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Abstract
Gestational diabetes mellitus (GDM) is a common pregnancy complication 
strongly associated with poor maternal-fetal outcomes. Its incidence and 
prevalence have been increasing in recent years. Women with GDM typically give 
birth through either vaginal delivery or cesarean section, and the maternal-fetal 
outcomes are related to several factors such as cervical level, fetal lung maturity, 
the level of glycemic control still present, and the mode of treatment for the 
condition. We categorized women with GDM based on the latter two factors. 
GDM that is managed without medication when it is responsive to nutrition- and 
exercise-based therapy is considered diet- and exercise-controlled GDM, or class 
A1 GDM, and GDM managed with medication to achieve adequate glycemic 
control is considered class A2 GDM. The remaining cases in which neither 
medical nor nutritional treatment can control glucose levels or patients who do 
not control their blood sugar are categorized as class A3 GDM. We investigated 
the optimal time of delivery for women with GDM according to the classification 
of the condition. This review aimed to address the benefits and harms of giving 
birth at different weeks of gestation for women with different classes of GDM and 
attempted to provide an analytical framework and clearer advice on the optimal 
time for labor.

Key Words: Diabetes; Glucose; Pregnancy; Delivery; Optimal time; Maternal-fetal 
outcomes
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Core Tip: The global incidence of gestational diabetes mellitus (GDM) is increasing, and GDM is closely 
related to adverse maternal-fetal outcomes. Therefore, the time of delivery for women with GDM has 
gained increasing attention in recent years. The maternal and fetal outcomes of pregnancy in women with 
GDM are closely related to the level of glycemic control and modality of treatment. This review aims to 
summarize current research on the classification of GDM, discuss the benefits and harms of delivery at 
different gestational weeks in women with GDM, and determine the optimal time of delivery for women 
with different classes of GDM.

Citation: Li X, Li TT, Tian RX, Fei JJ, Wang XX, Yu HH, Yin ZZ. Gestational diabetes mellitus: The optimal time 
of delivery. World J Diabetes 2023; 14(3): 179-187
URL: https://www.wjgnet.com/1948-9358/full/v14/i3/179.htm
DOI: https://dx.doi.org/10.4239/wjd.v14.i3.179

INTRODUCTION
Gestational diabetes mellitus (GDM) is a glucose intolerance disorder first diagnosed during pregnancy
[1]. Recently, the global incidence rate of GDM has been increasing, and the incidence rate in some 
regions is as high as 14%. The occurrence of GDM is related to obesity, changes in diet structure, 
reduced exercise, and other factors[2-4]. Moreover, history of GDM and family history of diabetes can 
also increase the probability of GDM occurrence[5].

GDM is one of the most common metabolic disorder syndromes during pregnancy and is related to 
adverse maternal and fetal outcomes[6]. Studies have shown that GDM can lead to an increased risk of 
embryonic disease in early pregnancy. A retrospective study by Zawiejska et al[7] showed that early 
occurrence of GDM can lead to a significantly increased risk of congenital malformations, especially in 
the heart. Data have also shown that patients with GDM have a significantly increased risk of 
preeclampsia, premature rupture of membranes, amniotic fluid contamination, stillbirth, macrosomia, 
and fetal growth restriction in the third trimester[8,9]. The risk of stillbirth in women with GDM 
increases with gestational weeks, and prenatal fetal death among patients with diabetes occurs mainly 
in the third trimester or after 40 wk[10]. GDM also triggers a delay in fetal lung maturation, making the 
process take up to 38.5 wk[11].

SCREENING AND DIAGNOSIS
Based on a study of hyperglycemia and adverse pregnancy outcome in 2008, the higher the blood 
glucose value obtained using the 75-g oral glucose tolerance test (OGTT) at 24-32 wk of gestation, the 
higher the risk of adverse maternal-fetal outcomes[12]. Therefore, it is recommended that all pregnant 
women should be screened for GDM. Currently, for GDM screening and diagnosis, most guidelines 
recommend the “one-step method” or the “two-step method”[4,13-16].

