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Introduction

Gestational diabetes mellitus (GDM) is one of the most com-
mon medical disorders during pregnancy with an increasing 
worldwide prevalence [1]. Many studies have already shown 
an association between maternal hyperglycemia and adverse 
perinatal outcomes such as macrosomia, which result in trau-
matic delivery and neonatal metabolic imbalances, including 
hypoglycemia or hypocalcemia. In addition to these short-term 
outcomes, birth from a diabetic mother is linked to long-term 
consequences such as obesity and to the risk of development 
of type 2 diabetes mellitus later in life [1-3]. 

Despite the importance of GDM, no consensus on the 
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To determine the highest 50-g glucose challenge test (GCT) value that indicates no further diagnostic test is needed to 
confirm a diagnosis of gestational diabetes mellitus (GDM) under the criteria of National Diabetes Data Group (NDDG) 
or the Carpenter and Coustan (C&C) and fasting glucose thresholds from the International Association of Diabetes and 
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Twelve point five percent (306/2,457), 20.0% (492/2,457), and 9.6% (235/2,457) met the diagnostic criteria of GDM 
with the application of NDDG, C&C criteria, and fasting glucose thresholds from IADPSG (≥92 mg/dL), respectively. 
We also found that the prevalence of GDM increased with increasing 50-g GCT values using each diagnostic criterion. 
Importantly, we identified that all subjects with a 50-g GCT value ≥223, ≥217, or ≥228 mg/dL can be exclusively 
diagnosed as having gestational diabetes according to the criteria of NDDG, C&C, and fasting glucose thresholds from 
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diagnosis of GDM has yet been established [1]. A two-step 
method, consisting of a screening 1-hour 50-g glucose chal-
lenge test (GCT) and a diagnostic 3-hour 100-g glucose toler-
ance test (GTT), in GCT-positive patients has been endorsed 
by the American college of Obstetrics and Gynecologist and 
National Institute of Health [1,4]. In addition, the National Dia-
betes Data Group (NDDG) and Carpenter and Coustan (C&C) 
criteria [5] are used compositely as diagnostic cutoff values for 
the 100-g GTT; however, controversies remain on which di-
agnostic criteria would be better to apply [6,7]. Another one-
step method of 75-g GTT from the HAPO (Hyperglycemia and 
Adverse Pregnancy Outcomes) study [8] was recommended 
by the International Association of Diabetes and Pregnancy 
Study Group (IADPSG), indicating that one abnormal value is 
enough for the diagnosis of GDM (fasting ≥92 mg/dL, 1 hour 
≥180 mg/dL, 2 hours ≥153 mg/dL). 

In addition to these controversies, physicians question the 
necessity of the diagnostic GTT for patients with very high 
50-g GCT levels, although 50-g GCT results cannot replace 
the diagnostic GTT [9]. Interestingly, while many studies have 
reported a lower cutoff value in the 2-step screening [10-16], 
we found that very few studies have been performed to ad-
dress this practical question: at what high GCT value can we 
omit further diagnostic tests for GDM? Moreover, comparison 
of these upper cutoff values according to different diagnostic 
tests of GDM (NDDG and C&C) and fasting glucose levels by 
IADPSG is lacking. 

Given the aforementioned background, we aimed to deter-
mine the 50-g screen cutoff value that would omit the need 
for further diagnostic GTT of GDM under the criteria of NDDG 
or C&C and for fasting glucose thresholds level from IADPSG 
using a 13-year database in our institution.

