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Abstract

Problem Perturbations in normal fetal growth dgipregnancy are associated with poor child

and adult health outcomes. Inflammation and oxidative stress are recognized &snimpor
mechanisms injpreeclampsia and preterm birth but have been examined less in relation to fetal
growth. We _hypothesized that maternal inflammation and oxidative stress in pregmamndyoes
associated,with reduced fetal growth and sought to identify windows of vulnerability.

Method of studyIn a secondary analysis of 482 women from the LIFECODES birth cohort
study,we'measurethflammation (CReactive Protein [CRRnd the cytokines ILf, IL-6, IL-

10, and-FNFa) and oxidative stress-{8oprostae and 8-hydroxydeoxyguanosine@aidG|)
biomarkers in plasma and urine, respectivatyfour time points during pregnandye
examined.associations between repeated measures of each marker and ultrasound (head and
abdominal’circumference, femur length, and a summary measure of estimated fetal weight) as

well as delivery (birth weight) metrics of growth

Resultsinsadjustedepeated measures models, an interquartile range (IQR) increase in CRP was
associated-with-a 0.12 standard deviation decrease in fetal weigbtez(95% confidence

interval, Cl==0:21, -0.02), which corresponds to approximately 50 grams at 40 weeks gestation.
The assoeiation was greatest in magnitude (i.e., most negative) with CRP measured later in
pregnancyOxidative stress markers waret associated with fetal weight, although both were

inversely associated with head circumferencefanuir length.

This article is protected by copyright. All rights reserved



60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90

Conclusionsinflammation and oxidative stress markers measured later in pregnancy were

associated with reduced fetal growth as measuredgsated ultrasound scans.

Keywords: biomarkers, circulation, cytokin@srauterine growth restrictigirth weight,

inflammationgisoprostane

1 INTRODUCTION

Intrauterinegrowth restriction is a serious complication of pregnancy that is a major
predictor ofneonatal mortality and morbiditiéecreased weighior gestationahgeat birth,
which compriseshormal as well as pathologvariation is associated with consequences that last
into childhood and even adult lifé€.Known contributors to pathologic fetal growth restriction
include congenital anomaliesd extremenaternalietary restriction. However, numerous other
factors can. alter implantation and development of the placenta, hormone traniséefetus, and
supply and-demand of nutrients that can adversely affect growth.

Maternal infectiorwith diseasslike malarig which is characterized by activation of
inflammatien and oxidative stress pathways, is strongly assoeiétetetal growth restrictiofd.
Howeverithe impact of elevated but subclinical levels of inflaation and oxidative stress is
less well known. Data from animal and cellular models suggest that inflaomand oxidative
stressearly.in pregnancy can interfere with normal placentation, namely by inducing apoptosis of
the syncytioetrophoblast and impiaig invasion of the spiral arteriol@Studies in humans,
however arelimited by the availability obiomarkemeasurements from single time points
during gestation or the use of birth weight alone as a proxy for gfoWth.

In this study we sought to address whether maternal inflammation and oxidatige stres
biomarker.concentrations measured longitudinally across pregnancy were associated with
repeated ultrasouras well as delivery measures of fetal grov&tditionally, we examined
whether associations between biomarkers and growth differed depending on when they were
measured during pregnancy, what parameter was used to assess growth (e.g., weight or head

circumferencg and sex ofhe fetus.

2 MATERIALS AND METHODS
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2.1 Study Population

LIFECODES is an ongoing prospective birth cohort conducted at Brigham and Women'’s
Hospital(BWH) in Boston, MA. Women are recruited early in gestation (prior to 15 weeks) and
provide repeated bioldgal specimens atp to four study visits. &ruitment has been ongoing
since 2006ker. the present analysis, we included women who were part of a nestedctiek
study of preterm birtthat was originally designed to assess the relationship betwteigib
exposure andprematurity in pregnarayd to investigate longitudinhlomarkers of oxidative
stress and‘inflammation that were hypothesized to mediate that assOttidns study
comprised all cases of preterm birth (defined as delivery prior to 37 weeksayesiati3() as
well as 3:Lrandomly selected contrgis=352) who delivered between 2006 and 2b0&he
present seeondapnalysideveragedhis existing datawhich, to our knowledgere rot
available in any.other epidemiologic stutly jnvestigate the relationship between inflammation
and oxidative stress biomarkers in pregnancy and fetal growth. Unadjusted analysisheit
casecontrol population would bias effect estimates, sincenbitters are elevated in cases of
preterm birthrand babies born preterm are smaller and in many cases iggsiwtied. Thus, we
applied inverse probability weights to all analyses to account for thecoagel study desigh
This appreach effectively downweights associations observed between biomarke®saghd gr
parameters’in cases of preteigrproportion at which they would be observed in the base
LIFECODES populationife., 12%) and ensures thhetresults from thianalysisare

