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AbstrAct
Objectives Controversy exists about the timing of delivery 
of women with pre- pregnancy type 1 and 2 diabetes 
mellitus (PDM). This study aims to compare maternal and 
neonatal outcomes after induction of labor (IOL) at 38 
weeks’ gestation versus expectant management from 39 
weeks onward.
Research design and methods This was a retrospective 
population- based cohort study using data from the 
Better Outcomes Registry and Network in Ontario 
Canada. Included were all women with PDM, who had a 
singleton hospital birth at ≥380/7 weeks’ gestation from 
2012 to 2017. Maternal and perinatal outcomes were 
compared between 937 pregnancies that underwent 
IOL at 380/7–386/7 weeks (‘38- IOL group’) versus 1276 
pregnancies expectantly managed resulting in a birth at 
≥390/7 weeks (‘39- Exp group’). The primary outcome was 
all- cause cesarean delivery. Multivariable modified Poisson 
regression was performed to generate adjusted relative 
risks (aRR) and 95% CIs, adjusted for parity, maternal 
age, pre- pregnancy body mass index and PDM type. 
Other outcomes included instrumental delivery, neonatal 
intensive care unit (NICU) admission, and newborn 
metabolic disturbances.
Results Cesarean delivery occurred in 269 women 
(28.7%) in the 38- IOL group versus 333 women (26.1%) 
in the 39- Exp group—aRR 1.07 (95% CI 0.94 to 1.22). The 
respective rates of instrumental delivery were 11.2% and 
10.2% (aRR 1.25, 95% CI 0.98 to 1.61). NICU admission 
was more common in the 38- IOL group (27.6%) than 
in the 39- Exp group (16.8%) (aRR 1.61, 95% CI 1.36 to 
1.90), as were jaundice requiring phototherapy (12.4% 
vs 6.2%) (aRR 1.93, 95% CI 1.46 to 2.57) and newborn 
hypoglycemia (27.3% vs 14.7%) (aRR 1.74, 95% CI 1.46 
to 2.07).
Conclusion In pregnant women with PDM, IOL at 
380/7–386/7 weeks was not associated with a higher risk of 
cesarean delivery, compared with expectant management, 
but was associated with a higher risk of certain adverse 
neonatal outcomes.

InTROduCTIOn
Pre- pregnancy diabetes mellitus (PDM)—
type 1 or type 2 DM preceding concep-
tion—is increasing in prevalence, with 
important adverse outcomes for mother 

and newborn.1 2 Despite improved glycemic 
control, and a declining rate of some 
congenital anomalies,2 3 perinatal mortality, 
preterm birth, large for gestational age 
(LGA) birth weight, shoulder dystocia and 
stillbirth remain high.4 Furthermore, women 
with PDM experience higher rates of pre- 
eclampsia, and are more likely to deliver by 
cesarean section (CS), compared with women 
without PDM.3 5 6

Induction of labor (IOL) at 38–40 weeks’ 
gestation has been endorsed as a part of 
the management of a pregnancy affected 
by PDM to prevent stillbirth, and to 
decrease macrosomia- related complications 
such as shoulder dystocia, anal sphincter 

significance of this study

What is already known about this subject?
 ► Pregnancies complicated by pre- pregnancy type 1 
and 2 diabetes mellitus (PDM) are at increased risk 
of adverse perinatal outcomes.

 ► While induction of labor before 40 weeks’ gestation 
can potentially reduce the rate of certain adverse 
prenatal outcomes, early delivery is also associated 
with an increase in neonatal complications.

What are the new findings?
 ► In women with PDM, induction of labor between 
380/7 and 386/7 was not associated with an increased 
cesarean section rate compared with expectant 
management beyond 39 weeks.

 ► In women with PDM, induction of labor between 
380/7 and 386/7 was associated with an increased 
rate of neonatal intensive care admission, jaundice 
and hypoglycemia compared with expectant man-
agement beyond 39 weeks.

How might these results change the focus of 
research or clinical practice?

