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Condensation

Small-for-gestational-age infants from low-riskrnte pregnancies are at increased risk of

serious neonatal morbidity regardless of gestatiaga at birth.

Short title

Small for gestational age infants at term gestadioth serious neonatal outcomes.

Implications and Contributions

* This study was conducted to ascertain the outcdimesmall for gestational age
(SGA) infants in a low risk maternal cohort from Anstralian tertiary centre.

* SGA infants had significantly worse perinatal ou&s compared to appropriately
grown cohorts particularly if birth occurred atlgaerm.

* The results highlight the considerable risk SGAaim$ face even in a low risk cohort
and underscore the importance of screening in pregn The results also suggest
that birth before 39+0 weeks should be avoided exerpossible given the increased

risk of adverse outcomes.
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Abstract

Background: Small-for-gestational age (SGA) infants (birthwetig#tﬁdh centile) are at
increased risk of perinatal complications but aregdiently not identified antenatally,
particularly in low risk women delivering at terma37 weeks gestation). This is compounded
by the fact that late pregnancy ultrasound is hetriorm in many jurisdictions for this cohort
of women. We thus investigated the relationshipwben birthweight <19 centile and

serious neonatal outcomes in low risk women at term

Objective(s): We aimed to determine whether there is a differexiagbstetric and perinatal
outcomes for SGA infants, subdivided int§' 5 <13d" centile and <8 centile cohorts
compared to an appropriate-for-gestational age (A(#thweight 18- 93" centile) group

at term.

Study Design: This was retrospective analysis of data from theek®other’'s Hospital in
Brisbane, Australia for women who birthed betweanuiary 2000 and December 2015.
Women with multiple pregnancy, diabetes mellitugpdrtension, pre-term birth, major
congenital anomalies and large for gestationalinfzmts (>98' centile for gestational age)
were excluded. SGA infants were subdivided intmBocts - infants with birthweights"s-
<10" centile and those £5centile. Serious composite neonatal morbidity (MJNvas
defined asany of the following: Apgar scorg3 at 5 minutes, respiratory distress syndrome,
acidosis, admission into the Neonatal IntensiveeQanit (NICU), stillbirth or neonatal
death. Univariate and multivariate analysis weeefggmed using generalized estimating
equations to compare obstetric and perinatal outsofor SGA infants compared to AGA

controls.

Results: The final study comprised 95,900 infants. 5.0% weeéween the '5 and <18

centiles for birthweight and 4.3% were"%Bentile. The rate of SCNM was 11.1% in the
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control group, 13.7% in the™sand <18' centile and 22.6% in the ¥5centile cohorts
respectively. Even after controlling for confoursieboth the % - <10" centiles and <5
centile cohorts were at significantly increaset 0§ SCNM compared to controls (OR 1.25,
95% CI 1.15-1.37 and OR 2.20, 95% CI 2.03-2.39 eetpely). Infants with birthweights
<10" centile were more likely to have severe acidosisirth, 5 minute Apgar score <3 and
to be admitted to NICU. The SCNM was higher in imga<8" centile compared to those in
the 8" - <10" centile cohort (OR 1.71, 95% CI 1.52-1.92). Theloaf perinatal death
(stillbirth and neonatal death) were significantigher in both small-for-gestational age
groups than controls. After stratification for geaginal age at birth, the composite outcome
remained significantly higher in both small-for-t®nal-age cohorts and was highest in the
<5 centile group at 37+0 - 38+6 weeks (OR 3.32, 9592.87-3.85). The risk of perinatal
death was highest for infants &entile at 37+0 - 38+6 weeks (OR 5.50, 95% CI 2.33

12.98).

Conclusion(s): SGA infants from term, low risk pregnancies aresighificantly increased
risk of mortality and morbidity when compared to AGnfants. Although this risk is
increased at all gestational ages in infant$ e&ntile for birthweight, it is highest at early
term gestation. Our findings highlight that eargrmh birth does not necessarily improve

outcomes and emphasize the importance of idengjfnis cohort of infants.

