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Abstract

Background: Adverse pegnancy outcomes, such as preterm birth (PTB), have been associated
with elevated risk of maternal cardiovascular disease (CVD), but their effect on late midlife
blood pressure and subclinical vascular measures remains understudied.

Methods and Results: We conducted a crosctional analysis with 1220 multiethnic parous
women‘enrolled in the Study of Women's Health Across the Nation to evaluatept of
selfreportedhistory of adverse pregnancy outcomes (PTB, $onajestationakge, stillbirth),

on maternal blood pressure (BP), mean arterial pressure, and subclinical vascular measures
(carotid intimamedia thickness, plaque, and pulse wave velocity) in late midlife; we also
examined whether these associations were modified by race/ethnicity. Associations were tested
in linear and logistic regression models adjusting for socio-demographics, reapredactors,
cardiovascular risk factors and medications. Women were on average 60 years of age and 255
women reported a history of an adverse pregnancy outcome. In fully adjusted models, history of
PTB was agsociated with higher BP (systolic:B[SE]=6.40[1.62];p<0.0001, diastolic:
B[SE]=3.18[0.98];p=0.001) and mean arterial pressure (B [SE]=4.55 [1.13];p<0.0001). PTB was
associatedw.with lower intiraediathickness, but not after excluding women with prevalent
hypertension. There were no significant assocations with other subclinical vascular measures.
Conclusions: Findings suggest that history of PTB is associated with higher BP and mean
arterial pressurm late midlife. Adverse pregnancy outcomes were not significantly related to
subclinicalsCV¥B when excluding women with prevalent hypertension. Future studiss &ue
menopausestransition may be important to assess the impact of adverse pregnancy autcome
midlife progression of BP.

Key words. blood pressuresardiovascular disease, intimaedia thickness, pregnancy
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Clinical Perspective

What |s New?

Inra'multiethnic population-based study of late midlife women, history of a pretdim bir
was significantly associated witligherblood pressure and mean arterial pressure,
extending previous findings in premenopausal women.

Even when excluding women with a history of hypertensive disorders of pregnancy, a
prior'preterm birth was associated with more adverse blood pressure indices.

History of adverse pregnancy outcomes (preterm birth, small for gestational age,
stillbirth) were not significantly related subclinical CVD when excluding women with

prevalent hypertension.

What Arethe Clinical Implications?

Findings,suggest that history of preterm birth exhibited 6.4 mmHg higher systolic blood
pressure and 3.2 mmHg higher diastolic blood pressure compared to women with all term
hirths=These data are clinically significant given that a 2 mmHg increment in systolic
blood pressure has been associated with a 7% increase in mortality from cortamgry a
disease and 10% increase in mortality from stroke.

Pregnancy history may help identify women who would benefit from cardiovasisiar r
assessment and modification. Proper monitoring and management of blood pressure is

warranted for women with a preterm birth.
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Adverse pregnancy outcomes, including preterm birth (PTB, delivery<37 weeks
gestation), smaflor-gestationabge birth (birthweight < T0percentile for gestational age), and
stillbirth (pregnancy loss a0 weeks) together affect approximately 17-20% of births in the
U.S annually:? Accumulating evidence suggests that adverse pregnancy outcomes may serve as
a screening.test for futurerdéiovascular disease (CVDB}he leading cause of morbidity and
mortality in.womer: Prior studies repod 2 to 3-fold increased risk of CVD in women with a
history 6f PTB>’ even when not complicated by preeclampsiaa record linkage study,
severity and'number of smdtif-gestationabge infants was associated with future maternal
CVD-related haospitalization or death (i.e., coronary heart disease, cerebravaseuits,
chronic heartfailurey.In studies examimig pregnancy losses and CVD, women with a history of
stillbirth had greater risk of subsequent coronary heart disease compareddn wibim
livebirths®* These data suggest that the underlying factors that contribute to women'’s risk for
adverse pregnancy outcomes may also increase risk for €MDugh the association between
pregnancyassociated hypertension and maternal CVD is-esthblished>* previous studies
have showmgthat low sensitivity may limit utility of maternal recall of hyperterdis@ders of
pregnancy?

The.majority of research relating adverse pregnancy outcomes to CVD is derived from
small cohorts of relatively young women (mean age < 50 y&4rs)jth low rates of CVD.

Also, most are conducted in racially/ethnically homogeneous populdfigithough

racial/ethfic disparities exist in rates of adverse pregnancy outcomes ant € 4g;jal
differencegrin‘the association between adverse pregnancy outcomes and future riskhasCV
not been been‘fully exploréd® Furthermore, while the risk of CVD increases substantially
after mendpausg,few studies have examined whether adverse pregnancy outcomes earlier in
life influence women’s CVD risk in midlifé>%2*

Nortinvasive measures of subclinical vascular disease including ultrasound assessment
of carotid intimamedia thickness (IMT) and plaque burden, and pulse wave velocity (PWV)
measures_ ofiarterial stiffness, are surrogate markers of arteriosclerosis and predictors of future
cardiovascular.eventa® No studiehave examined the impact of adverse pregnancy outcomes
on subclinical CVD in late midlife, when subclinical disease significantly progrésgésvated
blood pressure (BP) is a critical risk factor for subclinical CVD in midfiRecent data suggest
tha adverse pregnancy outcomes are associated with subsequent elevations in BP, and that BP
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may mediate associations between adverse pregnancy outcomes and futdféeD prior

studies did not consider whether these associations persist after wansgsioin through

menopause. Therefore, the purpose of the present analysis was to assess associations of adverse
pregnancy outcomes (i.e., PTB, snfali-gestationakge infant, stillbirth) with BP, mean arterial
pressure, and,various indices of subclih@¥D in a large cohort of multiethnic, late midlife

women. In\doing so, we also sought to examine whether BP may be a potential pathway linking
adverse'pregnancy outcomes to subclinical CVD in late midlife. A secondary aim was to
determineif'associatiormetween adverse pregnancy outcomes and subclinical CVD were

modified by race/ethnicity. A better understanding of the relationship betweesadver
pregnancysoutcomes and cardiovascular health may lead to early identificatiomehat

excess risksfor'C® later in life.
Methods

Transpar eney-and Reproducibility

SWAN-provides access to public use datasets that extend through the tenth annual
follow-upwisit. Some, but not all, of the data used for this manuscript are contaihed in t
SWAN publi€ use dataets® Investigators who require assistance accessing the public use data
set may contact the SWAN Coordinating Center.

