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ABSTRACIT

Background

Sleep disorderedbreathing(SDB) islinked toadverse pregnancy outcomes. Howelitle is
known about'the association ®DB with timing of delivery. We examined tlassociatiorof
snoring frequency, a keyDB marker, and snoringitensity, a correlate of SDB severitwith
time-to-deliveryamong acohort of pregnant women.

Methods

In this prospective cohort study, 1,48%&d trimester pregnant womevererecruited fronthe
University of Michiganprenatal clinicswWomencompleted a questionnaire about their s|esyl
demographic and pregnancy information was abstracted from medical éffi@texclusion of
those withshypertension or diabetes, 954 womere classifiedinto two groups by their
snoring-onsetitiming, chronic or pregnancy-onset. Within each of these graupsnwere
divided inte.four groups based on their snoring frequency and intensity: non-snorers, infrequent-
quiet, frequent-quiet, or frequent-loud snorers. Cox proportional hazard regression nevdels w
used to investigate the association betweenmsgdrequency and intensity atiche-to-delivery,
adjusting for maternal characteristics.

Results

Chronic snering was reported by half of the pregmaomen and of those/% were fequent-
loud snorersDeliveries before 38 weeks’ gestation are completadirred among 25%f
women with chronic, frequent-loud snoring. Compared withpregnancy non-snorersomen
with chronic frequent-loud snoring had increased hazardtio for delivery;[adjusted
HR=160, (95%CI 1.04, 2.49].

Conclusions

Snoring frequency and intensigyassociated with tim-deliveryin women absent of
hypertension or diabetes. Frequent-loud snoring may dalieicalutility to identify otherwise

low-risk women who are likely to deliver earlier.
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Introduction

Preterm deliverie@TD), beforethe completion 087 weeks’ gestatiomepreseni1% of total
US births “andaremajor contributors to infant morbidignd mortality” * Multiple risk factors
have beetinkedto earlier deliveries, includingfections, chroniamaternal conditions, obstetric
complications, behavioral and socio-demographic falto&eep disturbances haaksobeen
related toadverseirth outcomes:® In particular frequent snoringthe hallmark symptorof
seepdisordered teathing (SDBxndits severe form-obstructive sleep apnea (OSAhave
been independentlssociated witseveral keyadverse pgnancyoutcomeshypertensive
disorders 6fpregnancgestational diabetes, cesarean secaodsmall newborn siz&**
However,inconsistent datantheassociation o6§DB and PTDor mean gestational age at

14,15
€

deliverysuggest positiv or no associatiotf*® Similary, mixed findingshave been

reportedwith objectivdy measuredSA ™ ?°Diverseexposure and outcome definitigsample
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size and controbf known confounders, i.e., hypertension and diabékety drive the
inconsistenes

Snoring stypically defined by its frequencgnd fewstudiesconsider intensityln nonpregnant
populationssnoring intensitynasbeen correlated wit®SA severity measured with an

overnight pelysomnography, in a dossponse mannét? Little consideration has been given

to snoring intensity in pregnandyurthermoredespite the inherent temporal property of
gestationalage at delivery, prior studies have rarely frataleriesas timeto-event

outcomes& Ifrlight of a growing body of research on key developmental processes that occur

between 37 and 39 completegeks’ gestatiof™ 2°

the American College of Obstetriciaasd
Gynecologist§ACOG) has redefineflll-term as39-40 completedveeks’gestation and
deliveries ‘aB7:38 completetveeks’ gestatioare consideredarly-term?’ Using timeto-event
approach, rather than a dichotomy of full term vs. preterm, provides speekic riskof

delivery along the gestational age continuarnalinically usefuinformation with important
implications.We therefore examined the associatetween snang frequency and intensity
andtime-to=delivery in a larggrospectivecohort of pregnant women without hypertension or
diabeteskey pregnancy comorbidities, linked to SDB. We hypothesized that snoring intensity

will be positivelyassociated witlearlierdeliveries

Methods

Study population

This secondary, analysis utilized prospective data of pregnant women recruited between March
2008 and Deeember 2010 frgarenatal clinicsithin the University of Michigana large
tertiarymedical centet? Inclusion criteria werenaternalbage>18 years old, gestational wee8

and a singleton_pregnancy. Of the women approached, 84% consented and enrolled into the
study.To control for pregnancy comorbidities that confound the associatiBDBfandtime to
delivery, we restricted thistudy to women without a diagnosis of hypertension or diabEbes.
following exelusion criteria were used: fije-pregnancy hypertension hypertensive disorders

of pregnaney;,and Brepregnancydiabetesor gestationatliabetedseeFigure 1]. Women

reported their snoringharacteristicand demographic data via questionnaiez (selow)

Maternal and pregnan@utcomesvere abstracted from their medical charts. All women
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provided writteninformed consent. Th&tudy obtained approval from the University of
MichiganInstitutional Review Board.

