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Background: We investigated the pregnancy outcomes in women who were diagnosed with gestational diabetes mellitus (GDM) 
by the International Association of the Diabetes and Pregnancy Study Groups (IADPSG) criteria but not by the Carpenter-Cous-
tan (CC) criteria.
Methods: A total of 8,735 Korean pregnant women were identified at two hospitals between 2014 and 2016. Among them, 2,038 
women participated in the prospective cohort to investigate pregnancy outcomes. Diagnosis of GDM was made via two-step ap-
proach with 50-g glucose challenge test for screening followed by diagnostic 2-hour 75-g oral glucose tolerance test. Women were 
divided into three groups: non-GDM, GDM diagnosed exclusively by the IADPSG criteria, and GDM diagnosed by the CC criteria.
Results: The incidence of GDM was 2.1% according to the CC criteria, and 4.1% by the IADPSG criteria. Women diagnosed with 
GDM by the IADPSG criteria had a higher body mass index (22.0±3.1 kg/m2 vs. 21.0±2.8 kg/m2, P<0.001) and an increased risk 
of preeclampsia (odds ratio [OR], 6.90; 95% confidence interval [CI], 1.84 to 25.87; P=0.004) compared to non-GDM women. 
Compared to neonates of the non-GDM group, those of the IADPSG GDM group had an increased risk of being large for gesta-
tional age (OR, 2.39; 95% CI, 1.50 to 3.81; P<0.001), macrosomia (OR, 2.53; 95% CI, 1.26 to 5.10; P=0.009), and neonatal hypo-
glycemia (OR, 3.84; 95% CI, 1.01 to 14.74; P=0.049); they were also at an increased risk of requiring phototherapy (OR, 1.57; 95% 
CI, 1.07 to 2.31; P=0.022) compared to the non-GDM group.
Conclusion: The IADPSG criteria increased the incidence of GDM by nearly three-fold, and women diagnosed with GDM by the 
IADPSG criteria had an increased risk of adverse pregnancy outcomes in Korea.
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INTRODUCTION

Gestational diabetes mellitus (GDM) is defined as any degree 
of glucose intolerance with an onset or initial recognition dur-

ing the present pregnancy [1,2]. GDM is a common medical 
complication of pregnancy and is associated with various peri-
natal morbidities, including preeclampsia, cesarean delivery, 
macrosomia, birth injury, and neonatal hypoglycemia [3-6]. 
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The number of women diagnosed with GDM has increased in 
the past decades, and this statistic is attributable to increased 
obesity and age among pregnant women [7,8]. It is also well 
known that treatment of GDM reduces serious perinatal mor-
bidities [9]. Thus, an effective diagnostic method as well as op-
timal medical and obstetric management is crucial to reduce 
the adverse pregnancy outcomes of GDM.

In 2010, the International Association of the Diabetes and 
Pregnancy Study Groups (IADPSG) proposed new diagnostic 
criteria for GDM based on the results of the Hyperglycemia 
and Adverse Pregnancy Outcome (HAPO) study [4,10]. The 
IADPSG criteria adopted a one-step approach using a 75-g 
2-hour oral glucose tolerance test (OGTT). Compared to the 
Carpenter-Coustan (CC) criteria [11], the diagnostic thresh-
old for glucose values was lowered, and only one abnormal 
value was sufficient for a diagnosis of GDM based on the 
IADPSG criteria. The introduction of the IADPSG criteria is 
estimated to increase the incidence of GDM from 5% to 6% to 
15% to 20% [12]. In addition, there are concerns regarding in-
creased healthcare cost and the impact on medical infrastruc-
ture [13]. Currently, the World Health Organization, the Inter-
national Diabetes Federation, and the American Diabetes As-
sociation have endorsed the IADPSG criteria, but the Ameri-
can Congress of Obstetricians and Gynecologists has not [1, 
14-16].