Study Participants

The'Study of Women’s Health Across the Nation (SWAN) is an ongoing longitudinal,
multiethnicstudy of the biological and psychosocial changes that occur during the menopause
transition..Details of the study design and recruitment have been described el$é®tiefly,
between 1996 and 1997, a total of 3302 pre-menopausal or eanygeypausal women age
42-52 years. were enrolled at one of seven research sites: Detroit, MI; Bosto@hMAgo, IL;
Oakland, CA;'Los Angeles, CA; Newark, NJ; and Pittsburgh,B&&eline eligibility criteria for
SWAN included: 1) an intact uterus and at least one ovary; 2) menstruahgl@etiin the
prior three months; 3) no current pregnancy or breast-feeding; and 4) no usage of reproduct
hormones within the prior three months. Each site enrolled non-Hispanic Whitevemahe

women who selidentified as one of four other predetermined racial/ethnic groups (Black
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women in Detroit, Ml, Boston, MA, Chicago, IL, and Pittsburgh, PA; Japanese women in Los
Angeles, CA; Chinese waen in Oakland, CA; and Hispanic women in Newark, NJ).
Participants were assessed through a standardized protocol at studinerf@®6(1997) and
followed for an average of 14.3 years through 2011. Six sites (all sites except Los Angeles
assessed subclgal CVD using carotid ultrasound and PWV tests at Visit 12 or Visit 13.

Eligible women for the current analyses were those wikbaat one birth and who
underwenta‘carotid scan or PWV assessni@in8302 women enrolled in SWAN, 2338
attended Visit13, 2249 of whom completed a pregnancy history questionnaire. Of these, 1854
provided information on one or more births (n=395 nulliparous). After excluding women without
subclinical,cardiovascular assessment at Visits 12 or 13 (n=609) and those fosmhtfor-
gestational=age birth could not be determined due to missing birth weight history @28},
of 1220 women:were included in this analy3ise institutional review boards at each study site

approved SWAN protocols. Each participant provided written informed consent.

Exposur e Variables

The'primary exposure variables were reported history of PTB, g¢arafi-for-gestational
age birth;sand stillbirthHistory of adverse pregnancy outcomes were assessed using a detailed
intervieweradministered pregmay history questionnaire at SWAN Visit 13 that collected
information on number of births, birth outcomes (livebirth versus stillbirth), gestdtage at
delivery, and birth weight for each delivery. Interviews were conducted in the/affice, over
the telepheneyor in the respondent’s home. Reported history of PTB was defingtas a
delivery at'<37'completed weeks of gestation. A term sfoelyestationabge birth
(birthweight < 18 percentile for-37 weeks gestational age) was determined uginthe World
Health Organization weight percentile calcul&fahich uses a customized standard based on
the sample.mean birthweight at 40 weeks gestafidrhistory of stillbirth was considered as
any pregnancy-loss a0 weeks gestation. Studies have shown high sensitivity (>0.90) and
predictive validity for maternal recall of preterm delivery, srfailgestationabge birth, and
pregnancylosd** Women were categorized as having no adverse pregnancy outcomes, a single
PTB, a termsmaltfor-gestationahge infant, a stillbirth, or multiple (>1) adverse pregnancy
outcomes. Women with gretermsmallfor-gestational-age birth (n=4), which was defiaed

birthweight < 18 percentile for <37 weeks gestational age, were included in the multiple
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adverse pregnancy outcome group.
Outcome Variables

Blood pressure (BP). Blood pressure measures in this analysis were collected at the time
the carotid ultrasand was performed.|Bod pressure was measured according to a standardized
protocol, with.readings taken on the right arm, with the respondent seated and teettat
floor for atleast 5 minutes before measuremé&Appropriate cuff size was deterneit based on
arm cirécumference. A standard mercury sphygmomanometer was used to record systolic and
diastolic pressures at the first and fifth phase Korotkoff sounds. Respondents hadkasat sm
consumed any caffeinated beverage within 30 minutes of ipl@s$ure measurement. The
average ofstweysequential BP values, with a minimumnwaudte rest period between measures,
was recorded.rUsing the average of these two sequential BP values, we calculated mean arterial
pressure with aistandard equation: [(SlistBP + 2*diastolic BP)/ 3f°

Brachial-ankle pulse wave velocity (baPWV). baPWV was measured using the
VP1000 system (Omron Health Care Co., Kyoto, Japan), a non-invasive automated waveform
analyzer.Thisdevice provides measuresbaP\WV, a measure ahixed central and peripheral
PWV, on betheright and left sides — average of the two sides was used for our study. baPWV is
the distanee.in centimeters between the brachial and ankle arterial recording sites divided by the
time delay-<in seconds between the foot of the waveforms detected at the respective arterial sites.
The distance or path length for brachial/ankle arterial sites was calculated based orr a height
based algorithm’ The intra and intetechnician reliability was excellent with an intraclass
correlationscoefficient (ICC) >0.93 for all sites. baPWV data were collected at Visit 12 at the
Pittsburghsites Pittsburgh participants who did not have the baPWV test atAiigitrd tested
at Visit 13. baPWV was performed at Visit 13 at other participating sites. As a result, baPWV
data were available for 956 participants in this analysis.

