM at our hospital was 
changed from that of a two-step approach using 
Carpenter & Coustan criteria to a one-step approach 
using the IADPSG criteria in 2011. Data of women 
screened and diagnosed as GDM between April 2006-
March 2007 (using Carpenter & Coustan criteria) and 

April 2013-March 2014 (using the IADPSG criteria) were 
included in the study. The study protocol was approved 
by the Institute’s Ethics Committee. Waiver of consent 
was granted as it was a retrospective study and patient 
confidentiality was maintained. 
 
In the CC group, women who screened positive at 24–28 
weeks of gestation (plasma glucose of ≥ 140 mg/dL after 
1 hr of a 50 g GCT), underwent a 3-hour 100 g oral 
glucose tolerance test (OGTT) and were diagnosed GDM 
when at least two values were more than or equal to the 
following threshold values: Fasting plasma glucose-5.3 
mmol/L; 1 hr-10.0 mmol/L; 2 hr-8.6 mmol/L; 3 hr-7.8 
mmol/L. In the IADPSG group, women underwent a 
single-step 75 g OGTT and were diagnosed GDM when 
one or more of the following threshold values were 
exceeded: Fasting plasma glucose 5.1 mmol/L; 1 hr-10 
mmol/L; 2 hr-8.5 mmol/L.  
 
The antenatal care protocol followed remained the same 
for both the cohorts. Women with GDM were initially 
treated with diabetic diet for 1-2 weeks and plasma 
glucose was measured in the fasting and post-meal states. 
When the target plasma glucose values (fasting 5.0 
mmol/L and post-meals 6.7 mmol/L) were exceeded even 
with diabetic diet, insulin was started and dose titrated to 
achieve the target plasma glucose values.  
 
Maternal and perinatal outcomes in both these groups 
were noted from the case files of these women. The 
maternal outcomes studied were polyhydramnios, 
hypertensive disorders in pregnancy, mode of delivery 
and shoulder dystocia. Neonatal outcomes studied were 
birth weight, respiratory distress syndrome and 
hyperbilirubinemia. These outcomes were compared 
between the two groups.  

Table 1. Patient characteristics and pregnancy outcomes 
Characteristics CC group (n=36) IADPSG group (n=167) P value 
Age  

≤20 years  
21-30 years 
31-40 years 
>40 years 

 
5 (13.9%) 
25 (69.4%) 
6 (16.7%) 
0 (0%) 

 
10 (5.9%) 
123 (73.7%) 
33 (19.8%) 
1 (0.6%) 

 
0.352 

Parity  
0 
≥1 

 
19 (52.8%) 
17 (47.2%) 

73 (43.7%) 
94 (56.3%) 

 
0.322 

 
Gestational age at delivery 

Preterm (less than 37weeks)  
early term (37-39weeks) 
full term (39-41weeks) 

 
5 (13.9%) 
29 (80.6%) 
2 (5.6%) 

 
27 (16.2%) 
82 (49.1%) 
58 (34.7%) 

 
0.150 

Maternal complications 
Hypertension in pregnancy 
Polyhydramnios 
Shoulder dystocia 

 
9 (25%) 
4 (11.1%) 
2 (5.6%) 

13 (7.8%) 
2 (1.2%) 
0 (0%) 

 
0.003 
0.025 
0.002 

Mode of delivery 
Spontaneous vaginal delivery 
Operative vaginal delivery 
Lower segment caesarean section 

 
16 (44.4%) 
6 (16.7%) 
14 (38.9%) 

99 (59.3%) 
11 (6.6%) 
57 (34.1%) 

 
0.085 

Neonatal outcomes 
Large for gestational age  
Respiratory Distress Syndrome 
Hyperbilirubinemia  

 
1 (2.8%) 
7 (19.4%) 
11 (30.6%) 

4 (2.4%) 
0 (0.0%) 
8 (4.8%) 

 
0.831 
0.000 
0.000 

*CC – Carpenter Coustan criteria 
**IADPSG – International Association of the Diabetes and Pregnancy Study Groups. 
Data are presented as n (%). 
For age, parity and gestational age, Mann-Whitney U test was used to obtain the p value, as data were not normally distributed. 
For all other variables, Pearson Chi-square test of association was used to obtain the P values. 
P-value <0.05 was considered as statistically significant. 

