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Abstract
Background/aims: To evaluate maternal birth and neonatal outcomes among women with gestational 

diabetes mellitus (GDM), but without specific medical conditions and eligible for vaginal birth who under-

went induction of labour (IOL) at term compared with those who were expectantly managed.

Materials and methods: Population-based cohort study of women with GDM, but without medical condi-

tions, who had a singleton, cephalic birth at 38–41 completed weeks gestation, in New South Wales, Australia 

between January 2010 and December 2016. Women who underwent IOL at 38, 39, 40 weeks gestation (38-, 

39-, 40-induction groups) were compared with those who were managed expectantly and gave birth at and/

or beyond the respective gestational age group (38-, 39-, 40-expectant groups). Multivariable logistic regres-

sion analysis was used to assess the association between IOL and adverse maternal birth and neonatal 

outcomes taking into account potential confounding by maternal age, country of birth, smoking, residential 

location, residential area of socioeconomic disadvantage and birth year.

Results: Of 676 762 women who gave birth during the study period, 66 606 (10%) had GDM; of these, 

34799 met the inclusion criteria. Compared with expectant management, those in 38- (adjusted odds ratio 

(aOR) 1.11; 95% CI, 1.04–1.18), 39- (aOR 1.21; 95% CI, 1.14–1.28) and 40- (aOR 1.50; 95% CI, 1.40–1.60) 

induction groups had increased risk of caesarean section. Women in the 38-induction group also had an 

increased risk of composite neonatal morbidity (aOR 1.10; 95% CI, 1.01–1.21), which was not observed 

at 39- and 40-induction groups. We found no difference between groups in perinatal death or neonatal 

intensive care unit admission for births at any gestational age.

Conclusion: In women with GDM but without specific medical conditions and eligible for vaginal birth, IOL 

at 38, 39, 40 weeks gestation is associated with an increased risk of caesarean section.
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INTRODUCTION

Gestational diabetes mellitus (GDM, diabetes diagnosed in the 
second/third trimester of pregnancy that was not clearly overt 
diabetes prior to gestation),1 is one of the most common compli-
cations of pregnancy. GDM is associated with an increased risk of 
adverse maternal and perinatal outcomes that include caesarean 
section (CS), macrosomia, large-for-gestational age (LGA) infants, 
shoulder dystocia, birth trauma and neonatal respiratory issues 
and hypoglycaemia.2,3

Induction of labour (IOL) is indicated when maternal/fetal risks 
associated with continuation of pregnancy outweigh the risks as-
sociated with earlier delivery. In the general population, IOL be-
tween 37–41 weeks gestation has been shown to have a number of 
benefits including decreasing macrosomia related complications, 
shoulder dystocia and stillbirth.4,5 In low-risk pregnancies, IOL has 
been associated with a decreased risk of CS and neonatal morbid-
ity compared with those expectantly managed.4,6,7 However, the 
optimal timing and management of birth for GDM pregnancies 
remain controversial, with limited evidence to support either IOL 
or expectant management in this population. The lack of consen-
sus in current international guidelines8 has resulted in significant 
variation in clinical management of women with GDM. There 
are no Australian national consensus guidelines concerning the 
timing of delivery of pregnancies complicated by GDM and local 
guidelines differ in their recommendations.9 While randomised 
controlled trials are limited,10,11 findings from population-based 
cohort studies are conflicting with some reporting reduced,12 no 
difference or increased13 rates of CS following IOL compared with 
expectant management. Similarly, for neonatal outcomes, stud-
ies have reported either no difference,10 or increased rates of 
neonatal intensive care unit (NICU) admissions12,13 and reduced 
perinatal death14 in women with GDM who underwent IOL. These 
differences in findings may be explained by different cohort selec-
tion.11-14 Further, although seldom assessed, birth outcomes may 
have differed by women with different risk profiles.

Population-based data may help inform decisions on man-
agement of term GDM pregnancies and birth to balance the risk 
of known perinatal adverse outcomes associated with GDM, with 
the potential risk of iatrogenic adverse perinatal outcomes as-
sociated with (early/late) obstetric intervention. The aim of this 
study was to evaluate maternal birth and neonatal outcomes 
among women with GDM but without specific medical con-
ditions and eligible for vaginal birth who underwent IOL at ei-
ther 38, 39, 40 weeks gestation compared with those who had 
expectant management.