Carotid Ultrasound Scan. Bilateral utrasound carotid images were obtained using a
Tera®n t3000 Ultrasound System (Teratech Corp, Burlington, MA) equipped with a variable
frequency 582 Mhz linear array transducer. On each s digitized images were obtained of
the distal common carotid artery (CCA), 1 cm proximal to the carotid Brdim each of these 4
imagesusingthe AMS semiautomated edge detection softwdé\IT measures were obtained
by electronically tracing and measuring the distance between the-latimea and the media-
adventitia interfaces of the near and far walls of@&\. One measurement was generated for
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each pixel over the area, for a total of approximately 140 measures for each ihageah of
the average readings of all 4 images were used in analyses. Carotid scan images were read
centrally at thesWAN Ultrasound Reading Center (University of Pittsburgh Ultrasound
Research Lab)

The_presence and extent of plaque was evaluated in each of 5 segments of the left and
right carotid artery (distal and proximal CCA, carotid bulb, and proximal internal and external
carotid arteries}’ Consistent with the Mannheim and ASE consensus statef{&npéaque was
defined asa‘distinct area protruding into the vessel lumen that was at least 50% thicker than the
adjacent IMT and summarized as the presence or absencepfguog. Additionally, for each
of the bilateralcarotid segments, the degree of plaque was graded between 0 (nblebserva
plaque) to 3 (plaque covering 50% or more of the vessel diameter). The grada#i fegments
of the combined left and right caid@artery were summed to create the plaque index (possible
range:0-30J” Sonographers at each study site were trained by the University of Pittsburgh
Ultrasound,Research Laboratory and monitored during the study period for itgliabil
Reproducibilitysformean CCA IMT measures was excellent with ICC between sonographers
0.72-0.95,andbetween readers >0.87. The plaque index was found to be a valid and
reproducible. measure of carotid atherosclerosis in a number of populatior® (86@.93)*?

The scannin@nd reading protocols have been used in numerous stéitfies.
Covariates

Seltreported history of preeclampsia (high blood pressure and proteinuria), gestational
hypertension;sand gestational diabetes (no diabetgzr@gerancy) were also assessedisit 13
using the detailed pregnancy history questionnaire. Previous studies have shonatehal
recall of hypertensive disorders of pregnancy has low sensitivity (yet high sipgcHa%) for
all hypertensive. disordef3® Studies have shownegter sensitivity and predictive validity for
maternal recall.of PTB, smdibr-gestational age, and pregnancy [8$3% Therefore, relying
on what is_known about maternal sedfort, the primary exposures of interest in this anlaysis
are PTB, smalfor-gestational age birth, and stillbirth (pregnancy los=2atweeks). Due to the
small sample.of women with a reported history gestational diabetes, we did not consider it as a
separate exposure. To address these limitations, sensitivity analysgedemedas
described in the statistical analysis) excluding women with a reported history of preeclampsia,
gestational hypertension, and gestational diabetes.
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Demographic and socioeconomic characteristics including race/ethnicity aradieduc
were assessed by sedfport at SWAN baselindll other covariates were assessed at the time
the carotid ultrasound was performed (corresponding to Visit 12 or 13). Information onahater
age at first and last birth was assessed at Visit 13 using the pregisiaoy duestionnaire for
all women, Menopause status at the time of the carotid ultrasound measure was determined
based on reports about frequency and regularity of menstrual bleeding and use of hormone
therapy? as"previously describ€dCurrent hormone use, including menopausal hormone therapy
and oral contraceptives, was based on reported use since last SWAN visit.

Financial strain (i.e., difficulty paying for basics) was gefforted and data from the
visit corresponding to the carotid ultrasound was used in this analysis. Smokiegt{past,
never), alcehol'use, physical activity, and medication use (i.e., antihypertemsigiabetics,
lipid-lowering), were drawn from the visit concurrent with the carotid ultrasoundidahys
activity was assessed using a modified Baecke Scores of Habitual Physical Activity, with higher
scores indicating more physical activiflBody mass index (BMI) was calculatad weight in
kilograms dividéd by height in meters squaflegin?). Diabetes waslefined as fasting glucose
levels> 126'mg/dL on >2 consecutive visits, or any reported use of insulin/anti-diabetic agents.
Hypertension was defined as having a BP readid@/90, or use of antihypertensive treatment.

Bloed'was drawn in the morning following a haur fast. Samples were frozerg(° C)
and sent on dry ice to tiMedical Research Laboratories (Lexington, KY). The HOMA index
was calculated from fasting insulin and glucose as (insulin (mU/Liter)*glucose
(mmoles/Liter/22.5)§° Triglycerides were analyzed by enzymatic methods on a Hitachi 747
analyzer (Beehringer Mannheim Diagnostics, Indianapolis, IN) anddegsity lipoprotein
cholesterdl (HDLc) was isolated using hepar2M manganese chlorid@ Low-density
lipoprotein cholesterol (LDic) was calculated using the Friedewald equation.