Key Words: Small for gestational age, fetal growth restrigtfioeonatal morbidity, neonatal

mortality, stillbirth, term gestation, perinataltoome, perinatal mortality, perinatal morbidity
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Main Text
Introduction

Compared to preterm cohorts, overall perinatal derajons in term small for gestational
age (SGA) infants (defined as birth weight Lkntile for gestation) are lower and tend to
be at the milder end of the spectrliiln high income countries >60% of non-anomalous
SGA births occur at term with evidence that comgatie appropriate for gestational age
(AGA) controls reduced birthweight is associatedhwan increased risk of morbidity and
mortality> # The increased risk is partly due to the proportdrBGA infants that are truly
growth restricted secondary to placental dysfumctimdeed in low risk pregnancies,
placental malperfusion and dysfunction accountsafpopulation attributable risk of 25% for
SGA infants> Clinical identification of SGA fetuses late in greancy is difficult, with
physical examination and symphysis fundal heighiH{Bassessment limited by a number of
factors including maternal habitus and fetal liartRermore, unlike women with known risk
factors (hypertension, diabetes mellitus, previdetal growth restriction etc.), routine
ultrasound to assess fetal growth is generallypeotormed in low risk women unless there

are concerns about fetal size on clinical exanomnati

From a healthcare burden perspective, the vastrityajsf SGA infants are born at terfh
often from uncomplicated, low risk pregnancies. Thi#culty however, is defining what
constitutes a “low risk” cohort as there are mangtemal medical, demographic and
psychosocial factors that are associated with ereased risk of adverse outcomes. Clearly if
this population were to be defined by the absef@d possible risk factors this would result
in an artificially low number of women that woule lzonsidered “normal” or “low risk”.
Such an approach would be divorced from clinicalitg Notwithstanding the difficulty in
defining this cohort, some investigators have sagggethat excluding women with diabetes

mellitus and hypertension is reasonable given tieddtively high prevalence in pregnarfcy.



124

125

126

127

128

More specifically, the objectives were to evaluatécomes for infants with birth weight 5
centile and 8- <10" centiles stratified for gestational age at bi#37+0 weeks - 38+6

weeks >39+0 weeks — 40+6 weeks and >41 weeks).
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Materials and Methods

This was a retrospective cohort study of women witthed between January 2000 and
December 2015 at the Mater Mother's Hospital insBane, Australia using previously
prospectively collected data. Maternal demograpimérapartum and perinatal outcome
information were collected from the hospital's naiy database and cross-referenced with
the maternal and fetal medicine and neonatal da¢ésot ensure robust data ascertainment.
The Mater Mother’s Hospital is a major tertiary @nin Queensland with a birth rate of
approximately 10,500 per annum, making it the lsrg®maternity hospital in Australia.
Approval for this study was granted by the insittots Human Research Ethics Committee

(Reference number HREC/14/MHS/37).

We included all women with non-anomalous singletiamm pregnancies with a recorded
birth weight. Gestational age was calculated ughng last menstrual period or earliest
ultrasound examination, or by correlation of bddhrth weight centiles were calculated with
reference to previously published Australian stadslaAGA was defined as a birth weight
of 10" - 90" centile. The SGA cohort was subdivided into tweegaries:SGA1 (birth
weight 5" - <10" centiles) and SGA2 (birth weight <5" centile). Women with multiple
gestations, diabetes mellitus (either pre-existinggestational), hypertension (either pre-
existing, pregnancy induced or pre-eclampsia), enitgl fetal malformations and pre-term

birth (<37 weeks) were excluded.

Demographic data analyzed included maternal apmjatty (Caucasian, Asian, Indigenous
or other), parity, marital status, smoking sta@isphol consumption and body mass index
(BMI). Indigenous ethnicity was defined as womerovithentified as being of Aboriginal or
Torres Strait Islander origin. Intrapartum outcornekected included onset of labor (induced
or spontaneous) and mode of birth (spontaneousnakgielivery (SVD), instrumental,

elective cesarean, emergency cesarean for nordreggsetal status (NRFS), or emergency
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cesarean for other indications). Univariate anslyss first performed to identify significant

potential confounders.

Neonatal outcomes analyzed included gestationaatlith, birth weight, Apgar score <3 at
5 minutes, presence of significant respiratory rdgd (as defined by the attending
neonatologist), perinatal death, neonatal deailthigh, acidosis at birth and admission to
the neonatal intensive care unit (NICU). Perinatahth was defined as stillbirths and
neonatal death combined. Only stillbirths confirmtechave occurred >37 weeks gestation
were included in the analysis. Neonatal death vamedd as death within 28 days of birth.
Acidosis was defined as cord pH <7, lactaéemmol/L or cord base excessl2mmol/L.
Serious composite neonatal morbidi§CNM) was defined aany of the following: Apgar
score<3 at 5 minutes, respiratory distress syndrome oacsgd admission into NICU, stillbirth

or neonatal death.