 

Materials and methods

We conducted a retrospective cohort study of 16,560 preg-
nancies that had been screened for GDM using the 50-g 
GCT at our institution from January 2001 to December 2013. 
GDM screening was generally performed between 24 and 
28 weeks gestation, and early screening commenced as soon 
as it was feasible in women with GDM risk factors such as 
older age (≥35 years old of age), obesity (≥30 kg/m2 of body 
mass index), and a history of GDM or macrosomia (over 4 kg 
of birthweight). In this high risk group, women with values 

≥130 mg/dL were considered screen-positive and underwent 
100-g GTT. In negatively screened high-risk pregnancies, the 
50-g GCT was repeated between 24 and 28 weeks gesta-
tion. Except in the high risk group, patients with values ≥140 
mg/dL were considered screen-positive and underwent 100-
g GTT. In clinical practice, NDDG criteria had been used as 
the diagnostic criteria for GDM until December 2005 in our 
institution, at which point C&C criteria were adopted. In 
this study, we applied the criteria of NDDG and C&C for the 
diagnosis of GDM in the study population. In addition, al-
though the one-step 75-g GTT has not been implemented in 
our institution, for this study, we considered pregnant wom-
en with fasting glucose levels ≥92 mg/dL at the time of the 
100-g GTT as having GDM according to IADPSG thresholds. 
To investigate GDM prevalence in pregnancies with positive 
50-g GCT according to the respective diagnostic thresholds, 
we divided all patients into eight subgroups based on the 
50-g GCT results (group 1, 130 to 139 mg/dL [n=315]; group 
2, 140 to 149 mg/dL [n=844]; group 3, 150 to 159 mg/dL 
[n=575]; group 4, 160 to 169 mg/dL [n=306]; group 5, 170 
to 179 mg/dL [n=183]; group 6, 180 to 189 mg/dL [n=97]; 
group 7, 190 to 199 mg/dL [n=74]; group 8, ≥200 mg/dL 
[n=63]). 

Finally, we conducted receiver operating characteristic (ROC) 
curve analysis to identify the optimal 50-g GCT cutoff point 
for the confirmation of GDM without the need for further di-
agnostic tests. As for diagnostic criteria of GDM, a 100-g GTT 
according to the NDDG or the C&C criteria and fasting glu-
cose thresholds from IADPSG were used and compared. Linear 
by linear analysis test was used to compare the outcome rates, 
and all analyses were performed using IBM SPSS ver. 19.0 ( 
IBM Corp., Armonk, NY, USA). This study was approved by 
institutional review board (IRB) from Samsung Medical Center 
and the Sungkyunkwan University School of Medicine, South 
Korea (IRB no. 2015-04-111).

Results

1. Recruitment of study population 
Of the 16,560 consecutive pregnant women, 11,636 showed 
negative 50-g GCT results, defined as <130 mg/dL, which 
is a screen-negative rate of 70.3%. In addition, 10.9% (1 
806/16,560) of women showed 50-g GCT results between 
130 and 139 mg/dL, while 18.8% (3,118/16,560) showed 
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≥140 mg/dL. Among the 1,806 women with 50-g GCT results 
between 130 and 139 mg/dL, 315 underwent 100-g GTT. Of 
the 3,118 women with 50-g GCT ≥140 mg/dL, 2,142 under-
went 100-g GTT. Finally, a total of 2,457 cases with positive 
50-g GCT results were included in this study.

2.  Prevalence of GDM in pregnant women with 
positive 50-g GCT results according to the 
respective diagnostic thresholds

Overall, 12.5% (306/2,457), 20.0% (492/2,457), and 9.6% 
(235/2,457) of women met the diagnostic criteria of GDM 
based on NDDG, C&C criteria, and fasting glucose thresholds 
from IADPSG (≥92 mg/dL), respectively. As expected, our data 
revealed that the GDM prevalence increased with increasing 
50-g GCT results (P<0.001, by linear by linear association). Fur-
thermore, our data showed that the GDM prevalence increased 
with the adoption of C&C criteria (Fig. 1). As shown in Fig. 1, 
among women with 50-g GCT ≥200 mg/dL, 61.9%, 69.8%, 
and 57.1% were finally diagnosed with GDM according to 
the diagnostic criteria of the NDDG, C&C, and fasting glucose 
thresholds from IADPSG. Notably, among women with 50-g 
GCT between 130 and 139 mg/dL, the prevalence of GDM was 
5.1%, 10.8%, and 6.3% under the respective criteria. 