Data Analysis

Variables were examined for distributions and outliers and transformation of data was
applied as.needed. To compare CVD risk factors across pregnancy outcome groups $eo adver
pregnancy‘eutcome, PTB, tergmallfor-gestationabge, and more than one adverse outcome),
ANOVA or KruskalWallis tests were performed for continuous data andSghiare or Fisher's
Exact for categorical variables. P¢&ic analyses using the Dunnett test were coteduwith the
no adverse pregnancy outcome group as the reference group.
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Associations between each adverse pregnancy outcome and each subclinical CVD
measure were examined using multiple linear (BP indices, baPWV, IMT) and logistic regression
(carotid plaque presence, plaque index) models. Models were first adjusted for age,
race/ethnicity, site, financial strain, and age at first birth, adltlitional adjustments for
covariates associated with adverse pregnancy categories and subclinical CVD measures at p<0.1
In analyses for-baPWV, IMT, and plague, models were next adjusted for systolic BP. Sabseque
models adjusted for other traditional CVD risk factors (B&4J, physical activity, smoking
status, HOMAIR, HDL-c, LDL-c). Additional models adjusted for current use of anti-
hypertensive, anti-diabetic, and lipid-lowering neadions. Sensitivity analyses were also
performed:i1)-excluding women with prevalent hypertension (n=654)efined earlieR)
excluding women with a reported history of preeclampsia, gestational hypertension, or
gestational diabetes (n=172); 3) exchglivomen who were pre/perimenopausal at the time of
carotid ultrasound (n=74). Interactions between adverse pregnancy outcome®aidmady
were examined by entering the appropriate cross-product terms into multivaniatkéls and
stratified amalysewere performed for significant interactions. Residual analyses and model

diagnositcs were evaluated for evidence of collinearity in all models.

Results

Tworhundredifty -five women(21%)reporteda history of anadverse pregnancy
outcome: 114£TB; 59 termsmallfor-gestationabge birth; 24tillbirth, and60 multiple adverse
pregnancy outcomes (afhich 44 had & TB, Table 1). At thetime of thecarotidscanvisit,
womenwereonaverages0yearsold, hadsomecollegeeducatioror more(51%),and94% were
postmenopausaPosthocanalysesevealedhat,comparedo womenwho reported having no
adverseregnancyoutcomewomenwho reportedmultiple adverse pregnancy outconvesre
youngeratfirstbirth (22yearsvs. 26years;p<0.001). The PTB groupwasmorelikely to report
a historyofpreeclampsiagestational hypertension, or gestatiatiabetesomparedo those
without areportedadversgregnancy outcome (26% \i2%; p<0.001). Ratesof diabetesand
hypertensioratlate midlife differed by adverse outcome groupith thelowestratesin the no
adverseoutcomegroup [ able 2). Mean(+ standardleviation)systolicanddiastolicBP atlate

midlife washighestfor the multiple adverseoutcomegroup(systolicBP: 131+19mm/Hg;
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diastolicBP: 77.3+9.8mnVHgQ); aswasmeanarterialpressurg95.4mm/Hg+11.9).Mean
baPWValsodiffered by history of anadversepregnancy outcomeayith thosereportinga prior
PTB or termsmallfor-gestationabgebirth having highebaPWVthanwomenwith noadverse
outcomelM T washigherfor theterm-for-gestationabgeandmultiple adverseoutcome groups.

In multiple linearregressioranalysesa reportedistory of PTB or multiple adverse
pregnancy,outeomesassignificantlyassociatedavith higherBP indices Table 3). PTB
remainédsignificantly associatedvith all BP indicesafter excludingwomenwith hypertension.
Reported history odPTB or termsmaltfor-gestationabhgebirth wasassociatedavith higher
baPWVinimodelsadjustingfor socicdemographics anageatfirst birth, but notin models
adjustingfor SBP (Table 4). We further adjustedor otherCVD risk factorsandmedications,
which did net significantlyimpactfindings. Sensitivityanalysegexcludingwomenwith reported
history of preeclampsiagestational hypertension, gestatiodgiabetesgxclusionof
pre/perimenopausalomen)did not show any significant changef coefficients(datanot
shown), though thassociatiorbetweernPTB andbaPWVapproachedignificancewhenwomen
with prevalentshypertensiomereexcluded (p=0.09)No significantinteractionsverepresent
betweerrace/ethnicityandany adverse pregnancy outcorf@seitherBP or baPWV.

Table5 presentsesultsfor theassociationbetweeradverse pregnancy outcomes and
IMT. Repeortecthistory of PTB was associateavith lower IMT in fully adjustedmodels.There
wasa significaninteractionbetweerhistory of PTB andrace/ethnicity(p=0.006)in relationto
IMT. Becausef thesmallsamplesizeof Hispanic and Chinesgomen,theseanalysesvere
limited to womenwho identifiedasBlack or White. In thefully adjustedmodelsstratifiedby
race/ethnicityPTB wasassociateavith lower IMT in Blackwomen,but notin White women.
Whensensitivityanalysesvereperformedexcludingwomenwith hypertensionPTB was not
significantlyassociateavith IMT andtherewasno significantinteractionbetweenrhistory of
PTB andrace/ethnicity.Thoughtermsmallfor-gestationakhgebirth andmultiple adverse
pregnancy.outcomegereassociateavith a highedMT in unadjuste@nalysesthe association
wasattenuate@vhencontrollingfor socicdemographidactorsand agetfirst birth. Reported
history of anadyversepregnancy outcom@asnotassociatedavith carotidplaguepresencer

index, andhesefindingswerenot modified by race/ethnicity.