Gestational age aelivery

Gestational.age aelivery, based onhird trimestetbestobstetricestimatewasabstracted from
medical chartandanalyzed as ame-to-event outcomeDeliveries were classified as vaginal,
planned’'cesarean secti@memergency cesarean section. Electiesarean section deliveries
were censored'if a woman haddergone a previous abdominal surgery, a strong predictor of a
repeatsurgical delivery. \@men werdollowed from time of enrollmenuntil they delivered or

werecensoreds

Snoring bharacteristics

Data on snoring frequency and intensity weskectedvia questionnaireluring the third
trimester, avy the third trimester, snoringas been developed aprevalent among at least a
fifth of pregnant womef® Specifically, women were asked about the frequency of snoring: 1)
almost dalily, 34 times per week,-2 times per week,-2 times per month, or never; and 2)
snoring Intensity: very quiet, quiet, moderate or variable, loud or very Ruiat. studies have
demonstrated that the timing of frequent snoring has a differential impact emaitand fetal
outcomes, with chronic snoring driving the relationship with fetal growth restrctiThus,
women were also asked about timeing of their snoring onsein relation to the pregnangcy
whether chronic (began before pregnancy) or pregnancy-onset. Information about timing of
snoring wasised to create two strata for chrqmpeepregnancy and pregnanoyiset snorers.
Within each strata and basedtbrir prepregnancy snoring profile, women were classified into

the four study groupd) Nonsnorers, 2) Infrequent-quiet snorers, 3) Frequent-quiet snorers, and

4) Frequent-loud snoreronsnorers in the pre-pregnancy stratum (n=473) fuether
classfied into.the four study groups according to their pregnancy snoring $&afoisorting
figure 1). Two'women that reported infrequent-loud snoring were included as frequent-loud
snoring, as‘their baseline characteristics were similar to women in thjs $vomen with

missing snoring information were excluded from the analydi% of the total sample).

Covariates

This article is protected by copyright. All rights reserved
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We used a directed acyclic graph to guide covariate selaottbe adjustedox regression
models(Supportingfigure 2). Baseline body mass index (BMl/continuous) recorded during the
initial prenatal visit in the first trimestevas obtained from medical cheuaternal race,
education, parity, smoking (yes/no) and mode of delivery (vaginal, planned or emergency
cesarean seection) were abstracted from medical dradtgcluded in the adjusted cox
regression.models

Statisticalanalyses

Descriptive statistics, cfiquare, and linear regression tests were used to compare the
distributions afisocio-demographic, maternal, pregnancy, and delivery characteristics among
women classified by their snoring frequency and intensity and by the timing of their snoring
onset Wethen examined the associations of snoring frequency and intensity among women in
groupsin thechronic or pregnanegnsetstrata

We investigated the association of snoring frequency and intevilityime-to-delivery among

a cohort ofspregnant women, free of hypertensive disorders and diabetes, commonsdisorder
knownto be associateobthwith SDBand earlier deliveriesThis approach allowthe

investigation of snoring influenaen timing of deliveriesin an otherwise healthyregnant
womenwithout the presence tiiesekey confounding variables. Women witlseheduled
cesarean delivery due to a pradydominal surgery were excluded as they did not follow a
natural timeto-deliveryprocess. We also censomedmenwho delivered aftethe completion of
42 weeks’ gestatioas postermdeliveries are associated with negativaternal, fetal and
neonatal conséquenc@KaplanMeier method wereapplied to estimate the cumulative
delivery rate along the third trimest@mag pregnant women classified by snoring frequency
and intensity and timing of snoring onset. The probability of delivery prior to 37 completed
weeks’ gestation wasstimated in women with chronic frequent-loud snoring and non-snores.
We used théog-rankchi-square test to compare the KapMaier survival curves along the

third trimester of women in each grodm evaluate the association of titeedelivery and

sroring frequency and intensity, viited two Cox proportional bzardregression models among
pregnant women with chronic or pregnancy-onset snoring, respectively. In these models we
controlledfor pregnancy characteristicbhe Cox regression analyses produce hazard ratio that
represents the relative likelihood of delivaidpng the gestational age for women in each snoring
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stratum compared with nesnorers and those who did not deliver at that tileanalyses were
conducedwith SAS 94 (Cary, NC).

