Health cover
designed
for doctors

More reasons to switch

Quadlity cover that delivers value

Whether it's just for you or for you and your
family, you can rely on our hospitaland £
extras cover when you need it most.

Service that puts you first

You'll be supported by ateam that
understands you and your profession. i
With a member satisfaction rating of 96% ()*
in 2023; you're guaranteed to be our priority.
Benefits up to the AMA list Alreq dy e b of

With AMA rates on Top Cover Gold hospital Doctors' Health Fund?
and no preferred providers, your needs .

will be protected as both a patient and
a practitioner.

SWITCH IN 2 EASY STEPS

Choose the hospital and extras to Share the benefits of a

suit your needs - we can provide a community health fund
comparison with your existing fund
Refer your eligible friends &

family and you'lleach receive a

Apply online in 5 minutes ] e
$100 eGift Card when they join*

or apply over the phone

www.doctorshealthfund.com.au/

refer-a-friend

Join today
1800 226 126 Doctors Health
doctorshealthfund.com.au by {Avant

* Refer a friend full terms and conditions doctorshealthfund.com.au/refer-a-friend

IMPORTAMNT: Private health insurance products are issued by The Doctors’ Health Fund Pty Limited ABN 68 001 417 527, a member of
the Avant Mutual Group. Cover is subject to the terms & conditions (incl. waiting perieds, limitations & exclusions) of the individual policy,
available at www.doctorshealthfund.com.au/our-cover,


https://obgyn.onlinelibrary.wiley.com/action/showCampaignLink?uri=uri%3Aaf0a927a-1b3e-451b-9a15-5c4b12630b0b&url=https%3A%2F%2Fwww.doctorshealthfund.com.au%2F%3Futm_source%3Danzjog%26utm_medium%3Ddisplay%26utm_campaign%3Dacquisition_fy2324%26utm_term%3Doct_23%26utm_content%3D3831&pubDoi=10.1111/ajo.13505&viewOrigin=offlinePdf

Aust N Z | Obstet Gynaecol 2022; 62: 525-535

'.) Check for updates

ANZ]OG

DOI: 10.1111/ajo.13505

ORIGINAL ARTICLE

Maternal and neonatal outcomes of women with gesta-
tional diabetes and without specific medical conditions: an
Australian population-based study comparing induction of
labor with expectant management

Radhika V. Seimon’

, Nassar Natasha?

, Francisco J. Schneuer? "/, Gavin Pereira®>*> ",

Adam Mackie®’, Glynis P. Ross’®°, Arianne N. Sweeting®%'° (>} Sean K. M. Seeho'"'%"3{) and

Samantha L. Hocking

1,9,10

The Boden Collaboration for Obesity, Nutrition, Exercise, and Eating Disorders, Faculty of Medicine and Health, Charles Perkins Centre, The University of Sydney, Sydney, New

South Wales, Australia

The Boden Initiative, Charles Perkins Centre, The University of Sydney, Sydney, New South Wales, Australia

3school of Public Health, Curtin University, Perth, Western Australia, Australia

“Telethon Kids Institute, Perth, Western Australia, Australia

®Centre for Fertility and Health (CeFH), Norwegian Institute of Public Health, Oslo, Norway

®Women and Babies, Royal Prince Alfred Hospital, Sydney, New South Wales, Australia

“Discipline of Obstetrics, Gynaecology and Neonatology, Central Clinical School, The University of Sydney, Sydney, New South Wales, Australia

8Discipline of Medicine, Central Clinical School, The University of Sydney, Sydney, New South Wales, Australia

Department of Endocrinology, Royal Prince Alfred Hospital, Sydney, New South Wales, Australia
'%Central Clinical School, Faculty of Medicine and Health, The University of Sydney, Sydney, New South Wales, Australia

"Northern Clinical School, Faculty of Medicine and Health, The University of Sydney, Sydney, New South Wales, Australia