There is ongoing debate regarding the impact of adopting 
the IADPSG criteria. Specifically, it is not clear to what extent 
the incidence of GDM would increase in different populations 
with different healthcare systems. In addition, there are con-
flicting reports concerning the influence of the IADPSG crite-
ria on maternal and neonatal outcomes [17-19]. Although sev-
eral studies have evaluated the utility of the IADPSG criteria in 
the East Asian population [20,21], the IADPSG criteria have 
not been investigated in Koreans. In this prospective observa-
tional cohort study, we investigated (1) the influence of the 
IADPSG criteria on the incidence of GDM in the Korean pop-
ulation and (2) pregnancy outcomes in women who were diag-
nosed with GDM by the IADPSG criteria but not by the CC 
criteria.

METHODS

Study participants
This was a prospective observational cohort study involving 
women with singleton pregnancies at Cheil General Hospital 

& Women’s Healthcare Center, Dankook University College of 
Medicine and Seoul National University Bundang Hospital. 
Pregnant women who had their initial prenatal visit before 24 
weeks of gestation and were scheduled to receive prenatal ob-
stetric care and deliver at Cheil General Hospital & Women’s 
Healthcare Center or Seoul National University Bundang Hos-
pital were recruited between August 2014 and October 2016. 
Women were excluded if they had multiple pregnancies, they 
had overt or pregestational diabetes, their delivery was planned 
at another hospital, their last menstrual period was not defini-
tive and an ultrasound evaluation was not performed between 
6 and 24 weeks. Each of the participants gave written informed 
consent regarding this study. This study was approved by the 
Institutional Review Board (IRB) of Dankook University, Cheil 
General Hospital & Women’s Healthcare Center (IRB number: 
CGH-IRB-2013-58) and the IRB of Seoul National University 
Bundang Hospital (IRB number: B-1309/220-001).

Diagnosis and treatment of GDM
Between 24 and 28 weeks of gestation, all women were screened 
via the 50-g glucose challenge test (GCT) regardless of fasting. 
Those who had glucose values above 140 mg/dL underwent 
diagnostic 75-g 2-hour OGTTs after 10 hours of fasting on a 
different day. GDM was diagnosed by the CC criteria (two or 
more abnormal values using the following blood glucose thresh-
olds: fasting ≥95 mg/dL; 1-hour ≥180 mg/dL; and 2-hour 
≥155 mg/dL). However, 3-hour glucose was not measured and 
was omitted from the CC criteria. Women diagnosed with GDM 
by the CC criteria were managed according to the standard 
clinical practice guidelines [22]. Treatment consisted of medi-
cal nutritional therapy, increased physical activity, and ade-
quate weight management with the following glucose targets: 
fasting ≤95 mg/dL and 2-hour ≤120 mg/dL. If these goals were 
not met, insulin therapy was added. The diagnostic scheme and 
care of patients with GDM did not change during the study 
period. We also identified women who would be diagnosed 
with GDM by the IADPSG criteria (one or more abnormal val-
ues using the following glucose thresholds: fasting ≥92 mg/dL; 
1-hour ≥180 mg/dL; and 2-hour ≥153 mg/dL) but not by CC 
criteria. These women were not managed as GDM patients and 
only had routine prenatal obstetric care. We stratified partici-
pants into nonoverlapping groups of (1) women with no GDM 
by either the IADPSG criteria or the CC criteria (no GDM 
group), (2) women exclusively diagnosed with GDM by the 
IADPSG criteria and not by the CC criteria (IADPSG GDM 
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group), and (3) women diagnosed with GDM by the CC crite-
ria (CC GDM group).

During the period between August 2014 and October 2016, 
8,735 women with singleton pregnancies underwent a diag-
nostic test for GDM in our institutions (Fig. 1). Anonymized 
data on the 50-g GCT screening and the 75-g OGTT were 
used to estimate the incidence of GDM by either the IADPSG 
or CC criteria. For investigation of pregnancy outcomes, a total 
of 2,038 women agreed to participate in the prospective cohort 
study. The clinical characteristics of the prospective cohort 
participants are shown in Table 1.