MATERIALS AND METHODS

Data sources

Data for this study were extracted from three sources: New 
South Wales (NSW) Perinatal Data Collection (PDC), a statutory 

population-based surveillance system covering maternal char-
acteristics, pregnancy, labour, birth and neonatal outcomes for 
all livebirths and stillbirths in NSW of at least 20  weeks gesta-
tion or 400 g birth weight; NSW Admitted Patient Data Collection 
(APDC), which includes demographic and coded clinical data for 
all patients admitted to public or private hospitals in NSW; and 
NSW Registry of Births, Deaths and Marriages (RBDM). All births 
were identified from NSW PDC, corresponding maternal and 
infant conditions were obtained from APDC (hospital records) 
and deaths were obtained from RBDM, to identify infant deaths 
within the first three months of life. Ethics approval was obtained 
from the NSW Population and Health Services Research Ethics 
Committee (2019/ETH11532).

Record linkage

Maternal and infant birth, hospital and death data collec-
tions were linked by the NSW Centre for Health Record Linkage 
(CHeReL) using probabilistic record linkage methods, with a range 
of personal identifiers to cross-sectionally and longitudinally link 
individuals’ records.15

Study population

Inclusion criteria

All women with GDM who had a singleton birth and gestational 
age at delivery between 38-41 completed weeks gestation inclu-
sive, as determined by the best clinical estimate including early 
ultrasound and the first day of last menstrual period, in NSW, 
Australia, between January 2010 and December 2016.

Exclusion criteria

To identify a cohort of women who were suitable for vaginal 
birth and who were not candidates for early delivery due to the 
presence of maternal medical conditions, women with any of 
the following conditions were excluded: women not a candidate 
for vaginal birth (ie planned CS); major congenital anomalies, or 
chronic maternal medical conditions that could potentially influ-
ence a decision to induce labour at 38, 39 or 40 weeks gestation, 
including cardiac disease, chronic hypertension, chronic renal dis-
ease, autoimmune conditions, haematologic diseases, placenta 
praevia with or without haemorrhage, chronic obstructive pulmo-
nary disease, psychiatric disorders, prelabour rupture of mem-
branes at term, cholestasis of pregnancy, breech presentation, 
antepartum haemorrhage or abruption.16,17 Definitions of these 
excluded conditions and their related data sources are presented 
in Supplementary Table S1 and were identified from the Perinatal 
Data Collection via a related checkbox or APDC where up to 51 
clinical diagnoses for each admission are coded by clinical cod-
ers using the tenth revision of the International Classification of 
Diseases Australian Modification (ICD10-AM).
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Comparison groups

To compare IOL (women having IOL at a particular gestational 
age) with expectant management (women giving birth at or be-
yond the particular gestational age of the IOL comparison group), 
three comparison groups were defined: (i) women who under-
went IOL at 38 weeks gestation (38 + 0 to 38 + 6 weeks inclusive, 
‘38-induction group’) were compared with women giving birth 
anytime between 38–41 weeks gestation; (38 + 0 to 41 + 6 weeks 
inclusive, ‘38-expectant group’); (ii) women who underwent IOL at 
39 weeks gestation (39 + 0 to 39 + 6 weeks inclusive, ‘39-induction 
group’) were compared with women giving birth anytime be-
tween 39–41 weeks gestation; (39 + 0 to 41 + 6 weeks inclusive, 
‘39-expectant group’); and (iii) women who underwent IOL at 
40 weeks gestation (40 + 0 to 40 + 6 weeks inclusive, ‘40-induction 
group’) were compared with women giving birth anytime be-
tween 40–41 weeks gestation; (40 + 0 to 41 + 6 weeks inclusive, 
‘40-expectant group’) (Figure 1).

Study outcomes

Maternal birth outcomes included mode of delivery, postpar-
tum haemorrhage (>500 mL) and anal sphincter injury (third- or 
fourth-degree perineal laceration). We evaluated use of epidural 
as a possible potential confounder for instrumental birth and anal 
sphincter injury18,19 with vaginal births as the denominator for 
these latter two outcomes.

