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Abstract 

Background: To compare obstetric and neonatal outcomes in twin pregnancies with or without gestational diabetes 
mellitus (GDM) before and after changes in GDM diagnostic criteria.

Methods: This was a retrospective cohort study of 1,764 twin pregnancies including 130 women with GDM (GDM 
group) and 1,634 women without GDM (non‑GDM group). Patients with pregestational diabetes, unknown GDM 
status, and fetal death at < 24 gestational weeks were excluded. Obstetric and neonatal outcomes were compared 
between the two groups by two periods: period 1 (1995–2005) and period 2 (2005–2018) when National Diabetes 
Data Group criteria and Carpenter and Coustan criteria were used for diagnosis of GDM, respectively.

Results: The incidence of GDM in twin pregnancies increased from 4.0% in period 1 to 9.3% in period 2. Compos‑
ite obstetric complications rate was significantly higher in the GDM group than that in the non‑GDM group during 
period 1 (72.0% vs. 45.5%, P = 0.009). However, it became comparable during period 2 (60.0% vs. 57.4%, P = 0.601). 
Interaction between GDM and period indicated a significant differential effect of GDM by period on the rate of com‑
posite obstetric complications. The rate of composite neonatal complications was similar between the two groups 
during both periods. The interaction between GDM and period was not significant.

Conclusion: After changes of GDM diagnostic criteria, the incidence of GDM increased more than twice, and the rate 
of composite obstetric complications decreased, but the rate of composite neonatal complications did not change 
significantly.
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Background
Twin pregnancy is increasing worldwide with a shift 
toward an older maternal age and an increasing use of 
assisted reproductive technology (ART) [1–3]. The inci-
dence of twin pregnancy in Korea increased from 2.7% in 
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2008 to 4.1% by 2018 [4]. Obstetric and perinatal com-
plications are more common in women with twin preg-
nancy, including hyperemesis, miscarriage, gestational 
diabetes mellitus (GDM), hypertension, anemia, placenta 
previa, placenta abruptio, preterm labor, preterm prema-
ture rupture of membranes (PPROM), preterm delivery 
(PTD), cesarean section, and fetal and infant morbidity 
and mortality [2, 5, 6].

GDM is defined as a glucose tolerance disorder that 
is first diagnosed during pregnancy [7]. Women with 
GDM have higher risks of preeclampsia, polyhydram-
nios, PPROM, preterm labor, PTD, cesarean section, and 
development of diabetes later in life [7]. Furthermore, 
GDM is associated with a higher risk of macrosomia, 
neonatal hypoglycemia, hyperbilirubinemia, shoulder 
dystocia, and birth trauma [7]. The incidence of GDM 
is increasing worldwide [8, 9]. In Korea, the incidence of 
GDM increased from 5.7% in 2009 to 14.9% by 2016 [10, 
11]. This increase is associated with a greater rate of obe-
sity in women of reproductive age, older maternal age, 
and a trend of lowering diagnostic criteria thresholds for 
GDM [12, 13].

Screening and diagnosis of GDM have been evolved 
through several decades [7, 12]. However, guidelines for 
screening and diagnosing GDM still vary among coun-
tries and individual institutes. They also vary among 
major societies worldwide [14]. Currently, two alternate 
methods are commonly used for screening and diagnos-
ing GDM in Korea: 1) a one-step approach of a diagnos-
tic 2-h 75-g oral glucose tolerance test (OGTT); and 2) 
a two-step approach of a 1-h 50-g OGTT followed by a 
diagnostic 4-h 100-g OGTT. There are two main different 
threshold levels with the 100-g OGTT: the Carpenter and 
Coustan (C–C) criteria and the National Diabetes Data 
Group (NDDG) criteria. The C–C criteria have lower 
cut-off levels than the NDDG criteria. The incidence of 
GDM increases about 1.5 times when using the C–C 
criteria compared with the NDDG criteria [7, 15]. In 
our center, we diagnosed GDM only using the two-step 
method, and the threshold levels was changed from the 
NDDG criteria to C–C criteria.