Adverse pregnancy outcomes
Maternal and neonatal outcomes were compared among the 
three groups. For maternal outcomes, we investigated pre-
eclampsia, labor induction, primary cesarean delivery, and pre-
term delivery. Preeclampsia was defined as systolic blood pres-
sure ≥140 mm Hg or diastolic blood pressure ≥90 mm Hg on 

two or more occasions and proteinuria ≥1+ on a dipstick test 
or urine protein level ≥300 mg during a 24-hour period [23]. 
Preterm delivery was defined as delivery before 37 gestational 
weeks. For neonatal outcomes, we investigated large for gesta-
tional age (LGA) births, defined as birth weight > the 90th per-
centile; macrosomia, defined as birth weight >4,000 g regard-
less of the gestational age of the fetus [24]; small for gestational 
age births, defined as birth weight <10th percentile; shoulder 
dystocia or birth injury; neonatal hypoglycemia; requirement 
of phototherapy; and neonatal intensive care unit (NICU) ad-
mission. Birth weight percentile was estimated using the baby’s 
sex, gestational age, and maternal parity [25]; neonatal hypo-
glycemia was defined as glucose values ≤30 mg/dL in the first 
24 hours after birth or ≤45 mg/dL after the first 24 hours after 
birth [10]. NICU admission included any type of unit care that 
was more intensive than normal newborn care and lasted 24 
hours. The overall adverse pregnancy outcomes included pre-
eclampsia, labor induction, primary cesarean delivery, LGA, 

Fig. 1. Study scheme and number of participants in each group. GCT, glucose challenge test; OGTT, oral glucose tolerance test; 
GDM, gestational diabetes mellitus; IADPSG, International Association of the Diabetes and Pregnancy Study Groups; CC, Car-
penter-Coustan. aGDM diagnosed exclusively by the IADPSG criteria, bGDM diagnosed by the CC crite ria.

Study period: August 2014–October 2016
Design: Prospective observational cohort

Universal screening with 50-g GCT
24th–28th week of gestation
Cut-off ≥140 mg/dL

6,840 Screen negative

6,840 No GDM
(78.3%)

1,309 No GDM

Informed consent for prospective follow-up

359 IADPSG 
GDMa

(4.1%)

131 IADPSG 
GDMa

180 CC GDMb

(2.1%)

69 CC GDMb

1,356 No GDM
(15.5%)

529 No GDM

1,895 Screen positive
Proceed with 75-g OGTT
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macrosomia, birth weight below the 10th percentile, shoulder 
dystocia or birth injury, neonatal hypoglycemia, phototherapy, 
and NICU admission.

Statistical analysis
Categorical values are reported as frequencies or percentages, 
and continuous variables are reported using the mean±standard 
deviation. Comparisons among the three groups were performed 
using analysis of variance (ANOVA) for continuous variables 
and chi-square test for categorical variables. A post hoc analysis 
of ANOVA was performed using Tukey’s method. Multiple lo-
gistic regression was performed to estimate the odds ratios 
(ORs) and 95% confidence intervals (CIs) for dichotomous 

outcomes for both the IADPSG GDM group and the CC GDM 
group compared to the no GDM group. In model 1, no covari-
ate was included for adjustment. In model 2, maternal age, par-
ity, height, body mass index (BMI) at delivery, gestational age at 
delivery, and baby’s sex were included for adjustment. All sta-
tistical analyses were performed using IBM SPSS Statistics ver-
sion 23 (IBM Co., Armonk, NY, USA). A P<0.05 was consid-
ered statistically significant.

RESULTS

Incidence of GDM according to diagnostic criteria
During the study period, a total of 8,735 singleton pregnancies 

Table 1. Maternal characteristics according to GDM diagnosis 

Maternal characteristic No GDM IADPSG GDM CC GDM PANOVA
a Ppost hoc

b

Number 1,838 131 69
Age at 50-g GCT, yr 34.3±3.9 34.7±3.8 35.6±3.6 0.011 c

Prepregnancy BMI, kg/m2 21.0±2.8 22.0±3.1 23.5±4.2 <0.001 c,d,e

Prepregnancy overweight and obesity <0.001
   Normal weight (BMI <23 kg/m2) 1,471 (81.2) 91 (69.5) 39 (56.5)
   Overweight (BMI 23–24.9 kg/m2) 190 (10.5) 22 (16.8) 11 (16.0)
   Obesity (BMI ≥25 kg/m2) 150 (8.3) 18 (13.7) 19 (27.5)
BMI at 50-g GCT, kg/m2 23.5±2.8 24.3±2.9 26.1±3.9 <0.001 c,d,e