Neonatal outcomes included low birthweight (<2500 g), small-
for-gestational age (SGA; <10th percentile) and LGA age (>90th 
percentile),20 admission and hours in intensive care unit, neo-
natal hypoglycaemia, respiratory morbidity, jaundice requiring 
phototherapy within 24  h of birth, birth trauma to the nervous 
system, bone fracture or any birth trauma, neonatal convulsions, 
five-minute Apgar score <7, shoulder dystocia, perinatal death 
(stillbirth at ≥20 weeks gestation or neonatal death up to 28 days 
postpartum) and composite neonatal morbidity (defined as any 
of the following events: perinatal death, five-minutes Apgar score 
<7, admission to the NICU, hypoglycaemia, jaundice that required 
phototherapy or neonatal respiratory morbidity).

Statistical analysis

Descriptive statistics with contingency tables were used to evalu-
ate maternal characteristics (Table 1) of the three study groups 
with differences tested using χ2 for categorical variables and t-test 
for continuous variables.

For maternal birth and neonatal outcomes, crude and mul-
tivariable logistic regression models with logit link were used to 
assess the association between IOL and study outcomes adjusting 
for potential confounders and generalised estimating equations 
with exchangeable correlation applied to account for the cluster-
ing effect of hospitals of birth. Potential confounding variables 
included maternal age, country of birth, smoking, residential 

location, residential area of socioeconomic disadvantage and 
birth year. The analysis was repeated excluding women with pre-
vious CS and hypertensive disorders of pregnancy as these may 
influence timing and method of delivery. Sub-group analysis was 
also conducted to assess results for specific groups of interest, in-
cluding nulliparous and multiparous women, women using differ-
ent treatments for GDM (diet-controlled and insulin) and women 
with LGA and non-LGA neonates. Analyses were performed using 
SAS, version 9.4 (SAS Institute Inc., Cary, NC, USA).

RESULTS

Characteristics of the study population

During the study period, 676  762 women gave birth in NSW, 
Australia, with 66 606 (10%) diagnosed with GDM and 34 799 eligi-
ble for the study (Figure 1). Overall 5515 women underwent IOL at 
38 weeks gestation, 6800 at 39 weeks and 3685 women at 40 weeks 
gestation. Women in the 38-, 39-, 40-induction groups were slightly 
older, a lower proportion had a previous CS, but a higher proportion 
required insulin treatment for GDM and had hypertensive complica-
tions compared to those in the 38-, 39-, 40-expectant groups (Table 1). 
A higher proportion of women in the 38-, 39-induction groups were 
smokers, with no difference between groups at 40 weeks. Although 
a lower proportion of women in the 38-induction group were nul-
liparous, they were more represented in 39-, 40-induction groups 
compared with respective expectant groups (Table 1).

Compared with women in the expectant groups, women in 
all induction groups had higher rates of CS, fewer anal sphincter 
injuries (except for 40-induction group) and greater use of epi-
dural during labour and birth. Women in the 38-induction group 
had lower rates of instrumental birth, while those in the 39- and 
40-induction groups had higher rates compared to those in the 
38-, 39-, 40-expectant groups, respectively (Table 2).

A higher proportion of infants of mothers in the 38-, 
39-induction groups were LGA compared to expectant groups; 
with no difference between groups at 40 weeks. Infants born to 
women in the induction groups had higher rates of neonatal hy-
poglycaemia, admission to NICU, jaundice that required photo-
therapy and composite neonatal morbidity (all P < 0.01). There 
was no difference in perinatal deaths between induction and 
expectant groups (38 weeks, 0.31% vs 0.19%; 39 weeks, 0.21% 
vs 0.19%; 40-weeks, 0.22% vs 0.15%; all P > 0.05) (Table 2).

Association of IOL with adverse maternal and 
neonatal outcomes

After adjusting for confounders, IOL at 38, 39, 40 weeks gestation 
was associated with a 11% (adjusted odds ratio (aOR) 1.11; 95% 
CI, 1.04–1.18), 21% (1.21; 1.14–1.28) and 50% (1.50; 1.40–1.60) 
increased risk of CS. IOL at 38 weeks gestation was associated 
with a 10% (1.10; 1.01–1.21) increased risk of composite neonatal 
morbidity, with no association at 39 (1.06; 0.96–1.17) or 40 (1.00; 
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0.88–1.15) weeks gestation. IOL at 39 and 40 weeks gestation was 
associated with a 9% (1.09; 1.02–1.17) and 8% (1.08; 1.00–1.17) 
increased risk of instrumental birth, respectively, while IOL at 39 
weeks gestation was associated with a 19% (0.81; 0.68–0.95) de-
creased risk of anal sphincter injury. There was no association 
between IOL at 38, 39 or 40 weeks gestation and NICU admission 
(Table 3). Results were similar when restricting to women without 
previous CS or hypertensive complications (Table 3).

