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What's new?

¢ Optimal glycaemic targets for gestational diabetes mellitus (GDM) are controvesalse
there are no randdeed trials comparing targets and pregnanaycomes.

e In this larg observational study of two healthcastworks the service with tight targets had
greater insulin use and obstetnterventions thathe service with standard targets

o Tight targetsvereassociated witlmo difference irprimarybirthweight or maternal outcomes,
with decreased hypoglycaemia, jaundice and respiratory distietdswer Apgar scores.
Whethemmixed observations relate to targets or obstetric practice variation is unclear

¢ Clinical variation in obstetric practice waignificant and insulin use alone was not a good

marker of neonatal risk.

e Interventional studieare needed to define glycaentargetdor optimizing pregnancy

outcomes.

Abstract

Aim Withenercurrentandomizedrials, we explored the impact of tight compared with

standard treatment targets mregnancy outcomes gestational diabetes mellit¢SDM).

Methods This.eahort study of singleton birtlxss28 weeks’ gestation wasonducted at two
major Australian maternity servicé009-2013). Standardized maternal, neonatal and birth
outcomes were examideising routine healthcare data and compared for women with GDM
at Service Onén = 2885) and Service Two £ 1887). Servicesapplied diffeent treatment
targets:ServiceOne(standard targets, reference group) fasting srérl/l, 2-h postpandial

< 7.0mmol/l; ServiceTwo (tight targets) fasting §.0mmol/l, 2-h postprandial
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< 6.7mmol/l. Multivariable regression with propensity scajustment was used to examine

associations between targets and outcomes.

ResultsGDM prevalence and insulusewere7.9% and 31%t Service Oneand 5.7% and
46%at Service TwoThere wereno differences in primary outcomes: birthweigtaCeh
cenrtile [adjustedbdds ratio OR) 1.06, 95%confidence intervall) 0.87-1.30] and < 1B
centile OR0.84,95% CI 0.70-1.Qlor secondary outcomgestational hypertension, pre
eclanpsia,sshoulder dystocia or a perinatal compoSieeviceTwo with tight targetdad
increased induetion of laboudR 3.63, 95% CI 3.17-4.16¢lective Caesareaection OR
1.75, 95%/ClI 1.37-2.23) akpgar scores 4 at5 min (OR 1.54, 95% CI 1.05-2.25),
decreasettypoglycaemia@QR 0.76, 95% CI 0.61-0.9% jaundice QR 0.47, 95% CI 0.35—
0.63) and respiratory disse OR0.68, 95% CI 0.47-0.98

ConclusionsTight GDM treatment targetgsereassociated witlgreater insulin usandno
difference In primary birthweight outcomé&she service with tight targets had higher
obstetric intervention, lower rates of reported hypoglycaemia, jaundice, respitetress
and lower Apgar'scores.dh-quality interventional data arequired before tighteatment

targets an'beimplemented.

<H1>Introduetion

Gestational diabetasellitus (GDM) isa condition of glucose intolerance with onset or first
recognition in pregnandyl]. The prevalencef GDM is increasingparticularly with
application.of thénternational Association of Diabetes and Pregnancy Study Group
(IADPSG) eriteria withuniversal single step screening, lowering of the fasting glucose
threshold and.addition of a 1 h threshold for diagndgisThese criteria were developed

based on an odds ra{iOR) of 1.75 times the risk of adverse outcomes seen at mean glucose
levels in‘the'multinational observational Hyperglycemia and Adverse Pregnangm@utc
(HAPO) study[2]. Prevalence of GDM in this stydangedrom 9.3% t025.5% using

IADPSG criterial3]. HAPO showed a continuous relationship between maternal glucose and
neonatal outcomes; howevérere was no clear glucose inflection point for increased risk
and critéria have been controversial with a lack of interventional[2jataurther, there are

no randonized trials comparing treatment targets in GDM and these continued to be debated.