In 1973, O'Sullivan et al[17] first proposed the “two-step method” to diagnose GDM. The 50-g OGTT 
was first performed, followed by a 100-g OGTT if the one-hour plasma glucose result was abnormal. 
The 2018 guidelines of the American College of Obstetricians and Gynecologists (ACOG) and the 2019 
guidelines of the Society of Obstetricians and Gynecologists of Canada (SOGC) currently recommend 
the “two-step method” for the diagnosis of GDM[4,16].

Subsequently, the International Association of Diabetes and Pregnancy Study Groups (IADPSG)[13] 
proposed the “one-step method” in 2010, which comprises a 75-g OGTT under a fasting state. This 
screening method is recommended by most guidelines, including those of the World Health 
Organization (2013), Australasian Diabetes in Pregnancy Society (2014), and International Federation of 
Gynecology and Obstetrics (2015)[14,15]. Nevertheless, the two diagnostic criteria have some diff-
erences. Mirghani Dirar and Doupis[18] made a simple comparison of the two competing diagnostic 
criteria for GDM and supported using the IADPSG criteria as an international standard approach.

GDM that is responsive to nutrition and exercise therapy and managed without medication is 
considered diet- and exercise-controlled GDM or class A1 GDM. GDM managed by medication to 
achieve adequate glycemic control is considered class A2 GDM[19]. The remaining cases in which 
neither medical nor nutritional treatment can control glucose levels or patients who do not control their 
blood sugar are categorized as class A3 GDM.

Compared to that during normal pregnancies, the incidence of complications in the third trimester 
among patients with GDM is significantly higher, resulting in more adverse effects with regard to 
maternal and infant health. Data in the literature have shown that the risk of adverse pregnancy 
outcomes among patients with GDM is related to maternal glycemic level[20]. The three GDM subtypes 
all exhibit different characteristics in terms of maternal glycemic control, and thus their adverse 
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pregnancy risks are also different. The current guidelines and related studies on choice of delivery time 
for different classes of GDM, however, are still inconsistent. Therefore, we sought in this review to 
discuss the optimal time of delivery to reduce the risk of adverse events for the three different types of 
GDM.

OPTIMAL TIME OF DELIVERY
Pregnancy conclusion includes either vaginal delivery or cesarean section. Vaginal delivery can either 
be spontaneous or medically induced[16]. It has been suggested that the goal of GDM management 
should be to achieve optimal maternal and fetal outcomes with minimal interventions, under strict 
glycemic control[21]. Patients with GDM who do not spontaneously undergo vaginal delivery can end 
their pregnancies by either induction of labor or cesarean section, which can minimize maternal-fetal 
risks.

A1 GDM
Guideline recommendations
A1 GDM is the most common type of GDM (> 70%), for which the optimal time of delivery is of great 
concern[22]. Several national clinical practice guidelines make recommendations regarding the time of 
delivery for patients with A1 GDM. ACOG, for example, does not recommend delivery before 39 wk 
and instead, to wait up to 40 + 6 wk for spontaneous delivery[16]. SOGC, in contrast, believes that 
induction of labor at 40 wk may be beneficial[4]. The Chinese Society of Perinatal Medicine recommends 
that pregnancies in patients with A1 GDM should be completed at 40-41 wk[23]. In Sweden, patients 
with A1 GDM who have normal blood glucose and no other indications are expected to be managed 
before 42 wk of gestation, and labor is induced if spontaneous delivery does not occur[24]. Overall, then, 
there is no uniformity in the clinical guidelines for the optimal delivery time in patients with A1 GDM[4,
16,24].