ONLINE FIRST | April 12, 2017 | https://doi.org/10.15605/jafes.032.01.05

29A Comparison of Pregnancy Outcomes Using Two Diagnostic Criteria

www.asean-endocrinejournal.orgVol. 32 No. 1 May 2017

Sultana Tahmina, et al

ONLINE FIRST | April 12, 2017 | https://doi.org/10.15605/jafes.032.01.05



Gestational diabetes project. Can J Diabetes. 2015;39(2):128–32. 
https://doi.org/10.1016/j.jcjd.2014.09.007. 

19. Gopalakrishnan V, Singh R, Pradeep Y, Kapoor D, Rani AK, Pradhan 
S, et al. Evaluation of the prevalence of gestational diabetes mellitus 
in North Indians using the International Association of Diabetes and 
Pregnancy Study groups (IADPSG) criteria. J Postgrad Med. 
2015;61(3):155–8. https://doi.org/10.4103/0022-3859.159306. 

20. Ethridge JK, Catalano PM, Waters TP. Perinatal outcomes associated 
with the diagnosis of gestational diabetes made by the international 
association of the diabetes and pregnancy study groups criteria. 
Obstet Gynecol. 2014;124(3):571–8. PMID: 25162258. PMCID: 
PMC4696546. https://doi.org/10.1097/AOG.0000000000000412. 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

outcomes with increasing maternal glycemic levels. 
These glycemic levels were observed to be well within 
the normal range as per the previously followed 
diagnostic cut-offs for diagnosis of GDM. Based on these 
findings, although the IADPSG and WHO adopted these 
criteria in 2010 and 2013 respectively, FIGO advocated 
the use of these criteria only in 2015. However, 
considering the limitations in medium to low resource 
countries, FIGO still considers alternative strategies like 
the one step non-fasting 75 g OGTT as recommended by 
the Diabetes in Pregnancy Study Group in India (DIPSI), 
as equally acceptable for diagnosis of GDM. In the DIPSI 
test, a glucose level of ≤7.8 mmol/L or ≤140 mg/dL is 
taken as the cut-off for diagnosis of GDM.16,17 
 
Following alternative strategies like the DIPSI test makes 
the comparison in outcomes more complex and hence it 
would be more useful to evaluate outcomes using 
IADPSG criteria alone and comparing these with the non-
diabetic population as determined by these criteria. From 
the results of our study, important maternal and neonatal 
outcomes were found to be statistically significantly 
better when the newer IADPSG criteria are applied for 
diagnosis. This may have been due to lower threshold 
values used for diagnosis and consequently earlier 
intervention and treatment in the IADPSG group. Our 
study is not adequately powered to determine if this 
change is truly significant. As most national and 
international organisations seem to be accepting and 
adopting the IADPSG criteria, large multicentre 
population and hospital based studies are needed to 
demonstrate a significant improvement in the pregnancy 
outcomes using these criteria.  
 
CONCLUSION 
 
The diagnosis of Gestational Diabetes Mellitus (GDM) is 
presently being made by different criteria applied to various 
populations and with different approaches, taking into 
consideration the health services, resources and prevalence 
of glucose intolerance in the population. FIGO now 
advocates universal screening of all pregnant women for 
GDM by the single-step 75 g OGTT using IADPSG criteria. 
The use of alternative strategies in some countries is still 
acceptable, but causes confusion and inability to draw 
adequate comparisons between the different outcomes. 
Our study demonstrated a significant improvement in 
important maternal and perinatal outcomes, but is limited 
by its small sample size. Further large prospective trials 
are required to validate these results.  
 
Statement of Authorship 
All authors certified fulfillment of ICMJE authorship criteria. 
 
Author Disclosure 
The authors have declared no conflict of interest. 
 
Funding Source 
None. 
 

References 
1. Roglic G. WHO Global report on diabetes: A summary. Int J Non-

Commun Dis. 2016;1(1):3-8. Available from: http://www.ijncd.org/ 
text.asp?2016/1/1/3/184853. 

2. Committee on Practice Bulletins-Obstetrics. Practice Bulletin No. 137: 
Gestational diabetes mellitus. Obstet Gynecol. 2013;122(2 Pt 1):406–16. 
PMID: 23969827 https://doi.org/10.1097/01.AOG.0000433006.09219.f1. 

3. International Diabetes Federation GDM Resources, 2015. Available 
from: http://www.idf.org/women-and-diabetes/resource-centre. 