Two randonized controlled trials (RCTs) hauweported thaGDM treatment reduced adverse
outcomes includin¢arge for gestational age (LGA) and gelampsia. However, these

studies used differeliagnostic criteria, treatment targets and thresholds for insulin
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commencemend,5]. In the Australian Carbohydrate Intolerance Study (ACHOIS), 20% of
intervention women were prescribed insulitwb or moreglucose levels/week exceeded
thresholds (fasting.5 mmol/l and 2-h postprandial 7r@mol/l) [4]. In theU.S. Maternal-

Fetal Medicine Unit (MFMU) study,.8% of intervention women received insulin when the
majority 'of thresholds were exceeded (fastingrbiBol/l, 2-h postprandial 6.imol/l) [5].

The MFMU study foundower Caesarean secti@mnd shoulder dystociates whereas
ACHOIS found areduction in a composite perinatal outcome, but increased induction of

labour andinursery admissions [4,5].

GDM treatment targets rematontentious and there are no RCTs comparing different
treatment targetwith regard tdirthweights angregnancy outcome¥he HAPO

observational study and normative glucose data in pregnancy have led to proposed tighter
treatment target, 7]. Internationally,guidelines vary, rely largely on consensus opinion and
continually.citesa lack afigh-quality evidence and need for greater reseaiioto potentia
benefits, risks and costs [1,8—10].the interim, reommendations witpotential to affect a
large population’of women are promulgated with vast implicationséoeasednsulin use,
costs anaervice provision. In this large epidemiological studg,aimed tanform debate

regarding the impact of different treatment targetbicthweight and pregnancy outcomes.
<H1>Methods
<H2>Design and study population

A cohort study was conducted of singleton bietiZ8 weeks’gestation attending public
antenatal clinics and delivering at one of two major maternity senvidéistoria, Australia
from 2009 to 2013. Service Ohad ~7500birthgyear and Service Two had ~ 6800/year
during the'study. Data were integrated from two routinely collected pregnatacget GE
Healthcare and the Birthing Outcomes System, containing mandatory statutdor data
Victorian perinatal records. &ta sets were dédentified, cleaned, validated and merged by a

clinician autherwith input from a biostatistician and datnager.

Data were collected prospectively by midwives from the booking antenatal visit until
delivery and hospital dischargdaternal demographics, medical and obstetric historg,
birthing outcomes were compared for women with GDM at Service One and Senace Tw
Women with known pre-existingype 1 or2 diabetes were excluded. Each service used the

sametwo-step diagnostic process for GDM according to Australasian Diabetes in Pregnancy
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Society(ADIPS) 1998 recommendations [1H:screenind.-h glucosechallenge

(> 8.0mmol/l) and2-h 75 g oral glucose tolerance te€QGTT) at 24—28veeks (fasting
plasmaglucose> 5.5mmol/l and/or 2-h> 8.0mmol/l). Both services used a similar dietary
and diabetes nurse educator interventioom&n were asked to monitor fasting glucose and
2-h postprandiajlucose after every meal. Clinicians initiated fiise insulin iftwo or more
glucose levelper time point exceeded targets in one week despite dietary intervention.
However, he servicegappled different treatment targetService One applied standard
targets of fasting $.5mmol/l and 2-h postprandial7.0 mmol/I (aligned with ADIPS 1998
[11] and ACHQIS[4]); Service Two applied tight targets of fastingG&mmol/l and 2-h
postpranial< 6.7mmol/l (aligned with ADIPS 2014nd IADPSGsuggestions [10]). An
assumption’ of compliance to targets was made as no objective glucose data were recorded

aligned with'past randaaed controlled trials in the field.
<H2>Processsandutcomes

Outcomes were standarddzand defined according to Victorigerinatal dat§lCD-10
codes) which,have been validated [1RBigorous processes were used by clancauthorgo
determine‘glinically relevant outcomasriori, informed by prior studies I6DM [2,4,5],

and alignment'of core outcomes for diabetes in pregnasgy

Gestational age was determined by ultrasound or date of last menstrual fpemedhilable.

BMI was measured &tst antenatal visit. Primary neonatal outcomes were birthweight

> 9(th centile and <LGth centile for gestational age and sex based on Australian birthweight
percentiledd4}=Adjustments were not made for ethnicity with birthweights shown to be

identical across'groups in the absence of maternal or fetal pathology [15].