 ► This study provides additional evidence regarding 
timing of delivery in women with PDM that can be 
used in formulating clinical practice guidelines and 
as the basis for future prospective randomized trials.
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injuries, birth trauma, and possibly, the need for cesarean 
delivery.7–10 Routine IOL may also avoid the development 
of maternal complications, such as pre- eclampsia, which 
is more common in a pregnancy complicated by PDM.6 
However, routine IOL prior to 39 weeks’ gestation may 
place a neonate at higher risk of complications related 
to early term delivery, and may also increase the rate of 
CS,11–13 although the latter notion has been recently chal-
lenged by data from studies in non- PDM populations.14–16

Data to support the optimal timing for IOL for women 
with PDM are lacking. Expert guidelines supporting 
routine IOL are based on small studies, and extrap-
olated from outcome data in pregnancies compli-
cated by both gestational diabetes mellitus (GDM) and 
PDM.7 17 18 Recently published data suggest that, in 
women with GDM, routine IOL at 38 or 39 weeks is asso-
ciated with a lower risk of cesarean delivery compared 
with expectant management but has a higher rate of 
neonatal intensive care unit (NICU) admission.19 Studies 
that specifically address the timing of IOL for women 
with diabetes focused on women with GDM,20–23 which 
may not be generalizable to women with PDM, who have 
a higher risk of complications.24

The aim of the current study was to compare maternal 
and neonatal outcomes in women with PDM induced 
at 380/7–386/7 weeks’ gestation versus women with PDM 
expectantly managed, and who remained undelivered at 
390/7 weeks’ gestation.

ReseaRCH desIgn and meTHOds
study setting
This population- based cohort study included all women 
with PDM in the province of Ontario, Canada. Ontario 
is the most populous province in Canada with a popu-
lation of 14 million people25 and all residents receive 
universal health coverage under the government- funded 
provincial health insurance plan (OHIP: Ontario Health 
Insurance Plan). During the study period there were 
no national or provincial guidelines dictating timing of 
delivery in women with PDM, only broad suggested IOL 
guidelines from international societies.8 9 26

data sources
Data were obtained from the Better Outcomes Registry 
and Network Information System (BIS) (http://www. 
bornontario. ca/ en/ about- born), linked to the Canadian 
Institute of Health Information- Discharge Abstract Data-
base (DAD). The BIS is a province- wide registry of all 
hospital and home births in Ontario, and contains details 
about each pregnancy and birth, including obstetrical, 
maternal and newborn measures. BIS data are collected 
through a variety of mechanisms including HL7, batch 
upload, and manual entry. Agreement between BIS and 
DAD has been validated internally and reveals 92.1% 
agreement for IOL and 99.8% agreement for mode of 
delivery. The Better Outcomes Registry and Network’s 
(BORN) data quality framework includes processes for 

regular data validation, quality checks, and training for 
individuals entering and using the data to support a high 
level of data quality (http://www. bornontario. ca/ en/ 
data/).

The DAD contains a set of validated diagnostic codes 
from the International Statistical Classification of Diseases 
and Related Health Problems, 10th Revision, Canadian 
version, as well as intervention codes from the Canadian 
Classifications of Health Intervention for all in- hospital 
deliveries. The linkage between the BIS and the DAD was 
done to ensure the highest degree of capture of maternal 
conditions preceding pregnancy, including PDM, and 
neonatal outcomes occurring in the NICU, which may 
not be fully detailed within the BIS. All diagnostic and 
procedural codes, along with definitions used to identify 
the cohort, characteristics, exposure and outcome vari-
ables are listed in online supplementary appendix S1.

study population
The study population comprised all singleton pregnan-
cies with PDM who were undelivered at ≥380/7 weeks’ 
gestation between 1 April 2012 and 31 March 2017. 
PDM was defined as a pre- pregnancy diagnosis of type 
1 or type 2 diabetes.27 To create a low- risk obstetric 
cohort of women with PDM, who would be eligible for 
a vaginal birth, women with the following conditions 
were excluded: gestational age at birth ≥420/7 weeks, 
non- vertex presentation, placenta previa, previous CS, 
major fetal anomaly, chronic hypertension, chronic renal 
disease, complications of diabetes (eg, retinopathy, renal 
dysfunction), congenital or acquired cardiac disease, 
pulmonary hypertension, cystic fibrosis, pulmonary 
embolism, systemic lupus erythematosus, hemophilia or 
sickle cell disease. Women with PDM who were diagnosed 
with gestational hypertension or pre- eclampsia before 
380/7 weeks were also excluded. A pragmatic decision 
was made to include only women who delivered after 38 
weeks of gestation since in our population, women would 
not be routinely induced prior to 38 weeks of gestation 
without an additional cause or comorbid state.

exposure
The cohort was divided into two exposure groups, 
to mimic the real- life dilemma faced by a healthcare 
provider: whether to induce at 38 weeks’ gestation or 
expectantly manage until at least 390/7 weeks. Women 
who underwent IOL between 380/7 and 386/7 weeks 
(‘38- IOL group’) were compared with those expectantly 
managed and who remained undelivered by 390/7 weeks 
(ie, delivered anytime between 39+0 weeks and 41+6 
weeks of gestation) (‘39- Exp group’). Outcomes from 
all modes of delivery (vaginal birth with or without IOL, 
operative delivery, CS) from women in the 39- Exp group 
were included in analysis. All indications for IOL were 
included in the 39- Exp group.