Sub-group analysis revealed similar findings to the main anal-
ysis with increased risk of CS for women in the induction group 
at all gestations except at 38 weeks for multiparous women and 
those treated with insulin (Table 4). Neonatal morbidity was in-
creased in the 38-week induction group except for the subgroups 
of women who were multipara, treated with insulin or with LGA 
infants. Results for increased odds of instrumental birth were 
attenuated and only remained among nulliparous women, those 
treated with diet-alone and had infants not LGA (Table 4).

DISCUSSION

In this large population-based study women with GDM with-
out specific medical conditions and eligible for vaginal birth who 

underwent IOL at 38, 39, 40 weeks gestation had an increased risk 
of CS compared to those managed expectantly at or above the re-
spective gestation. This risk was numerically highest in women in 
the 40-induction group, which was observed irrespective of whether 
their infant was LGA. Nulliparity appeared to be a risk factor for CS 
after IOL compared to the expectantly managed group, irrespective 
of gestational age at the time of IOL. Women receiving pharmaco-
therapy with oral agents or insulin had a 1.5–3 times higher rate of 
induction across all gestational age groups compared with those 
managing GDM with diet. While there is no clear national consensus 
about timing of birth, women with GDM on insulin may be offered 
earlier IOL as such a practice can theoretically decrease the risk of 
LGA and macrosomia and the risk of CS because of dystocia. These 
data suggest that treatment modality for GDM is a clinical variable 
considered when determining whether a woman with GDM should 
be considered for IOL. Compared to those managed expectantly, 
women in the 38-induction group had increased risk of neonatal 
morbidity, which was not observed in the 39-, 40-induction groups. 
Importantly, we found no difference between the groups in perina-
tal death or NICU admission for birth at any gestational age.

A strength of this study is the large sample size that allowed 
us to adjust for several significant potential confounding vari-
ables. The comprehensiveness of the data allowed us to identify 

F I G U R E  1   Selection of the induction and expectant management groups at 38, 39 and 40 weeks. GDM, gestational diabetes 
mellitus; NSW, New South Wales.

39-Induction group:
births induced at 39 weeks gestation

(n =6,800)

38-Expectant group: 

births undelivered at 38-41 weeks gestation

(n =27,341)

VS
38-Induction group:

births induced at 38 weeks gestation

(n =5,515)

Excluded: Maternal conditions or 

gestational age missing or 37 or 

42 weeks gestation (n = 31,807)

Excluded: no GDM or major 

congenital anomalies

(n =610,156)

Births with GDM at

38 to 41 weeks gestation (n =34,799)

Births with GDM

(n = 66,606)

Singleton births in NSW in 2010-2016

(N=676,762)

VS
39-Expectant group: 

births undelivered at 39-41 weeks gestation

(n =16,023)

40-Induction group:
births induced at 40 weeks gestation

(n = 3,685)

40-expectant group:
births undelivered at 40-41 weeks gestation

(n =5,878)
VS
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532 Birth outcomes of women with GDM

a ‘low-risk’ population.4,6,12 However, there were some limitations. 
Lack of information collected on indication for induction may ex-
plain the elevated risk of CS rather than the induction per se. This 
is minimised by use of multiple data sources which contain various 
measures of pregnancy and birth outcomes, and longitudinal data 
linkage that enables ascertainment of pre-existing medical condi-
tions. As this is observational data, clinical indicators may have in-
fluenced the decision to proceed to IOL, resulting in heterogeneity 
in maternal risk factors between induction and expectant groups. 
The study was insufficiently powered to assess rare outcomes 
such as perinatal mortality. Based on our findings, a randomised 
trial of over 100 000 and 500 000 low-risk women with GDM at 
38 and 39  weeks gestation, respectively, would be required to 
demonstrate a difference in perinatal mortality between IOL and 
expectant management. Further, due to lack of data, we were 
unable to account for all potential confounding factors, including 
maternal weight/body mass index, which is not routinely collected 
in the NSW PDC, and may be associated with higher rates of com-
plications. Variation in practice over time may have also influenced 
our findings but was overcome by adjustment for year of birth.