BMI at delivery, kg/m2 26.0±3.1 26.6±3.2 27.2±4.1 0.001 c

Pregnancy weight gain, kg 13.2±4.5 12.0±4.7 9.7±4.7 <0.001 c,d,e

Systolic blood pressure, mm Hg 107±12 107±11 109±13 0.329 
Diastolic blood pressure, mm Hg 60±9 59±8 61±10 0.145 
Parity 0.321
   0 1,167 (63.5) 74 (56.5) 47 (68.1)
   1 581 (31.6) 49 (37.4) 17 (24.6)
   ≥2 901 (4.9) 8 (6.1) 5 (7.2)
50-g GCT glucose, mg/dL 123.7±23.7 157.2±13.9 173.3±20.0 <0.001 c,d,e

Gestational age at 75-g OGTT, wkf 25.9±1.1 25.8±0.9 25.8±0.9 0.279 
75-g OGTT glucose, mg/dLf

   Fasting 81.0±5.1 86.6±7.1 95.3±14.9 <0.001 c,d,e

   1-hr 137.6±23.4 163.6±20.1 198.6±20.2 <0.001 c,d,e

   2-hr 121.0±17.8 150.4±21.2 172.9±25.1 <0.001 c,d,e

Insulin treatment 0 0 28 (40.6)

Values are presented as mean±standard deviation or number (%).
GDM, gestational diabetes mellitus; IADPSG, International Association of the Diabetes and Pregnancy Study Groups; CC, Carpenter-Coustan; 
ANOVA, analysis of variance; GCT, glucose challenge test; BMI, body mass index; OGTT, oral glucose tolerance test.
aP for ANOVA in the case of a continuous variable and chi-square test in the case of a discrete variable, bPost hoc analysis by Tukey’s method, 
cP<0.05 for no GDM vs. CC GDM, dP<0.05 for no GDM vs. IADPSG GDM, eP<0.05 for IDPSG GDM vs. CC GDM, f75-g OGTT was per-
formed for only 729 GCT-positive women.
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that were eligible according to the inclusion and exclusion cri-
teria were identified. A total of 1,895 women (21.7%) had a 
glucose value ≥140 mg/dL in the 50-g GCT and were given a 
further diagnostic 75-g OGTT. Among those who participated 
in the 75-g OGTT, 1,356 women were not diagnosed with 
GDM, 359 women were diagnosed with GDM exclusively by 
the IADPSG criteria, and 180 women were diagnosed with 
GDM by the CC criteria (Fig. 1). The overall incidence of 
GDM based on the CC criteria was 2.1% (95% CI, 1.8 to 2.4), 
and an additional 4.1% (95% CI, 3.7 to 4.6) of the participants 
were diagnosed with GDM by the IADPSG criteria. When the 
IADPSG criteria were applied, the incidence of GDM increased 
nearly 3-fold, from 2.1% to 6.2% (95% CI, 5.7 to 6.7). Among 
the 131 women who participated in the prospective follow-up 
and were additionally diagnosed with GDM by the IADPSG 
criteria, 122 (93.1%) had one abnormal value, eight (6.1%) had 
two abnormal values, and one (0.8%) had three abnormal val-
ues during the 75-g OGTT. Out of these women, 42 (32.1%) 

had abnormal fasting glucose, 27 (20.6%) had abnormal 
1-hour glucose, and 72 (55.0%) had abnormal 2-hour glucose 
values.