For the 38- IOL group, in order to simulate routine 
IOL, we included women in whom the only indication 
for IOL was PDM, or a state related to PDM, such as fetal 
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macrosomia; hence, women with an indication for IOL, 
such as gestational hypertension or pre- eclampsia, were 
excluded from the 38- IOL group. Similarly, as sponta-
neous labor is not a decision option for the clinician, 
we excluded women who went into spontaneous labor 
between 380/7 and 386/7.

Outcomes
The primary outcome was the relative rate of CS between 
groups. Secondary maternal outcomes included instru-
mental delivery, shoulder dystocia, postpartum hemor-
rhage, intrapartum fever, and anal sphincter injury 
(third or fourth- degree perineal lacerations). Secondary 
neonatal outcomes included NICU admission, hypo-
glycemia, jaundice requiring phototherapy, respiratory 
morbidity and a neonatal composite morbidity outcome. 
Neonatal respiratory morbidity was defined as any of 
the following: need for respiratory support in the form 
of continuous positive airway pressure or mechanical 
ventilation, or a diagnosis of transient tachypnea of the 
newborn or respiratory distress syndrome. The neonatal 
morbidity composite was defined as the presence of 
any of the following: perinatal mortality (stillbirth or 
neonatal death), 5 min Apgar score <7, admission to the 
NICU, hypoglycemia, jaundice requiring phototherapy, 
or neonatal respiratory morbidity. The 5 min Apgar score 
of <7 was chosen due to the documented increased risks 
of cerebral palsy and epilepsy that are seen in this range.28

statistical analysis
Descriptive statistics compared the characteristics of 
women in the 38- IOL group and the 39- Exp group, using 
standardized differences to minimize the confounding 
effect of sample size. A standardized difference over 
0.10 was considered clinically important.29 An a priori 
feasibility analysis was conducted to determine minimal 
sample size. With a power of 80% and using a two- sided 
alpha of 0.05, we would require 626 women in the 38- IOL 
group and 245 women in the 39- Exp group to detect a 
13% absolute difference in our primary outcome.

Multivariable modified Poisson regression models, with 
robust error variance, were performed to calculate crude 
and adjusted relative risks (aRR) with 95% CIs, with the 
39- Exp group as the referent.30 Models were adjusted for 
maternal age (continuous), pre- pregnancy body mass 
index (BMI) (continuous) and type of diabetes (ie, type 
1 or type 2). As measures of glycemic control were not 
available in the data sets, a second model further adjusted 
for LGA birth weight greater than the 90th percentile 
(LGA), as a surrogate marker of glycemic control in preg-
nancy. An additional analysis examined the main model 
stratified by nulliparous and parous women.

Two- sided p values were set at <0.05. All analyses were 
conducted with Statistical Analysis Software V.9.4.

ResulTs
Between April 2012 and March 2017, a total of 668 245 
women had a singleton hospital birth in Ontario, of whom 

7558 (1.1%) had PDM (figure 1). Among the latter, 2945 
women (40.0%) met the inclusion criteria. Of these, 937 
were in the final 38- IOL group, after excluding 218 women 
for IOL for reasons other than PDM or macrosomia. There 
were 514 women who were excluded as they delivered 
between 38+0 and 38+6 weeks without undergoing IOL. A 
total of 1276 women were therefore included in the 39- Exp 
group. Those in the 38- IOL group had a higher BMI, were 
more likely to have type 1 DM, and were more likely to be 
on insulin treatment if they had type 2 DM (table 1).