generalizable

2.2 Inflammation and Oxidative StresoBarkers

Urine and plasma samples were collected at enrollment (median 10 weeks), and at three
subsequent visits (median 18, 26, and 35 weeks). In urine, we measured two biomarkers of
oxidative stress, in each sampietal 8-isoprostane, an indicator of lipid perdation; andd-
hydroxydeoxyguanosine @HdG), an indicator of oxidative DNA damagdeor 8-isoprostane,
samplesunderwenin affinity purification stepConcentrations dfoth analytes were measured
using enzyme.immunoassay. All analyses were performed at Cayman Chemical (Ann Arbor, M
using methods described in detail elsewH2fko adjust for urine dilution, specific gravity was

measured by a handheld refi@oeter(Atago Co., Ltd., Tokyo, Japan).
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121 To assess inflammation, we measurece&ctive protein (CRP) using enzyme

122 immunoassay, and a panel of cytokiGgsg, IL-6, IL-10, and TNFe) using a Milliplex MAP

123 High Sensitivity Human Cytokine Magnetic Bead Panel (EMD Millipore Corpora8an,

124  CharlesMO). All i nflammation markers were measured in plasma by the Cancer Center

125 Immunology-Core (University of Michigan, Ann Arbor, Ml), with methods described elsewhere
126  as well*®

127 Oxidativestress and inflammation markengeasured in this sty population showed

128 good reliability'over the course of pregnariytraclass correlation coefficients ranging from

129 0.60 to 0.81 forinflammation markers and 0.32 and 0.60 @H8G and 8soprostane,

130 respectively):*° Thus, we utilized a last observation carried forward approach to impute

131 biomarker'measurememsissing from each time point as followiscross all four collection

132 times, 250 (13%) of ®HAG or 8isoprostane measures were missing, while 343 (17.8%) of

133 inflammation biomarkers were missing because samples were not provideddparad at

134 those respective visits. Most missing measures, 220 (88%) for oxidativeastce245 (71%) for

135 inflammatienywere imputable by levels measured at the previous visit. Miaéieg 30

136 missing oxidative stress measures and 88 missing inflammation measures were imputed using
137 measuressrom 2 or more visits prior to the index visit. This resulted in 250 oridass

138 biomarkerimputations: 61 (13%) at visit 2; 73 (15%) at visit 3; and 108 (22%) at visit 4.

139 Likewise, 333 inflammation measuremewsre imputed: 72 (15%) at visit 2; 93 (19%) at visit
140 3; and 103.(21%) at visit 4. Additionally, since no biomarker measurements wer@eaani

141 delivery, we"used the latest biomarker measure available (visit 3 or 4 for 95% of participants) to
142  representdvelsat that time point for analysis.

143 Distributions of allinflammation and oxidative stresgarkers were rightkewed and

144  natural log transformed for statistical analyses.

145
146 2.3Measure®ffetal Gowth
147 Gestational age for the LIFECODES study is assdsgdast menstrual period with

148  verification*by.crowrarump length (median 10 weeks) ultrasodhth addition to the gstational

149 dating ultrasound, a second trimester (median 18 weeks) morphology ultrasound is performed on
150 all patients aBWH to screen for congenital abnormalities. Information on head circumference,
151 abdominal circumference, and femur length is abstractedtfisnscan. For many patients,

This article is protected by copyright. All rights reserved



152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182

ultrasound scans are performed at additional tinnetgtater in pregnancy, eithdue to
obstetrical indications as determined by the providet the request of the patient. For this
study population we estimated growth using all ultrasound parameters measuri df8er
weekmorphologyscreeningultrasound, as that time point has been shown to have low
variability in-individual parameteiia this and other study populatioffs*

Thus, for the present analysis imeludedanthropometric ultrasound measurements that
were performed closest in time to study visits 3 and 4 (median 26 and 35 weeks gestation).
Measurementisicludedhead circumference, abdominal circumference, femur lengthwand
calculated aummary measure of estimated fetal weigging the formula of Hadloékfor 326
participants. Fwo ultrasound measurements were availablel8participants and the
remaining hadone measurement availableultrasound parametemwere converted to
gestationabgespecific zscores based on mean and standard deviation values obtained from
approximately 19,000 pregnancies at BWH between 2006-Z@Estimated fetalveight z-
scores were based on estimated fetal weight means and standard deviations from that study
populationsas*well. In addition to ultrasound parameters, we calculated birth wsigires
based on birthewweight means and standard deviationstfr@same reference population all

482 study-participants.