Our finding of increased risk of CS following IOL is similar to that 
seen among nulliparous women with GDM in Israel.13 Other studies 
have also shown no increase11 or reduced12 risk of CS following IOL 
compared with expectant management in women with GDM. These 
differences in results from our study may be due to definition of the 
expectant management comparator groups in each of these stud-
ies. While some studies13 compared women in the IOL group with 
women expectantly managed at that same week together with those 
who delivered at some future gestational age, others12,14 compared 
women who were delivered at some future gestational age.

Induction has become a common intervention in obstetrics 
and there has been a considerable rise in women having induc-
tions over recent decades in high income countries.21,22 IOL was 
relatively high in our study. In Australia, rates of induction have 
increased from 25% in 2006 to 31% in 2016.23 While nearly three-
quarters of the observed rate of induction can be explained by 
socio-demographic (eg age, ethnicity), clinical characteristics of 
women, co-morbidities, or hospital factors, there remains wide-
spread variation in the incidence of IOL between hospitals, rang-
ing from 9.7% to 41.2%.22,24 This has been attributed to variability 
in clinical guidelines in relation to indication and timing of IOL. In 
relation to GDM, current clinical guidelines present inconsistent 
recommendations with little consensus on validity and/or timing 
of induction, particularly in relation to GDM with no maternal/fetal 
complications.9 These inconsistencies underline the variability in 
practice, making it hard for clinicians to provide consistent care 
and difficult for women to know what is likely to be best for them.

In terms of neonatal outcomes, our study showed no increased 
risk of NICU admission in the 38-, 39- or 40-induction groups com-
pared with the expectant management groups, but an increased 
risk of composite neonatal morbidity in the 38-induction group. 
While some studies reported no increased risk of adverse neo-
natal outcomes,10,13 others have shown an increased risk of 
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NICU admissions when induced prior to 39 weeks gestation.12,13 
This is also consistent with other studies that have suggested 
the prevalence of neonatal morbidity is higher at early-term 
gestational age.25,26

Our data regarding neonatal outcomes suggest that ‘lower-
risk’ women with GDM can be expectantly managed. Specifically, 
we showed that perinatal mortality was no different between IOL 
and expectant management at 38, 39, 40 weeks gestation. This is 
in contrast to some studies that reported an increase in perinatal 
morbidity and mortality with increasing weeks of gestation beyond 

38-39 weeks.5 However, these studies included all women with 
GDM, while our study included only women with GDM without 
specific medical conditions and eligible for vaginal birth, that is, a 
cohort of ‘lower-risk’ women with GDM. While stillbirth accounted 
for approximately 75-90% of perinatal deaths, due to the nature of 
our data we are unable to identify if these were intrapartum or an-
tepartum stillbirths. Concerns about late-term stillbirth in women 
with GDM may lead clinicians to decide to induce at an earlier ges-
tational age, rather than continue the pregnancy and expectantly 
manage. Such concerns may explain the observation that women 

TABLE 3 Association between labour induction (vs expectant management) and adverse maternal and neonatal outcome: 
multivariable logistic regression analysis

Maternal and neonatal outcomes

Induction vs expectant management,
Odds ratio (95% confidence interval)

38-week gestation 39-week gestation 40-week gestation

Caesarean section*,†

Crude 1.10 (1.03–1.17) 1.26 (1.18–1.34) 1.62 (1.49–1.77)

Adjusted 1.11 (1.04–1.18) 1.21 (1.14–1.28) 1.50 (1.40–1.60)

No previous caesarean section 1.15 (1.07–1.23) 1.23 (1.15–1.31) 1.53 (1.42–1.64)

No hypertensive complications‡ 1.11 (1.03–1.19) 1.21 (1.14–1.29) 1.47 (1.36–1.59)

Instrumental birth*,§,||

Crude 0.85 (0.77–0.94) 1.05 (0.97–1.14) 1.11 (1.00–1.24)

Adjusted 0.98 (0.91–1.06) 1.09 (1.02–1.17) 1.08 (1.00–1.17)

No previous caesarean section 0.99 (0.92–1.07) 1.11 (1.03–1.18) 1.08 (1.00–1.17)

No hypertensive complications‡ 0.97 (0.90–1.06) 1.10 (1.03–1.18) 1.09 (1.01–1.19)

Anal sphincter injury*,§, ¶

Crude 0.81 (0.67–0.99) 0.80 (0.66–0.96) 1.12 (0.87–1.45)