In the univariate analysis (online supplementary table S1) 
there was no significant difference in the rate of cesarean 
delivery (28.7% vs 26.1% (standardized difference 0.06)), 
or instrumental delivery (11.2% vs 10.2% (standardized 
difference 0.03)), in the 38- IOL group compared with the 
39- Exp group. The rate of other pregnancy outcomes such 
as intrapartum fever, anal sphincter injury and postpartum 
hemorrhage did not differ between the 38- IOL group and 
39- Exp group, although the absolute rate of these outcomes 
was low (<5%). Women in the expectant management 
group were at risk of developing new- onset gestational 
hypertension and pre- eclampsia (5.0% and 0.7%, respec-
tively). A total of 53.1% of the women in the 39- Exp group 
went on to undergo IOL after 39+0 weeks’ gestation. As 
per study design, the median gestational age at delivery 
was lower in the 38- IOL group than in the 39- Exp group 
(38.3 (38.1–38.6) vs 39.6 (39.1–40.1)). Infants of women in 
the 38- IOL group were more likely to have a birth weight 
over the 90th percentile (27.3% vs 15.8% (standardized 
difference 0.28)), jaundice requiring phototherapy (12.4% 
vs 6.2% (standardized difference 0.21)), hypoglycemia 
(27.3% vs 14.7% (standardized difference 0.31)), and 
admission to the NICU (27.6% vs 16.8% (standardized 
difference 0.26)) compared with the expectant manage-
ment group. As such, the neonatal composite morbidity 
rate was significantly higher in the 38- IOL group (47.9% 
vs 31.4% in the expectant group; standardized difference 
0.34).

Multivariable analysis was conducted to adjust for 
potential confounding maternal factors that were found 
to be significant in the univariate analysis (online supple-
mentary table S1) or have clinical significance when 
making a clinical decision on timing of IOL. These vari-
ables included maternal age, pre- pregnancy BMI, nulli-
parity and type of DM (type 1 vs type 2). There was no 
difference in the risk of cesarean delivery (aRR 1.07; 
95% CI 0.94 to 1.22), instrumental delivery (aRR 1.25; 
95% CI 0.98 to 1.61) or shoulder dystocia (aRR 1.35; 
95% CI 0.9 to 1.97) in the 38- IOL group compared with 
the 39- Exp group (table 2). The aRRs of most neonatal 
outcomes were increased in the 38- IOL group including 
an increased risk of NICU admission (aRR 1.61; 95% CI 
1.36 to 1.9), jaundice requiring phototherapy (aRR 1.93; 
95% CI 1.46 to 2.57), hypoglycemia (aRR 1.74; 95% CI 
1.46 to 2.07), and composite neonatal morbidity (aRR 
1.50; 95% CI 1.34 to 1.67) compared with the 39- Exp 
group. The addition of LGA birth weight >90% to the 
multivariable analysis did not significantly alter these 
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Figure 1 Flow diagram showing selection of study cohort, application of exclusion criteria, and formation of two exposure 
groups including the induction of labor between 38+0 and 38+6 weeks (38- IOL group) and the expectant management group 
with delivery beyond 39+0 weeks (39- Exp group). IOL, induction of labor; PDM, pre- pregnancy diabetes mellitus.

results. There were no cases of stillbirth or neonatal 
mortality in either group.

As IOL success is influenced by previous successful 
vaginal delivery,31–33 the adjusted analysis was further 
stratified by parity (online supplementary tables S2 and 
S3). The risk of cesarean delivery was not different in the 
IOL group compared with the expectant management 
group in nulliparous pregnancies (aRR 1.06; 95% CI 
0.93 to 1.21), or in multiparous pregnancies (aRR 0.93; 
95% CI 0.63 to 1.36).

dIsCussIOn
Our study compared maternal and neonatal outcomes 
in a large cohort of women with PDM who underwent 
routine IOL between 380/7 and 386/7 weeks’ gestation 

compared with those who were managed expectantly and 
delivered after 390/7 weeks. Our findings are as follows: (1) 
there is no significant difference in the rate of CS, instru-
mental delivery or shoulder dystocia between the 38- IOL 
group and 39- Exp group, and this finding persisted after 
multivariable analysis; (2) neonates in the 38- IOL group 
had higher rates of NICU admission, jaundice requiring 
phototherapy and hypoglycemia when compared with 
the 39- Exp group; (3) there were no cases of stillbirth 
in the expectant group, but hypertensive disorders devel-
oped in 5.7% of women managed expectantly.