4. O’Sullivan JB, Mahan CM. Criteria for oral glucose tolerance test in 
pregnancy. Diabetes. 1964;13:278–85. PMID: 14166677. 

5. Carpenter MW, Coustan DR. Criteria for screening tests for 
gestational diabetes. Am J Obstet Gynecol. 1982;144(7):768–73. 
https://doi.org/10.1016/00029378(82)90349-0. 

6. HAPO Study Cooperative Research Group, Metzger BE, Lowe LP, 
Dyer AR, Trimble ER, Chaovarindr U, et al. Hyperglycemia and 
adverse pregnancy outcomes. N Engl J Med. 2008 8;358(19):1991–
2002. PMID: 18463375. https://doi.org/10.1056/NEJMoa070794. 

7. International Association of Diabetes and Pregnancy Study Groups 
Consensus Panel, Metzger BE, Gabbe SG, Persson B, Buchanan TA, 
Catalano PA, et al. International association of diabetes and 
pregnancy study groups recommendations on the diagnosis and 
classification of hyperglycemia in pregnancy. Diabetes Care. 
2010;33(3):676–82. PMID: 20190296. PMCID: PMC2827520. 
https://doi.org/ 10.2337/dc09-1848. 

8. World Health Organization. Diagnostic criteria and classification of 
hyperglycaemia first detected in pregnancy, 2013. Available from: 
http://apps.who.int/iris/handle/10665/85975 

9. American Diabetes Association. Standards of Medical Care in 
Diabetes--2014. Diabetes Care. 2014 ;37(Suppl 1):S14–80. 
https://doi.org/10.2337/dc14-S014. 

10. Wu ET, Nien FJ, Kuo CH, Chen SC, Chen KY, Chuang L-M, et al. 
Diagnosis of more gestational diabetes lead to better pregnancy 
outcomes: Comparing the International Association of the Diabetes 
and Pregnancy Study Group criteria, and the Carpenter and Coustan 
criteria. J Diabetes Investig. 2016;7(1):121–6. https://doi.org/10.1111/ 
jdi.12378. 

11. Feldman RK, Tieu RS, Yasumura L. Gestational Diabetes Screening: 
The International Association of the Diabetes and Pregnancy Study 
Groups compared with Carpenter-Coustan Screening. Obstet 
Gynecol. 2016;127(1):10–7. PMID: 26646142. https://doi.org/10.1097/ 
AOG.0000000000001132. 

12. Oriot P, Selvais P, Radikov J, Jacobs JL, Gilleman U, Loumaye R, et al. 
Assessing the incidence of gestational diabetes and neonatal 
outcomes using the IADPSG guidelines in comparison with the 
Carpenter and Coustan criteria in a Belgian general hospital. Acta 
Clin Belg. 2014;69(1):8–11. https:// doi.org/10.1179/0001551213Z. 
0000000004. 

13. Duran A, Sáenz S, Torrejón MJ, Bordiú E, Del Valle L, Galindo M, et 
al. Introduction of IADPSG criteria for the screening and diagnosis of 
gestational diabetes mellitus results in improved pregnancy 
outcomes at a lower cost in a large cohort of pregnant women: The St. 
Carlos Gestational Diabetes Study. Diabetes Care. 2014;37(9):2442–50. 
PMID: 24947793. https://doi.org/10.2337/dc14-0179. 

14. Hung TH, Hsieh TT. The effects of implementing the International 
Association of Diabetes and Pregnancy Study Groups criteria for 
diagnosing gestational diabetes on maternal and neonatal outcomes. 
PloS One. 2015;10(3):e0122261. https://doi.org/10.1371/journal.pone. 
0122261. 

15. Benhalima K, Hanssens M, Devlieger R, Verhaeghe J, Mathieu C. 
Analysis of pregnancy outcomes using the new IADPSG 
recommendation compared with the Carpenter and Coustan criteria 
in an area with a low prevalence of gestational diabetes. Int J 
Endocrinol. 2013;2013:248121. https://doi.org/10.1155/2013/248121. 

16. Hod M, Kapur A, Sacks DA, Hadar E, Agarwal M, Di Renzo GC, et al. 
The International Federation of Gynecology and Obstetrics (FIGO) 
Initiative on gestational diabetes mellitus: A pragmatic guide for 
diagnosis, management, and care. Int J Gynaecol Obstet. 
2015;131(Suppl 3):S173–211. PMID: 26433807. https://doi.org/10.1016/ 
S0020-7292(15)30007-2. 