Secondary.neonatal outcomes included hypoglycaénite6 mmol/l), jaundice requiring
phototherap, respiratory distressnd Apgar score £ at5 min. Neonates were routinely
checked forshypoglycaemia at both services. Shoulder dystocia (impacted anteridershoul
preventingspelvic descent) was reported for vaginal deliveries. A composite perinatal
outcome was usedabs perthe ACHOIS trial (perinatal death, shoulder dystocia, bone fracture

and nerve palsy¥].

Secondary maternal outcomes were gestational hypertension (new onset hypeftemsi
20weeks with systolic and/or diastoBP > 140/90 mmHg) and pre-eclampsia (hypertension
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with proteinuria >300 mg/24 h, spot urine proteigreatinine ratic> 0.03 gmmol and/or

other system involvement).

Practicebased outcomes included maafedirth: induction of labourCaesareasection and

preterm birth (<37 week¥. Newborns were admitted to the special carearyr&SCN) if

requiring speeciated observation or neonatiatensive care unit (NICU) for potentially IHe
threatening conditionsvith similar protocols for both servicddowever, given the degree of
variation:imscaresacross the services for these outcomes, these are described separately under

‘practicerelatedsoutcomés
<H2>Statistical.analyses

Maternal characteristics were compared using descriptive statistics. Categorical data were
analysed usingsthe Pearson stjitare test. Continuous data were presented as mean and
standard deviatiorsf) or median andhterquartile rangé€i.q.r.), and compared using

Student’'sttests or ManaWhitneyU-tests & appropriate.

There were.igher rates of induction and electiva€sarean section at Service Teamnpared
with Service One which may influence neonatal outcoifieese outcomes are also

influenced by gestation at birth. Propensity score analysis was conducted in g @&ttem
adjustfor variation in obstetric practicend gestation at birth. A propensity score, or
probabilityof being assigned to a treatment given a set of observed covariates, was calculated
for each outcome based on mode of birth (induction ail@hesarearection) and gestation.
The propensity score was then applied within a multivariable logistic regreasidel to
calculate odds ratios (OR) and 95% confidence intervals (CI) for outcomes imi@ated

with tight targets compared wittandard targets (reference category). Models were adjusted
for covariates: age, BMI, parity, smoking status and country of I8t#itistical significance

was conyeyed by a two-sidédvalue of 0.05. Analyses were performed using Stata version
12 (StataCorpyCollege Station TMSA).

<H2>Ethics approval
The study was, approved by the respective Human Research Ebiicsittees in 2014.
<H1>Results

<H2>Study population
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There were 3®17 women with a singleton pregnaratyService Oneof whom2891 (79%)
developedsDM. At Service Two there were 3%9 women with a singleton pregnancy, of
whom1894 (57%) developed GDM. Insulin therapy was required in 31%afen with
GDM at Service One (standard targets) and 46% at Service Two (tight tafetsgnalysis
includes'women with GDM with singleton birth28 weeks’gestation it = 2885 Service
One,n = 1887 Service Two).ere were no differences in ageBWI between women with
GDM at each servicéout there werdifferences in parity, smoking and country of birth
(Table 2.

Babies of women at Service Two with tight targets were born earlier (medians38.0
39.1weeks,P <0.001) with no difference in birthweightscore comparedith Service One

with standard targets (Table 2).
<H2>Primary and secondary outcomes

Tight targets aBervice Two were not associated wittiierence in the primary outcomes
birthweight>"90th centile (adjuste®R 1.06,95% CI 087-1.30 or birthweight <10th

centile (adjusted OR.84, 95% CI 0.71-1.0Tomparedvith standard targets at Service One
(Table3).

After propensity scoringhere were no difference in risk of gestational hypertension, pre-
eclampsia, shoulder dystoca,the composite peratal outcomégTable 2).Babies of women
with tight targetdhad decreased risk of hypoglycaemia (adjusted OR 0.76, 95% CI 0.61—
0.94), jauncere @djusted ORD.47, 95% CI 0.35-0.63) and respiratory distress (adjusted OR
0.68, 95% CI 0.47-0.98), burtcreased ris of Apgar sores< 7 at 5min (adjusted OR 1.54,
95% CI 1.05—-2.2pcomparedvith standard targets (Tab®g.