Statistical analysis

Data integrity was assessed using a year by yealysas to identify inconsistencies of
reporting between years. Where data integrity wasstijonable with sudden drops in
outcomes that could not be accounted for by chamgmlicy or treatment, those variables
were excluded from any analysis. Efforts were madeorrect missing and data entry errors
through searches of individual patient records. Whaata were collected with different
degree of outcomes between years, these variaelescoellapsed into dichotomous variables
to indicate whether the outcome occurred or notel'ronly the outcomes were recorded,
after discussion with data custodians it was daterchthat it was reasonable to assume that

missing data indicated that the outcome had nairoed.

Descriptive analysis was performed using Mann Wdyitk) Tests for continuous variables

and categorical variables compared using Chi-sqtese All continuous variables were
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tested for normality using a Shapiro-Wilk W Testdadeemed to be non-normally
distributed. Subsequently data are reported asandthter-quartile Range (IQR)) or as the
number of observations with the percentage of .tatalvariate and multivariate analysis was
performed using Generalized Estimating Equationsadjust for the correlation between
mothers who birthed more than once within the stpdyiod. Multivariate analysis was
adjusted for sex, maternal age and BMI at delivetinicity, parity, smoking status and
mode of birth. All statistical analyses were cortddausing StataCorp. 2018ata Satistical

Software: Release 14. College Station, TX: StataCorp LP.
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Results
Between 2000 and 2015 there were 137,398 women hittloed at the Mater Mother's

Hospital. After excluding 41,498 women the finalhoat (Figure 1) comprised of 95,900
women and infant dyads. Infants with birthweights 5<10d" centiles (SGA1) and <5
centile SGA2) constituted 5.0% (4,748/95,900) arg¥a1(4,135/95,900) of the total cohort

respectively.

Both the SGA1 and SGA2 cohorts were found to sicguittly differ from the AGA cohort

with respect to maternal age, ethnicity, parityritabstatus, smoking status and maternal
BMI. They were more likely to be young (materna¢ a0 years), of Asian, Indigenous and
other ethnicity, nulliparous and smoke, and lekslyi to be married and obese. When the
SGALl and SGA2 cohorts were compared, the odds oérmel age <20 years, Asian and
Indigenous ethnicity, nulliparity and smoking s&tuere higher in the SGA2 cohort. (Table

1)

For intrapartum outcomes, both the SGA1 and SGA®e were significantly more likely
than the AGA cohort to have an instrumental or gy@ecy cesarean for non-reassuring fetal
status (“fetal distress”). The odds of requiringluntion of labor (IOL) was higher in the
SGA2 compared to the AGA cohort and higher in tBA3 compared to the SGAL group.
The odds of spontaneous vaginal delivery (SVD) wbhosvever, lower in the SGA2 cohort

when compared to both the AGA and the SGA1 coh(rable 2)

There was no difference in median gestation ahhbior either of the SGA sub-cohorts
compared to AGA controls. The odds of severe atsdat birth, very low (<3) 5 minute
Apgar score and NICU admission were significanighler in the SGA1 and SGA2 cohorts
even after controlling for confounders (sex, maaeage and BMI, parity, ethnicity, smoking

and mode of birth). The odds of stillbirth or netahadeath were however not different
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between the SGA1 and SGA2 cohorts. The odds adusecomposite neonatal morbidity
(SCNM) was highest in the SGA2 cohort (OR 2.20, 95P2.03-2.39) compared to the AGA
controls. The odds of the SCNM was also highehen$GA2 compared to the SGA1 cohort

(OR 1.71, 95% Cl 1.52-1.92). (Table 3)

The risk of perinatal death (stillbirth and neohateath) was substantially higher in both
SGA cohorts compared to the control group. The SGAahort had an almost 3-fold
increased odds of perinatal death (OR 2.62, 95%.43-4.72), more than 4-fold increased
odds of neonatal demise (OR 4.34, 95% CI 1.46-)2a88 more than 2-fold increased risk
of stillbirth (OR 2.22, 95% CI 1.10-4.49) comparedthe AGA cohort whilst the SGA2
cohort had even greater odds for the same outcfpeednatal death (OR 3.91, 95% CI 2.27-
6.73), neonatal death (OR 5.70, 95% CI 2.03-16a0) stillbirth (OR 3.45, 95% CI 1.82-