17. Seshiah V, Balaji V, Shah SN, Joshi S, Das AK, Sahay BK, et al. 
Diagnosis of gestational diabetes mellitus in the community. J Assoc 
Physicians India. 2012;60:15–7. PMID: 23405515. 

18. Kong JM, Lim K, Thompson DM. Evaluation of the International 
Association of the Diabetes In Pregnancy Study Group new criteria: 

Authors are required to accomplish, sign and submit scanned copies of the JAFES Author Form consisting of: (1) Authorship Certification, that all the requirements 
for authorship have been met by each author, and that the final version of the manuscript has been read and approved by all authors; (2) the Author Declaration, that 
the article represents original material that is not being considered for publication or has not been published or accepted for publication elsewhere; (3) the Statement 
of Copyright Transfer [accepted manuscripts become the permanent property of the JAFES and are licensed with an Attribution-Share Alike-Non-Commercial 
Creative Commons License. Articles may be shared and adapted for non-commercial purposes as long as they are properly cited]; and the ICMJE form for Disclosure 
of Potential Conflicts of Interest. For original articles, authors are required to submit a scanned copy of the Ethics Review Approval of their research as well as 
registration in trial registries as appropriate. For manuscripts reporting data from studies involving animals, authors are required to submit a scanned copy of the 
Institutional Animal Care and Use Committee approval. For Case Reports or Series, and Images in Endocrinology, consent forms, are required for the publication 
of information about patients; otherwise, authors declared that all means have been exhausted for securing such consent. Articles and any other material published in 
the JAFES represent the work of the author(s) and should not be construed to reflect the opinions of the Editors or the Publisher.

30 A Comparison of Pregnancy Outcomes Using Two Diagnostic Criteria

www.asean-endocrinejournal.org Vol. 32 No. 1 May 2017

Sultana Tahmina, et al

ONLINE FIRST | April 12, 2017 | https://doi.org/10.15605/jafes.032.01.05 ONLINE FIRST | April 12, 2017 | https://doi.org/10.15605/jafes.032.01.05

Gestational diabetes project. Can J Diabetes. 2015;39(2):128–32. 
https://doi.org/10.1016/j.jcjd.2014.09.007. 

19. Gopalakrishnan V, Singh R, Pradeep Y, Kapoor D, Rani AK, Pradhan 
S, et al. Evaluation of the prevalence of gestational diabetes mellitus 
in North Indians using the International Association of Diabetes and 
Pregnancy Study groups (IADPSG) criteria. J Postgrad Med. 
2015;61(3):155–8. https://doi.org/10.4103/0022-3859.159306. 

20. Ethridge JK, Catalano PM, Waters TP. Perinatal outcomes associated 
with the diagnosis of gestational diabetes made by the international 
association of the diabetes and pregnancy study groups criteria. 
Obstet Gynecol. 2014;124(3):571–8. PMID: 25162258. PMCID: 
PMC4696546. https://doi.org/10.1097/AOG.0000000000000412. 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

outcomes with increasing maternal glycemic levels. 
These glycemic levels were observed to be well within 
the normal range as per the previously followed 
diagnostic cut-offs for diagnosis of GDM. Based on these 
findings, although the IADPSG and WHO adopted these 
criteria in 2010 and 2013 respectively, FIGO advocated 
the use of these criteria only in 2015. However, 
considering the limitations in medium to low resource 
countries, FIGO still considers alternative strategies like 
the one step non-fasting 75 g OGTT as recommended by 
the Diabetes in Pregnancy Study Group in India (DIPSI), 
as equally acceptable for diagnosis of GDM. In the DIPSI 
test, a glucose level of ≤7.8 mmol/L or ≤140 mg/dL is 
taken as the cut-off for diagnosis of GDM.16,17 
 
Following alternative strategies like the DIPSI test makes 
the comparison in outcomes more complex and hence it 
would be more useful to evaluate outcomes using 
IADPSG criteria alone and comparing these with the non-
diabetic population as determined by these criteria. From 
the results of our study, important maternal and neonatal 
outcomes were found to be statistically significantly 
better when the newer IADPSG criteria are applied for 
diagnosis. This may have been due to lower threshold 
values used for diagnosis and consequently earlier 
intervention and treatment in the IADPSG group. Our 
study is not adequately powered to determine if this 
change is truly significant. As most national and 
international organisations seem to be accepting and 
adopting the IADPSG criteria, large multicentre 
population and hospital based studies are needed to 
demonstrate a significant improvement in the pregnancy 
outcomes using these criteria.  
 