<H2>Practice-related outcomes

Increasednduection of labourddjusted ORB.63, 95% CI 3.17-4.16) aithesareasection
(adjusted OR.1417, 95% CI 1.0B33) were seen at Service Two. Elective Caesageetion
was increased at Service Two compath Service One (adjusted OR75, 95% CI 1.37—
2.23). Babies of women with GDM at Service Two had lower risk of SCN admission
(adjusted OR 0.32, 95% CI 0.26-0.38). There was no difference in preterm birth or NICU

admission (Table 3).

<H1>Discussion
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The prevalence of GDM is increasiagd causes a significelnealthcare burden. This is the
largestepidemiological study to daten GDM treatment targetseporting the association
betweerdifferentglycaemictargets birthweightand health outcomes in 4772 singleton
pregnancies with GDM. Thexgere no differencem the primary outcomesf birthweight

> 90th or=< 2@hrecentile with tight targets (fastings0mmol/l, 2-h postpradial

< 6.7mmol/l) comparedvith standard targets (s.5mmol/l and < 7.ammol/l). Tight targets
were associated withigher insulin useThe service applying tight targets also had higher
rates ofobstetric interventions and earlier birth companti the service applying standard
targets Thisvariation in care was observed despite similar protocols across both services and
limits interpretation of associations between treatment targets and secondary neonatal and
maternal outcome®ropensity score analysis was conducted to minitheémpacof

variation incaré around obstetric interventions and gestalifd@rences between services
although the authors cannot fully adjust for such differences. It appears thatices have
similar risks of gestational hypertension, pre-eclampsia, shoulder dystocpeandtal
composite ‘outcometn the service with tight targets, there was lovigk of hypoglycaemia,
jaundice and.respiratory distregst5-min Apgar scoresippeared lower. It is nobpsible to

clearly attribute these to differences in treatment targets, given the variation observed in care.

Optimal GDMutreatment targets to reduce adverse pregnancy outcomes remain unclear.
Tightening'targets may improveeonatal outcomes but may increase riekshe mother

[16]. Historically, the goal has been to mimic glgoacpatterndn normal pregnancy to
‘normalize” outcomeg17]. The Fifth hternational Workshop on GDkcommendethrgets

of fasting <*5:@nmol/l and 2-h postprandial < 6ri@mol/l based on observational data and
rates ofmacrosomigl8]. Someorganzations suggest a lower fasting target of <&su@dol/l

to align with new diagnostic criter[d0]. However, a recent metnalysis found low-quality
evidence toecommend a fasting target and insufficient evidence for postprandial targets
[19]. Here, wecontribute novel data on this major evidence gap by comparing cohorts where
tight and standartteatment targets were appli€dur results highlight not only no difference
in primary outcomes, but also the complexity of research in pregnancy where vanation i
care can be substantive and can impact significantly on clinical outcomes indepenkent of

practice under study.

Diagnasis of GDM prompts increased fetal surveillance, ear@uction of labouand
Caesareadelivery. Induction mayncrease Caesareaections[20,21], althougltButtonet al.

did not find an increase in mild GDM before w@eks[22]. ACHOIS reported no increase in
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Caesarearectionsdespite increased induction of lab§diy. Insulin usecaninfluence
practicepotentially prompting increased intervention and earlier delivery. Given the higher
rate ofinsulin use in Service Two to attain tighter targets, this may have impacted on
practice. Our research indicatbatinsulin use is not a good marker of neonatMs, with

no differencesin‘birthweight or emergency Caesarean sections between servites.efdee
suggest that decisions regarding mode of birth and delivery timing should be based around
maternal glucose control, rather than insulin use perskother indicators of maternal and
fetal health.