6.53)] respectively. (Table 3)

Following stratification of neonatal outcomes bysig¢ional age, the odds of SCNM
remained significantly increased in both SGA grogpsnpared to controls. The SGA2
cohort had higher odds of SCNM than the SGAl1 cohb37+0 - 38+6 weeks (OR 2.48,
95% CI 2.02-3.04) and at 39+0 - 40+6 weeks (OR,195% CI 1.30-1.83). For both cohorts,
the odds of NICU admission was highest at earintg37+0 - 38+6 weeks) and subsequently
decreased with rising gestation. The odds of stiib(OR 5.40, 95% CI 1.96-14.83), and
overall perinatal death (OR 5.50, 95% CI 2.33-1p@8s highest in the SGA2 cohort at

37+0 - 38+6 weeks. (Table 4)
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Comment
Principal findings

The results from this large Australian study dem@tes that in low risk pregnancies,
outcomes for SGA infants born at term are signifigaworse compared to an AGA cohort.
Specifically, newborns with birthweight £5centile (SGA2) had a doubling of the SCNM
(22.6% vs. 11.1%) while infants with birthweigHt 5 10" centile (SGA1) had 23% (13.7%
vs. 11.1%) increase in adverse outcomes. Regressialyses to control for confounders
showed that the SCNM was >2 fold higher in the S@ARort. We also found, that although
the risk of SCNM was greatest at early term gestategardless of SGA sub-cohort, this risk
remained elevated even at term and post term gest&inportantly our results indicate that
the risk of stillbirth was >5-fold and >3-fold aarty term and term respectively and that the
odds of neonatal death in the SGA2 cohort increfeaa 37+0 - 38+6 weeks (OR 5.94, 95%
Cl 1.20-29.34) to >41 weeks (OR 12.97, 95% CI, 41.89.80) albeit with wide confidence

intervals.

Our findings also show that the odds of emergemesaean for non-reassuring fetal status
was significantly greater in both the SGA1 and SGARorts with the highest odds in the
SGAZ2 cohort. This is an important finding giventthi@ere is significant neonatal morbidity
(neonatal encephalopathy, respiratory distressloas, admission to the neonatal intensive
care unit) associated with intrapartum hypoxia.ttienmore, rapid delivery by emergency
cesarean for non-reassuring fetal status is adedciwith poorer neonatal outcomes
compared to uncomplicated vaginal bittm Australia, emergency cesarean rates for “fetal
distress” range from 11-16% reflecting trends seen in other high income cdestr
Alongside the increased risk of perinatal deatle pwossibility of hypoxia related brain

injured individuals requiring a lifetime of carentia-partum fetal compromise continues to
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represent a major burden for healthcare providevsra the world, with SGA infants a

particularly vulnerable cohort for this specificneplication.

Our study represents the largest cohort study gldi to date investigating serious neonatal
outcomes in a population without major risk factfirgpertension and diabetes mellitus) for
aberrant fetal growth. Collectively, our findingsda that two another recent large
publications from North America,'® including one published in an earlier issue of thi
Journal* provide robust evidence of the perinatal riskg fragnancies with SGA infants
face, even at term. Furthermore, when identificattb SGA infants is made on the basis of
ultrasound measurements, the odds of perinatal icitybs more than doubled in infants
with an estimated fetal weight <5th centile, re¢gsd of whether the SGA diagnosis is made
in early third trimester or within 28 days of theligery, findings that concur with the results
of our study** Given that such women make up the majority of pasgies in most
jurisdictions® the imperative for prenatal identification of SGdtuses is obvious, as it is
now clear that regardless of gestation, overaling¢al outcomes for SGA infants are worse
compared to their appropriately grown counterpamsl this dichotomy is even more
pronounced if fetal growth restriction is pres&nt? Additionally, the risk of term perinatal
death is substantially increased with low birth gtei® further underlining the critical
importance of prenatal identification given thatlgderm delivery could be one potential
strategy of mitigating this risk, notwithstandirfgetpotential neonatal morbidity associated

with this option.