The main strengths of our study include the large 
sample size, the focus on an exclusive population of ‘low 
risk’ PDM, the ability to adjust for critical covariates and 
the uniform access of the population to publicly funded 
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Table 1 Characteristics of the 38- IOL group versus 39- Exp group. All data are shown as a number (%) unless otherwise 
indicated

Characteristics
38- IOL group
(n=937)

39- Exp group
(n=1276) Standardized difference

Mean (SD) maternal age (years) 31.9 (5.2) 31.8 (5.3) 0.01

BMI (kg/m2)

  Underweight (<18.5) 54 (5.8) 147 (11.5%) −0.21

  Normal (≤18.5 to <25) 259 (27.6) 414 (32.4) −0.10

  Overweight (≤25 to <30) 249 (26.6) 316 (24.8) 0.04

  Obese (>30) 375 (40.0) 399 (31.3) 0.18

  Missing 40 (4.3) 95 (7.4) −0.14

Mean (SD) BMI (kg/m2) 28.1 (7.4) 29.9 (7.6) 0.23

Nulliparity 451 (48.1) 647 (50.7) −0.05

Female newborn infant 442 (47.2) 614 (48.1) −0.02

Type 1 diabetes mellitus 316 (33.7) 315 (24.7) 0.2

Type 2 diabetes mellitus 553 (59.0) 693 (54.3) 0.1

  Insulin treatment 438 (79.2) 321 (46.3) 0.72

Unknown type, diabetes mellitus 68 (7.3) 268 (21.0) −0.4

Data sources: Better Outcomes Registry and Network Ontario (2012–2017), Canadian Institute of Health Information- Discharge Abstract 
Database (CIHI- DAD; 2012–2015).
Cohort definition: Women who had a singleton birth who met the inclusion criteria.
BMI, body mass index; IOL, induction of labor.

Table 2 Outcomes among the 38- IOL group versus 39- Exp group

Outcome

n (%) with outcome

38- IOL group
(n=937)

39- Exp group
(n=1276)

Crude RR
(95% CI)

Adjusted RR*
(95% CI)

Adjusted RR†
(95% CI)

Maternal

  Cesarean delivery 269 (28.7) 333 (26.1) 1.10 (0.96 to 1.26) 1.07 (0.94 to 1.22) 1.02 (0.90 to 1.16)

  Instrumental delivery 105 (11.2) 130 (10.2) 1.10 (0.86 to 1.40) 1.25 (0.98 to 1.61) 1.29 (1.00 to 1.66)

  Shoulder dystocia 57 (6.1) 52 (4.1) 1.49 (1.03 to 2.15) 1.35 (0.92 to 1.97) 1.05 (0.71 to 1.55)

Neonatal

  Neonatal composite morbidity‡ 449 (47.9) 401 (31.4) 1.52 (1.37 to 1.69) 1.50 (1.34 to 1.67) 1.42 (1.27 to 1.59)

  NICU admission 259 (27.6) 215 (16.8) 1.64 (1.40 to 1.93) 1.61 (1.36 to 1.90) 1.50 (1.26 to 1.77)

  Jaundice requiring phototherapy 116 (12.4) 79 (6.2) 2.00 (1.52 to 2.63) 1.93 (1.46 to 2.57) 1.76 (1.32 to 2.33)

  Hypoglycemia 256 (27.3) 187 (14.7) 1.86 (1.57 to 2.21) 1.74 (1.46 to 2.07) 1.61 (1.35 to 1.93)

  Respiratory morbidity§ 114 (12.2) 135 (10.6) 1.15 (0.91 to 1.45) 1.11 (0.87 to 1.42) 1.02 (0.80 to 1.31)

Cohort definition: Women who had a singleton birth who met the inclusion criteria.
Data sources: Better Outcomes Registry and Network Ontario (2012–2017), Canadian Institute of Health Information- Discharge Abstract 
Database (CIHI- DAD; 2012–2015).
*Adjusted for maternal age, pre- pregnancy body mass index (BMI), nulliparity, and diabetes type.
†Adjusted for maternal age, pre- pregnancy BMI, nulliparity, diabetes type and large for gestational age (LGA) >90th percentile.
‡Defined as the presence of any of the following: perinatal mortality (stillbirth or neonatal death), 5 min Apgar score <7, admission to the 
neonatal intensive care unit (NICU), hypoglycemia, jaundice requiring phototherapy, or neonatal respiratory morbidity.
§Refers to respiratory distress syndrome, transient tachypnea of the newborn infant, or need for respiratory support.
Exp, expectant management; IOL, induction of labor; RR, relative risk.

prenatal care. The exclusion of women who went into 
spontaneous labor between 380 and 386 weeks of gesta-
tion, while initially counterintuitive, is consistent with the 
aim of this study to mimic the real- life decision process 
that the clinician is faced with when managing these 
patients.