In this studyof two largepregnancyserviceswe foundpractice differences GDM with
higher rates of induction of labo(B7%vs. 31%) andCaesareasection (39% vs34%) with
earlier birthg(38 vs.39 week}¥ at Service Twaomparedvith Service OngTable 1 and 2).
Likewise, inswomen withoutGDM, there were also higher ratesinduction of labour (51%
vs. 20%,P <.0:001),Caesareasection (29% vs. 269, < 0.001)and earlier birth (39s. 40
weeks,P </0.001) at Service Two suggestimgnore active approach to obstetric intervention
(data not shown)n GDM, there werefewer SCN admissian(12% vs. 28%) but no
significant difference in NICU admissions after adjustment y8%%), despitesimilar

written SCN and NICU admission polici€Bable 2) Differences in neonatal admission were
also seen forbabies in women without GB&rvice Two comparedith Service One7%

vSs. 16%;P< 0.001 for SCN and 4% vs. 2% < 0.001 for NICU) andhence we postulate
thatthey largelyrelateto variation inpracticerather tharto neonatal morbidity. Thus,

clinical variation in obstetric practice was significant and may warrant-eexggnal or

longitudinalsbenchmarking across services in relation to outcomes.

Fetal overgrowth and associated complications are primary conceridvin I the
ACHOIS and MFMU RCTs, treatment of GDM reduced L{3¥5]. In the Metformin in
GDM (MiG). trialjrisk of LGA increased across glycae tertiles[23]. Althoughearlier
induction eflabour may mitigate fetal overgrowth and related adverse outfsnes saw
no differeneesin‘birthweight > @ centile with tight comparedith standard targets,
guestionings&ey rationale for tight targets. Importantbirthweight <10th centilewasnot
increasedPotentially,greater monitoringn women on insulipearlier birth and intervention

with tight targets may reduagsk of lower birthweight.

In our large observational studight targets were associatetth no difference in secondary

maternal outcomes and mixed results for secondary neonatal outcomes. These results differ
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from that of previous studies in GDMrd2eclampsia was reduced in the ACHOIS and
MFMU RCTs[4,5], and increased with glyemia in the MiG tria[23], however we found
comparably low ratesf pre-eclampsiaand noassociation with tightargets. GDM treatment
in ACHOIS reduced theomposite perinatal outcome, witlo difference in shoulder
dystociajrhypoglyaamia jaundice or respiratory distreskespite reduced LGA using
identical targets to Service OfY. Although the MFMU trial found a reduction in LGA and
shoulder dystocia, there was no differenchyipoglyca&mia jaundice or respiratory distress
[5]. Interestingly, despite no difference in the primary outcome birthweighttrc@atile, we
foundlower.risk ofsecondary outcomdg/poglycaemia, jaundice and respiratory distress
after adjustment for practice differendeghe service with tight target¥his appears to
suggest fetal metabolic benefits in the tight target grbawever the observational nature of
the data and practice variations make it difficult to attribute these differences entirely to
treatment targets.nere waso difference irshoulder dystocia or the composite outcome in
the service with tight target§lore significant glucose differences may be required to see a
difference'in theseutcomeshowever even small differences in targets resulted in 50%
higher rates.efinsulin use, with associated more intense clinical care andviostapgar
scores< 7 at5'min in the tight target groumay be of concetrhowever, the nature of our
data does not allow us to furthdnaw clinical associations here between glycaemic targets
and Apgar sceres.

In thefuture, risk stratification of targets based on maternal diapéisotype, glucose, fetal
growth trajectory, BMI and risk of adverse outcomes may be more appropriate. Restdom
trials may provide further insightsowever variation in care across sites will continue to
challenge interpretation of outcomes. Overall, we propus® researcts neededwith
attempts made to reduce variation in obstetric care where possifaes routine
implementation of tight targets with associated increased costs and service diemands

insulin use and potentially for obstetric interventif@w, 25].

Our study has-limitation$t was conducted across two sites where we canfiptaccount

for variatiopsinpracticewhich may confound owsecondary endpoint analysie have
integrated statistical approaches in an attempt to tivage influences with caréf

methodology and statistical analysis, yet acknowledge this cannot fully addrespaloeom
practice differenceCountry of birth rather than ethnicityas recordedThis is a common
feature of perinatalata sex and previous research suggests this would not influence results

[26]. Socioeconomic stus is not routinely recorded in the database. Gestational weight gain
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was not measurednother common limitation of perinatadtd set. OGTT datawverenot
available for all women in the study and hemegenot analysed. Blood glucose data to
confirm achievement of glucose targets weoecapturedyetthese data argenerally

lacking in studies of GDM treatment includingRET [4] and review19]. Despite this
clinicians7at'eacBerviceadhere to the same management principles for insulin initiation in
women failing to achieve targetutureprospective data should report both plahaed
achieved glucose targetsarly screening for GDM iperformed in women at high risk, and
the naturegof ourata setloes not allow us to quantify thisesich service. astly, GDM was
diagnosed bADIPS 1998 criteria [11}ather thanADPSG criterig[6] used in theADIPS

2014 guidelines [10However,we feel that differences in outcome with new criteria are less

likely givenpotentially milder GDM detected.