2.4 ModelSelection and Statisticalnalysis

All'analyses conducted in SAS version 9.4 (Cary, ND@mographic characteristics of
the study population were tabulated with weighted percentages. Linear mixed (hitids
were usedte.assess associations between repeated meakgéaosformedxidative stress
and inflammatiorbiomarkersand each scored measur@ fetal sizeusing SAS Proc Mixed.
These powerful models allow incorporation of multiple measures of exposurenfiagnmation
or oxidative stress biomarker) and outcome (i.e., growth measurement) availdhéesame
participant.Models for head circumference, abdominal circumference, and femur length
included zseores from ulasound measuremerasvisits 3 and 4. Models of weight combined
the estimated,fetal weightscores from visits 3 and 4 as welllagh weight zscore at delivery.
As examplesl) We examined CRP (measured at median 26 and 35 weeks gestation) in relation
to head circumferencescores (also measured at 26 and 35 weeks ge3tatiah2) We
examined CRP, measured at median 26 and 35 weeks gestation and imputed at delivery, in
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relation to estimated fetal weighiszores from 26 and 35 weeks gestation artt hieight z
score at delivery. All models included a random intercept for participant and ralupeics
gestational aget the time of measurement (i.e.uéitasound scaar delivery).

Sex gestational age at the timezemeasuremenandmaternal agandracéethnicity
were included,in modebs priori. Additional covariategxamined includedohysicianrecorded
maternal body.mass index (BMd} enrollmeni{examined both continuously and as a categorical
variable) education levelhealth insurance provider, atgbaccoor alcohol use during
pregnancy, parityse ofassisted reproductive technologyduse ofin vitro fertilization
specifically Covariates werancluded in final models if they improved model fit,assessed by
Akaike Infermation Criterionvalues and likelihood ratio tests. In additioratpriori covariates,
all final models were adjusted foraternaBMI at enrollment (<25 kg/f 25-30 kg/m, >30
kg/m?) and educatiotevel (high school or less, technical/some college, college graduate,
graduate school). Models okidative stres®iomarkersvereadditionally adjusted fourinary
specific gravity(time-varying).

In addition to these repeated measamalyses, wavanted to asess windows of
vulnerability tesoxidative stress and inflammation during gestation. To addressiésison we
examinedwassociations between biomarker concentratieaslaindividualisit in relation to
repeated.measures of weighdaresFinally, we also examined repeated measwues
biomarkers in relation to fetalzemeasures stratified Isexin order to investigate any sex
differences.in the associations observiatest for significance of interactions by sex, we
extracted pralues from mods that included interaction terms between sex and each covariate in

the modef*

3 RESULTS

Theoverall study population (N=482)as primarily White and wekducated (Table 1).
Slightly more than half of the babies were female (5334jerences irbirth weight zscoreshy
demographic€haracteristics in this study population have been previoushedépais
expectedbirth,weight zscores weréower in mothers whaelfidentified asBlack, had lower
BMI, had public health insurance providers, and who were nulliparous compared toaefere
Unexpectedly, ioth weight zscores weralsoslightly lowerin male compared to female fetuses
in this study population. Xddative stress and irdfimmation biomarkers showed moderate to high
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214  stability in repeated measures across pregnancy, and tended to be higher in ninathvezsew

215 Black, had higher BMI, and who had lower socioeconomic stat§s.

216 Adjusted LMMs showed that eaahflammation biomarkewasinversely associated with
217 fetal goowth, as indicated byepeated scoresof head circumference, abdominal circumference,
218 femur lengthsand weight; howevéew associations reached statistical significanc®Iera).

219 The most consistent associations, and the effect estimates thafresest in magnitudejere

220 between CR"andgrowth measurementsor example, aimterquartile rang€lQR) increase in

221 CRP was'associated with a 0.12 standard deviation dedneaséeht zscore (95% confidence

222 interval, CE-0.21, -0.02), which correspositba decrease 180 grams at 40 weeks gestation

223 (based on-mean birth weight at week 40 inBie¢H population)>® Additionally, IL-18 was

224 associated'with a 0.08 standard deviation decrease in head circumfesence (85% CI=0.17,

225 0.00).