Concurrent presentation of GDM and twin pregnancy 
is increasing with growing prevalence of GDM and twin 
pregnancy [5]. However, current guidelines for diagno-
sis and treatment of GDM are mainly based on data of 
singleton pregnancies. Although the diagnosis, treat-
ment, and prognosis of GDM in twin pregnancies might 
be different from those in singleton pregnancies, most 
of previous studies have focused on GDM in singleton 
pregnancies. Moreover, there are limited data regard-
ing outcomes of GDM in twin pregnancies according to 
different diagnostic criteria. Therefore, the main aim of 
this study was to investigate effects of changes in GDM 

diagnostic criteria on obstetric and neonatal outcomes 
in twin pregnancies. Obstetric and neonatal outcomes 
in twin pregnancies according to GDM status in each 
period were also investigated.

Materials and Methods
This was a retrospective cohort study including all twin 
pregnant women who delivered at ≥ 24  weeks of gesta-
tion between January 1995 and December 2018 in Sam-
sung Medical Center, Seoul, South Korea. Patients with 
pregestational diabetes, unknown GDM status such 
as preterm delivery before GDM screening test, and 
fetal death in utero (FDIU) < 24 gestational weeks were 
excluded. This study was approved by the Institutional 
Review Board for Clinical Research (No. 2019–07-159).

Screening and diagnosis of GDM were done with 
a two-step approach: 50-g OGTT followed by 100-g 
OGTT between 24 and 28  weeks of gestation. During 
the study period, there was a main change in the screen-
ing and diagnosis of GDM. Before December 2005 
(period 1), women with 50-g OGTT level ≥ 140  mg/dl 
(7.8 mmol/L) underwent 100-g OGTT with GDM diag-
nosed when the following two or more of plasma glucose 
levels were above the NDDG criteria: fasting ≥ 105  mg/
dl (5.8  mmol/L), 1-h ≥ 190  mg/dl (10.6  mmol/L), 
2-h ≥ 165  mg/dl (9.2  mmol/L), and 3-h ≥ 145  mg/dl 
(8.0 mmol/L). After December 2005 (period 2), the cut-
off criteria (≥ 140 mg/dl (7.8 mmol/L) in low-risk women 
and ≥ 130  mg/dl (7.2  mmol/L) (in high-risk women) 
of the 50-g OGTT were used. High-risk women were 
those with obesity, history of GDM or macrosomia dur-
ing previous pregnancy, family history of type II DM, 
obesity, and repeated glycosuria. Women who had a 
50-g OGTT level above the cut-off underwent the 100-g 
OGTT with GDM diagnosed when the following two or 
more of plasma glucose levels were above the C–C cri-
teria: fasting ≥ 95  mg/dl (5.3  mmol/L), 1-h ≥ 180  mg/
dl (10.0  mmol/L), 2-h ≥ 155  mg/dl (8.6  mmol/L), and 
3-h ≥ 140 mg/dl (7.8 mmol/L).

Women who were diagnosed as GDM in our hospital 
were managed with nonpharmacologic approaches of 
dietary modifications and exercise. Women with GDM 
were encouraged to do daily self-monitoring of blood 
glucose (SMBG) by checking fasting blood glucose (FBS) 
level and 1-h postprandial (PP1) glucose level. Pharma-
cologic treatment using metformin or insulin treatment 
was recommended when FBS levels were consistently 
greater than or equal to 95 mg/dL (5.3 mmol/L) or PP1 
glucose levels were consistently greater than or equal to 
140 mg/dL (7.8 mmol/L).