CONCLUSION 
 
The diagnosis of Gestational Diabetes Mellitus (GDM) is 
presently being made by different criteria applied to various 
populations and with different approaches, taking into 
consideration the health services, resources and prevalence 
of glucose intolerance in the population. FIGO now 
advocates universal screening of all pregnant women for 
GDM by the single-step 75 g OGTT using IADPSG criteria. 
The use of alternative strategies in some countries is still 
acceptable, but causes confusion and inability to draw 
adequate comparisons between the different outcomes. 
Our study demonstrated a significant improvement in 
important maternal and perinatal outcomes, but is limited 
by its small sample size. Further large prospective trials 
are required to validate these results.  
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outcomes with increasing maternal glycemic levels. 
These glycemic levels were observed to be well within 
the normal range as per the previously followed 
diagnostic cut-offs for diagnosis of GDM. Based on these 
findings, although the IADPSG and WHO adopted these 
criteria in 2010 and 2013 respectively, FIGO advocated 
the use of these criteria only in 2015. However, 
considering the limitations in medium to low resource 
countries, FIGO still considers alternative strategies like 
the one step non-fasting 75 g OGTT as recommended by 
the Diabetes in Pregnancy Study Group in India (DIPSI), 
as equally acceptable for diagnosis of GDM. In the DIPSI 
test, a glucose level of ≤7.8 mmol/L or ≤140 mg/dL is 
taken as the cut-off for diagnosis of GDM.16,17 
 
Following alternative strategies like the DIPSI test makes 
the comparison in outcomes more complex and hence it 
would be more useful to evaluate outcomes using 
IADPSG criteria alone and comparing these with the non-
diabetic population as determined by these criteria. From 
the results of our study, important maternal and neonatal 
outcomes were found to be statistically significantly 
better when the newer IADPSG criteria are applied for 
diagnosis. This may have been due to lower threshold 
values used for diagnosis and consequently earlier 
intervention and treatment in the IADPSG group. Our 
study is not adequately powered to determine if this 
change is truly significant. As most national and 
international organisations seem to be accepting and 
adopting the IADPSG criteria, large multicentre 
population and hospital based studies are needed to 
demonstrate a significant improvement in the pregnancy 
outcomes using these criteria.  
 
CONCLUSION 
 
The diagnosis of Gestational Diabetes Mellitus (GDM) is 
presently being made by different criteria applied to various 
populations and with different approaches, taking into 
consideration the health services, resources and prevalence 
of glucose intolerance in the population. FIGO now 
advocates universal screening of all pregnant women for 
GDM by the single-step 75 g OGTT using IADPSG criteria. 
The use of alternative strategies in some countries is still 
acceptable, but causes confusion and inability to draw 
adequate comparisons between the different outcomes. 
Our study demonstrated a significant improvement in 
important maternal and perinatal outcomes, but is limited 
by its small sample size. Further large prospective trials 
are required to validate these results.  
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outcomes with increasing maternal glycemic levels. 
These glycemic levels were observed to be well within 
the normal range as per the previously followed 
diagnostic cut-offs for diagnosis of GDM. Based on these 
findings, although the IADPSG and WHO adopted these 
criteria in 2010 and 2013 respectively, FIGO advocated 
the use of these criteria only in 2015. However, 
considering the limitations in medium to low resource 
countries, FIGO still considers alternative strategies like 
the one step non-fasting 75 g OGTT as recommended by 
the Diabetes in Pregnancy Study Group in India (DIPSI), 
as equally acceptable for diagnosis of GDM. In the DIPSI 
test, a glucose level of ≤7.8 mmol/L or ≤140 mg/dL is 
taken as the cut-off for diagnosis of GDM.16,17 
 
Following alternative strategies like the DIPSI test makes 
the comparison in outcomes more complex and hence it 
would be more useful to evaluate outcomes using 
IADPSG criteria alone and comparing these with the non-
diabetic population as determined by these criteria. From 
the results of our study, important maternal and neonatal 
outcomes were found to be statistically significantly 
better when the newer IADPSG criteria are applied for 
diagnosis. This may have been due to lower threshold 
values used for diagnosis and consequently earlier 
intervention and treatment in the IADPSG group. Our 
study is not adequately powered to determine if this 
change is truly significant. As most national and 
international organisations seem to be accepting and 
adopting the IADPSG criteria, large multicentre 
population and hospital based studies are needed to 
demonstrate a significant improvement in the pregnancy 
outcomes using these criteria.  
 