 

3.  ROC curve analyses of a 50-g GCT value to confirm 
the diagnosis of GDM 

Then, ROC curve analyses showed that 50-g GCT values of 
223, 217, and 228 mg/dL were the cutoff values at which the 
100-g GTT could be omitted (with a 100% positive predictive 
value) under the criteria of NDDG, C&C, and fasting glucose 
thresholds from IADPSG, respectively (Fig. 2). Additionally, our 
data demonstrated that 50-g GCT values of 151, 148, and 
150 mg/dL showed high sensitivity and low false positive rates 
with the criteria of NDDG, C&C, and fasting glucose thresh-
olds from IADPSG, respectively. Namely, a value of 151 mg/
dL corresponded to a sensitivity of 73.1% and a false posi-
tive rate of 43.6%, 148 mg/dL corresponded to a sensitivity 
of 75.4% and a false positive rate of 51.1%, and 150 mg/
dL corresponded to a sensitivity of 68.9% and a false positive 
rate of 47.9% under the respective criteria.  

Discussion

In this study, we aimed to determine the cutoff value for omit-
ting further diagnostic tests for a diagnosis of GDM. Notably, 
we identified that all subjects with a 50-g GCT screening value 
≥223 mg/dL, ≥217 mg/dL, and ≥228 mg/dL can be exclusively 

Fig. 1.  Prevalence of gesta-
tional diabetes mellitus (GDM) in 
pregnancies with positive 50-g 
glucose challenge test results. 
GDM prevalence increased with 
increasing 50-g glucose chal-
lenge test results (P<0.001). In 
addition, the GDM prevalence 
was highest with the application 
of the Carpenter and Coustan 
criteria. IADPSG, International 
Association of Diabetes and 
Pregnancy Study Group.(n=63)(n=74)(n=97)(n=183)(n=306)(n=575)(n=844)(n=315)
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diagnosed with GDM according to the criteria of NDDG, C&C, 
and fasting glucose thresholds from IADPSG, respectively. 
We also found that the prevalence of GDM increased with 
increasing 50-g GCT results based on all criteria, as expected, 
and that the prevalence of GDM in pregnancies with a posi-
tive 50-g GCT result was highest using the C&C criteria and 
lowest using the fasting glucose thresholds  from IADPSG. 

Several studies have examined the screening thresholds for 
50-g GCT, and generally a lower cutoff value of 130 and 140 
mg/dL has been reported with varying degrees of sensitivi-
ties and specificities [10-17]. In contrast, reports targeting the 
upper cutoff in 50-g GCT are relatively rare, and such studies 
have focused on a value of 200 mg/dL, as this blood glucose 
level along with symptoms such as polydipsia or polyuria is 

suggestive of DM [18-21]. In fact, the National Institutes of 
Health (NIH) recently suggested that 50-g GCT values ≥200 
mg/dL are indicative of GDM [4]. 

However, several reports have stated that even 50-g GCT 
values ≥200 mg/dL are not conclusively diagnostic of GDM. 
In these studies, only 57%, 62%, 69%, and 70% to 80% of 
pregnancies with 50-g GCT values ≥200 mg/dL had abnormal 
glucose tolerance [18-21]. A study from our institution using 
data from 1998 to 2002 also demonstrated that a 50-g GCT 
results ≥200 mg/dL had only a 64% GDM-positive predictive 
value according to the NDDG criteria [22]. In the current study 
using the database from 2001 to 2013, 61.9% and 69.8% 
of women with 50-g GCT ≥200 mg/dL were diagnosed with 
GDM according to the diagnostic criteria of the NDDG and 
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C&C, respectively, indicating that this value alone could not 
be used to diagnose GDM. However, our data showed that 
50-g GCT levels ≥228 mg/dL could be used to diagnose GDM 
with 100% positive predictive value irrespective of diagnos-
tic thresholds used (NDDG, C&C criteria, or fasting glucose 
thresholds from IADPSG). This upper diagnostic value in 50-g 
GCT is similar to those used in other studies [21,23]. An earlier 
study by Bobrowski et al. [23] in 1996 examined the utility of 
various 50-g GCT cut-off values in 422 gravidas with a positive 
50-g GCT and reported that all subjects with ≥220 mg/dL did 
not require 100-g GTT considering their fasting glucose levels. 
Another study by Cheng et al. [21] in 2006 also showed that 
a 50-g GCT value of 230 mg/dL showed 100% specificity for 
confirmation of GDM in 14,771 pregnancies screened for 
gestational diabetes. Also, a lower value of 186 mg/dL in the 
50-g GCT had been reported to have 36.1% sensitivity and 
95.1% specificity for the diagnosis of GDM [24]. The authors 
of that study emphasized that women with greater than 185 
mg/dL in the 50-g GCT had a higher rate of large for gesta-
tional age and neonatal hypoglycemia.