"2Women and Babies Research, Kolling Institute, Royal North Shore Hospital, The University of Sydney, Sydney, New South Wales, Australia
'3Specialty of Obstetrics, Gynaecology and Neonatology, Northern Clinical School, Faculty of Medicine and Health, The University of Sydney, Sydney, New South Wales, Australia

Correspondence: Dr Radhika V. Seimon
and A/Prof Samantha L. Hocking, The
Boden Initiative, Charles Perkins Centre,
University of Sydney, Sydney, New

South Wales, Australia. E-mails: radhika.
seimon@sydney.edu.au (R.V.S.) and sa-
mantha.hocking@sydney.edu.au (S. L. H.)

Conflict of Interest: The authors report
no conflicts of interest.

Funding information

This project was funded by a Diabetes
Australia Research Program Grant. GP
was supported with funding from the
National Health and Medical Research
Council of Australia Project and
Investigator Grants #1099655 and
#1173991 and the Research Council
of Norway through its Centres of
Excellence funding scheme #262700.
NN is supported by Financial Markets
Foundation for Children. SLH is
supported by Diabetes NSW and ACT.

Received: 4 June 2021;
Accepted: 3 February 2022

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 I0L 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
(@OR) 1.11; 95% Cl, 1.04-1.18), 39- (@OR 1.21; 95% Cl, 1.14-1.28) and 40- (aOR 1.50; 95% Cl, 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% Cl, 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.

KEYWORDS

gestational diabetes mellitus, labour induced, labour complications, birth, term, caesarean section
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Birth outcomes of women with GDM

INTRODUCTION

Gestational diabetes mellitus (GDM, diabetes diagnosed in the
second/third trimester of pregnancy that was not clearly overt
diabetes prior to gestation),” 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.>?

Induction of labour (I0OL) 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.*> In low-risk pregnancies, IOL has
been associated with a decreased risk of CS and neonatal morbid-
ity compared with those expectantly managed.*®” 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 guidelines® 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.® While randomised
controlled trials are limited,'®"" findings from population-based
cohort studies are conflicting with some reporting reduced,'? no
difference or increased'® rates of CS following IOL compared with
expectant management. Similarly, for neonatal outcomes, stud-

9 or increased rates of

12,13

ies have reported either no difference,’
neonatal intensive care unit (NICU) admissions and reduced
perinatal death'* in women with GDM who underwent IOL. These
differences in findings may be explained by different cohort selec-
tion."* 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.®

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.'®'” 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 I0L (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 |OL 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 injury'®'®

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 2 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
allinduction 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%
Cl, 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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Singleton births in NSW in 2010-2016
(N=676,762)
Excluded: no GDM or major
> congenital anomalies
v (n=610,156)
Births with GDM
(n=66,606)
Excluded: Maternal conditions or
» gestational age missing or <37 or
v >42 weeks gestation (n = 31,807)
Births with GDM at
38 to 41 weeks gestation (n =34,799)
Y
38-Induction group: 38-Expectant group:
births induced at 38 weeks gestation \& births undelivered at 38-41 weeks gestation
(n=5,515) (n=27,341)
A 4 v
39-Induction group: 39-Expectant group:
births induced at 39 weeks gestation Vs births undelivered at 39-41 weeks gestation
(n=6,800) (n =16,023)
v A4
40-Induction group: 40-expectant group:
births induced at 40 weeks gestation | /g births undelivered at 40-41 weeks gestation
(n=3,685) (n =5,878)
FIGURE 1 Selection of the induction and expectant management groups at 38, 39 and 40 weeks. GDM, gestational diabetes

mellitus; NSW, New South Wales.