Maternal characteristics of GDM
Among the 8,375 pregnant women who were eligible, 2,038 
(24.3%) participated in the prospective observational cohort to 
investigate pregnancy outcomes (Table 1). There were signifi-
cant differences in age and BMI at the 50-g GCT, prepregnancy 
BMI, BMI at delivery, and weight gain during pregnancy among 
the three groups. In the post hoc analysis, women in the CC 
GDM group had higher prepregnancy BMI and BMI at the 
50-g GCT and lower weight gain during pregnancy compared 
to women in the IADPSG GDM group (P<0.05). The preva-
lence of combined overweight and obesity was 18.8%, 30.5%, 
and 43.5% in the No GDM, IADPSG GDM, and CC GDM 
groups, respectively (P<0.001). There were also significant dif-
ferences in glucose values of the 50-g GCT and 75-g OGTT 

Table 2. Maternal and neonatal outcomes according to GDM diagnosis

Variable No GDM IADPSG GDM CC GDM P valuea

Number 1,838 131 69
Maternal outcome
   Preeclampsia 7 (0.4) 4 (3.1) 1 (1.4) <0.001
   Labor induction 149 (8.1) 12 (9.2) 6 (8.7) 0.903 
   Primary Cesarean delivery 592 (32.2) 37 (28.2) 21 (30.4) 0.620 
   Preterm delivery 94 (5.1) 11 (8.4) 5 (7.2) 0.217 
Neonatal outcome
   Male sex 933 (50.8) 72 (55.0) 38 (55.1) 0.527 
   Gestational age, wk 39.3±1.4 39.1±1.4 39.0±1.3 0.035 
   Birth weight, g 3,253±419 3,362±495 3,319±545 0.010 
   LGA 178 (9.7) 28 (21.4) 14 (20.3) <0.001
   Macrosomia (>4.0 kg) 63 (3.4) 11 (8.4) 7 (10.1) 0.001 
   SGA 187 (10.2) 10 (7.6) 7 (10.1) 0.645 
   Shoulder dystocia or birth injury 9 (0.5) 2 (1.5) 0 0.244 
   Neonatal hypoglycemia 9 (0.5) 3 (2.3) 3 (4.3) <0.001
   Phototherapy 515 (28.1) 51 (38.9) 17 (24.6) 0.023 
   NICU admission 181 (9.9) 9 (6.9) 9 (13.0) 0.349 

Overall adverse pregnancy outcome 1,149 (62.5) 94 (71.8) 48 (69.6) 0.058

Values are presented as number (%) or mean±standard deviation.
GDM, gestational diabetes mellitus; IADPSG, International Association of the Diabetes and Pregnancy Study Groups; CC, Carpenter-Coustan; 
LGA, large for gestational age; SGA, small for gestational age; NICU, neonatal intensive care unit.
aP for analysis of variance in the case of continuous variables and chi-square test in the case of discrete variables. The overall adverse pregnancy 
outcomes included preeclampsia, labor induction, primary cesarean delivery, birth weight above the 90th percentile, macrosomia, birth weight 
below the 10th percentile, shoulder dystocia or birth injury, neonatal hypoglycemia, phototherapy, and NICU admission. 
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Table 3. Association between GDM diagnosis and pregnancy outcomes

Variable
Model 1 Model 2

OR (95% CI) P value OR (95% CI) P value
Preeclampsia
   No GDM 1.00 1.00 
   IADPSG GDM 8.17 (2.36–28.3) 0.001a 6.90 (1.84–25.87) 0.004a

   CC GDM 3.82 (0.46–31.44) 0.213 2.47 (0.277–22.11) 0.419 
Labor induction
   No GDM 1.00 1.00 
   IADPSG GDM 1.14 (0.62–2.12) 0.671 1.31 (0.68–2.50) 0.420 
   CC GDM 1.08 (0.46–2.54) 0.861 1.62 (0.66–3.97) 0.289 
Primary cesarean delivery
   No GDM 1.00 1.00 
   IADPSG GDM 0.83 (0.56–1.23) 0.348 0.80 (0.50–1.26) 0.330 
   CC GDM 0.92 (0.55–1.55) 0.757 0.60 (0.33–1.08) 0.087 
Preterm deliveryb