226 To identify windows of vulnerability during pregnancy, we next examined mofdels

227 inflammatien biomarkers by visit in relation to repeated measunegight(i.e., estimated fetal

228 weight z-scores at visits 3 and 4 and birth weightare at delivery)-or CRP, we observed that
229 associations between levels measured at visits 1 and 2 in pregnancy were not associated with
230 weight; however, higher levels @RP measured at visits 3 and particularly at 4 were associated
231 with lowerweight(Figure 1; effect estimates presented in Table Biis suggests later

232 pregnancy as a potentially vulnerable window when higher levels of inflammation could have
233 greater ifluence on fetal growtlPatterns were similar but less predelL-13, and

234  associations for other cytokines were ntithlgle S).

235 We also investigated whether inflammation madssociations with fetal growth

236 differed by sex of the fetus by creatisigatified models. Asociations between CRP and weight
237 were similar in males and females (Figure 2; effect estimates preseiftgulenS2, but

238 associations-between-13 and weight werénverse formalesand null for femalegp for

239 interaction=0:10)Thelatter suggests that inflammation as indicated b§filmay be have a

240 stronger-effect on fetal growth in male compared to female fetuses.

241 In regard taoxidative stress biomarker8-OHdAG and Ssoprostane were both associated
242  with lower fetal growth, agmdicated by each anthropometric measurement; howineeeffect

243 estimates for associations with head circumference and femur length were greatest in magnitude

244  (i.e., most negativefable 3. An IQR increase in 8HAG concentration was associated with a
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245 0.20 standard deviation decreas@ead circumferencesore (95% CI=-0.37, -0.02For &

246 isoprostane, alQR increase was associated with a 0.13 standard deviation decrkaad in

247 circumference score(95% Cl=0.24, -0.02) as well as a 0.13 standandaten decrease in

248 femur length zscore (95% CI=0.24, -0.01).

249 When.we examined associations by studt to investigate windows of vulnerabilitg-
250 isoprostane levelseasuredt visit 3 were inversely associated witkightand 80OHdG levels

251 at visit ' were positively associated witleight(Figure 1; effect estimates in Table)S2

252 In modelsstratified by sex, associations were mostly null Figure 2; effect estimates
253 presented ifable S2. However, we observed that the inverse association betw@étu& and
254  weight was strenger in females compared to males (p for interaction=0.09).

255

256 4 DISCUSSION

257 Inflammationhas long been suspected to pdayimportantole in growth restriction and
258 preeclampsigalthough support is more consistent for the l&ftAnimal evidence alsstrongly
259 supports arcausative relationship between inflammation and redualegréevth The largest

260 study in humans to address this research question was within the Generatiorc&hloirthin

261 which CRR.levels were measured in the first trimester of pregdaimyeased levels were

262 associatedwith lowestimatedetal weight, measured by ultrasound in the third trimester, and
263  also with lower birth weight Other crosssectional studies have similarly observed inverse

264 associations between CRReasuredt various time points during pregnancy, and birth

265 weight®*?/Fwe,small studies (K200)with repeated measures of CRP did not analyze

266 associationssbffimester, but also observed inverse associations with birth Weit@ur studies
267 are somewhat consistent with these findings, although we observed null associdtid?RRv

268 measured,at10,weeks gestation, atfte most precise effect estimates with levels measured at
269 ~35 weeks.gestatioithese data suggest that inflammation later in pregramgdyether

270 consequence.or causenay be characteristic of decreased fetal growth as well.

271 Fewsstldies have examined cytokines in relation to birth weight or fetal gtd%ahd to
272 our knowledge,none has done so with repeated biomarkers or ultrasound measurements. Our
273 largely null findings for inflammatory cytokines suggest these markers may not be useful in the

274  study of fetal growth. This may be due to poor correlation between plasma cytokines and
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inflammation in the compartment of interest (e.g., placenta or)fetdditional workto examine
this question in more detail is warranted