The evidence regarding ultrasound detection of S&Ases is confusing and conflicting
with some studies showing a lack of berf&fit whilst others demonstrating detection rates
>50%2° 17 18 Furthermore, Cochrane reviews do not demonstratdsantage with the use
of either routine late pregnancy ultrasound or Uicddiartery Doppler assessment in low-risk

populations:® ?° Moreover, it is also unclear whether a single fgnancy measurement of
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fetal biometry or assessment of growth velocitguperior for the identification of an SGA
fetus. A recent study from North America foundttiiaere was no difference in SGA
detection rates when single biometry was compargld serial measurements with only
modest impact on screening performance when mateisia factors including diabetes
mellitus and hypertension were accounted?fofhis study also demonstrated that fetal
biometry measured within 2 weeks of pre-determigestational age cut-offs (<32 weeks
and <36 weeks) did not improve detection ratesSIBA fetuses. Conversely, another study
showed that although third trimester biometry pded poor to moderate detection of SGA
fetuses, a shorter compared to a longer ultrasdandelivery interval provided better
prediction®? Others ultrasound studies have suggested thafethk cerebroplacental ratio
(CPR) is a promising marker for identification etdses that have suboptimal growti? *
26 2TA low CPR particularly in SGA fetuses is associatéth an increased risk of stillbirth

and other adverse perinatal outcorfiek. also appears to be an independent predictor of

intrapartum fetal compromise, acidosis at birth aadnatal unit admission in term infarts.

31

Although a recent review comparing planned earlyvdey with expectant management at
term for suspected fetal compromise failed to steowdifference in perinatal mortality,
neonatal morbidity or neurodevelopment disabffitere is emerging evidence to suggest
that when accompanied by careful surveillance atmhrned delivery, rates of adverse
outcomes in SGA infants can be redute@urrently the American Congress of Obstetricians
and Gynecologists recommends delivery by 39 weeks ififants with fetal growth
restriction, without other risk factor whilst the Royal College of Obstetricians and
Gynaecologists in the United Kingdom recommendveeji by 37 weeké? This difference

in recommendations for timing of delivery refledise paucity of good data to guide
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management. The results from our study however avaulpport a policy of deferring

delivery of SGA infants in a low risk cohort of wem until 39+0 weeks.

The main limitations of this study relate to itsrospective nature and its single institution
focus. We also used population charts rather th#stomized ones when defining our
cohorts. In our view this approach was however mabte given the data from the
Intergrowth-2%' * and other studié$suggesting that customized charts were not supierio
identifying infants at-risk of adverse outcomes. Wawever acknowledge that although
some investigato?5 suggest that the use of customized charts bekatifies SGA infants,
others urge cautidf noting that detection rates are no different wietecharts are used.
Furthermore, whilst it is clear that the risk ofvatse outcomes is maximum at extremes of
size? the incremental risk appears to commence at higinér weight centiles than the cut-
offs we have chosefi. We were also not able to ascertain the numbevashien in whom
there were antenatal concerns and had increaseeiliamce of wellbeing. As a consequence
of this, we were unable to establish the proporibwomen who had planned birth (IOL or
cesarean) because of either clinical concerns dagpfetal size or an ultrasound confirmed
SGA fetus. Additionally, data regarding socioeanim status, prenatal education, specific
intrapartum (chorioamnionitis, abruption etc.) andonatal complications (necrotising
enterocolitis etc.) were not consistently or rdlyatecorded and hence not reported in this
study. The strengths of our study include the Varge sample size from a tertiary institution
with clear evidence based protocols guiding manageémroviding a “real world” view of
outcomes. Furthermore, it is unlikely that our isswere influenced by a Hawthorne effect
given that all patient data were collected contenaupeously in the absence of enrollment of
participants in any clinical studies. We also choseponents of the composite morbidity to
reflect not only very poor condition at birth (Apge3 and severe acidosis, severe respiratory

distress and admission to the NICU) but also mitytédtillbirth and neonatal death).
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Conclusions and implications for clinical practice

In conclusion, the results presented in this pgpevide further evidence that SGA infants
from term uncomplicated pregnancies have signiflgancreased morbidity and mortality
rates when compared to AGA infants, with the grstatisk seen in infants £5centile
regardless of gestation at birth. The evidencerforeased morbidity and mortality seen in
SGA infants both in this and other studies, in wew highlights the importance of prenatal
identification of this group. Although the optimumanagement algorithm post detection is
yet to be determined, identification of a vulneealsbhort such as this allows potentially
closer surveillance as well a comprehensive disoassith women regarding ongoing risks
and all management options including early ternthbirnduction of labour or planned
cesarean. Our findings also support the need fgelaandomized controlled studies to
ascertain firstly, the optimum screening gestatiad technique for SGA fetuses (single late
pregnancy ultrasound, serial biometry measuremantior incorporating the fetal CPR,
placental biomarkers etc.), and secondly the optinggstation for delivery to mitigate this

risk.
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Table 1: Maternal Demographics