Predict pregnancy outcomes
Whether patients with A1 GDM are at additional risk of maternal-fetal complications that require earlier 
completion of pregnancy than normal patients remains controversial based on published reports of 
studies. Several studies have compared the differences in the maternal and fetal outcomes of patients 
with A1 GDM or GDM with good glycemic control compared to normal pregnancies[25-27]. Han et al
[25] compared the differences in maternal and fetal outcomes between 120 patients with A1 GDM and 
200 normal patients who underwent delivery at (31-38) + 6 wk of gestation and found that acceleration 
time (AT), injection time (ET), and AT/ET, which reflect fetal lung maturity, were not significantly 
different between the two groups and positively correlated with gestational week. The incidence of 
neonatal respiratory distress syndrome, neonatal pneumonia, neonatal hypoglycemia, and neonatal 
asphyxia is not significantly different between A1 GDM and normal pregnancies. Tartaglione et al[26] 
continuously monitored and adjusted blood glucose levels in 46 patients with GDM and 53 normal 
controls and found no differences in maternal and fetal outcomes between them when blood glucose 
levels were consistently controlled. Hochberg et al[27] compared the differences in maternal and fetal 
outcomes after induction of labor from 37-38 wk in 193 non-GDM patients and 39-40 wk in 237 singleton 
pregnant women with well-controlled GDM and found no differences between gestational week 
intervals. However, these prospective studies generally suffered from inadequate sample sizes.

Valgeirsdóttir et al[24] reviewed the occurrence of adverse maternal and fetal outcomes in patients 
with GDM compared to that of normal subjects in Sweden over 14 years and found that patients with 
A1 GDM had significantly higher rates of cesarean section and obstructed shoulder births and 
significantly lesser gestational duration before birth than normal subjects. Familiari et al[28] investigated 
the predictive role of fetal Doppler parameters on maternal and fetal outcomes in patients with GDM 
and found that the middle cerebral artery pulsatility index (MCA PI) was significantly associated with 
adverse perinatal outcomes such as the need for cesarean section birth. They concluded that, instead of 
solely focusing on the glycemic aspect of the disease, the assessment of fetal Doppler, especially MCA 
PI, is necessary for patients with GDM. Simeonova-Krstevska et al[29] compared maternal and fetal 
outcomes among patients with A1 and A2 GDM and found that patients with A1 GDM who gained 
more weight during pregnancy were at a higher risk of large-for-gestational-age (LGA) fetuses than 
patients with A2 GDM. These findings demonstrate that the risk of adverse maternal-fetal outcomes 
remains higher than normal in patients with A1 GDM and that more indicators need to be combined to 
determine pregnancy status in these patients.

Unsuitable time of delivery
Several studies have shown that the rate of cesarean section, fetal death, and stillbirth and the risk of 
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neonatal admission to the neonatal intensive care unit in patients with A1 GDM are all associated with 
the time of pregnancy[21,30,31]. Šimják et al[21] found that the highest rate of neonatal complications 
occurred upon induction of labor at (37-37) + 6 wk of gestation in patients with A1 GDM. Melamed et al
[30] found a significantly increased risk of neonatal hypoglycemia, jaundice requiring phototherapy, 
and admission to the neonatal intensive care unit with induction of labor at ≤ (38 + 6) wk of gestation 
among patients with low-risk GDM. Niu et al[32] used a theoretical cohort model to study the optimal 
time of labor induction in patients with A1 GDM and concluded that fetal death could be minimized 
when labor was induced at (38-38) + 6 wk of gestation. However, the study focused on fetal mortality as 
the main factor for analysis and did not consider cesarean section rates or other maternal and fetal 
outcomes, and the authors agreed that the study was a simulation and not representative of real-world 
conditions. Our previous study also concluded that deliveries at ≤ (38 + 6) wk of gestation did not show 
a benefit compared to those at (39-40) + 6 wk of gestation[33]. We also found a significant increase in the 
rate of LGA and caesarean section (CS) at ≥ 41 wk of gestation, which was similar to the findings of Šimj
ák et al[21] and Sutton et al[31] found that the rate of CS was three times higher when labor was induced 
at ≥ 41 wk of gestation than at (39-39) + 6 wk of gestation in patients with mild GDM. A survey of 
obstetricians[34] found that only 10% of patients with A1 GDM actually delivered at (38-38) + 6 wk. 
Therefore, we believe that the time of labor induction in patients with A1 GDM should be (39-40) + 6 wk 
of gestation.