Maternal characteristics and obstetric and neonatal 
outcomes were obtained by reviewing their medical 
records. Maternal characteristics included maternal 
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age, parity, pre-pregnancy body weight, height, and 
BMI, weight gain during pregnancy, history of previous 
PTD, ART conception, and chorionicity. Chorionicity 
was evaluated by prenatal ultrasound and confirmed 
after delivery by obstetricians and by pathology 
reports, where available. Obstetric outcomes included 
twin-to-twin transfusion syndrome (TTTS), pre-
term labor, incompetent internal os of cervix (IIOC), 
PPROM, preeclampsia, placenta previa, placenta 
abruption, fetal congenital anomaly, FDIU ≥ 24  weeks 
of gestation, gestational age at delivery, PTD < 34 weeks 
and PTD < 37  weeks of gestation, cesarean section, 
and birth weight discordancy of 20% or more. Com-
posite obstetric complications were defined as having 
one or more of preterm labor, PPROM, preeclampsia, 
PTD < 34 weeks of gestation, FDIU ≥ 24 weeks of gesta-
tion, and fetal congenital anomaly.

Neonatal outcomes included birth weight, sex, 1-min 
and 5-min Apgar scores, neonatal intensive care unit 
(NICU) admission, mechanical ventilation, respiratory 
distress syndrome (RDS), bronchopulmonary dysplasia 
(BPD), neonatal sepsis, transient tachypnea of the new-
born (TTN), hypoglycemia, hyperbilirubinemia, and 
neonatal mortality. Large for gestational age (LGA) and 
small for gestational age (SGA) were defined as neonatal 
birth weight > 90th and < 10th centiles for gestational age, 
respectively, based on birth weight standards adjusted 
for gestational age and plurality from a Korean national 
database [16]. Composite neonatal complications were 
defined as having one or more of NICU admission, 1-min 
Apgar score < 4, 5-min Apgar score < 7, LGA, RDS, BPD, 
TTN, sepsis, hypoglycemia, hyperbilirubinemia, and 
neonatal death.

Maternal characteristics and obstetric outcomes 
between the GDM group and the non-GDM group were 
compared using two-sample Student’s t-test for continu-
ous variable and Chi-square test or Fisher’s exact test for 
categorical variables, as appropriate. Neonatal outcomes 
of twin pairs between the GDM group and the non-GDM 
group were compared using generalized estimating equa-
tions (GEE). Interaction tests between GDM and period 
were performed to assess possible differential effect of 
GDM on maternal and neonatal outcomes according to 
changes in the diagnostic criteria of GDM: logistic model 
(categorical variables) or regression model (continuous 
variables) was used to analyze maternal characteristics 
and obstetric outcomes and GEE was used for neonatal 
outcomes. A two-tailed P-value below 0.05 was consid-
ered statistically significant. All statistical analyses were 
carried out using the Statistical Package for Social Sci-
ences version 25 (SPSS Statistics; IBM, Armonk, NY, 
USA) and SAS version 9.4 (SAS Institute, Cary, NC, 
USA).

Results
During the study period, 2,137 women with twin preg-
nancies delivered at ≥ 24 weeks of gestation in our insti-
tute. After excluding 373 women based on the exclusion 
criteria, a total of 1,764 twin pregnant women were 
included in the analysis (Fig. 1). The incidence of GDM 
in twin pregnancies in our cohort was 7.4% (130/1,764). 
Among them, 25/632 (4.0%) women were diagnosed 
as GDM by the NDDG criteria during period 1 and 
105/1,132 (9.3%) women were diagnosed as GDM by the 
C–C criteria during period 2 (Fig. 1).

Results of comparisons of maternal characteristics 
between the non-GDM group and the GDM group dur-
ing each period are summarized in Table  1. Maternal 
age was significantly higher in the GDM group than in 
the non-GDM group during both periods 1 and 2. Pre-
pregnancy BMI was significantly higher in the GDM 
group than in the non-GDM group during period 2 only, 
whereas gestational weight gain was significantly lower 
in the GDM group than in the non-GDM group dur-
ing both periods 1 and 2. The rate of history of PTD was 
significantly higher in the GDM group than in the non-
GDM group during period 1 only. The rate of dichorionic 
twins was significantly higher in the GDM group than in 
the non-GDM group during period 2 only. However, the 
interaction between GDM and period was not significant 
for any outcome.