Despite the large size of this cohort, it was still under-
powered to detect very rare adverse outcomes, such as 
stillbirth and neonatal death, especially in this popula-
tion of ‘low- risk’ PDM. The ability to comment on factors 
not adequately collected in the BORN database, such as 
information on adequacy of glycemic control, prenatal 
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ultrasound results, gestational weight gain, ethnicity or 
use of oral antihyperglycemic medications, was limited by 
the retrospective nature of this study. The use of LGA as 
a surrogate for glycemic control in the multivariate anal-
ysis assists in overcoming some of these limitations. It is 
recognized though, that the statistical analysis performed 
might not fully correct for the difference seen in the rate 
of insulin use in women with type 2 diabetes, a factor that 
could have influenced clinician decision- making and 
possibly some of the neonatal outcomes.

Unfortunately, this study was not powered to perform 
stratified analysis by type of medical therapy in women 
with type 2 diabetes. Stratification by type of PDM was 
not performed, as stillbirth rates generally do not differ 
between women with type 1 and 2 diabetes, and thus, it 
is might not be clinically relevant to stratify by diabetes 
type, with regard to timing of delivery. Of note, adding 
PDM subtype in the regression models did not alter the 
estimated risk of neonatal outcomes or CS.

The database was also found to have small proportions 
of missing data that are detailed in table 1, including a 
small proportion of patients in the database who were 
known to have PDM, but were not labelled as either 
type 1 or type 2 DM. It is also noted that the neonatal 
outcomes in this study are possibly under- reported, as 
capture of neonatal data was limited to all level 2 special 
care neonatal units (SCU) and only three out of eight 
level 3 SCUs in Ontario from 1 April 2015 to 31 March 
2017.

A selection bias for IOL may also exist based on pref-
erential IOL of women with higher Bishop scores, which 
cannot be ruled out in this study as preinduction Bishop 
score data were not available in the BORN database. 
While it is more likely that this bias affected the 38- IOL 
group, it should be noted that both the IOL group 
and the expectant management group had very similar 
proportions of nulliparous women (48.1% and 50.7%, 
respectively), who typically have lower Bishop scores 
compared with multiparous women.31 Indeed, the results 
of our study did not change in the secondary analysis 
that was restricted to nulliparous women. We therefore 
suspect that preinduction Bishop score is unlikely to be a 
significant bias in this study.

In the only published randomized controlled trial 
(RCT) comparing IOL with expectant management that 
included women with PDM, only 13 out of the 200 women 
studied had PDM.18 This study found no difference in 
the rate of CS or shoulder dystocia, and no difference in 
neonatal morbidity between IOL at 38 weeks compared 
with expectant management. Results from timing of 
delivery studies in GDM pregnancies, including a recent 
RCT, revealed findings similar to ours; Alberico et al 
randomized women with GDM by the International Asso-
ciation of Diabetes and Pregnancy Study Group criteria 
which included an estimated fetal weight of <4000 g and 
an unfavorable cervix to IOL between 38 and 39 weeks of 
gestation versus expectant management until 41 weeks.23 
Of the planned sample size of 1760 only 425 women were 

successfully randomized. No difference was seen in the 
CS rate between groups. The only neonatal outcome that 
was significantly different between groups was the rate of 
neonatal hyperbilirubinemia, which was increased in the 
IOL group.

Support for our results can also be found in studies 
of IOL in non- diabetic pregnancies. Boulvain et al 
randomized women with suspected LGA fetuses (mainly 
non- GDM) to IOL at 37–38+6 weeks versus expectant 
management until a maximum of 41 weeks’ gestation.15 
After successfully randomizing 822 women, no differ-
ence was found in the rate of CS (RR 0.89; 95% CI 0.72 to 
1.09) but higher rate of jaundice requiring phototherapy 
was noted (9% vs 3%; p=0.0004). In contrast to our find-
ings, the Boulvain et al’s study noted the IOL group had 
a lower risk of shoulder dystocia (RR 0.32; 95% CI 0.12 to 
0.85) compared with the expectant management group. 
In non- diabetic low- risk women, results from a recent 
large RCT also demonstrated that routine IOL before 
40 weeks’ gestation without a medical indication did not 
increase the odds of delivering by CS.34 Retrospective 
cohort studies of low- risk women have also shown IOL 
before 41 weeks to be associated with increased odds of 
admission to the NICU.16