Different times of delivery
A1 GDM is determined only based on the mode and level of glycemic control[16], but some studies 
have found that maternal and fetal outcomes in patients with A1 GDM are not only related to the level 
of glycemia but also to the cervical development status, number of births, and other factors[30,33,35].

Our study found that the induction of labor at (39-39) + 6 wk of gestation in patients with A1 GDM 
with Bishop scores of ≥ 5 was associated with a significantly higher rate of vaginal delivery compared to 
that upon induction of labor at (38-38) + 6, (40-40) + 6, and (41-41) + 6 wk of gestation[33]. Melamed et al
[30] also found that the induction of labor at (39-39) + 6 wk of gestation significantly reduced the rate of 
cesarean section in patients with GDM; however, this study included pregnant women with better 
glycemic control and did not classify patients into A1/A2 GDM subgroups. Feghali et al[35] found a 
significantly higher Cesarean delivery rate among patients subjected to labor inductions at (39-39) + 6 
wk of gestation than among those who underwent expectant management in transitional patients with 
GDM and a Bishop score < 5. Our previous study also found a significantly higher Cesarean delivery 
rate upon labor induction at (39-39) + 6 wk in patients with a Bishop score < 4[33]. For this population, 
those with poor cervical statuses are not suitable for induction of labor and should wait for spontaneous 
delivery. Overall, we believe that patients undergoing induction of labor need to be carefully assessed 
for Bishop score, with indicators such as cervical maturity kept in mind. Induction of labor at (39-39) + 6 
wk of gestation is a recommended option for patients with A1 GDM who exhibit good cervical statuses.

Patients with A1 GDM who have poor cervical scores or are unwilling to induce labor at (39-39) + 6 
wk of gestation should be closely monitored and allowed to continue their pregnancies until 40 + 6 wk. 
We previously found that the Cesarean delivery rate was significantly lower in A1 GDM patients with 
spontaneous delivery at (40-40) + 6 wk of gestation than in patients with induced labor[33]. Šimják et al
[21] found a significant reduction in the incidence of neonatal hypoglycemia and macrosomia in patients 
with A1 GDM subjected to labor induction at (40-40) + 6 wk of gestation and concluded that induction 
of labor at (40-40) + 6 wk resulted in the best neonatal outcomes. Karmon et al[36] found that the 
stillbirth rate was even lower in patients with A1 GDM at (40-40) + 6 wk than in their normal 
counterparts, showing the benefits of delivering at (40-40) + 6 wk among patients with A1 GDM. 
However, several studies have shown that patients with A1 GDM who are still not experiencing 
spontaneous contractions at (40-40) + 6 wk of gestation have a significantly higher rate of needing 
cesarean sections after induction of labor[31,33]. A survey of clinicians found that approximately 57% of 
patients, in fact, delivered at (40-40) + 6 wk of gestation[34]. Therefore, we believe that it is beneficial to 
wait until (40-40) + 6 wk for spontaneous delivery and that even if patients at (40-40) + 6 wk of gestation 
require induction of labor for spontaneous delivery, the stillbirth rate at this time is lower than that of 
normal pregnancies[36].