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

85U SUOWILLIOD BAIER1D 3|eotidde au} Aq peue0b a1 SaILe VO '8N 4O S3|NI 10} ARRIGIT BUIIUO ]I UO (SUORIPUOD-PUR-SWLISHALI0D™AB| 1M AReIC] 1B UO//SURU) SUORIPUOD PUE SW L 3U3 885 *[£202/0T/60] U0 A%117 8UIIUO ABIIM ‘10UN0D Yo18ssaY [BIIPSIN PUY U3EBH [BUOIN AQ GOSET OR/TTTT 0T/Iop/wioo" A3 |im Aselqjeutjuo uABao;/sdny o1 papeojumoq ' ‘Z20z ‘X8Z86LyT



1479828, 2022, 4, Downloaded from https://obgyn.onlinelibrary.wiley.com/doi/10.1111/8j0.13505 by National Health And Medical Research Council, Wiley Online Library on [09/10/2023]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

(ssnunuo))

529

(Tv) 9ve (z¥)9slL (£°€) 865 (6'€) 892 (£'€) LoOL (£€) €0z 0wl / [euoiSa4 1IN0

(6LL) LOL (8LL) 9y (901)z0L'L (L'€L) 068 (6'01) SL6T (8°€1) 09L [euoi3ay

(8°18) 6081 (£°18) 600€ (5€8) L8E €L (5°18) 075G (5€8) zv8 Tz (€718) 8ty sap Joley

660 1L00'0> L00'0> uonedo| [enuapIsay

(ea113y yInos 3uipnidxe)

(€Q) LLE (') 29l (0°3) v6L (0v) LT (Lv) €8zl (zv) 1T LY ‘Spue|s| JiyIoed

(zel)Lie (5'€l) 961 (CRAVEYA N4 (L'¥1) 656 (1'¥71) 898€ (€21)9/9 BISY UISyInos

(zoz)s8lLL (L'91) €65 (8°12) S6¥7€ (L'vl) 656 (6'00)91LS roL) vLs elsy 1se3 YUoN pue yinos

(§°Q) e (8€) ovL (0°5) 96£ (L'v) 28z (L) 96Tl (0°€) L91 3se3 3|ppIN

B2V YInos
pue essWY Yinos pue
[e11Us)) ‘edIsWy UISYLIoON

(5'6) £SS (£'01) 96€ (g'6) 0ZSL (L'0l) 689 (5'6) L6ST (8 LSy ‘ado.n3 ‘puejesz maN
(£v¥) 0€9C (1'6%) 8081 (S2v) 7189 (z'19) z8ve (Gev) 168 LL (1'09) GlLEE ellensny
100°0> 100°0> 100°0> yuiq jo Aiunod
(026l (8'1) 89 (0 vie (02 velL (072) v (1'€) 69l pajesedas 4o padJoAlg
(0'01) 885 (06) €€€ (0°6) GevL (8'6) 999 (0'6) 2L¥7T (zol) z9s paliiew JsAsN
pamopim Jo
(7'£8) LELS (€'88) €5z€E (°'88) 891 v71 (7°£8) 01765 (z'88) Gzl ve (968) LzLy (03284 9p Sutpnpul) paLuen
SC0 L0 100°0> sniejs [eien
(9% LLe (z'2) S92 (') 8.8 (8'9) 657 (6'S)€EL9L (CUAVARZ (0]723
(€0 v6lLL (6'00) 2LL (z'12) zeeE (r'za) vesL (8'12) €465 (L1'€g) €Lzl 6E-S€
(S'79) 06LE ('29) 662C (7'€9) 29l 0L (z'z9) ogzy (6'79) T6lL LL (8'09) GGEE 7€-9¢C
(9°01) €29 (5'6) 617€ (6'6) L6GL (98) £8S ('6) €95C (58) 0L s>
100°0> 100°0> 100°0> sleak ‘salio8aied ade |eulalen
(gs ¥ ueaw)
100°0> L'SFO'LE EGFYLE 100°0> TSFELE TSF9LE 100°0> TSFYLE SFQLE sieak ‘a3e |eutsiey
anjen-d (%) u (%) u anjeA-d (%) u (%) u anjea-d (%) u (%) u
‘(8L8S = N) (S89€ = N) ‘(€20 9L =N) ‘(0089 = N) ‘(LvE LZ=N) (SLSS =N)
jJuawaSeuew Jnoqgej jo jJuawaSeuew anoqej jo jJuawaSeuew anoqej jo
jueldadxy uondnpuj jueldadxy uondnpuj| jueldadxy uondnpuj|
(114 6€ 8¢