The rate of PPROM was significantly higher in the 
GDM group than in the non-GDM group during period 
2, but not during period 1 (Table 2). However, the inter-
action between GDM and period was not significant. 
Mean gestational age at delivery was significantly lower 
while rates of PTD < 34 weeks and PTD < 37 weeks of ges-
tation were significantly higher in the GDM group than 
in the non-GDM group during period 1, but not during 
period 2. Interaction between GDM and period indicated 
a significant differential effect of GDM by period on the 
rate of PTD < 34  weeks of gestation. Cesarean section 
rates were comparable between GDM and non-GDM 
groups during both periods 1 and 2. However, the inter-
action between GDM and period showed that the effect 
of GDM on cesarean section rate varied across periods. 
The rate of composite obstetric complications was signif-
icantly higher in the GDM group than in the non-GDM 
group during period 1, but was comparable during period 
2. The interaction between GDM and period indicated a 
significant different effect of GDM by period on the rate 
of composite obstetric complications.

Table 3 shows results of comparisons of neonatal out-
comes between the non-GDM group and the GDM 
group during each period. Rates of RDS were compara-
ble between GDM and non-GDM groups during both 
periods 1 and 2. However, trends of the rate of RDS for 
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periods 1 and 2 according to GDM status were opposite 
to each other. This difference was statistically significant 
in the interaction test. The rate of hypoglycemia was sig-
nificantly higher while the rate of hyperbilirubinemia 
was significantly lower in the GDM group than in the 
non-GDM group during period 2, but not during period 

1. However, the interaction between GDM and period 
was significant for the rate of hyperbilirubinemia only. 
Rates of composite neonatal complications were not sig-
nificantly different between GDM and non-GDM groups 
during period 1 or 2. The interaction between GDM and 
period was not significant either.

Fig. 1 Overview of patient selection and classification of the study population

Table 1 Maternal characteristics of subjects in non‑GDM and GDM groups before (period 1) and after (period 2) changes of GDM 
diagnostic criteria

Data expressed as mean ± standard deviation or number (%). NDDG National Diabetes Data Group, C–C Carpenter and Coustan, GDM gestational diabetes mellitus, 
PTD preterm delivery, ART  assisted reproductive technology, NA not analyzable. *logistic model for categorical variables and regression model for continuous variables

Period 1 (NDDG criteria) Period 2 (C–C criteria) Interaction test
P-value*

Non-GDM
(n = 607)

GDM
(n = 25)

P-value Non-GDM
(n = 1,027)

GDM
(n = 105)

P-value

 Maternal age (year) 31.1 ± 3.8 33.9 ± 4.2 0.001 32.8 ± 3.6 34.1 ± 3.7  < 0.001 0.068

 Maternal age ≥ 35 years 102 (16.8) 11 (44.0) 0.002 321 (31.3) 48 (45.7) 0.003 0.111

 Pre‑pregnancy BMI (Kg/m2) 20.6 ± 2.7 22.6 ± 4.5 0.119 21.0 ± 3.0 22.3 ± 3.8 0.001 0.368

 Gestational weight gain (Kg) 17.6 ± 5.8 12.7 ± 4.9  < 0.001 15.7 ± 6.2 12.3 ± 5.1  < 0.001 0.293

 Multiparity 143 (23.6) 9 (36.0) 0.154 231 (22.5) 25 (23.8) 0.759 0.281

 History of PTD 19 (3.1) 4 (16.0) 0.010 35 (3.4) 6 (5.7) 0.264 0.099

 ART pregnancy 268 (44.2) 11 (44.0) 0.988 495 (48.3) 61 (58.1) 0.055 0.381

 Chorionicity 0.705 0.024 0.722

 Monoamnionic 5 (0.8) 0 (0) 2 (0.2) 1 (1.0)

 Monochorionic diamnionic 163 (26.9) 5 (20.0) 198 (19.3) 11 (10.5)

 Dichorionic diamnionic 430 (70.8) 19 (76.0) 827 (80.5) 93 (88.6)

 Unknown 9 (1.5) 1 (4.0) 0 (0) 0 (0)