Adjusted 0.93 (0.75–1.15) 0.81 (0.68–0.95) 1.06 (0.81–1.39)

No previous caesarean section 0.95 (0.77–1.18) 0.81 (0.68–0.97) 1.07 (0.83–1.40)

No hypertensive complications‡ 0.90 (0.72–1.14) 0.8 (0.68–0.93) 1.10 (0.84–1.45)

NICU admission*

Crude 1.34 (1.00–1.81) 1.44 (1.07–1.93) 1.51 (1.27–1.78)

Adjusted 1.00 (0.82–1.20) 0.98 (0.80–1.19) 1.12 (0.92–1.36)

No previous caesarean section 1.02 (0.85–1.22) 0.99 (0.8–1.23) 1.14 (0.92–1.41)

No hypertensive complications‡ 0.99 (0.82–1.21) 0.96 (0.77–1.2) 1.10 (0.87–1.38)

Composite neonatal morbidity#

Crude 1.34 (1.20–1.49) 1.30 (1.16–1.45) 1.14 (0.99–1.32)

Adjusted 1.10 (1.00–1.21) 1.06 (0.96–1.17) 1.00 (0.88–1.15)

No previous caesarean section 1.11 (1.01–1.22) 1.05 (0.95–1.17) 1.01 (0.88–1.15)

No hypertensive complications‡ 1.11 (1.00–1.22) 1.04 (0.93–1.16) 0.98 (0.86–1.12)

NICU, neonatal intensive care unit.
*Adjustments were made for the following potential confounders: maternal age categories, smoking, birth year of baby, nulliparity, previous 
caesarean section, pre-eclampsia, gestational hypertension, treatment for GDM, maternal country of birth, residential location, residential area of 
socioeconomic disadvantage and large for gestational age.
†Caesarean section was compared with any vaginal births (i.e. normal vaginal birth or instrumental birth).
‡Hypertensive complications refer to pre-eclampsia or gestational hypertension.
§Instrumental birth and anal sphincter injury were additional adjusted for: epidural in labor.
||Instrumental birth was compared with normal vaginal births.
¶Anal sphincter injury was restricted to any vaginal births (i.e. normal vaginal birth or instrumental birth).
#Adjustments were made for the following potential confounders: maternal age categories, previous caesarean section, pre-eclampsia, gesta-
tional hypertension, treatment for GDM, residential location, and large for gestational age.
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534 Birth outcomes of women with GDM

TABLE 4 Association between labour induction (vs expectant management) and adverse maternal and neonatal outcomes, stratified 
by parity, gestational diabetes mellitus treatment and large-for-gestational-age

Maternal and neonatal outcomes

Induction vs expectant management,
adjusted odds ratio (95% confidence interval)

38-week gestation 39-week gestation 40-week gestation

Nulliparous

Caesarean section*,† 1.16 (1.08–1.24) 1.21 (1.14–1.29) 1.57 (1.43–1.71)

Instrumental birth*,§,|| 0.97 (0.88–1.06) 1.09 (1.02–1.17) 1.07 (0.98–1.16)

Anal sphincter injury*,§,¶ 0.97 (0.75–1.25) 0.74 (0.6–0.9) 1.22 (0.89–1.69)

NICU admission* 1.02 (0.84–1.25) 1.07 (0.83–1.38) 1.08 (0.82–1.44)

Composite neonatal morbidity# 1.12 (1.00–1.26) 1.14 (1.01–1.29) 1.07 (0.91–1.26)

Multiparous

Caesarean section*,† 0.98 (0.86–1.12) 1.22 (1.08–1.39) 1.28 (1.05–1.57)

Instrumental birth*,§,|| 1.06 (0.89–1.27) 1.10 (0.95–1.28) 1.22 (0.92–1.63)

Anal sphincter injury*,§,¶ 0.80 (0.51–1.26) 1.04 (0.74–1.48) N/A

NICU admission* 0.97 (0.76–1.24) 0.88 (0.70–1.10) N/A

Composite neonatal morbidity# 1.10 (0.95–1.27) 0.95 (0.82–1.09) 0.90 (0.71–1.14)

Treatment for GDM with diet

Caesarean section*,† 1.24 (1.13–1.37) 1.29 (1.19–1.41) 1.59 (1.47–1.72)

Instrumental birth*,§,|| 1.08 (0.95–1.22) 1.13 (1.02–1.25) 1.10 (1.00–1.20)