uoi1e1sas Jo s)adaM

sdnoJg Juswa8euew juedadxa pue UoINPUI Y Ul USWOM JO SDIsIIa1deley) | 319VL

R. V. Seimon et al.




1479828, 2022, 4, Downloaded from https://obgyn.onlinelibrary.wiley.com/doi/10.1111/8j0.13505 by National Health And Medical Research Council, Wiley Online Library on [09/10/2023]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

3
£
:
m ‘eiep wEmm_rc 0} @np s|ey0] 0} dn ppelou Aew SlaquinN
m (902) LLZL ('52) 5€6 (L°12) 88€€ (0+2) 0€91 (€12) 0£8S (6°81) 0L 9102
£ (Lv1) 298 (0v1)9Ls (8'G1) 825¢C (1'91) 8601 ("91) 9811 (6°L1) 886 Sl0¢
m (£'71) 998 (8'LL) gy (Lv1) 19gT (0v1L) LS6 (6'71) 080 (S°£1) 996 ¥10¢
m (8¥1) 698 (9°Zl) sor (6°€l) veTT (9°Z1) £58 (9°€l) 60LE (6vL)€z8 €102
@ (9°€1) 66L (8¥1) SvS (€€l) LelT (0€L) 588 (L€L) GLG€ (9Z1) €69 z10z
(Z'11)9599 (0'L1)90r (0°L1)8GLL (ol) LzL (8'01) 996C (£°01) 065 Loz
(g0L) 919 (#'01) 68€ (1oL ZLol (9°6) 299 (6°6) 569C (CWANNR~ 0Loz
100°0> 100°0> 100°0> Ageq jo seak yuig
750 (6°8%) 948C (9°6%) 8781 10°0> (5'61) 8€6L (¥°LS) L6VE SL0 (£05) zs8 €L (6°0S) £08T Juejul Ulogmau dejN
100°0> (L2091 (z9) Lzz 100°0> (') 095 (59) ovi 100°0> (L'v)ocLL (1'6) LOS uosusRdAy |euoneissn
100°0> (£°0) o (02 €L 1L00°0> (0°1) L9l (62 v6l L00°0> (1) 96€ (z'q) s8¢ eisdwe|a-aid
suopnedjdwod aniIsuadAH
(0°9) ¥5€ (6°5) 81T (9°G) ¥68 (8'%) 8z¢€ (z's)9zrL (zv) 62C paynadsun
uonedipaw
&) L (Lv)sLL (7€) LrS (€v) 6T (Le)viol (g') 90€ Sulesmol-es0on|3 |eIO
(8'9) LvE (L'1a) LLL (gel)LLie (8'09) £SvE (9v2) L€L9 (5'65) z8z€E ulnsul
(£°58) 6€0S (z'89)G15T (CYFAVAL 24} (ov) Lese (#99) 91 81 (8'0€) 8691 11
snjijjaw saiaqgelp
100°0> 100°0> 100°0> |euole1sasd Joj Juswieal |
8€0 (6°9) 80t (z9) 672 1L00°0> (59) 0v0L (€°8) 595 L00°0> (£) 926l (€6 LS Asueugaid Sunnp Supjows
L00'0> (z's) soe (re)sit L00°0> (#°9) ¥201 (82) 881 1L00°0> (#'9) £SLL (627) 29l UO1129S UB3JLSILD SNOIARId
100°0> (05) 8g6¢ (r'89) zGlT 000> (£'L¥) 6¥9L (z'09) vilve 000> (e9v) 0L9 CL (ezv) gg€T AedinN
(£51) 226 ('81) 649 (£91) 0292 (£9l) LELL ('91) vevi (91) z88 pagejuenpesip 1sea1
(€0€) 18LL (€v2) 68 (z'62) 8L91 (9:92) £08L (62) L16L (6€0)6LEL pagejuenpesip 1sO
wmwucmzumm_b JILWOU0I30ID0S
100°0> L00°0> 100°0> 10 eale [enuspIsay
an|eA-d (%) u (%) u anjeA-d (%) u (%) u anjeAd (%) u (%) u
‘(8£85 = N) ‘(S89€ = N) ‘(€209L =N) ‘(0089 = N) ‘(L¥E LZ=N) ‘(SLSS =N)
jJuawaSeuew Jnogej| jo jJuawaSeuew inoqge| jo jJuawaSeuew Jnogqge| jo
jueldadxy uondNnpu| jueldadxy uondnpu| jueldadxy uondnpu|
ov 6€ 8€
uo13e3sas Jo s)adM
& (panupuod) L 374Vl