Discussion
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This is the first study in a racially diverse cohort of late midlife (age 60 years) women to
assess the impact of PTB, teemallfor-gestationabge, and stillbirth on various indices of BP
and subclinical CVDHistory of a PTB was associated with higher indices of BP (systolic,
diastolic, mean arterial pressure), but lower IMT in late midlife. For baPWV, the association
with was attenuated after adjusting for systolic BP. There was a significant interaction between
PTB and race/ethnicity in relation to IMT, wiBlT B being associated with lower IMT in Black
women;“but'no-significant relationship was found in White women. Moreover, there was no
significant‘association between PTB and IMT when excluding women with hypertemrsanti-
hypertensive treatment. Havingultiple adverse pregnancy outcomes (a recurrent outcome or a
combination efPTB, ternsmallfor-gestationakge, stillbirth) was associated with higher BP
indices in fullysadjusted models, but not after excluding women with prevalent hygerte
These asociations did not differ by race/ethnicity.

This study was able to examine whether previous associations noted between PTB and
BP'*?"® remain significant in late midlife, when women transition through menopausésknd r
of CVD inerease$® Consistentith prior analyses, we found that history of PTB was positively
related to BPeven when excluding women with prevalent hypertensigregaampsia,
gestationakhypertension, or gestational diab&t&dn fully adjusted models, we observed that
womenwith a prior PTB exhibited 6.4 mmHg higher systolic BP and 3.2 mmHg higher diastolic
BP compared to women with all term births, a stronger association than in pretvidies.>?"*
perhaps because of the older age of women in our saffy@se data arclinically significant
given that @2"mmHg increment in systolic BP has been associated with a 7% increase in
mortality frem-€oronary artery disease and 10% increase in mortality from 3tidlean
arterial pressure, which has not been reported in prior studies of PTB and h@#bnavas
significantly higher among women with a history of PTB, indicating the potentddt of
preterm delivery on overall blood flow and perfusion in late midlife. One explanatidmgor t
finding is thatperhaps the wonmewith PTB have a more vulnerable vasculature going into the
menopauses(e.g., more remodeling), and that the various cardiovascular challeinges of t
menopause«(e.g., hormonal changes, body composition changes) and aging may thereby impact
these women more adversély® Studies have shown that modest elevations in BP, even within
the normotensive range, contribute to risk of PTBhus, there may be small pre-pregnancy and
during pregnancy differences in BP that are linked to PTB and increase BR ldger
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However, the current analysis did not have pre-pregnancy data to examine this yo<3ibilit
findings may furthesuggest that as women age, BP increases more rapidly among those with a
history of PTB. Similarly, a history of multiple adverse pragcy outcomes was associated with
higher BP_indices. We found a 7.3 mmHg higher systolic BP in women with multiple adverse
pregnancy_.oeutcomes, suggesting there may be ardspense relationship between number of
adverse pregnancy outcomes and systolic BP in late midlife. However, the association was
attenuated-after excluding women with prevalent hypertension, perhaps due tbsaspie
size (75% of'women in this group had hypertension). The most commonly reported adverse
outcome in thisigroup was PTB. Accordingly, history of PTB may help identify women at risk
for higher BPsin midlife and who may benefit from monitoring BP indices during the mesempa
transition. Though we were unable to differentiate between spontaneous (due to grematur
rupture of membranes, premature labor, or cervical insufficiency) or medivditpaied PTB,
the exclusion of women with hypertensive disorders of pregnancy, gestationadsljanet
pretermsmallfor-gestational age births from this PTB group (the leading indications for
medically inducted PTB), suggest that there is a common link between PTB andfatareal
BP other thanshypertension during pregnancy and this may extend to spontaneous PTB. Future
studies with,these clinical features, however, are needed t@athsgvimportant question.

Consistent with a previous study of subclinical CVD among women four to twedve ye
after pregnancy? our study found no significant association between PTB and baPWV after
adjusting for systolic BP. One possibility is thaP¥4V, a combined measure of central and
peripheralarterial stiffnes& may be a less accurate measure of arterial stiffness than €arotid
femoral pulseswave velocify. Though flowmediated dilation of the brachial artery is a
consistent noninvasive measure predictive of {mrq cardiovascular everftsthis measure
was only available in a subsample of women in our sample (n=376), of which approximately 75
reported ammdverse pregnancy outcome. Nonetheless, baPWV has been shown to increase with
aging, hypertension, diabetes, and smoRing borderline association was present when women
with hypertension were excluded, indicating that BP may be an important facter in th
association*between PTB and arterial stiffness.

Our current finding that PTB is inversely associated with IMT in a cohorbstlyn
postmenopausal women, differs from that of a previous analysis in which women wieoedeli
before 34 weeks gestation haidher IMT than those with term birtlitepugh this association
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was attenuated when adjusting for CVD risk facttsis possible that our findings differ from

this prior study because we did not have the adequate sample size to compare early (<34 weeks)
and late (34-36) PTB. However, our study found that the association between PTB and IMT was
modified by race/ethnicity; PTB was associated with lower IMT in Black &mgrbut was not
significantly.associated with IMT in White women. Our stratified aredyflsund that Black

women with PTB were younger, had higher systolic BP, and reported greater rates of
antihypertensive therapy than Black women with no adverse pregnancy outcomeeirpert
induces dysfanetional alterations in the endothelium, whichneswlt in thicker IMT®?
Antihypertensive treatment reduces progression of ###¥potentially through functional or
structural changes in the vessel WalExcluding women with prevalent hypertension and
antihypertensive medications from our analyséienuated the negative association between

PTB and IMT. Furthermore, there was no longer an interaction with race/ethnitigsi

models. An assessment of IMT progression in a larger sample of womdrypemensive

women would better characterize thgact of PTB on carotid remodeling in midlife.