21

SGA, n=8883
Maternal _ ’ SGA1l vs. | SGA2 vs. | SGA2 vs.
Characteristic | G/ N=87017 nSSéiS nsz(jﬁgS AGA AGA SGAl
Maternal age, years
o | 2117/87006 | 184/4748 | 200/4134 (11'63?7_ (21'0779_ (11'3027_
(2.4%) (3.9%) (5.1%) Cart | oaor | oot
20.34| 63127/87006 | 3471/4748 | 3035/4134 (16057- 260968- (160923-
(72.6%) (73.1%) (73.4%) Lo |am |iap
a5 | 21762/87006 | 1093/4748 | 890/4134 | 000 | D82 ?6953_
235 | (25.006) (23.0%) (21.5%) (() 557 (() s Lon
Ethnicity
0.56 0.46 0.82
| 67713/86959 | 3141/4744 | 2547/4130
Caucasian 77 go) (66.2%) (61.7%) (()065(’)3);' (()05‘:)3);' (()09705}'
Asian | 10430/86959 | 957/4744 | 934/4130 (11'8741_ (21'1926_ (11'1555_
(12.0%) (20.2%) (22.6%) Toof | oo0r | ioop
1.46 2.03 141
| 1395/86950 | 111/4744 | 136/4130
Indigenous (1.6%) (2.3%) (3.3%) (11729(;: (214659)2 (118c)2ng
Othey | 7421/86959 | 535/4744 | 513/4130 (11'3;3_ (11'43?5_ 007
(8.5%) (11.3%) (12.4%) Cior | sosr | Low
154 191 1.26
. 40915/87006 | 2734/4748 | 2595/4133
Nulliparous (47.0%) (57.6%) (62.8%) (116435}- (21683‘}' (115175}'
Married 77170/85861 | 4033/4678 | 3444/4056 | T | %O ((Jdggo-
(89.9%) (86.2%) (84.9%) (©. (©. '
0.78f | 0.71f | 1.02)
Smoker 12570/)87017 | 940/4748 | 10234135 | - | L | LSS
(14.5%) (19.8%) (24.7%) (1. (. (1
156f | 2.05f | 1.47F
Alcohol 7865/87017 | 309/4748 | 347/4135 5’69;3_ 26954- (160817-
(9.0%) (8.4%) (8.4%) Com | tom | Lim
0.64 0.69 1.06
. 8234/84095 | 298/4566 | 270/3917 )
BMI (kg/m) 230 | (7 o0 5% (6.9%) 80'7527)5 80.7%(;- (10'286%

Data is presented as n (%); Univariate Odds R&&84 Confidence Intervalfp-value <
0.05;"p-value <0.01%-value <0.001

AGA: appropriate for gestational age (birthweigh'lh-ﬂ())th centile);BMI: body mass index;
SGA: small for gestational age (birthweight L1@entile for gestational agelSGAL:
birthweight %' - <10" centiles for gestational ag&§GA2: birthweight <%' centile for

gestational age.
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517 Table 2: Intrapartum Outcomes