1479828, 2022, 4, Downloaded from https://obgyn.onlinelibrary.wiley.com/doi/10.1111/8j0.13505 by National Health And Medical Research Council, Wiley Online Library on [09/10/2023]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

531

R. V. Seimon et al.

(ssnunuo))

0] (Tv) vz (8v) 9Ll LS0 (6'€) 029 W) Lz (0] (Le)sLoL (zy) Lez
750 (Lo)s (o)L oL'0 (1'0) ¥z (€0 £L €60 (z0) ov (co)6
GE0 (€0 L1 (o)L €L0 (€°0) vvr (0 L2 8€'0 (€°0) ¥8 o) 1z
80°0 (€20 8elL (62) 801l 100°0> (LD ey (L'v) z8z 100°0> (€7€) ¢68 (z's) 58T
80°0 (6'¢) 62C (ze)sLL z€0 (5'€) 585 (ze)slz SL°0 (€7€) 206 (L€) 0T
850 (9°0) 9¢ (£°0) 9z S0°0> (9°0) 20l (6°0) €9 100> (8'0) 90T (L1 €9
750 (0'zv) 0°se (0'0€) 0'te 200 (0'62) 01T (0ve) vz 70°0 (0'0€) 0'te (0v2) 0'te
100°0> (92 551 (L'p) zsL 100°0> (ze)LLs (z'S) vse 100°0> (6'€) G501 (€'5) s6¢
790 (L1 L6 (5'1) 95 Lo (z'1) 00z (0°1) 89 8%7°0 (1'1) z6T (01 €s
LL0 (L2 svL (L1 zer 100°0> (£°6) LySL (2'8) 655 100°0> (#'8) 862¢ (5'9) 19€
860 (L'z1) 60L (02 virw 80°0 (9°11) €981 (8'0l) gL S0°0> (€11) 6L0€ (6'6) 1S
SL'0 (8'9) 86€ (s1) 8Lz 100°0> (8'9) €601 (1'6) 029 100°0> (5'2) ¥90¢ (A VAL
100°0> 0ZY ¥ 67S€E L2y ¥ €0SE  L00°0> L2y ¥ #SPE vEF FEOPE  100°0> LEV ¥ SOVE  8SP ¥ LLEE
L6'0 (re) L6l e el 10°0> (7€) 85 (CraRVAY S0°0> (0'¢) 828 (7o) eel
€00 (sz1)seL (LvL)6Ls 86'0 (8'11) €881 (8'L1) 008 L6°0 (z'11) 890€ (11819
100°0> (0°0€) L9LL (8'9v) €Ll 100°0> (z'1€) L00S (8'sv)9llE 100°0> (L°€€) 0506 (€'sv) L0ST
(£791) 186 (5'£1) sv9 (5'S1) ¥87¢ (8'SL) ££01L (6'71) 5907 (o€l 9LL
(£'S1) €26 (6°52) ¥56 (#'91) G€92 (8'12) 6171 (7'21) 897 (S00) zELL
(9'£9) vL6€ (9'99) 9802 (1'89) 06 0L (7'29) virey (£'£9) 805 81 (5'99) £99¢
100°0> 100°0> 100°0>
(8'02) 0zTL (001) 589€ (9°0€) S06¥ (001) 0089 (8zy) 0L 1L (0°001) SLSS
(T'6L) 8591 - (7'69)8LL LL - (z£9)9€9 5L -
100°0> 100°0> 100°0>
anjea-d (%) u (%) u anjeA-d (%) u (%) u anjeA-d (%) u (%) u
‘(8,85 = N) '(S89€ = N) ‘(€20 9L = N) ‘(0089 = N) ‘(LVE LZ=N) ‘(S5LSS = N)
jJuawaSeuew anoqe| JuawaSeuew anoqe| jJuawaSeuew anoqe|
jueldadxy Jo uondnpuj jueldadxy JO uondnpuj jueldadxy JO uondnpuj
ov 6€ 8¢