   No GDM 1.00 1.00 
   IADPSG GDM 1.70 (0.89–3.26) 0.110 1.86 (0.96–3.59) 0.065 
   CC GDM 1.45 (0.57–3.68) 0.436 1.58 (0.62–4.08) 0.341 
LGA
   No GDM 1.00 1.00 
   IADPSG GDM 2.54 (1.62–3.96) <0.001a 2.39 (1.50–3.81) <0.001a

   CC GDM 2.37 (1.29–4.36) 0.005a 2.07 (1.08–3.94) 0.028a 
Macrosomia (>4.0 kg)
   No GDM 1.00 1.00 
   IADPSG GDM 2.58 (1.33–5.03) 0.005a 2.53 (1.26–5.10) 0.009a 
   CC GDM 3.18 (1.40–7.23) 0.006a 3.34 (1.39–8.00) 0.007a 
SGA
   No GDM 1.00 1.00 
   IADPSG GDM 0.73 (0.38–1.42) 0.351 0.75 (0.38–1.47) 0.396 
   CC GDM 0.99 (0.45–2.21) 0.997 0.94 (0.42–2.13) 0.879 
Shoulder dystocia or birth injury
   No GDM 1.00 1.00 
   IADPSG GDM 3.14 (0.67–14.69) 0.146 3.59 (0.75–17.18) 0.109 
   CC GDM NA NA NA NA
Neonatal hypoglycemia
   No GDM 1.00 1.00 
   IADPSG GDM 4.75 (1.27–17.76) 0.021a 3.84 (1.01–14.74) 0.049a 
   CC GDM 9.21 (2.44–34.82) 0.001a 4.98 (1.17–21.31) 0.030a 
Phototherapy
   No GDM 1.00 1.00 
   IADPSG GDM 1.63 (1.13–2.35) 0.009a 1.57 (1.07–2.31) 0.022a 
   CC GDM 0.84 (0.48–1.46) 0.530 0.63 (0.36–1.13) 0.122 

(Continued to the next page)
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(P<0.05). However, there was no significant difference in 
blood pressure, parity, or gestational age at the 75-g OGTT 
among the three groups. In the CC GDM group, 28 women 
(40.8%) received insulin treatment during pregnancy.

Association between GDM diagnostic criteria and 
pregnancy outcomes
Women in the CC GDM group were managed according to 
standard clinical practice guidelines. However, women in the 
IADPSG GDM group were not managed as GDM patients and 
had routine prenatal obstetric care. Regarding maternal out-
comes (Table 2), there was a significant difference in the fre-
quency of preeclampsia among the three groups (P<0.05). The 
frequency of labor induction, primary cesarean delivery, and 
preterm delivery did not differ among the three groups. Re-
garding neonatal outcomes (Table 2), we observed significant 
differences in gestational age at delivery, birth weight, LGA, 
macrosomia, neonatal hypoglycemia, and requirement for 
phototherapy (P<0.05).

In the multiple logistic regression analysis (Table 3), the 
IADPSG GDM group showed a significantly increased risk of 
preeclampsia, LGA, macrosomia, neonatal hypoglycemia, and 
requirement for phototherapy in both the unadjusted and ad-
justed models (P<0.05). The CC GDM group, in which man-
agement for glycemic control was provided, had an increased 
risk of LGA, macrosomia, and neonatal hypoglycemia com-
pared to the no GDM group (P<0.05). The overall adverse 
pregnancy outcomes were more frequently observed in the 

IADPSG GDM group compared to the no GDM group, with 
an OR of 1.63 (95% CI, 1.08 to 2.47; P=0.021). However, there 
was no significant increase in overall adverse outcomes in the 
CC GDM group.