Altheugh not significant, it is important to note that a reported history of semail-for-
gestational-age birth and multiple adverse pregnancy outcomes was posisoeigtas with
IMT. Recent studies have also found a significant association betweerd@ngastationabge
birth and.BP***" though our data did not support this finding. However, our analysis had a
smaller sample size, which may have impaired our ability to robustly deteceddés btween
groups. It'is also possible that sademographic characteristics not fully explained in our data,
underlie the"association between srfiattgestationabge birth and BRVomen with history of
termsmalkHoer=gestationabge birth and multiple adverse pregnancy outcomes had higher BMI
and insulin resistance, suggesting that these pregnancy outcomes may lead to greater IMT
through an association with metabolic factors.

In this.analysis, we did not find an association between history of adverse pregnancy
outcomes.and.carotid plaque, a finding consistent with related work among other sgmples
women®® With'less than half of our sample having any carotid plaque, sample size to examine
this associatien was somewhat limited. Future work with samples of older wontreenwaore
likely to show plaqué’ can further investigate the association between adverse pregnancy

outcome and carotid plaque.
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There are several limitations to consider in this analysis. First, although the accuracy of
maternal recall of preterm, smédir-gestationabge, and stillbirth is high (>0.96j ®self
reported history may still be a limitatioAdditionally, seltreport of preeclampsia and
gestational hypertension may have been a limitation given thednsitivity">® of maternal
recall of hypertensive disorders of pregnancy. Furthermore, our sample size of witiman w
term-smalkfor-gestationalage birth or stillbirth was smaller than in previous anaf/ses%®®
and may have'limited our ability to detect an association betweersteathfor gestation age
birth and stillbirth with subclinical CVD,; it is also possible that these adverse pregnancy
outcomes may be related to CVD through another physiologic pathway (i.e., socioeconomic
drivers, bodysmass index, glucose dysregulation). In addition, data on prepregnancy CVD risk
were not available, limiting our ability to determine whether differeircéood pressure, lipid
profile, or vascular measures were present prior to adverse pregnancy outcomes. Furthermore,
though we _excluded women with hypertensive disorders of pregnancy, gestational diabetes, and
pretermsmaltfor gestational age from our models, we were unable to differentiate between
spontaneous*PTB and medically indicated PTB, which may have varying afiettsternal
CVD risk. Future studies with clinical features of PTB are necessary to understand the impact of
spontaneous versus medically indicated PTB on CVD in later life. ComparisioedreRT B
subtypes.is‘also necessary. For example, is there anagsobetween early PTB (delivery <34
weeks) or very smafor-gestational-age birth (birthweight £%ercentile for gestatonal age) and
subclinicallCVD in midlife? Previous reports support the potential for such assocfafibfis.

Lastly, wearewunable to make definite conclusions regarding the magnitude of@xEessk

in late midlife.women based on these measures of subclinical CVD rile.the indices of
subclinical CVD used in this study are good predictors of C¥/Badditional research is
necessary, to assess the impact of adverse pregnancy outcomes on enddépsinstent flow-
mediated dilationFuture studies with larger sample sizes may have the power to not only
explore adverse pregnancy outcomes further, but to examine severity of adverse pregnancy
outcomes inwrelation to BP and subclinical CVD.

Strengths of this analysis include the relatively large sample of racially diverse women as
well as the direct assessment of physical and vascular measures at late midlife. Our study
provides information on the association between adverse pregnancy outcomes, BP, and
subclinical CVD at late midlife, when absolute CVD risk incred3@#is study was able to
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examine whether the negative impact of adverse pregnancy outcomes on variousfrigices
and subclinical CVD persist with aging. Furthermore, we examined the impact of having
multiple prior adverse pregnancy outcomes, which has not been studied extensivesgyand m
pose a risk for latelife CVD.

Though.the American Heart Association now recognizes hypertensive disorders of
pregnancy,and gestational diabetes as a risk factor for future CVD and’&wakdindings
suggestithat'history of PTB may be added to this group of pregnancy risk factors. Witthsti
and smalkfor-gestational-age births accounting for 1% and 10% of births in the United States,
respectively, additional studies about the association between these adverse pregnancy
outcomes and-CVD is necessary for early risk stratification and prevention. Althoughtbae
strengths of'this analysis was its focudate midlife, when the overwhelming majority of
women are postmenopausal, perhaps group differences may be detected in late perimenopause,
when progression rates of subclinical CVD is greatestterefore, futureasearch across the
menopause. transition may be important to determine the impact of adverse pregnancgsoutcom

on progression of BP and subclinical CVD.

Conclusions

Qursstudy shows that reported history of PTB is associated with higher BP indats in
midlife independent of prevalent hypertension and history of hypertensive disorders of
pregnancy. A history of PTB was associated with lower IMT in Black women and nt&¢ Whi
women, potentially because of the greater rate of hypertension in this group, as duggtste
attenuatiomefithis assciation when excluding women with prevalent hypertensibrBladk
women having excess rates of PTB, hypertersion, and &¥{/Dhere is a critical need to better
understand racial/ethnic differences in the association between pregatatey-factors and
progression.of CVD. These findings suggest that history of PTB may help identifgrwoitin
heightened BP.in late midlife, aajor contributor to CVD morbidity and mortality. Additionally,
this analysissdemonstrates the importance of monitoring BP indices among wdmarhistory
of PTB.
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Table 1. Maternal characteristics at time of subclinical CVD assessment by reported history of adver se pregnancy outcomes (n=1220)