uo11e1sas Jo s}adM

sdnoJg Juswa8euew juedadxa pue UOIINPUI Y3 Ul SSWO0IINO [BILUOAU puUe YLIg [eUIDIBN

ewneJy yuig Auy

2J4n3dely / suog

WI21SAS SNoAJBN
ewnes) yuig

yuiq e
Adesayroroyd Suiiinbau adipunef

Ayipigiow Aiojesidsay
ejwaedA|SodAy [eyeuosN

((38ue.
9l1denb) ueipaw) NDIN Ul SINOH

uoissiwpe NDIN
suolssiwpe NJIN

8 00S< 3ySemymig

3 000%7< Y3emypIg

Juejul 98e-|euo3eIsas-1o4-||ews

juejul 93e-|euoneisas-iol-adie
(as ¥ ueaw) 8 1ySlemyrig

SaW02IN0 |B}eUOIN

Ainful Ja3ouiyds |euy
a3eyJiowaey wnuedisod
|eanpida Jo asn

|eyuBWINASU|

UO01323S UeaIeSIL)

|euiSen |euloN
KJ4BAI119p JO SPOIN

pacnpu|

snoauejuods
uondNpUl JNogeT

S2W021N0 Yuiq |eudale|

¢3Inavil



532

Birth outcomes of women with GDM

(Continued)

TABLE 2

Weeks of gestation

40

39

38

Expectant
management

Induction of

Expectant
management

(N

Induction of

Expectant
management

(N

Induction of

labour
(N

labour

(N

labour

(N

5878),
n (%)

N=

=3685),
n (%)

16 023),
n (%)

6800),
n (%)

27 341),
n (%)

=5515),
n (%)

P-value

P-value

P-value

0.06
0.74
0.29
0.47
<0.05

12(0.2)
164 (2.8)
108 (1.8)

2(0.1)
107 (2.9)

0.66
0.

22(0.1)
452 (2.8)

276 (1.7)

11(0.2)
212 (3.1)
136 (2.0)

0.97
<0.01

39(0.1)
774 (2.8)

8(0.1)
198 (3.6)
113 (2.0)

Neonatal convulsions

22

5-min Apgar score <7

79 (2.1)

0.15
0.77
<0.001

0.04
0.09

<0.001

452 (1.7)

Shoulder dystocia

9(0.2)
567 (9.6)

8(0.2)
406 (11.0)

30(0.2)
1634 (10.2)

14 (0.2)
930 (13.7)

53(0.2)
3081 (11.3)

17 (0.3)
859 (15.6)

Perinatal death

Composite neonatal morbidity

Numbers may not add up to totals due to missing data.