Results

A total of 1,483 pregnant womdretweer28 to 40 weeks’ gestatiamererecruited from prenatal
clinics. Afterexclusion ofeight women whavere lost to followup (delivered elsewherand

521 women'with either hypertensive disorders of pregnahaletesor both, theesulting

cohort compriseof 954 norrthypertensive and non-diabetic pregnant women [Figure 1].

Chronic snering

In the cohort of 946 pregnant womiernthe prepregnancy stratum, half were nenerers, while
41% and 5% were chronic, infrequent-quiet or frequemét snorers, respectively. Of thé3
women wit_chronic snoring, 7% were frequent-lagrbrers. Similar distributions of maternal
age, racand parity were observed across snoring frequency and intensity groups [Table 1].
However, attained education, smoking, mean gestational age at delivery, mean Baékline
and mode of ‘delivery were associated with snoring frequency and intdradite 1.

Figure 2 represents the Kapidteier plot of the cumulative delivery incidence among the four
groups ofspregnant women in the chronic snostigtum Forthesewomen, here were no
differences amonthe median gestationaleek at delivery39.7, 39.939.7 and 39.6 weeks for
non-snorers, infrequent-quiet, frequent-quiet and freqedksnorers, respectively. However,
the first quartile, (25%) gestational week at delivery was 38.7, 38.9, 38.7 and 38.1 weeks for non-
snorers, infrequerquiet, frequent-quiet and frequent-loud pregnant snorers. The Kisialem-
curves of infrequent-quiet, frequeniret frequent-lougand norsnorers were different
(p<0.05). We estimated the positive predictive value for chronic, frequent loud saoddis
non-snorersiheprobability of preterm delivery (<37 weeks gestation) was 24% among
frequent-loud snorers vs. 10% in non-snorkrsnultivariableCox proportional hazard
regression.models for chronic snorers, snoring frequency and intensity, materasibeduc
parity, smokingand baselineBMI were associated with timéo-delivery, but race was not
[Table 2]. Compared with non-snorers, the hazard ratio for delivery, adjusted formmggna

characteristics, was increased among fregleertt snorers [HR=1.60, (95% CI 1.04, 2.45)], but
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not for infrequent-quiet snorers [HR=0.88, (95% CI 0.76, 1.02)] or frequeat-snores
[HR=0.96, (95% CI 0.68, 1.37)].

Pregnancyensetsnoring

Pregnancy_.snoringas experiencedy 28% of the women (n=138&hd was mostly developed
during the second trimester. Among these snorers, the majority were infrequetr§4%),

more than‘a‘quarter were frequent-quiet, avtdwere frequentoud snorers [Table 1 here
were no associations between maternal and pregnancy charactendsosring frequency and
intensity [Table1].

The KaplanMeier survival curves were similar acrggggnancyenset snorerand non-snorers
(p=0.9. The'median gestational week at delivery 8@& for non-snorers or infrequent-quiet
snorers, 39.9 for frequent-quiet snorers, and 39.3 for women with frequent-loud snoring. A
guarter of women, in all study groups, delivered beforedsfpleted weeks’ gestati¢Rigure

3.

In multivariableiCox proportionahazard regression modéts pregnancy-onsetnorerssnoring
frequency anddintensityas not associated with tinte-delivery. Adjusted for pregnancy
characteristics, the hazard ratior delvery were similaramong all snorers compared with non-
snoresjnfrequenteguiet snorerfHR=1.29, (95% CI 0.99, 1.6}, frequent-quet snores
[HR=1.41, (95% CI 0.97, 2.04)]; and frequent-loud snorers [HR=1.59, (95% CI 0.7}, 3.51

Comment

Principalfindings

In this large cohort ohon-hypertensive and non-diabetic pregnant wowerhave shown that
chronic, frequenteud snoring is associated with increased hazard for earlier deliveviesen
with infrequentguiet or frequent-quiet snoringad asimilar delivery hazarésnon-snorers.