DISCUSSION

In this prospective observational study, we estimated that the 
incidence of GDM would increase by nearly 3-fold, from 2.1% 
using the CC criteria to 6.2% using the IADPSG criteria. There 
were significant differences in maternal characteristics regard-
ing prepregnancy BMI and BMI at delivery among the three 
groups, with women in the CC GDM group having the highest 
BMI. Compared to the no GDM group, women in the IADPSG 
GDM group had an increased risk of preeclampsia, and neo-
nates had an increased risk of LGA, macrosomia, and neonatal 
hypoglycemia. To the best of our knowledge, this is the first 
prospective cohort to investigate the impact of the IADPSG cri-
teria on the incidence of GDM and pregnancy outcomes in Ko-
rea. The results of this study provide important data to discuss 
whether the IADPSG criteria should be applied more widely in 
Korea.

The incidence of GDM depends not only on the diagnostic 
method but also on the ethnicity of the study population, and 
prevalence of obesity and diabetes. Therefore, it would be im-
portant to investigate how the IADPSG criteria would influ-
ence the incidence of GDM in different ethnic populations and 
different healthcare systems. According to the study design, 

Variable
Model 1 Model 2

OR (95% CI) P value OR (95% CI) P value

NICU admission

   No GDM 1.00 1.00 

   IADPSG GDM 0.68 (0.34–1.35) 0.266 0.67 (0.30–1.24) 0.169 

   CC GDM 1.37 (0.67–2.81) 0.388 1.15 (0.55–2.41) 0.702 

Overall adverse outcomes

   No GDM   1.00 1.00

   IADPSG GDM 1.52 (1.03–2.25) 0.035a 1.63 (1.08–2.47) 0.021a

   CC GDM 1.17 (0.90–1.52) 0.236 1.05 (0.80–1.39) 0.711

Model 1, unadjusted; Model 2, adjusted for maternal age, parity, height, body mass index at delivery, gestational age at delivery, and baby’s sex; 
GDM, gestational diabetes mellitus; OR, odds ratio; CI, confidence interval; IADPSG, International Association of the Diabetes and Pregnancy 
Study Groups; CC, Carpenter-Coustan; LGA, large for gestational age; SGA, small for gestational age; NA, not applicable; NICU, neonatal inten-
sive care unit.
aP<0.05, bGestational age at delivery was not adjusted for preterm delivery in model 2. 

Table 3. Continued
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GDM incidence might have been underestimated using both 
the IADPSG criteria and the CC criteria in this study. It is ex-
pected that the incidence of GDM would increase by two to 
three-fold if the IADPSG criteria are used [26]. In the original 
HAPO study, the incidence of GDM based on the IADPSG 
criteria was estimated to be 17.8% [12]. In a study comparing 
the IADPSG criteria and CC criteria in a Chinese population, 
it was shown that the incidence of GDM would increase to 
19.9% from 7.98% [20]. In Japan, the adoption of the IADPSG 
criteria also increased the incidence of GDM to 6.6% com-
pared to 2.4% based on the Japan Society of Obstetrics and 
Gynecology criteria [21]. The three-fold increase in GDM in-
cidence observed in our study is in accordance with other 
study results in the Asian population. It is expected that the in-
crease in GDM incidence would have a substantial impact on 
medical costs, resource allocation, and medicalization of preg-
nancy [13]. Further investigations are warranted regarding the 
cost effectiveness of the IADPSG criteria in terms of reducing 
overall adverse pregnancy outcomes in this population.

Women who were diagnosed with GDM by the IADPSG 
criteria were characterized by a mild degree of metabolic dete-
rioration. Women in the IADPSG GDM group had elevated 
glucose concentrations compared to the no GDM group but 
not as high as those of the CC GDM group. Compared to the 
CC GDM group, women in the IADPSG GDM group were less 
obese as estimated by lower prepregnancy BMI and lower BMI 
at the time of the 50-g GCT. The mean BMI of the IADPSG 
GDM group was only 22.0 kg/m2. Nevertheless, it should be 
noted that there was a linear increase in the prevalence of com-
bined overweight/obesity in the no GDM (18.8%), IADPSG 
GDM (30.5%), and CC GDM (43.5%) groups. It is well known 
that obesity is a major risk factor for GDM [27]. A recent study 
showed that prepregnancy overweight and obesity account for 
a significant proportion of LGA infants [28]. From these find-
ings, it would be acceptable to state that a small increase in 
prepregnancy BMI or being overweight/obese is a significant 
risk factor for GDM and related adverse pregnancy outcomes 
in our study population.