CONCLUSION 
 
The diagnosis of Gestational Diabetes Mellitus (GDM) is 
presently being made by different criteria applied to various 
populations and with different approaches, taking into 
consideration the health services, resources and prevalence 
of glucose intolerance in the population. FIGO now 
advocates universal screening of all pregnant women for 
GDM by the single-step 75 g OGTT using IADPSG criteria. 
The use of alternative strategies in some countries is still 
acceptable, but causes confusion and inability to draw 
adequate comparisons between the different outcomes. 
Our study demonstrated a significant improvement in 
important maternal and perinatal outcomes, but is limited 
by its small sample size. Further large prospective trials 
are required to validate these results.  
 
Statement of Authorship 
All authors certified fulfillment of ICMJE authorship criteria. 
 
Author Disclosure 
The authors have declared no conflict of interest. 
 
Funding Source 
None. 
 

References 
1. Roglic G. WHO Global report on diabetes: A summary. Int J Non-

Commun Dis. 2016;1(1):3-8. Available from: http://www.ijncd.org/ 
text.asp?2016/1/1/3/184853. 

2. Committee on Practice Bulletins-Obstetrics. Practice Bulletin No. 137: 
Gestational diabetes mellitus. Obstet Gynecol. 2013;122(2 Pt 1):406–16. 
PMID: 23969827 https://doi.org/10.1097/01.AOG.0000433006.09219.f1. 

3. International Diabetes Federation GDM Resources, 2015. Available 
from: http://www.idf.org/women-and-diabetes/resource-centre. 

4. O’Sullivan JB, Mahan CM. Criteria for oral glucose tolerance test in 
pregnancy. Diabetes. 1964;13:278–85. PMID: 14166677. 

5. Carpenter MW, Coustan DR. Criteria for screening tests for 
gestational diabetes. Am J Obstet Gynecol. 1982;144(7):768–73. 
https://doi.org/10.1016/00029378(82)90349-0. 

6. HAPO Study Cooperative Research Group, Metzger BE, Lowe LP, 
Dyer AR, Trimble ER, Chaovarindr U, et al. Hyperglycemia and 
adverse pregnancy outcomes. N Engl J Med. 2008 8;358(19):1991–
2002. PMID: 18463375. https://doi.org/10.1056/NEJMoa070794. 

7. International Association of Diabetes and Pregnancy Study Groups 
Consensus Panel, Metzger BE, Gabbe SG, Persson B, Buchanan TA, 
Catalano PA, et al. International association of diabetes and 
pregnancy study groups recommendations on the diagnosis and 
classification of hyperglycemia in pregnancy. Diabetes Care. 
2010;33(3):676–82. PMID: 20190296. PMCID: PMC2827520. 
https://doi.org/ 10.2337/dc09-1848. 

8. World Health Organization. Diagnostic criteria and classification of 
hyperglycaemia first detected in pregnancy, 2013. Available from: 
http://apps.who.int/iris/handle/10665/85975 

9. American Diabetes Association. Standards of Medical Care in 
Diabetes--2014. Diabetes Care. 2014 ;37(Suppl 1):S14–80. 
https://doi.org/10.2337/dc14-S014. 

10. Wu ET, Nien FJ, Kuo CH, Chen SC, Chen KY, Chuang L-M, et al. 
Diagnosis of more gestational diabetes lead to better pregnancy 
outcomes: Comparing the International Association of the Diabetes 
and Pregnancy Study Group criteria, and the Carpenter and Coustan 
criteria. J Diabetes Investig. 2016;7(1):121–6. https://doi.org/10.1111/ 
jdi.12378. 

11. Feldman RK, Tieu RS, Yasumura L. Gestational Diabetes Screening: 
The International Association of the Diabetes and Pregnancy Study 
Groups compared with Carpenter-Coustan Screening. Obstet 
Gynecol. 2016;127(1):10–7. PMID: 26646142. https://doi.org/10.1097/ 
AOG.0000000000001132. 