Optimal time of delivery
We believe that the best time to induce labor in patients with A1 GDM is between (39-39) + 6 wk and 
(40-40) + 6 wk of gestation; the time should be determined individually based on the patient’s cervical 
Bishop score, as well as other indicators. There are two main options for this decision: Induction of labor 
at (39-39) + 6 wk or waiting until spontaneous delivery before 40 + 6 wk of gestation and inducing labor 
if spontaneous delivery does not occur. The data from existing studies do not control well for 
confounding factors, resulting in shortcomings in the reliabilities of the findings. Moreover, the 
numbers and sample sizes of studies on A1 GDM stratified by the week of gestation are currently small, 
and higher quality randomized controlled trial (RCT) studies with larger sample sizes are warranted to 
further confirm and refine existing findings.
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A2 GDM
Pharmacotherapy
For women with A2 GDM, current guidelines from the American College of Obstetricians and Gyneco-
logists recommend insulin as the standard therapy for treating pregestational diabetes and GDM[37]. 
However, insulin requires to be injected and is associated with hypoglycemia, excessive gestational 
weight gain, and increased CS rates[38]. Insulin therapy also increases the chances of LGA[39]. An 
alternative approach is the use of oral medication, which includes glibenclamide and metformin[40]. 
One meta-analysis demonstrated that metformin was superior to insulin in terms of perinatal outcomes 
and that glibenclamide was inferior to insulin and metformin due to an increased risk of adverse 
perinatal outcomes. Therefore, if insulin or metformin is available, glibenclamide should not be used in 
treating women with GDM[41].

Optimal time of delivery
As with A1 GDM, delivery time considerations in women with A2 GDM should focus on balancing the 
increased risk of neonatal morbidity or mortality associated with early delivery and the increased risk of 
stillbirth associated with expected management. The National Institute of Child Health and Human 
Development (NICHD) recommends delivery at 39 wk of gestation[42]. The ACOG recommends a time 
of delivery of (39-39) + 6 wk for patients with A2 GDM[43]. A retrospective cohort study showed a 
significantly increased risk of perinatal death among women with GDM expecting to be managed 
compared to those who delivered at 39 wk of gestation. Neonatal morbidity did not appear to be higher 
for deliveries induced at 39 wk than at 40 wk in that study, supporting the preference for delivery at 39 
wk of gestation in women with GDM, although the study did not strictly differentiate between A1 and 
A2 GDM[9]. The main clinical study investigating the optimal time of delivery for patients with A2 
GDM is a prospective RCT by Kjos et al[44] in 1993, which compared labor induction to expectant 
treatment at 38 wk. The expectant treatment group was found to have a significantly higher incidence of 
LGA fetuses and shoulder dystocia. This study supported the induction of labor at 38 wk in patients 
with insulin-dependent GDM[44]. Similarly, a prospective study in 1996 showed that the incidence of 
shoulder dystocia could be reduced by selective labor induction at 38-39 wk of gestation in women with 
diabetes requiring insulin[45]. From these studies, we can conclude that the most widely recommended 
time of delivery for patients with A2 GDM is currently (39-39) + 6 wk of gestation.

Notes for future research
Although we currently believe that the optimal delivery time for patients with A2 GDM is (39-39) + 6 
wk of gestation, due to the inadequacy of the current literature on the subject, newer and more robust 
clinical evidence to support this view is warranted. Moreover, the cervical status and fetal lung maturity 
should not be ignored when considering the time of delivery for patients with A2 GDM. The cervical 
status is an important factor for the success of labor induction[46], and fetal lung maturity is also closely 
related to the incidence of complications in newborns. Patients with GDM are more likely to give birth 
to babies with neonatal respiratory distress syndrome[47]. In the above-mentioned clinical studies 
regarding the delivery time of patients with type A2 GDM, amniocentesis was performed to check fetal 
lung maturity, Bishop scores were calculated to evaluate the cervical statuses, and labor induction time 
and method were adjusted according to these parameters[44,45]. Therefore, the induction time for 
women with A2-type GDM also needs to be adjusted according to the cervical condition and fetal lung 
maturity. Moreover, in the current studies on optimal delivery time for patients with A2 GDM, most of 
the drugs that pregnant women receive to control blood glucose levels are insulin injections. In clinical 
practice, whether the delivery time of patients with GDM should be changed according to the actual 
situation in combination with oral hypoglycemic drug therapy and insulin therapy to manage blood 
glucose remains to be studied.