Notably, a fifth.of chronic, frequent-loud snorem@bsenbf key pregnancy cuorbidities-

delivered before the completion of 37 weeks’ gestation compared with a tenth of the nos-snore

The finding'that chronic, but not pregnancy-onset, snasiggsociated wittime-to-delivery in
women without key comorbidities, emphasize the importance of screening not only for
frequency of snoring but also its intensayd chronicityin otherwise healthy women.
Strengthf the study
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One of the major strengths of this work is the ability to determine the association of maternal
snoring on timao-delivery by exclusion of women with hypertensive disorders of pregnancy
and gestational diabetes, as these have been independently associated with both Si&rand ea
deliveries'? **The large sample size of this cohortyaded sufficient power to exclude women
with these relatively common pregnancy conditions. Our findings suggest that even among
women without these key co-morbidities, chronic frequent-loud snoring still posstsa r
earlier deliveries.

Another strength of this study is oaniginal approaclthat analyzes deliveries as a titoeevent
outcome with survival analysis, rather than previously used statistical metleadsear or
logistic regressions. Despite the inherent property of time in pregaawcgelivery events,
time-to-event analysis has been rarely used in this cofit&trlier deliveries are often
associated with.neonatal morbidity and mortality corresponding to the gestatemiahtv
delivery. In this analysis, the outcome of interest, delivery events, are obseiwegl ain
women in the third trimester, with two purposes: 1) estimating the probability that a woman will
deliver (orsnot)iby a given gestational week, and 2) comparingttrdelivery among study
groups. With'the Kaplan-Meier analysis, we estimated the probability of delivery during or
before both,the pterm and eariterm gestational age range, which demonstrated a higher
frequency-of delivery prior to both 37 and 39 completed weeks’ gestation among chronic,
frequent-loud snoring women compared with controls.

Limitations,of thedata

This study«is™net vthout limitations. Recruitment giregnantvomenduring the third trimester
prevented inelusion of women who have already deliverecnalyses of deliveries befotiee
completion of 28 weeks’ gestation. Nonetheless, less than 1% of deliveries in tlcelw$rior

to 28 completedveeks’ gestationthus we believe that the distribution of gestational ages at
delivery in.our.study is representative of preterm deliveries. Anothert@dtémitation is

related to the selfeporting of snoring characteristics that may introduce information bias.
Howe\er, there are several advantages to using subjective snoring meiastinissstudy: 1)
selfreported snoring frequency was strongly and reliably associated with a diagroSia of
obtained by an in-laboratory polysomnography (PEG¥:2) symptoms can predict outcomes
when objective measures fail to dg®3@nd 3) symptonased screening is common practice in
clinical settings and larggcale investigations as collemti of objective data through sleep
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studiess not logistically nor financially feasiblén addition, to date, there are no validated
screening tools for sleegisordered breathing in pregnantjost SDB scales emphasize weight,
which in pregnancy will be necessarily high, while several scales rely on hypertsiasiisse

which we restricted for in the current study, or gender, irrelevant to a study of pregmaen.
Whether the.presence of hypertension or diabetes confounds or mediates thar§DB-
deliveries association is still unclebtowever, aour data did not support indirect pathways
betweersnoring and earlier deliveriethrough hypertensive disorders of pregnancy and
gestational diagtes we considered those pregnancy disorders as confourkdeadly, small
subgroup$izein the pregnancy-onset snoring stratum may have limited our ability to detect
significantresults. Howevethe sizeof the effect estimates in this stratum suggest possible
associations between snoring characteristics and timing of delive@fyrther examine these
associations, we conducted sensitivity analya#sin larger groups in the pregnancy-onset
stratum. Speifically, we collapsed women with pregnancy-onset snoring into three groups by
thefrequeney or intensity of their snoring and ratwo separate regression mod®\& first

grouped woemen by snoring intensity - non-snorers, quiet snores, loud saackbder by

snoring frequency - non-snorers, infrequent snores, and frequent sResrits from the first
analysis suggestl an increased HR for women in the quiet group (frequent + infrequent snorers)
compared-with controls (HR=1.32, 95% CI 1.05, 1.&hilarly, the second analysis produced
anincreaseR for women in the frequent (quiet + loud) group compared with controls
(HR=1.44,95% CI 1.02, 2.02). These sensitivity analgssesciated both snoring characteristics
—frequencyand intensity with timing of delivery and supports additionatger studies.
Interpretation