12. Oriot P, Selvais P, Radikov J, Jacobs JL, Gilleman U, Loumaye R, et al. 
Assessing the incidence of gestational diabetes and neonatal 
outcomes using the IADPSG guidelines in comparison with the 
Carpenter and Coustan criteria in a Belgian general hospital. Acta 
Clin Belg. 2014;69(1):8–11. https:// doi.org/10.1179/0001551213Z. 
0000000004. 

13. Duran A, Sáenz S, Torrejón MJ, Bordiú E, Del Valle L, Galindo M, et 
al. Introduction of IADPSG criteria for the screening and diagnosis of 
gestational diabetes mellitus results in improved pregnancy 
outcomes at a lower cost in a large cohort of pregnant women: The St. 
Carlos Gestational Diabetes Study. Diabetes Care. 2014;37(9):2442–50. 
PMID: 24947793. https://doi.org/10.2337/dc14-0179. 

14. Hung TH, Hsieh TT. The effects of implementing the International 
Association of Diabetes and Pregnancy Study Groups criteria for 
diagnosing gestational diabetes on maternal and neonatal outcomes. 
PloS One. 2015;10(3):e0122261. https://doi.org/10.1371/journal.pone. 
0122261. 

15. Benhalima K, Hanssens M, Devlieger R, Verhaeghe J, Mathieu C. 
Analysis of pregnancy outcomes using the new IADPSG 
recommendation compared with the Carpenter and Coustan criteria 
in an area with a low prevalence of gestational diabetes. Int J 
Endocrinol. 2013;2013:248121. https://doi.org/10.1155/2013/248121. 

16. Hod M, Kapur A, Sacks DA, Hadar E, Agarwal M, Di Renzo GC, et al. 
The International Federation of Gynecology and Obstetrics (FIGO) 
Initiative on gestational diabetes mellitus: A pragmatic guide for 
diagnosis, management, and care. Int J Gynaecol Obstet. 
2015;131(Suppl 3):S173–211. PMID: 26433807. https://doi.org/10.1016/ 
S0020-7292(15)30007-2. 

17. Seshiah V, Balaji V, Shah SN, Joshi S, Das AK, Sahay BK, et al. 
Diagnosis of gestational diabetes mellitus in the community. J Assoc 
Physicians India. 2012;60:15–7. PMID: 23405515. 

18. Kong JM, Lim K, Thompson DM. Evaluation of the International 
Association of the Diabetes In Pregnancy Study Group new criteria: 

JAFES
Experience the new JAFES.

Visit us at www.ASEAN-endocrinejournal.org.

Authors are required to accomplish, sign and submit scanned copies of the JAFES Author Form consisting of: (1) Authorship Certification, that all the requirements 
for authorship have been met by each author, and that the final version of the manuscript has been read and approved by all authors; (2) the Author Declaration, that 
the article represents original material that is not being considered for publication or has not been published or accepted for publication elsewhere; (3) the Statement 
of Copyright Transfer [accepted manuscripts become the permanent property of the JAFES and are licensed with an Attribution-Share Alike-Non-Commercial 
Creative Commons License. Articles may be shared and adapted for non-commercial purposes as long as they are properly cited]; and the ICMJE form for Disclosure 
of Potential Conflicts of Interest. For original articles, authors are required to submit a scanned copy of the Ethics Review Approval of their research as well as 
registration in trial registries as appropriate. For manuscripts reporting data from studies involving animals, authors are required to submit a scanned copy of the 
Institutional Animal Care and Use Committee approval. For Case Reports or Series, and Images in Endocrinology, consent forms, are required for the publication 
of information about patients; otherwise, authors declared that all means have been exhausted for securing such consent. Articles and any other material published in 
the JAFES represent the work of the author(s) and should not be construed to reflect the opinions of the Editors or the Publisher.

ONLINE FIRST | April 12, 2017 | https://doi.org/10.15605/jafes.032.01.05

31A Comparison of Pregnancy Outcomes Using Two Diagnostic Criteria

www.asean-endocrinejournal.orgVol. 32 No. 1 May 2017

Sultana Tahmina, et al

ONLINE FIRST | April 12, 2017 | https://doi.org/10.15605/jafes.032.01.05