While these studies reflect outcomes in women without 
PDM, the uniformity of the results lends considerable 
support to our finding that routine IOL in women 
with PDM is not associated with an increase in the 
rate of CS delivery but will be associated with certain 
neonatal complications. Our study also found higher 
rates of adverse neonatal outcomes in the 38- IOL after 
controlling for LGA >90th percentile as a marker of 
maternal glycemic control in pregnancy, which suggests 
that these outcomes are in fact related to earlier delivery 
rather than to a selection bias of pregnancies with poorly 
controlled diabetes.

Some findings in our study require further attention. 
When comparing study groups, we identified differences 
in the 38- IOL group compared with the 39- Exp group 
that likely reflect practice bias. Women in the 38- IOL 
group were more likely to have higher BMIs, to have 
type 1 diabetes, and to be on insulin treatment if they 
had type 2 diabetes compared with those in the 39- Exp 
group. It is hypothesized that caregivers are more likely 
to suggest IOL at 38 weeks in pregnancies with these 
factors, as they may confer higher risks of stillbirth, 
macrosomia and labor dystocia. We controlled for the 
possible confounding influence of these ‘high risk’ 
factors in our multivariable analysis and found that this 
did not change our principal findings. The fact that 
significantly more infants in the IOL group had birth 
weight over the 90th percentile, which might be a surro-
gate for inadequate glycemic control, also supports the 
notion that practitioners are preferentially choosing 
IOL at 38 weeks in pregnancies suspected of being at 
higher risk. The CS rate in our study population was low 
compared with that reported in other studies.35 This 
likely reflects the selective nature of our cohort, having 
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excluded mothers with previous CS, chronic morbidi-
ties, and preterm deliveries.

Pregnancies complicated by PDM are less commonly 
encountered than those with GDM but confer higher 
maternal and neonatal risks.2 Guideline recommenda-
tions on timing of delivery vary widely and are poorly 
supported by high- quality evidence.8–10 36 Furthermore, 
while IOL before 40 weeks’ gestation and more often 
before 39 weeks’ gestation is commonly performed in 
pregnancies complicated by PDM, the effect of this inter-
vention on the CS rate and neonatal outcomes is largely 
unknown. The argument in support of elective delivery 
before 39 weeks’ gestation is largely fueled by the known 
increased risk of stillbirth in the PDM population. While 
it is reassuring that there were no cases of stillbirth in 
the expectant management group, this study was not 
powered for this relatively rare outcome and we cannot 
rule out that stillbirth might have occurred if women 
who underwent IOL at <39 weeks were instead managed 
expectantly. Recent data from the UK37 have shown that 
stillbirth rates have declined significantly despite little 
change in gestational age at delivery suggesting that 
factors such as improved surveillance or tighter glycemic 
control targets are perhaps more important than the 
timing of delivery.

Our results suggest that despite being at higher base-
line risk, and delivering larger babies, women with PDM 
induced at 38 weeks did not have an increased risk of 
CS, shoulder dystocia or instrumental delivery when 
compared with expectant management. Whether this 
remains true at later gestational ages remains unclear. 
Although it is not possible to comment on the long- term 
clinical impact of these adverse neonatal outcomes, it is 
certainly an important factor to consider from a health 
services perspective as well as the short- term implications 
of NICU admission on parental bonding, breast feeding 
success and parental anxiety.

Further studies are needed to characterize how certain 
factors, such as pre- pregnancy BMI, glycemic control, 
sonographic parameters and type of PDM, could be used 
to guide decision- making on elective IOL in women with 
PDM. Ultimately, in the setting of pregnancies compli-
cated by PDM, the decision to undergo elective IOL at 
less than 39 weeks’ gestation will always involve balancing 
the risks of adverse neonatal outcomes with the benefits 
of avoiding future stillbirth or the development of new 
hypertensive complications. The answer to this question 
will ideally be answered by an appropriately powered RCT 
that will provide the much- needed level 1 evidence. Until 
this level of evidence is available, the results of this study 
can help guide clinical practice at the caregiver level, 
and provide needed evidence to assist in the creation of 
professional guidelines addressing the timing of delivery 
in women with PDM.
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