Oxidative stress is ambalance between reactive oxygen speciesaatidxidant
capacity thatnay resulfrom or cause inflammation. While an elevation of oxidative stress in
early pregnancy relative tagpregnancy is normal, levels that are too high cotlerferewith
normal placentatior-ew studies in humans have investigated associations between prenatal
oxidative stress biomarkers afedal growth Studies measuringrOHdG levels in urine from
early''*?as'Wellas lafe* pregnancy have demonstrated assamiativith decreased birth
weight orincreased risk of small for gestational. &year findings are consistent with these data,
as we observed associations betwegreated measures % OHAJG over pregnancy and
decreased'head circumference and femur lengtiores. Interestinglyhe associatiorwith
weightwas strongest in giris our stratified analysis by fetal sexhich was also observed by
Lindstrom et af

Levels of 8isoprostane in amniotic fluid collected during pregnancy have been strongly
associatedwwith'fetal growth restrictihHowever, the Lindstrom study, which examined
urinary 8-isopretane concentrations at bdth and 30 weeks gestation, found no association
with birth'weight or other metrics at deliveryin fact, they observed thatevatedevels early in
pregnancy-were associated with increased welghtfound th&8-isoprostane was inversely
associated with repeated measures of head circumference and femyrdeddtiat levels at
~26 weeks, gestatiomere associated with decreasegight. This may suggest that oxidative
stress levelsiimpregnancy have a stromgfrence on some anthropometric parameters (e.qg.,
head size)'cempared to others.

Our study of inflammation and oxidative stress markers in relation to fetal grovsth wa
limited in part by our study population. This was a secondary analysis using esetinfjom a
nested caseontrol study of preterm birth. This population was chosen for this analysisskecau
of the availability of the rich set of biomarkers of inflammation and oxidatiesstHowever, it
was not designed specifically to investigdte associations between these biomarkers and fetal
growth. Because of inverse probability weights applied to all analysesgsults are adjusted
for the casecontrol design and the findings do not overly represent associations that are unique
to cases fopreterm birth. The primary limitatiorsf using this study populaticere due to the
fact that theultrasound data utilized in the present analy&is collected clinically and not for
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research purposeshis could limit the quality of the data collected. Additionally, because scans
later in pregnancy are more likely to be performed among women who are suspécteel t
pregnancy complications, our findings maydbaracteristic of events occurringhigher risk
pregnancy. Also for this reason, our sample size was limited for analysesiexpuatirasound
measurementsnly (head and abdominal circumference and femur lenythertheless, this

data provide additional power beyond what we could muster bsgitgmeasurements alone.
Furthermare; they provide the ability to examine individual anthropometric panantike head
circumference and femur lengtlhich are rarely captured in these types of studies.

Because of the limited availability of repesdtrasound measurements in pregnancy, we
were unable teycapture associations with rates of growth during gestation, vayiddlem
particularlysimportant. In our other studies of inflammation and oxidative stressunes in
relation to preterm birth and pi@ampsia we were able to separate cases based on presentations
that may have more homogeneous etiologies (inclusiogtaneous vs. placentaftyediated for
preterm birth and early vs. late onset for preeclampsia). Distinguishing pathiotyginormal
fetal growthrisarmore difficultchallenge.

This'study benefited from the availability of four measurements of a panel of both
inflammatien_and oxidative stress measures during pregnancy, which allowed us to examine
windows.during gestatiowhenthese levels may be particularly influential. We also were able to
utilize ultrasound measurements of fetal grqwithich gave us greater power in repeated
measures models and also allowedauslentify associations with anthropometric parameters
that had net'been exaned in relation to these markers in the past.

In conelusionwe observed inverse associations between CRP and fetal weight and
between the oxidative stress marketSBBdG and 8soprostane and head circumfereaoel
femur length Effect estimates for CRP were strongest (i.e., most negative) with levels measured
later in pregnancy, and the same was tru@{isoprostaneThis represents the first study to our
knowledge.to.examine associations between inflammation and oxidative stress hismarke
measurecitimultiple time points within the same participants in relation to fetal gr@tse
findings inform_not only the understanding of biological changes in pregnancy that are related to
perturbations in fetal growth, but also could help to explain whyigetions irfetal growth are

linked toconsequences in childhood and later in life.
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Table 1. Weighted percentages of characteristics of the study population (N=482)

Characteristic %
Child sex
Male 45%
Female 55%

Maternal education
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High school or less
Technical school ocsome college
College graduate
Graduate school
Missing