A3 GDM
Guideline recommendations
For pregnant women with poor glycemic control, NICHD recommends delivery between 34 and 39 + 6 
wk of gestation[48], and ACOG states that delivery should be delayed for women with poor glycemic 
control or diabetic complications, even in the hospital. The recommended time for delivery is between 
37 wk and 38 + 6 wk[16].

Predict pregnancy outcomes
Women with poor glycemic control are at an increased risk of maternal and neonatal-perinatal complic-
ations compared to that of women with good glycemic control, with poor glycemic control being 
strongly associated with poor maternal-fetal outcomes[49]. Infants from mothers with GDM often 
develop complications related to maternal hyperglycemia, including neonatal hypoglycemia, 
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Figure 1 Recommendation of gestational diabetes mellitus optimal delivery time. GDM: Gestational diabetes mellitus.

respiratory disturbances, hypocalcemia, polycythemia, hyperbilirubinemia, cardiac hypertrophy, and 
LGA[50].

When considering the optimal time for labor in pregnant women with GDM who have poor glycemic 
control or complications, it is important to weigh the advantages and disadvantages of waiting for labor 
vs induction of labor. A RCT has shown that delivery at 38 wk reduced macrosomia and obstructed 
shoulder labor[51]. Metcalfe et al[52] concluded that, among women with GDM, iatrogenic delivery was 
associated with an increased risk of neonatal morbidity/mortality compared to expectant management 
at 36 and 37 wk of gestation and a lower risk of neonatal morbidity/mortality at 38, 39, and 40 wk of 
gestation. However, perinatal mortality decreases with improved glycemic control[53,54]. Experts 
believe that the optimal time of delivery for women with poor glycemic control should actually be 
earlier[43,55], but there is currently a lack of specific guidance on the degree of glycemic control in 
women with A3 GDM, and more reliable prospective randomized studies are needed to determine the 
optimal time of delivery[42].

Before delivery, attention should also be paid to assessing the maternal cervical status and 
determining fetal lung maturity. The key to successful labor induction is the readiness of the cervix for 
labor, and a higher Bishop score is strongly associated with a successful procedure. The MohawksJakub 
study found that women with a Bishop score < 6 had fourfold higher risks of CS during labor[56]. A 
higher Bishop score and a shorter cervix based on vaginal ultrasound reduce the probability of a 
cesarean section being necessary for delivery and are associated with lower maternal and neonatal 
morbidity as well as shorter hospitalization time[46,57]. The risk of neonatal respiratory distress 
syndrome in pregnant women with GDM is six times higher than that in normal pregnant women[47], 
and several studies have demonstrated that poor glycemic control in pregnant women with GDM is 
associated with delayed fetal lung maturation, meaning that it is particularly important to measure fetal 
lung maturation before delivery in patients with A3 GDM[25,58].

Optimal time of delivery
Therefore, for women with poor glycemic control, we recommend delivery before 39 wk, considering 
the cervical status and fetal lung maturity. Since the risk of perinatal complications and fetal death is 
increasing for this population, the optimal time of delivery should be “individualized” by clinicians for 
this group.

CONCLUSION
The optimal time of labor for patients with different classes of GDM is determined by a combination of 
maternal and fetal factors, and the choice should be made considering the advantages and 
disadvantages of inducing labor compared to waiting for a spontaneous contraction to optimize both 
maternal and fetal outcomes (check recommendation in Figure 1). In the future, more prospective 
randomized studies should be conducted on the time of labor in patients with different classes of GDM, 
incorporating factors such as type of diabetes, level of glycemic control, Bishop score, fetal lung 
maturity, and presence of complications in order to provide better quality data for decision making.
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