Strengths ef-eursstudy include our large cohort, stamdaténd validated outcome
measuresand-adjustment for confounders. Studies in GDMfaguently limited by it
defined, heterogeneous outcome definitions [O8ltcomes studied are representative of
international'literature to ensure validity and comparability of future res§EstrOur
multicultural cohort is derived from two of the largest Australian maternity serviees
universal public health system with high healthcare engagemergasing relevance of
findings. Wevidentified differences in practice thditl not influence primary outcomes, but
may haverinfluenced secondartaames. We have attempted to statisticatigount for

these.

This comprehensiviarge scale cohort study found rdtributablebenefit of tightGDM
treatmentargets orthe primary outcomes diirthweight > 9@h centileor < 10th centileor
on maternal secondary outcombssulin use was significantly higher with tight targets.
Obstetric intervention and earlier delivery were increased with tight comparestanttard
targets Althoughrthis is likely to be multifactorial, given the lack of differences in
birthweight-orremergency Caesareaationsthis suggests that insulin use does not
accurately-reflect neonatal risk, and may not be appropriate to guide mode ofdirth a
delivery timing. In applying propensity scores to attemptctmant forvariation in practice
and earlier deliverytight targets appear to be associated with reduced hypegiaa
jaundice and respiratory distreget lower Apgar scores, compamih standardargets
Whether these relate other practice differences or targets in unclear. Hegehighlight the
complexity of research in pregnancy, where variation in care can be substantive and can

impact significantly on clinical outcomes independent of the intervention under stuelg. T
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results should prompt review of curratstetricpractice withincreased insulin use, mode
and timing of delivery, the role of insulin use in influencing pracdiice theassociated
healthcare burden and cadfduture interventional studies do justify tight targets,
unintended consequences such as higher birth interventions need to be considered and
addressedrhissstudy highlights the need for interventional studies incorporating objective
glucose data and examining glucose targets with respect to pregnancy outcomes before

implementation of tightargets in routinelinical practice.
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Table 1Baseline characteristics of women with GDM and neonates at each service

Service One Service Two
Variable P-value
(n = 2885) (n =1887)
Age, yeas;'mean §D) 31.8(5.1) 32.1(5.2) 0.07*
BMI kg/nf; median (i.q.r.) 25.8 (22.730.8) 25.9 (22.830.5) 0.65¢
Primiparous, ni(%) 1207 (41.8) 934 (49.5) <0.001
Smoker, N, (%) 272 (9.4) 93 (5.0) <0.001
Pre-existing hypertension, n (%) 68 (2.4) 48 (2.5) 0.68
Country of birth by region, n (%)
Australia 871 (30.2) 599 (31.7) 0.26
Europesand America 174 (6.0) 123 (6.5) 0.50
Africa 169 (5.9) 264 (14.0) <0.001
Southeast-and Northeast Asia 778 (27.0) 455 (24.1) 0.03
Southern-and Central Asia 893 (31.0) 446 (23.6) <0.001
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Data reported are count (proportion) for categorical variables.

P-values were calculated with thei-squared test. Continuous variables are reported as s®aor (nedian (i.q.r.) with P-values calculated usiSgudent’s t-test or

tMann-Whithey U-test as appropriate.

Table 2 Neonatal characteristics of babies born to women with GDM at each service

Service One Service Two
Variable P-value
(n = 2885) (n =1887)
Gestation weks; median (i.q.r.) 39.1 (38.240.0) 38 (38-39) < 0.001*
Birthweight g; mean.$D) 3322 (582) 3222 (594) < 0.00%
Birthweight z-score;zmearsi) -0.10 (1.17) -0.05 (1.14) 0.200
Male sex, n (%) 1506 (52.2) 1029 (54.5) 0.12

Data reported are count (proportion) for categorical variables.