Women diagnosed with GDM by the IADPSG criteria were 
at increased risk of several adverse pregnancy outcomes, in-
cluding preeclampsia, LGA, macrosomia, neonatal hypoglyce-
mia, and requirement of phototherapy. When the IADPSG cri-
teria were applied to the HAPO study, the frequency of LGA 
increased by approximately two-fold [4]. Consistently, our re-
sults showed that those in the IADPSG GDM group had a 

2.39-fold and 2.53-fold increased risk for LGA and macroso-
mia, respectively. Although clinical practice for glycemic con-
trol was provided according to the guidelines, there was still an 
increased risk of macrosomia in the CC GDM group. This sug-
gests that further efforts are required to reduce adverse preg-
nancy outcomes in GDM women. Other outcomes, including 
preeclampsia, birth injury, and neonatal hypoglycemia, devel-
oped in only 12, 11, and 15 subjects among 2,038 participants, 
respectively, and the incidences were below 1%. Among these 
infrequent adverse outcomes, rates of preeclampsia and neo-
natal hypoglycemia were significantly higher in the IADPSG 
GDM group. However, the estimated ORs might have been 
overestimated due to the small number of outcomes. We also 
estimated overall adverse outcomes by including 11 adverse 
pregnancy outcomes and found that women in the IADPSG 
GDM group had a 1.63-fold increased risk. Interestingly, the 
risk of overall adverse outcomes in the CC GDM group was 
not significantly different from that in the No GDM group. It 
could be speculated that treatment of GDM by medical nutri-
tional therapy and insulin might have reduced several adverse 
pregnancy outcomes, such as preeclampsia and requirement of 
phototherapy.

There were several limitations regarding our study. First, the 
IADPSG criteria were not applied as a one-step approach. In-
stead, 50-g GCT was used for universal screening, and only 
those who had glucose levels above 140 mg/dL were selected 
for the 75-g OGTT. Therefore, we might have missed a num-
ber of women who would have been additionally diagnosed 
with GDM by the IADPSG criteria. Second, regarding the CC 
GDM criteria, a 75-g OGTT was used instead of a 100-g 
OGTT, and the 3-hour glucose level was omitted. It is also like-
ly that the incidence of GDM in the CC GDM group is under-
estimated. Third, we were not able to collect data on cord C-
peptide level or neonate body fat percentage. These two out-
comes were used to determine the diagnostic threshold of the 
IADPSG criteria [4]. Nevertheless, we included clinical out-
comes that are associated with these measures, such as neona-
tal hypoglycemia, shoulder dystocia, and birth injury.

Currently, the Korean Diabetes Association endorses using 
both the IADPSG criteria and the CC criteria for the diagnosis 
of GDM. However, the IADPSG criteria are not widely used in 
Korea. There are certain concerns regarding the adoption of 
the IADPSG criteria. It is still controversial whether using the 
IADPSG criteria would be cost effective [18,29], and this de-
pends on various factors, including the healthcare system and 
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the total cost to treat GDM. Furthermore, it is not clear wheth-
er treatment of these mild GDM patients will result in im-
proved pregnancy outcomes. Previous clinical trials have 
shown that interventions were effective in reducing adverse 
outcomes in mild GDM patients [9,30]. Nevertheless, further 
investigations are required to validate this finding using the 
same IADPSG criteria. In summary, our study confirms that 
the IADPSG criteria would increase the incidence of GDM by 
nearly three-fold, and women diagnosed with GDM based on 
the IADPSG criteria would be at increased risk of overall ad-
verse pregnancy outcomes, including preeclampsia, LGA, 
macrosomia, neonatal hypoglycemia, and requirement of pho-
totherapy. Further investigation on the cost effectiveness and 
pregnancy outcomes in treating women diagnosed by the 
IADPSG criteria in Korea will be critical for deciding whether 
to accept the IADPSG criteria more widely.
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