Intrapartum AGA, n= sG AslGA’ n—SSBEiZ =] SGAL s SGA2 vs. SGA2 vs.
Outcome 87017 n=4748 4135 AGA AGA SGA1
Gestational Age (weeks)
37+0 — 38+6| 25029/87017 | 1308/4748 1081/4135 0.94 0.86 (0.80- 0.92 (0.84-
(28.8%) (27.6%) (26.1%) (0.88- 0'93}; ' 1.02)
1.00% '
39+0 — 40+6| 49175/87017 | 2660/4748 2353/4135 0.98 1.02 (0.96- 1.04 (0.96-
(56.5%) (56.0%) (56.9%) (0.92- 1'09) ' 1.14)
1.04) '
>41 | 12813/87017 | 780/4748 701/4135 1.15 1.20 (1.10- 1.04 (0.93-
(14.7%) (16.4%) (17.0%) (1.06- 1'30)c : 1.16)
1.24Y '
IOL 22770/68698 1240/3964 1202/3509 0.95 1.09 (1.01 1.15 (1.04-
(33.2%) (31.3%) (34.3%) (0.89 — _'1 17?‘ 1.26Y
1.02) ]
Method of Birth
46679/86990 | 2672/4745 2214/4134 1.04 0.92 (0.87- 0.89 (0.82-
(53.7%) (56.3%) (53.6%) (0.98- o'9s)b ' 0.96Y
SVD 1.09) '
11484/86990 | 725/4745 657/4134 1.19 1.25 (1.15- 1.05 (0.94-
(13.2%) (15.3%) (15.9%) (1.10- 1'36}; ' 1.18)
Instrumental 1.29¥ ]
17642/86990 | 717/4745 527/4134 0.75 0.57 (0.52- 0.81 (0.72-
(20.3%) (15.1%) (12.8%) (0.70- 0'62}; ' 0.91f
Elective Cesarean 0.81f '
11184/86990 | 631/4745 736/4134 1.04 1.47 (1.36- 1.42 (1.27-
Emergency (12.9%) (13.3%) (17.8%) (0.95- 1.60f ‘ 1.59¥
Cesarean 1.13) '
3657/86990 336/4745 450/4134 1.74 2.78 (2.51 1.60 (1.38
Emergency (4.2%) (7.1%) (10.9%) (1.55- _é 09f ‘ — 1.86§
Cesarean — NRFS 1.95¥ '
7527/86990 295/4745 286/4134 0.70 0.78 (0.70- 1.12 (0.95-
Emergency (8.7%) (6.2%) (6.9%) (0.62- 0.88)° ‘ 1.33)
Cesarean - Other 0.79¥ ]

518

519 Data is presented as n (%8)jnivariate Odds Ratio (95% Confidence Intervibrvalue <
520 0.05;"p-value <0.01%-value <0.001

521

522 AGA: appropriate for gestational age (birthweight-B0" centile);10L: Induction of Labor;
523 NRFS non-reassuring fetal statuSGA: small for gestational age (birthweight £16entile
524 for gestational age)SGAL: birthweight §' - <10" centiles for gestational ag&GA2:

525 birthweight <5 centile for gestational agéyD: spontaneous vaginal delivery.

526

527
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Table 3: Neonatal outcomes

23

Neonatal AGA =CA. 12088y SGA1 SGA2 SGA2
eonata s SGAl, SGAZ, (YS' (YS' \éS.
Outcome n=87017 n=4748 n=4135 AGA AGA SGA1
g/szteak“sc)’”a' Age | 39 (38-40) 39 (38-40) | 39(38-40)| NA NA NA
Birth Weight (g) gggg)(szlo gg;g)(zno gggg)(zmo NA NA NA
Apgar Score<3 142/86865 16/4734 19/4124 1.93 (1.12- | 2.22 (1.29- | 1.24 (0.60-
@ 5 min (0.2%) (0.3%) (0.5%) 3.33} 3.81) 2.57)
Respiratory 6301/87017 | 345/4748 | 405/4135 | 1.04(0.93- | 1.41 (1.26 -| 1.32 (1.12-
Distress (7.2%) (7.3%) (9.8%) 1.17) 1.58f 1.54)
Perinatal Death | 94/87017 15/4748 20/4135 2.62 (1.45- | 3.91 (2.27- | 1.46 (0.69-
(0.1%) (0.3%) (0.5%) 4.72f 6.73f 3.09)
Neonatal Death | 19/86942 5/4738 6/4121 4.34 (1.46- | 5.70 (2.03- | 1.22 (0.32-
(0.02%) (0.1%) (0.2%) 12.95§ 16.01§ 4.63)
stillbirth 75/87017 10/4748 14/4135 2.22 (1.10- | 3.45 (1.82 -| 1.56 (0.64-
(0.1%) (0.2%) (0.3%) 449} 6.53)f 3.80)
Acidosis 2442/87017 | 225/4748 | 257/4135 | 1.48 (1.28- | 1.80 (1.56- | 1.21 (0.99-
(2.8%) (4.7%) (6.2%) 1.72f 2.07f 1.47)
NICU 3740/87017 | 285/4748 | 562/4135 | 1.41 (1.24- | 3.25 (2.94- | 2.22 (1.90-
(4.3%) (6.0%) (13.6%) 1.61¥ 3.61f 2.60¥
SCNM 9660/87017 | 650/4748 | 933/4135 | 1.25(1.15- | 2.20 (2.03 -| 1.71 (1.52-
(11.1%) (13.7%) (22.6%) 1.37f 2.39¥ 1.92f