 Insulin treatment 0 (0) 5 (20.0) NA 0 (0) 24 (23.1) NA NA
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Table 2 Obstetric outcomes of non‑GDM and GDM groups before (period 1) and after (period 2) changes of GDM diagnostic criteria

Data expressed as mean ± standard deviation or number (%). NDDG National Diabetes Data Group, C–C Carpenter and Coustan, GDM gestational diabetes mellitus, 
TTTS twin-twin transfusion syndrome, IIOC incompetent internal os of cervix, PPROM preterm premature rupture of membranes, FDIU fetal death in utero, GA 
gestational age, PTD preterm delivery. *logistic model for categorical variables and regression model for continuous variables. aone or more twin in twin pairs. 
bdefined as having one or more of preterm labor, PPROM, preeclampsia, PTD < 34 weeks, FDIU, and fetal congenital anomaly

Period 1 (NDDG criteria) Period 2 (C–C criteria) Interaction test
P-value*

Non-GDM
(n = 607)

GDM
(n = 25)

P-value Non-GDM
(n = 1,027)

GDM
(n = 105)

P-value

 TTTS 6 (1.0) 0 (0)  > 0.999 15 (1.5) 0 (0) 0.386 0.999

 Preterm labor 163 (26.9) 9 (36.0) 0.314 341 (33.2) 34 (32.4) 0.865 0.333

 IIOC 3 (0.5) 0 (0)  > 0.999 33 (3.2) 3 (2.9)  > 0.999 0.977

 PPROM 87 (14.3) 7 (28.0) 0.079 182 (17.7) 33 (31.4) 0.001 0.863

 Preeclampsia 55 (9.1) 1 (4.0) 0.716 120 (11.7) 12 (11.4) 0.938 0.433

 Placenta previa 11 (1.8) 0 (0)  > 0.999 27 (2.6) 1 (1.0) 0.507 0.976

 Placenta abruptio 12 (2.0) 0 (0)  > 0.999 27 (2.6) 5 (4.8) 0.210 0.971

 Fetal congenital  anomalya 16 (2.6) 1 (4.0) 0.501 87 (8.5) 6 (5.7) 0.327 0.453

  FDIUa 12 (2.0) 1 (4.0) 0.411 14 (1.4) 1 (1.0)  > 0.999 0.464

 GA at delivery (weeks) 35.4 ± 2.5 34.2 ± 3.0 0.028 35.2 ± 3.2 35.3 ± 2.7 0.461 0.066

 PTD < 34 weeks 118 (19.4) 10 (40.0) 0.012 247 (24.1) 25 (23.8) 0.956 0.034

 PTD < 37 weeks 451 (74.3) 23 (92.0) 0.045 563 (54.8) 63 (60.0) 0.309 0.130

 Cesarean section 568 (93.6) 21 (84.0) 0.082 888 (86.5) 94 (89.5) 0.379 0.047

 Birth weight discordancy ≥ 20% 109 (18.0) 6 (24.0) 0.431 218 (21.2) 18 (17.1) 0.327 0.254

 Composite obstetric  complicationsb 276 (45.5) 18 (72.0) 0.009 589 (57.4) 63 (60.0) 0.601 0.042

Table 3 Neonatal outcome of non‑GDM and GDM groups before (period 1) and after (period 2) changes of GDM diagnostic criteria

Data expressed as mean ± standard deviation or number (%). NDDG National Diabetes Data Group, C–C Carpenter and Coustan, GDM gestational diabetes mellitus, 
SGA small for gestational age, LGA large for gestational age, NICU neonatal intensive care unit, RDS respiratory distress syndrome, BPD bronchopulmonary dysplasia, 
TTN transient tachypnea of the newborn, NA not analyzable. *generalized estimating equations. adefined as having one or more of NICU admission, 1-min AS (Apgar 
score) < 4, 5-min AS < 7, LGA, RDS, BPD, TTN, sepsis, hypoglycemia, hyperbilirubinemia, and death

Period 1 (NDDG criteria) Period 2 (C–C criteria) Interaction test
P-value*

Non-GDM
(n = 1,213)