Abbreviation: NICU, neonatal intensive care unit.

a ‘low-risk’ population.*®'? 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.’® Other studies
have also shown no increase'" or reduced"? risk of CS following 10L
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 studies'® compared women in the IOL group with
women expectantly managed at that same week together with those

who delivered at some future gestational age, others'>'#

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.?"?? |OL was
relatively high in our study. In Australia, rates of induction have
increased from 25% in 2006 to 31% in 2016.% 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%.2%2* 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.® 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-

10,13

natal outcomes, others have shown an increased risk of
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TABLE 3 Association between labour induction (vs expectant management) and adverse maternal and neonatal outcome:

multivariable logistic regression analysis

Maternal and neonatal outcomes

Caesarean section*"'

Crude

Adjusted

No previous caesarean section

No hypertensive complications*
Instrumental birth** 11

Crude

Adjusted

No previous caesarean section

No hypertensive complications
Anal sphincter injury** 1

Crude

Adjusted

No previous caesarean section

No hypertensive complications*
NICU admission*

Crude

Adjusted

No previous caesarean section

No hypertensive complications*
Composite neonatal morbidity*

Crude

Adjusted

No previous caesarean section

No hypertensive complications*

NICU, neonatal intensive care unit.

Induction vs expectant management,
0Odds ratio (95% confidence interval)

38-week gestation

1.10(1.03-1.17)
1.11(1.04-1.18)
1.15(1.07-1.23)
1.11 (1.03-1.19)

0.85(0.77-0.94)
0.98 (0.91-1.06)
0.99 (0.92-1.07)
0.97 (0.90-1.06)

0.81(0.67-0.99)
0.93 (0.75-1.15)
0.95(0.77-1.18)
0.90 (0.72-1.14)

1.34(1.00-1.81)
1.00 (0.82-1.20)
1.02 (0.85-1.22)
0.99 (0.82-1.21)

1.34(1.20-1.49)
1.10 (1.00-1.21)
1.11(1.01-1.22)
1.11 (1.00-1.22)

39-week gestation

1.26 (1.18-1.34)
1.21(1.14-1.28)
1.23(1.15-1.31)
1.21(1.14-1.29)

1.05(0.97-1.14)
1.09 (1.02-1.17)
1.11 (1.03-1.18)
1.10(1.03-1.18)

0.80 (0.66-0.96)
0.81 (0.68-0.95)
0.81(0.68-0.97)
0.8 (0.68-0.93)

1.44 (1.07-1.93)
0.98 (0.80-1.19)
0.99 (0.8-1.23)
0.96 (0.77-1.2)

1.30(1.16-1.45)
1.06 (0.96-1.17)
1.05(0.95-1.17)
1.04 (0.93-1.16)

40-week gestation

1.62 (1.49-1.77)
1.50 (1.40-1.60)
1.53 (1.42-1.64)
1.47 (1.36-1.59)

1.11 (1.00-1.24)
1.08 (1.00-1.17)
1.08 (1.00-1.17)
1.09 (1.01-1.19)

1.12 (0.87-1.45)
1.06 (0.81-1.39)
1.07 (0.83-1.40)
1.10 (0.84-1.45)

1.51 (1.27-1.78)
1.12(0.92-1.36)
1.14 (0.92-1.41)
1.10(0.87-1.38)

1.14(0.99-1.32)
1.00 (0.88-1.15)
1.01 (0.88-1.15)
0.98 (0.86-1.12)

*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.

tCaesarean section was compared with any vaginal births (i.e. normal vaginal birth or instrumental birth).
tHypertensive complications refer to pre-eclampsia or gestational hypertension.
8Instrumental birth and anal sphincter injury were additional adjusted for: epidural in labor.

| | Instrumental birth was compared with normal vaginal births.

9/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.