The role of SDB in timing of delivery has been investigated in several studiremixid

findings, likely driven by study design heterogeneity, e.g. SDB and PTD definitions (snoring vs.
objective measures and thresholds of earlier deliveries), sample size, control for third variables,
and statistical. approaches. Frequent snoring has been inconsistently linked torfddn or
gestational.agé at delivert/:*® *8In non-pregnant populations, snoring intensity, defined as loud
or as disruptive to others, has been shown to characterize the severity of disetasieat loud
snoring correlates to objective measures of OSA sevéfity** ® Surprisingly, snoring intensity
has been rarely measured in pregnancy. In a descriptive study of sleep disturbarsggsamcyr
among 195 Chinese women, an increased prevalence of mosievate-snoring intensity has
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been observed in women with a BN compared with those with lower BMIs.*® A US-based
cohort study with 1,153 pregnant women found similar PTD rates among women with loud
snoring, oftersnoring, and nosnorers.” However, neither of these studies has considered the
timing of the snoring, which we have previously shown to be important in the association with

pregnancy_outcomée$.?? Furthermore, although snoring intensity per se was not measured, self-

report of witnessed apnea or gasping as a marker of more severe SDB has been associated with

approximately*2-fold PTD odd$.These data suggest that both frequency and intensity of
snoring should"be considered together when investigating associations of snoring and poor
pregnancy outcomes.

In adjusted:meodels, baseline maternal BMI was assatwaith longer time to delivery

suggestingtthat as maternal BMI increases, the likelihood of early delivery decreases. This result

is in contrast tojthe reported link of preterm birth and excessive maternal4vbigtrnay be
explained by the absence of hypertensive and diabetic women. Therefore, the obaséwome
this cohortmay be “metabolically healthy obese” and their weight would not iediesis risk

for earlier delivery.

Potentialmechanisms that link maternal sleep to adverse delivery outcomes may include
inflammatery cascades and placental dysfunction. Inflammation, oxidatigs,stred endothelial
dysfunctionare all implicated not only in SDB but also in adverse pregnancyrasto®®
Disturbed sleep during early pregnancyueh as occurs in chronic snoreigely contributes to
an increased inflammatory response that could disrupt the normal remodelingofahiblood
vessels thatperfuse the placefitBlacental insufficiency due to uteroplacental hypoperfusion -

could theneeett® leading to a higher risk of earlier delivéry.

Conclusions

Women with chronic frequent-loud snoring, absent of key comorbidities dmvereased
hazard forearlier deliveriesThese findings illustrate that snoring frequency and interssity
associateavith timing of deliveryin women withouhypertension or diabetes. Frequent-loud

snoringmay be"a usefub identify otherwise lowisk women who are likely to deliver earlier.
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Figure 1: Flow.Chart of Participants in the Sleep Pregnancy Cohort: 2008-2010

Figure 2: Kaplarveier survival curveschronic sleepdisordered breathing and tire

delivery in a cohort of women without diabetes or hypertension classified by snoring figquenc
and intensity
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Figure 3 KaplanMeier survival curvesoregnancy-onset sleepdisordered breathing and time-
to-delivery in a cohort of women without diabetes or hypertension classified by snoring
frequency and intensity.

Supprting Figure 1: Classification of women to study groups by snoring characteristics
Supporting.kigure Directed acyclic graph representing potential confounders for snoring
characteristics@and tirrie-delivery
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Table 1: Demographic Characteristics of pregnant Women with Chronic and pregnancy-onset Snoring by its Frequency and Intensity