GDM
(n = 50)

P-value Non-GDM
(n = 2,053)

GDM
(n = 210)

P-value

 Sex (male) 605 (49.9) 30 (60.0) 0.198 1,054 (51.3) 108 (51.4) 0.981 0.253

 Birth weight (Kg) 2.2 ± 0.5 2.1 ± 0.6 0.120 2.2 ± 0.6 2.3 ± 0.5 0.570 0.100

 SGA 95 (7.8) 3 (6.0) 0.626 195 (9.5) 14 (6.7) 0.224 0.882

 LGA 130 (10.7) 8 (16.0) 0.201 220 (10.7) 17 (8.1) 0.251 0.087

 1‑min Apgar score < 4 48 (4.0) 5 (10.2) 0.080 31 (1.5) 7 (3.4) 0.084 0.797

 5‑min Apgar score < 7 51 (4.2) 3 (6.1) 0.633 38 (1.9) 5 (2.4) 0.589 0.888

 NICU admission 518 (43.1) 24 (49.0) 0.605 735 (36.0) 80 (38.5) 0.627 0.807

 Mechanical ventilator 174 (14.5) 11 (22.5) 0.262 369 (18.1) 29 (13.9) 0.228 0.114

 RDS 121 (10.1) 10 (20.4) 0.077 275 (13.5) 20 (9.6) 0.229 0.033

 BPD 29 (2.4) 0 (0%) NA 100 (4.9) 7 (3.4) 0.414 NA

 Sepsis 83 (6.9) 5 (10.2) 0.370 129 (6.3) 11 (5.3) 0.576 0.299

 TTN 43 (3.6) 2 (4.1) 0.856 26 (1.3) 2 (1.0) 0.699 0.686

 Hypoglycemia 72 (6.0) 2 (4.1) 0.565 36 (1.8) 10 (4.8) 0.020 0.088

 Hyperbilirubinemia 330 (27.5) 19 (38.8) 0.194 543 (26.6) 37 (17.8) 0.027 0.023

 Neonatal death 16 (1.3) 0 (0) NA 26 (1.3) 3 (1.4) 0.840 NA

 Composite neonatal 
 complicationsa

638 (53.1) 29 (59.2) 0.533 1,059 (51.2) 105 (50.5) 0.726 0.473
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Discussion
This study compared obstetric and neonatal outcomes in 
twin pregnancies with or without GDM before and after 
changes in the diagnostic criteria of GDM from NDDG 
criteria to C–C criteria. We found that the incidence of 
GDM increased more than twice after changes of diag-
nostic criteria. The rate of composite obstetric compli-
cations was significantly higher in the GDM group than 
in the non-GDM group when NDDG criteria was used, 
but it became comparable between the two groups after 
changing to C–C criteria. However, the rate of compos-
ite neonatal complications did not change significantly 
before and after the change of diagnostic criteria.

The risk of developing GDM during pregnancy might 
be variable according to race, age, nutrition, pre-preg-
nancy weight or BMI, familial history, and hormonal and 
genetic factors [8, 9, 12, 13, 17, 18]. There are conflicting 
data regarding whether women with twin pregnancies 
have a higher risk of GDM than women with singleton 
pregnancies. Some studies have suggested that the risk 
of GDM increases with twin pregnancy [6, 19, 20], while 
other studies have shown no significant differences in 
GDM incidence according to the number of fetus [21, 
22]. Maternal age is also associated with an increased risk 
of GDM [23, 24]. In the present study, maternal age was 
significantly higher in the GDM group than that in the 
non-GDM group. Higher pre-pregnancy BMI is a well-
known risk factor of GDM [25]. In the present study, pre-
pregnancy BMI was higher in the GDM group than in the 
non-GDM group. Furthermore, gestational weight gain 
was significantly lower in the GDM group in our study. 
This may be due to intentional life style changes after the 
diagnosis of GDM.