NICU admissions when induced prior to 39 weeks gestation.'>'3

This is also consistent with other studies that have suggested
the prevalence of neonatal morbidity is higher at early-term
gestational age.?>?°

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 10L
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.> 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
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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

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

Maternal and neonatal outcomes 38-week gestation 39-week gestation 40-week gestation

Nulliparous

Caesarean section*"
Instrumental birth*>, | |
Anal sphincter injury**"
NICU admission*

Composite neonatal morbidity*

Multiparous

Caesarean section*"'
Instrumental birth*>!!
Anal sphincter injury*59
NICU admission*

Composite neonatal morbidity”

Treatment for GDM with diet

Caesarean section*"
Instrumental birth**11
Anal sphincter injury**>"
NICU admission*

Composite neonatal morbidity*

Treatment for GDM with insulin

Caesarean section*''
Instrumental birth*>!!
Anal sphincter injury*>9
NICU admission*

Composite neonatal morbidity®

Large for gestational age

Caesarean section*'

Instrumental birth#**!!

1.16 (1.08-1.24)
0.97 (0.88-1.06)
0.97 (0.75-1.25)
1.02 (0.84-1.25)
1.12(1.00-1.26)

0.98 (0.86-1.12)
1.06 (0.89-1.27)
0.80(0.51-1.26)
0.97 (0.76-1.24)
1.10(0.95-1.27)

1.24(1.13-1.37)
1.08 (0.95-1.22)
0.76 (0.56-1.05)
0.99 (0.67-1.45)
1.20(1.01-1.45)

1.07 (0.98-1.17)
0.93 (0.84-1.03)
1.00 (0.79-1.27)
0.97 (0.78-1.19)
1.03 (0.93-1.16)

1.19(1.01-1.42)
0.97 (0.70-1.35)

1.21(1.14-1.29)
1.09 (1.02-1.17)
0.74 (0.6-0.9)

1.07 (0.83-1.38)
1.14(1.01-1.29)

1.22 (1.08-1.39)
1.10 (0.95-1.28)
1.04 (0.74-1.48)
0.88 (0.70-1.10)
0.95 (0.82-1.09)

1.29 (1.19-1.41)
1.13(1.02-1.25)
0.84 (0.64-1.1)

1.10 (0.85-1.42)
1.11(0.99-1.25)

1.12(1.01-1.23)
1.03 (0.89-1.18)
0.76 (0.62-0.94)
0.96 (0.82-1.12)
1.02 (0.90-1.16)

1.28 (1.10-1.50)
1.11 (0.86-1.43)

1.57 (1.43-1.71)
1.07 (0.98-1.16)
1.22 (0.89-1.69)
1.08 (0.82-1.44)
1.07 (0.91-1.26)

1.28 (1.05-1.57)
1.22 (0.92-1.63)
N/A
N/A
0.90 (0.71-1.14)

1.59 (1.47-1.72)
1.10(1.00-1.20)
1.00 (0.76-1.33)
N/A

0.97 (0.82-1.14)

1.37 (1.08-1.74)
0.95 (0.78-1.15)
N/A
N/A
1.04 (0.75-1.45)

1.31(1.02-1.67)
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*''
Instrumental birth*>!!
Anal sphincter injury*>59
NICU admission*

Composite neonatal morbidity®

1.10(1.04-1.17)
0.99(0.91-1.08)
0.97 (0.77-1.21)
1.02 (0.85-1.23)
1.11 (1.01-1.22)

1.20 (1.13-1.27)
1.10(1.03-1.18)
0.79 (0.66-0.94)
0.96 (0.77-1.20)
1.04 (0.93-1.16)

1.52 (1.41-1.63)
1.08 (1.00-1.17)
1.03 (0.76-1.40)
1.14 (0.93-1.40)
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.

tCaesarean section was compared with any vaginal births (i.e. normal vaginal birth or instrumental birth).

8Instrumental birth and anal sphincter injury were additional adjusted for: epidural in labor.

| | Instrumental birth was compared with normal vaginal births.

9Anal 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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SUPPORTING INFORMATION

Additional supporting information may be found online in the
Supporting Information section at the end of the article.

Table S1. Total number and definition of excluded conditions
among women with gestational diabetes.
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