Defining the upper diagnostic value in 50 GCT has implica-
tions for clinical practice. By obviating further diagnostic testing, 
these pregnant women can avoid the inconvenience of over-
night fasting period and 2 to 3 times of blood sampling. More 
importantly, since diabetic ketoacidosis, which may be associ-
ated with increased perinatal morbidity [25], could develop at 
lower glucose levels during pregnancy compared to non-preg-
nant state [26], execution of further glucose challenging tests 
such as 100- or 75-g GTT may increase risks in these women.

Our results may be partially limited by the fact that we could 
not provide information on GDM prevalence based on com-
plete diagnostic criteria of 75-g GTT, but only based on fasting 
glucose levels differing from IADPSG recommendation. This is 
because one-step 75-g GTT is not performed in our institution 
for clinical diagnosis of GDM. Considering the higher GDM 
prevalence according to the 75-g GTT from IADPSG recom-
mendation indicated by other investigators [27], the preva-
lence of GDM in pregnancies with positive 50-g GCT may be 
higher than using NDDG or C&C criteria, and the upper cutoff 
of 50-g GCT to exclusively confirm GDM would be lower than 
the value in this study (≥228 mg/dL). Furthermore, not all 
women with positive GCT results underwent 100-g GTT, and 
19 pregnancies were directly diagnosed without diagnostic 
100-g GTT. We did not include these cases. Lastly, we did not 
consider maternal characteristics such as the maternal age, 

parity, or body mass index, all of which might be associated 
with GDM, and did not evaluated the pregnancy/neonatal 
outcomes. Instead, we simply aimed to determine the upper 
50-g GCT cutoff value at which the 100-g GTT could be omit-
ted when diagnosing GDM; therefore, other investigations 
were beyond the scope of our study and we did not investi-
gate those points.

Nonetheless, one of the strengths of this study is that we 
included a relatively large number of pregnancies (n=16,560) 
compared to previous studies [23,24]. We also provided in-
formation from women with 50-g GCT levels between 130 
and 140 mg/dL. Of note, 5.1%, 10.8%, and 6.3% of women 
with 50-g GCT levels between 130 and 140 mg/dL were fi-
nally diagnosed with GDM according to the criteria of NDDG, 
C&C and fasting glucose thresholds from IADPSG. Our data 
support that women with a 50-g GCT cutoff value of 130 to 
140 mg/dL who have risk factors for GDM should undergo 
diagnostic test for GDM. Also, to the best of our knowledge, 
this is the first study comparing the upper cutoff values of 
50-g GCT using different diagnostic tests of GDM (NDDG and 
C&C) and fasting glucose thresholds according to IADPSG.

 In conclusion, we propose that women with a 50-g GCT 
screening value ≥228 mg/dL can be reliably omitted from 
further confirmative tests for GDM, such as 100- or 75-g 
GTT. Such a strategy will avoid unnecessary fasting in preg-
nant women and possibly decrease the risk of diabetic ke-
toacidosis, thus helping in the clinical management of preg-
nant women. 
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