Variable No Adverse PTB Term-SGA  Stillbirth > 1 Adverse p
Outcome (n=114) (n=59) (n=22) Outcome
(n=965) (n=60)
Socio-demegraphics
Age, Meant'SD 60.3+2.7 60.0+28 60.1+24 59.7+27 59.8+3.1 0.04
Race/Ethnicity, n (%) <0.001*
White 464 (48.2) 57 (50.0) 17 (28.8) 11 (50.0) 12 (20.0)
Black 299 (31.1) 33 (29.0) 29 (49.2) 8(36.4) 38 (63.3§
Hispariic 56 (5.8) 12 (10.5) 5 (8.5) 2(9.1) 8 (13.3}
Chinese 143 (14.9) 12 (10.5) 8 (13.6) 1(4.6) 2(3.3)
Education 0.09*
<High school 75 (7.8) 11 (9.7) 6 (10.2) 1(4.6) 8 (13.3)
Some college 475 (49.2) 59 (51.8) 34 (57.6) 11 (50.0) 37 (61.7)
College degree/post college 415 (43.0) 44 (38.6) 19 (32.2) 10 (45.5) 15(25.0)
Financialstrain (how hard to pay for basics), n (%) 0.002
Not hard atall 619 (64.6) 69 (60.5) 32 (54.2) 15 (68.2) 26 (43.3)
Somewhat /Very hard 339 (35.4) 45 (39.5) 27 (45.8) 7(31.8) 34 (56.7)f
Reproductive/Rregnancy History
Postmenopausal 915 (95.2) 105 (92.9) 55(93.2) 19 (86.4) 52 (86.7) 0.04*
Age at first birth, Mean + SD 25.5+6.1 244+63 227+54! 241+56 219+53 <0001
Age at lastsbirth, Mean + SD 30.7+5.9 30.7+6.3 283+58 325+49 289+54 002
Parity, n (%) <0.001*
1-2 612 (63.4) 55 (48.3) 34 (57.6) 5(22.7) 24 (40.0)
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3-4 314 (32.5) 48(42.1) 21(35.6) 14 (63.6) 29 (48.3)

>4 39 (4.0) 11 (9.7) 4 (6.8) 3(13.6) 7(11.7)
Hypertension-or diabetes at pregnancy, n (%) 119 (12.3) 29 (25.7) 12 (20.3) 2 (10.0) 10 (16.7) 0.001*

Gestational hypertension/Preeclampsia 85 (8.8) 21 (18.6) 8 (13.6) 0 (0) 9 (15.0) 0.02*

Gestational diabetes 43 (4.5) 9 (8.0) 8 (13.6§ 2 (10.0) 2 (3.3 0.02*

Note.PTB,preterm birth; SD, standard deviation; SGA, siftatgestationabge.PTB = delivery <37 weeks; TeHBGA = birth weight <19
percentile at 3A0 weeks gestation; Stillbirth = pregnancy loss 20 weeks gestation; >1 adverse pregnancy = any combination of the
aforementioned outcomes, including a PTB (n=44), SGA (n=56), or stillbirth (Ne®all participants provided complete data. The actual number
of observations per variable is noted when different from 1220.

*Fisher’'s Exact Test performed ending the “Stillbirth” group, given its small sample size.

'P value for.overall group differences.

*Posthoc afalysis using Dunnett test differs from no adverse pregnancy group (p<0.05).

SPosthoc analysis using Dunnett test differs from no adversgnancy group (p<0.01).

IPosthoc analysis using Dunnett test differs from no adverse pregnancy group (p<0.001).
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Table 2. Cardiovascular risk factorsand subclinical CVD outcomes at SWAN Visit 12/13 by reported history of adverse birth outcome

(n=1220)
Variable No Adverse PTB Term-SGA Stillbirth >1Adverse p
Outcome (n=114) (n=59) (n=22) Outcome
(n=965) (n=60)

Lifestyle factors
Smoking ‘status, n (%) 0.007
(n=1186) 862 (90.2) 96 (85.0) 44 (75.9) 22 (100.0) 52 (88.1) *

Never 94 (9.8) 17 (15.0) 14 (24.1% 0 (0) 7 (11.9)

Past/Current
Alcohol censumption, n (%) 0.18
(n=1172) 501 (53.0) 57 (51.8) 38 (67.9) 14 (63.6) 32 (53.3)

<1 drink/month 241 (25.5) 29 (26.4) 6 (10.7) 5 (22.7) 20 (33.3)

>1 drink/menth to <2 204 (21.2) 24 (21.8) 12 (21.4) 3 (13.6) 8 (13.3)
drink/week

>2 drink/week
Physical activity score, Mear 7.6 + 1.8 76+1.9 7.0 +1.8 75+1.9 6.9+1.9 0.001
+ SD (n=1143)
Physical.measures, chronic conditions, and current medications
BMI (kg/m?), Mean + SD 30.0+7.1 29979 31.4+8.7 32.3+7.5 31.8+7.8 0.01
(n=1181)
Triglyceride®(mg/dL), Median 102 [75, 138] 107[81, 144] 95 [75, 142] 101 [85, 119] 89 [69, 145] 0.33
[IQR] (n=1188)
LDL (mg/dL), Mean + SD 123.1+34.1 129.0+ 384 127.2 £ 39.6 120.9+ 38.4 121.0+£34.1 0.89
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(n=1171)

HDL (mg/dL), Median [IQR
(n=1176)

HOMA-IR, Median [IQR]
(n=1109)

Systolic blood pressure
(mm/Hg);\Mean + SD
Diastolic plood pressure
(mm/Hg)Mean + SD
Mean arterial pressure
(mm/Hg),.Mean + SD
Hypertension; n(%) (n=
1166)

Diabetes, n(%) (n=1187)
Hormone therapy (n=1193)
Antihypertensive treatment
(n=1187)

Anti-diabetic (n= 1187)
Lipid-lowering, (n= 1117)
Anti-coagulants (n=916)
Subclinical CVD outcomes
Brachialankle pulse wave
velocity (cmfs) (n=956)

Average CIMT common

59 [50, 72]

2.16 [1.28, 3.87]