Anal sphincter injury*,§,¶ 0.76 (0.56–1.05) 0.84 (0.64–1.1) 1.00 (0.76–1.33)

NICU admission* 0.99 (0.67–1.45) 1.10 (0.85–1.42) N/A

Composite neonatal morbidity# 1.20 (1.01–1.45) 1.11 (0.99–1.25) 0.97 (0.82–1.14)

Treatment for GDM with insulin

Caesarean section*,† 1.07 (0.98–1.17) 1.12 (1.01–1.23) 1.37 (1.08–1.74)

Instrumental birth*,§,|| 0.93 (0.84–1.03) 1.03 (0.89–1.18) 0.95 (0.78–1.15)

Anal sphincter injury*,§,¶ 1.00 (0.79–1.27) 0.76 (0.62–0.94) N/A

NICU admission* 0.97 (0.78–1.19) 0.96 (0.82–1.12) N/A

Composite neonatal morbidity# 1.03 (0.93–1.16) 1.02 (0.90–1.16) 1.04 (0.75–1.45)

Large for gestational age

Caesarean section*,† 1.19 (1.01–1.42) 1.28 (1.10–1.50) 1.31 (1.02–1.67)

Instrumental birth*,§,|| 0.97 (0.70–1.35) 1.11 (0.86–1.43) 1.21 (0.9–1.64)

Anal sphincter injury*,§,¶ 0.68 (0.40–1.17) 1.01 (0.62–1.65) N/A

NICU admission* 0.84 (0.58–1.20) 1.19 (0.83–1.7) N/A

Composite neonatal morbidity# 1.10 (0.90–1.35) 1.21 (0.97–1.5) N/A

Not large for gestational age

Caesarean section*,† 1.10 (1.04–1.17) 1.20 (1.13–1.27) 1.52 (1.41–1.63)

Instrumental birth*,§,|| 0.99 (0.91–1.08) 1.10 (1.03–1.18) 1.08 (1.00–1.17)

Anal sphincter injury*,§,¶ 0.97 (0.77–1.21) 0.79 (0.66–0.94) 1.03 (0.76–1.40)

NICU admission* 1.02 (0.85–1.23) 0.96 (0.77–1.20) 1.14 (0.93–1.40)

Composite neonatal morbidity# 1.11 (1.01–1.22) 1.04 (0.93–1.16) 1.03 (0.89–1.19)

N/A, not available: due to the small sample size we were unable to calculate adjusted odds ratio (95% confidence interval); NICU, neonatal inten-
sive care unit.
*Adjustments were made for the following potential confounders: maternal age categories, smoking, birth year of baby, nulliparity, previous 
caesarean section, pre-eclampsia, gestational hypertension, treatment for GDM, maternal country of birth, residential location, residential area 
of socioeconomic disadvantage and large for gestational age. For the outcome of interest, this variable was not included as a confounder. For 
example, for the outcome nulliparous, nulliparity was not included as a confounder.
†Caesarean section was compared with any vaginal births (i.e. normal vaginal birth or instrumental birth).
§Instrumental birth and anal sphincter injury were additional adjusted for: epidural in labor.
||Instrumental birth was compared with normal vaginal births.
¶Anal sphincter injury was restricted to any vaginal births (i.e. normal vaginal birth or instrumental birth).
#Adjustment were made for the following potential confounders: maternal age categories, previous caesarean section, pre-eclampsia, gestational 
hypertension, treatment for GDM, residential location, and large for gestational age.
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in 38-, 39-induction groups had more risk factors for adverse preg-
nancy outcomes including treatment with insulin, a higher preva-
lence of hypertensive disorders and more LGA infants.

In conclusion, among women with GDM but without specific 
medical conditions and eligible for vaginal birth, IOL at 38, 39, 40 
weeks gestation was associated with an increased risk of CS, par-
ticularly at 40 weeks gestation, an increased risk of composite neo-
natal morbidity at 38 weeks gestation, which was not observed in 
the 39-, 40-induction groups and no difference in NICU admission 
or perinatal death. Although results should be confirmed in future 
randomised controlled trials, findings provide support that the opti-
mal timing of IOL is at 39 weeks gestation and evidence for women 
and clinicians to make informed decisions regarding timing of birth 
and expectant management for women with GDM but without spe-
cific medical conditions and eligible for vaginal birth at term.
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