Maternal race
White
Black
Other

Maternal age
18-25
26-30
31-34
35+
Missing

Body masstindeat visit 1
<25 kgint
25-30.kg/M
>30 kg/nf
Missing

Smoking during pregnancy
Some
None
Missing

Assisted reproductive technology
Yes
No

14%
15%
29%
40%
3%

59%
16%
26%

14%
24%
32%
29%
1%

53%

26%

20%
1%

6%
93%
2%

9%
91%
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Table 2. Adjusted® changein repeated® z-score measures of fetal growth in association with an inter quartile range difference

in inflammation biomarker from repeated measures models

Weight

(n=443 subjects,

935 observations)

Abdominal circumference
(n=310 subjects,
467 observations)

Head circumference
(n=309 subjects,

464 observations)

Femur length
(n=310 subjects,

467 observations)

A in z-score (95% CI)

A in zscore (95% CI)

A'in zscore (95% CI)

A in zscore (95% CI)

CRP -0.12 (-0.21, -0.02) -0.08 (-0.19, 0.02) -0.09 (-0.19, 0.02) -0.03 (-0.14, 0.09)
IL-1B -0.05 (-0.14, 0.03) -0.03 (-0.12, 0.06) -0.08 (-0.17, 0.00) -0.04 (-0.13, 0.05)
IL-6 -0.02 (-0.09, 0.04) -0.01 (-0.09, 0.06) -0.05 (-0.12, 0.02) -0.01 (-0.09, 0.07)
IL-10 -0.03 (-0.09, 0.04) -0.03 (-0.10, 0.05) -0.03 (-0.10, 0.04) -0.01 (-0.08, 0.07)
TNF-a -0.01 (-0.10, 0.08) 0.04 (0.06, 0.14) -0.01 (-0.11, 0.09) -0.03 (-0.13, 0.08)

®All associations modeled with random intercept for participantamtbm slope for gestational age at ultrasound measurementhrntt fixed effects terms
for child sex;"and maternal age, race, education level, @ihgrbass index at visit #For estimatd fetal weight, repeated measures models inaloel@sures

from ultrasound and deliveryror other parameters, repeated measures models imekedrires from ultrasound onBbbreviations: CRP, €eactive protein.

Table 3. Adjtisted® changein repeated® z-score measures of fetal growth in association with an inter quartile range difference

in oxidativestiress biomarker from repeated measures models

Femur length
(n=314 subjects,

Abdominal circumference Head circumference
(n=314 subjects, (n=313 subjects,

Fetal weight
(n=448 subjects,
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937 observations) 468 observations) 465 observations) 468 observations)

A in zscore (95% CI) A in zscore (95% CI) A in zscore (95% CI) A in zscore (95% CI)
8-OHdG -0.09 (-0.25, 0.06) -0.03 (-0.21, 0.15) -0.20 (-0.37, -0.02) -0.16 (-0.36, 0.03)
8-isoprostane -0.03 (-0.13, 0.06) -0.07 (-0.18, 0.05) -0.13 (-0.24, -0.02) -0.13 (-0.24, -0.01)

®All associations modeled with random intercept for participadtrandom slope for gestational age at ultrasound measurandaeinclude fixed effects terms
for urinary ‘specific gravity (timearying) child sex, and maternal age, race, education lewiebaay mass index at visit For estimated fetal weight, repeated
measures models include measures from ultrasound and dekeemyther parameters, repeated measures models include redasuraltrasound only.

Abbreviations::80HdJG, 8hydroxydeoxyganosine.
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Figure Legends

Figure 1. Assessing windows of vulnerability during pregnandjusted change in repeated

weight zscore measures in association with an interquartile range difference in oxidative stress
or inflammatien biomarker measuremémmodels stratified by visit of sample collection.

®All associationsimoedeled with random intercfeptparticipant and random slope for gestational age at ulingso
measurement and include fixed effects terms for-gisitcific urinary specific gravity (HdJG and 8soprostane

models only),'child:sex, and maternal age, race, education lesddpdgmass index at visit 1. Abbreviations: 8

OHdG, 8hydroxydeoxyguanosine; CRP;r€active protein.

Figure 2. Assessing sex differences in associatiodgisted change in repeated weighszere
measuressinrassociation with an interquartile range differenepeated measures of oxidative
stress or inflammation biomarkeirs models stratified by fetal sex.

®All associations modeled with random interceptgfarticipant and random slope for gestational agétetsound
measurement and,include fixed etfeterms for urinary specific gravity (tinvarying, 80HdG and Ssoprostane

models only) and maternal age, race, education level, and kestyintdex at visit 1. AbbreviationsHdG, 8

hydroxydeoxyguanosine; CRP;r€active protei.
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