The most important factor associated with an increase 
in the incidence of GDM was the use of lower diagnostic 
cut-off criteria in our study. Previous studies have shown 
that the incidence of GDM is increased about 1.5 times 
when using the C–C criteria compared to that using the 
NDDG criteria [15]. The incidence of GDM increased 
about 2 to 3 times when using the one-step approach of 
75  g 2-h OGTT with International Association of the 
Diabetes and Pregnancy Study Groups (IADPSG) crite-
ria compared to that when using the two-step approach 
with the NDDG criteria [26, 27]. However, these stud-
ies were based on data of singleton pregnancies. There 
were limited data for twin pregnancies. A retrospective 
cohort study of 1,461 twin pregnancies showed that the 
incidence of GDM increased threefold after changing 
the method of screening and diagnosis of GDM from the 
standard two-step approach (50 g screening test followed 
by a 100 g diagnostic OGTT utilizing C–C criteria) to the 
IADPSG protocol [28]. In our center, we used the two-
step approach for diagnosis of GDM. The incidence of 

GDM increased from 4.0% to 9.3% when the diagnostic 
criteria of GDM with 100-g GTT were changed from the 
NDDG criteria to the C–C criteria. To the best of our 
knowledge, the current study was the first to evaluate 
the change in incidence of GDM according to changes in 
diagnostic criteria of GDM from NDDG criteria to C–C 
criteria in twin pregnancies.

The purpose of using lower diagnostic cut-off criteria 
so that more women could be diagnosed with GDM is to 
reduce obstetric and neonatal complications associated 
with GDM. It is well-known that hyperglycemia is asso-
ciated with a higher risk of adverse pregnancy outcomes 
in singleton pregnancies [7]. However, previous stud-
ies have shown conflicting results in twin pregnancies. 
Some previous studies have reported that GDM does 
not increase the risk of adverse pregnancy outcomes in 
twin pregnancies [5, 29, 30], whereas other studies have 
shown that GDM is associated with an increased risk of 
maternal adverse outcome and neonatal adverse outcome 
[6, 31, 32]. In the present study, GDM in twin pregnancy 
was associated with a higher rate of composite obstetric 
complications in the GDM group than in the non-GDM 
group. However, the rate of composite obstetric com-
plications was only significantly higher during period 1 
when NDDG criteria were used. It became comparable 
between the GDM group and the non-GDM group dur-
ing period 2 when NDDG criteria were used.

There are limited data on changes of obstetric and neo-
natal outcomes according to changes in the diagnostic 
criteria of GDM from the NDDG criteria to the C–C cri-
teria. Some studies have compared pregnancy outcomes 
between untreated GDM diagnosed by the C–C crite-
ria and treated GDM diagnosed by the NDDG criteria 
[33–35]. These studies showed that untreated GDM diag-
nosed by C–C criteria was associated with an increased 
risk of preeclampsia and similar or slight increased risks 
of cesarean delivery and macrosomia [33, 34]. Another 
study showed that not only a severe GDM group diag-
nosed by the NDDG criteria, but also a milder GDM 
group diagnosed by only the C–C criteria benefited from 
active intervention such as nutritional counseling and 
insulin therapy when indicated in singleton pregnancies 
[35]. However, there are insufficient data on the effect 
of changes in the diagnostic criteria of GDM on preg-
nancy outcome in twin pregnancies. Only one retrospec-
tive study of 1461 twin pregnancies showed that using 
IADPSG screening method resulted in a 38% lower risk 
of pre-eclampsia compared with using a standard two-
step approach (50  g screening test followed by a 100  g 
diagnostic OGTT utilizing the C–C criteria) [28].