Chronic Snoring n (%) Pregnancy-Onset Snoring n (%) *
Quiet Infrequent Quiet Frequent Loud Frequent Non- Quiet Infrequent Quiet Frequent Loud Frequent
Characteristics Snorers Snorers Snorers|  Snorers Snorers Snorers Snorers
Sample Size N (%) 390 (41) 50 (5) 33(4)| 338(72) 87 (18) 38 (8) 10 (2)
Mean Maternal Age{SD) 30 (6) 29 (6) 31 (7) 30 (6) 29 (6) 31 (5) 31 (4)
Race/Ethnicity
White Non-HiSpanic 288 (74) 36 (72) 25 (76)| 239 (71) 64 (74) 31 (82) 5 (50)
Black Non-Hispanic 57(19) 9 (18) 6(18)| 35 (10) 10 (11) 2 (5) 3 (30)
Asian 27(7) 1(2) 13)| 3610 6(7) 4(10) 1(10)
Hispanic 18 (5) 4(8) 13)| 28 () 7(8) 1(3) 1(10)
Education
Less than High School 26 (7) 14 (29) 5 (15) 27 (8) 11 (13) 1(3) 2 (20)
High school 76 (20) 13 (27) 10 (30)| 51 (15) 15 (18) 5 (14) 2 (20)
Some college 79 (21) 11 (22) 7 (21) 64 (19) 17 (20) 10 (28) 2 (20)
Bachelor’s degree or higher 204 (53) 11 (22) 11 (33)| 190 (57) 42 (49) 20 (56) 4 (40)
Nulliparous 171 (56) 12 (24) 15 (47)| 152 (45) 32 (37) 18 (47) 2 (20)
Mean BMI (Pre-pregnancy) 26 (6) 28 (8) 31(10)| 23 (4) 23 (4) 24 (4) 25 (4)
Smokers 42 (h 12 (24) 10 (30) 26 (8) 12 (14) 4 (11) 1 (10)
Mean Gestational Age at Delivery (SD) 0@ 39 (2) 38 (3) 39 (2) 39 (2) 39 (2) 39 (2)
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Mode of Delivery

Vaginal

Planned cesarean Section

Emergency‘cesarean Section

265 (69)
56 (15)
65 (17)

34 (68)
12 (24)

4 (8) 5 (16)

16 (50)
11 (34)

238 (71) 59 (69) 25 (66) 6 (60)
49 (14) 15 (17) 6 (16) 3 (30)
50 (15) 12 (14) 7 (18) 1 (10)

*Pregnancy-onset snoring group is a subset of the chronic snoring group (non-snorers, n=473). Snoring data were available for 946 women (1% missing).

Table 2: Hazard Ratios of chronic snoring frequency and intensity andctidetivery

among a cohort of pregnant women without diabetes or hypertension

Maternal ‘and_Pregnancy

Characteristics

Model 1: Unadjusted
Hazard Ratio (95% ClI

Model 2: Adjusted
Hazard Ratio (95% CI)

Snoring Frequency Intensity
Non Snarers
Infrequent Quiet Snorers
Frequent.Quiet Snorers
Loud Frequent Snorers
Race/Ethnicity
White Non-Hispanic

Black"Nen-Hispanic

Asian

This article is protected by copyright. All rights reserved

1.00

0.81 (0.70, 0.94)
1.03 (0.75, 1.42)
1.30 (0.86, 1.97)

1.00
1.19 (0.97, 1.47)
1.23 (0.96, 1.57)

1.00
0.88 (0.76, 1.03)
0.96 (0.68, 1.37)
1.60 (1.04, 2.46)

1.00
1.06 (0.85, 1.33)
1.22 (0.94, 1.59)



Hispanic 1.01 (0.76, 1.34) 0.85 (0.63, 1.14)

Education
Less than High School 1.73 (1.35, 2.21) 1.66 (1.26, 2.20)
High school 1.19 (0.99, 1.44) 1.24 (1.01, 1.53)
Some college 1.14 (0.95, 1.37) 1.18 (0.97, 1.43)
Bachelor’ssdegree or higher 1.00 1.00
Parity
0 1.00 1.00
>1 1.30 (1.13, 1.49) 1.35 (1.17, 1.57)
Smoking
Yes 1.33 (1.07, 1.65) 1.21 (0.95, 1.53)
No 1.00 1.00
Baseline Pregnancy BMI 0.98 (0.97, 0.99) 0.97 (0.96, 0.99)

BMI=Body mass index; Cl=confidence interval; Model 1: unadjusted; Model 2:
adjusted for'maternal race/ethnicity, education, parity, smoking and baseline pregr
BMI,
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