P-values were calculated with thei-squared test. Continuous variables are reported as s®aor (nedian (i.g.r.) with P-values calculated using *Manihitney U-test

or TStudent’s't-test or as appropriate.

Table 3.Risk-of adverse outcomes for women with GDM at Service Two (tight targets) compared with Service One (standard targets).

. Service Two  Unadjusted OR (95% Adjusted OR (95%
Service : ( P-value : ( P-value

Onet N (%) o) Clyt

Outcome
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N (%)

Birthweight > 90th

centile

Birthweight <=10th

centile

Gestational

hypertension
Pre-eclampsia

Neonatal

hypoglycaemia*

Shoulder dystecia

Jaundice*

Respiratory distress

Apgar score <.r.at

5 min*

Composite outcomes§

324 (112)

422 (146)

81 (28)

98 (34)

285 (99)

62 (3.3)

229 (7.9)

103 (36)

56 (1.9)

78 (27)

217 (115)

238 (126)

65 (34)

85 (45)

174 (92)

32 (2.8)

124 (66)

77 (41)

71 (38)

65 (34)

1.03 (086-1.23)

0.84 (071-1.00)

1.23 (089-1.72)

1.34 (1.001.80)

0.93 (076-1.13)

0.86 (056-1.32)

0.82 (065-1.02)

1.15 (085-1.55)

1.98 (139-2.82)

1.28 (092-1.79)

0.77

0.05

0.21

0.05

045

049

0.08

0.37

<0.001

0.14

1.06 (0.87.1.30)

0.84 (0.701.01)

1.19 (0.841.69)

1.31 (0.961.79)

0.76 (0.610.94)

1.01 (0.641.60)

0.47 (0.350.63)

0.68 (0.470.98)

1.54 (1.052.25)

1.24 (0.871.76)

0.54

0.06

0.32

0.09

0.01

0.96

<0.001

0.04

0.03

0.23
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Induction of labour

Caesarean section

Elective Caesarean

section

Emergency

Caesarean section
Preterm birth

Special care nussery

admission

Neonatal intensive

care admission

883 (306)

976 (338)

431 (14.9)

545 (18.9)

239 (83)

779 (278)

76 (36)

1071 (568)

743 (394)

379 (20.1)

364 (19.3)

202 (10.7)

210 (118)

102 (61)

2.98 (264-3.36)

1.27 (112-1.43)

1.32 (1.091.59)

1.03 (0.891.19)

1.33 (109-1.62)

0.35 (029-0.41)

1.74 (127-2.37)

<0.001

<0.001

0.01

0.73

001

<0.001

0.001

3.63 (3.174.16)

1.17 (1.031.33)

1.75 (1.372.23)

0.87 (0.741.02)

1.19 (0.971.47)

0.32 (0.260.38)

1.30 (0.931.81)

<0.001

0.02

<0.001

0.09

0.10

<0.001

0.13

Results show number (percentage) of women with each outcome and the odds ratio (OR) and 95% confidence interval (Cl) for each outcome compasirtg tight target
standard targets in both univariable and multivariable regression models. In the multivariable regression (adjusted) models, propensity scores were computed for each
outcome using the probability of treatment assignment based on the following covariates: gestation for induction and Caesa(€asestotiyiC-section for preterm

birth; C-section for special care nursery and neonatal intensive cgr€seittion for birthweight > 90th and < 10th centile; C-section and gestation for neonatal

hypoglycaemiaj jaundice, respiratory distress, Apgar score < 7 at 5 min, perinatal death and the composite outcome.

"Reference.category.

tAll outcomes adjusted for age, BMI, parity (nulliparous, parous), country of birth (Australia, Europe and America, Africa, South and Northeast Asia, Southern and Central
Asia), smoking status (yes, no).
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1Shoulder dystocia is for vaginal deliveries only.

§ Composite outcome = perinatal deaths (stillbirth and neonatal death), shoulder dystocia, bone fracture and nerve palsy.
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