A higher rate of composite obstetric complications in 
the GDM group in our study was mainly due to higher 
rates of PPROM and PTD. The rate of PPROM was 
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higher in the GDM group than in the non-GDM group 
during both periods, although it was not significantly 
higher during period 1. Recent studies have shown a sig-
nificant association between GDM and PPROM [36, 37]. 
Although the exact reason for the higher risk of PPROM 
in women with GDM is not fully understood yet, inflam-
mation might be responsible for the link between GDM 
and PPROM [38]. A higher rate of PTD history and older 
maternal age in the GDM group might be associated 
with the increased risk of PPROM in our study. However, 
the interaction between GDM and period indicated no 
significant differential effect of GDM by period on the 
incidence of PPROM in our study. Nevertheless, ges-
tational age at delivery and rates of PTD < 34 weeks and 
PTD < 37  weeks of gestation improved after changes in 
the diagnostic criteria of GDM, although a significant dif-
ferential effect of GDM by period was found only in the 
rate of PTD < 34 weeks of gestation.

In our study, GDM in twin pregnancy was not associ-
ated with an increased risk of neonatal adverse outcome 
during period 1. Neonatal hypoglycemia was signifi-
cantly higher in the GDM group during period 2, consist-
ent with other previous studies [39, 40]. However, there 
was no significant differential effect of GDM by period. 
Interestingly, neonatal hyperbilirubinemia became sig-
nificantly lower in the GDM group during period 2 and 
the rate of RDS was significantly decreased after changes 
of diagnostic criteria of GDM from NDDG criteria to 
C–C criteria. These findings were consistent with other 
previous studies showing that more diagnosis and treat-
ment using lower diagnostic cut-off criteria improved the 
overall neonatal outcome [26, 41]. However, the rate of 
composite neonatal complications was not significantly 
different between the GDM group and the non-GDM 
group during either period. The interaction between 
GDM and period was not significant either. Further stud-
ies are needed to clarify the exact association between 
improved neonatal outcomes and changes of diagnostic 
criteria of GDM.

The strength of our study was that it had a large sam-
ple size of 1,764 twin pregnant women during a 24-year 
study period. However, our sample size was still insuf-
ficient to have an adequate power because numbers of 
twin pregnant women with GDM were too low, espe-
cially during period 1 (n = 25). In addition, because our 
data were accumulated for 24 years, there might be sig-
nificant changes in management protocols about twin 
pregnancy and GDM that were not adequately controlled 
in our analyses. For example, at our institution, elective 
cesarean delivery of twin pregnancies was commonly 
performed at 34–36  weeks of gestation before the mid-
2000s. However, after the mid-2000s, since late preterm 
birth and optimal gestational age of delivery for twin 

pregnancies have drawn increasing attention, late-pre-
term elective cesarean twin deliveries have decreased 
[42]. This is the main reason for the decreased rate of 
PTD < 37 weeks of gestation in our study. Nevertheless, a 
significant trend of decreased rate of PTD < 34 weeks of 
gestation after changes in the diagnostic criteria of GDM 
might still be significant because the goal of this protocol 
was to reduce PTD at 34–36 weeks of gestation. This pro-
tocol change was not differently adopted for women with 
or without GDM.

This study is further limited by the inherent nature of 
a retrospective study design that limited our ability to 
control other unknown potential confounding factors. 
In our study population, maternal characteristics, such 
as maternal age, pre-pregnancy BMI, gestational weight 
gain, history of PTD, and chorionicity, were not compa-
rable between the non-GDM group and the GDM group 
during each period. However, the interaction test did not 
show a significant different effect of GDM by period on 
any of maternal characteristics. In addition, although 
this study included a large sample size, it contained only 
patients from a single tertiary hospital. These subjects 
cannot represent the total Korean population.

Conclusion
The incidence of GDM increased more than twice after 
changes in the diagnostic criteria of GDM from the 
NDDG criteria to the C–C criteria in our study popu-
lation. The changes in the diagnostic criteria of GDM 
might be associated with a reduction in the rate of com-
posite obstetric complications, especially in the rate of 
PTD < 34 weeks of gestation. Although there was no sig-
nificant change in the rate of composite neonatal com-
plications between the two periods, rates of neonatal 
hyperbilirubinemia and RDS decreased after changes in 
the diagnostic criteria of GDM. However, more studies 
with larger sample size are needed to better understand 
the role of strict diagnostic criteria for twin pregnancy 
with GDM and its effect on pregnancy outcomes.
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