Data is presented as n (%) or Median (InterquaRiége);“Adjusted Odds Ratio (95%
Confidence Intervals) Adjusted for sex, maternal age and BMI, ethnicggrity, smoking
status and mode of birtfp-value < 0.05%p-value <0.01%p-value <0.001

AGA: appropriate for gestational age (birthweight™B@" centile); SGA: small for
gestational age (birthweight <i@entile for gestational age$GAL: birthweight &' - <10"
centiles for gestational ag&§GA2: birthweight <%' centile for gestational agéyllCU:
Neonatal Intensive Care UnCNM: Serious Composite Neonatal Morbidity
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542 Table 4: Neonatal Morbidity Stratified by Gestational Age

Gestational Age 37+0 — 38 | Gestational Age 39+0 — 40 Gestational Age >41 Weeks

Neonatal +6 Weeks +6 Weeks
Outcome | SGAL [ SGA2 | SGA2 | SGAl |[SGA2 |SGA2 |SGAL | SGA2 | SGA2
VS. VS. VS. VS. VS. VS. VS. VS. VS.
AGAY | AGAY | SGA1Y | AGA? | AGAY | SGAI" | AGAY | AGAY | SGAL®
Apgar Score 2.77 5.57 1.92 1.95 1.42 0.83 0.58
<@ 5 min (1.21- | (2.65- | (0.71- | (0.88- | (0.57- | (0.26- | (0.08- | NA NA

6.34F | 11.70f |5.20) |4.31) |3.55) |259) |4.41)
092 |161 1.73 1.12 135 |1.17 1.08 | 1.23 1.17
(0.75- | (1.32- | (1.32- |(0.94- | (1.15- | (0.94- | (0.83- | (0.95- | (0.80-

Respiratory

Distress 1.13) |1.96f |228F |1.32) |1.59f |1.47) |1.42) |161) |1.70)

Perinatal 2.61 5.50 1.91 3.39 3.16 |0.90 2.56

Death (1.00- | (2.33- | (0.60- | (1.58- | (1.45- | (0.33- |NA (0.52- | NA
6.84) | 12.98f |6.07) 7.27f | 6.88f | 2.46) 12.66)
2.67 5.94 2.08 7.69 219 |0.26 12.97

Neonatal

Death (0.33- | (1.20- | (0.18- | (1.93- | (0.31- | (0.03- |NA (1.53- | NA
21.86) | 29.34F | 24.41) |30.58f | 15.54) | 2.29) 109.80§
258 |5.40 1.88 2.56 3.40 1.36

Stillbirth (0.87- | (1.96- | (0.49- | (1.00- | (1.46- | (0.42- |NA NA NA

7.65) | 14.83} | 7.16) 6.58) 7.94f | 4.40)
1.61 2.50 1.46 1.41 1.71 1.23 155 | 1.57 1.04

Acidosis (1.14- | (1.81- | (0.94- | (1.15- | (1.41- |(0.94- | (1.18- | (1.19- | (0.72-
226 |3.45f |226) |1.72f |2.08f |1.62) |2.03f |2.06f |1.51)
155 |[5.13 3.20 1.32 282 |208 1.30 | 1.87 1.44

NICU (1.26- | (4.35- | (2.48- | (1.08- | (2.41- | (1.62- | (0.97- | (1.43- | (0.98-
1.91f |6.04f |4.13f |1.61f |3.30f |2.66f |1.75) |2.43f |2.11)
129 |[3.32 2.48 1.21 1.92 1.54 1.26 | 1.58 1.28

SCNM (1.10- | (2.87- | (2.02- | (1.06- | (1.71- | (1.30- | (1.03- | (1.30- | (0.97-
1.51f |3.85f |3.04f |1.38 |2.16f |1.83f |[1.55F |1.92f |1.70)

543

544 Data is presented dadjusted Odds Ratio (95% Confidence Interval) - ustigd for: sex,
545 maternal age and BMI, ethnicity, parity, smokingtss, and mode of birtfp-value < 0.05;
546 “p-value <0.01%-value <0.001

547

548 AGA: appropriate for gestational age (birthweight™BD" centile); NA, not applicable;
549 NICU: neonatal intensive care un8GA: small for gestational age (birthweight £16entile
550 for gestational age)SGAL: birthweight &' - <10" centiles for gender and gestational age;
551 SGA2: birthweight <8' centile for gestational ag®yICU: Neonatal Intensive Care Unit;
552 SCNM: Serious Composite Neonatal Morbidity

553
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554  Figure 1: Participant flow diagram
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