121.3+16.6

73.5+94

89.7+£10.3

502 (53.3)

125 (13.1)

39 (4.1)

382 (39.9)

102 (10.7)

279 (31.0)

9 (1.3)

1227 + 213

0.78 [0.71, 0.87]

60 [50, 72]
1.93 [1.32, 3.80]
128.0 + 18.2
76.8+11.3
94.1+12.3
72 (65.5)
19 (17.0)
3(2.7)

54 (48.2)

18 (16.1)

40 (36.7)
1(1.1)

1288 + 228

0.78 [0.69, 0.85]
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59 [47, 73]

2.38 [1.35, 4.06]

125.3+17.6

75.1+11.4

91.7+125

35 (64.8)

12 (21.1)

4 (6.8)

27 (47.4)

9 (15.8)

18 (34.0)

1(2.3)

1306 + 214

0.80 [0.750.91]

56 [48, 65]
3.85[1.94, 7.34]
124.7 +15.9
76.9+12.3
93.4+12.5
13 (59.1)

8 (36.4)

1 (4.6)

10 (45.5)

6 (27.3§

6 (28.6)

0

1291 £ 311

0.76 [0.72, 0.83]

58 [52, 74]
3.26 [1.81, 4.86]
131.3+18.9
77.3+9.8
95.4+11.9
45 (75.0)
14 (23.3f

3 (5.0)

32 (53.3)
11 (18.3)

13 (24.1)

0

1281 + 180

0.81[0.76, 0.89]

0.79

0.003

<0.00
01
0.000
4
<0.00
01
0.002

0.005

0.62*

0.12

0.03

0.55

0.74

0.006

0.04



carotid, Median [IQR]
Presence of plaque (yes), n 423 (43.8) 52 (45.6) 29 (49.2) 6 (27.3) 22 (36.7) 0.34
(%)

Note.CIMT, carotid intimamedia thicknes#1DL, high-density lipoprotein; HOMA, homeostatic model assessment; LDL-demsity
lipoprotein=PTB, preterm birth; SD, standard deviation; SGA, sfoeljestationabge.PTB = delivery <37 weeks; TeHBGA = birth weight
<10" percertile' at 340 weeks gstation; Stillbirth = pregnancy loss>a20 weeks gestation; >1 adverse pregnancy = any combination of the
aforementiened outcomes, including a PTB (n=44), SGA (n=56), or stillbirth (daRjes derived from carotid scan visit or available visit nearest
to carotid scan. Hypertension, diabetes, menopause status, and medication use refleetsonfprovided at baseline thgfuVisit 12 or 13
(when caretidsscan completetljot all participants provided complete data. The actual number of observations gleleviarnoted when different
from 1220.

*Fisher's Exact Test performed excluding the “Stillbirth” group, given its smalptasize.

P value foF@verall group differences.

*Posthoc analysis using Dunnett test differsrfr no adverse pregnancy gpo{<0.05).

SPosthoc analysis using Dunnett test differs from no adverse pregnangy @#0.01).

IPosthoc analysis using Dunnett test differsrfr no adverse pregnancy grougQr001).
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Table 3. Associations between reported history of adver se pregnancy outcomes and blood pressure at SWAN Visit 12/13.

SBP B (SE) P DBP B (SE) P MAP P
PTB (any=prior PTB vs. no adver se birth outcome)
Model 17 (Adjusts for demographics and age at first birth6.48 (1.65) <0.0001  3.04 (0.96)  0.002 4.24 (1.12)  0.0002
Model:Z=(Model 1 + CVD risk factors and medications) 6.40 (1.62) <0.0001 3.18 (0.98)  0.001 455 (1.13) <0.0001
Model 3 (Model 2 + sensitivity analysis; n=538) 5.03 (1.69) 0.003 2.68 (1.26) 0.03 3.46 (1.25)  0.006
Term-SGA (any prior term-SGA vs. no adver se birth outcome)
Model 1" (Adjusts for demographics and age at first birtl 2.36 (2.22) 0.29 1.16 (1.29) 0.37 1.03(1.52) 0.50
Model Z*(Madel 1 + CVD risk factors and medications) 2.97 (2.42) 0.22 2.40 (1.44) 0.10 231(1.68) 0.17
Model 3(Model 2 + sensitivity analysis; n=517) 1.10 (2.62) 0.66 1.23(1.97) 0.53 1.19(1.95) 0.54
>1 adverse pregnancy outcome (vs. no adver se birth outcome)*
Model 17 (Adjusts for demographics and age at first birtl 7.15 (2.37)  0.003 2.42 (1.34) 0.07 3.99 (1.49) 0.008
Model Z_(Model 1 + CVD risk factors and medications) 7.30 (2.48) 0.003 2.30(1.43) 0.11 3.97 (1.57) 0.01
Model 3 (Model 2 + sensitivity analysis; n=518) 2.47(2.41) 0.31 -1.36 (1.78) 0.45 -0.09 (2.77) 0.96

Note.PTB = preterm birth; SBP = systolic blood press®t€;= standard error; SGA = smédr-gestationabge. Crosproduct of PTB*Black, term

SGA*Black, and multiple adverse pregnancy outcomes*Black testeddiaision in each model and were rgignificant (P-0.05).

*Analysis limited to women with reported prior adverse pregnancyoows (n=60) vs. no adverse pregnancy outcome (n=754).

"Model 1 adjusted fosite, age, race/ethnicity, financial strain, and atfirst birth

*Model 2:Model 1 + CVD risk factors (BMI, physicaltadty, smoking, HOMAIR, HDL-c, LDL-c).

SModel 3; Model 2 + sensitivity analysis excluding women with prextdigpertension cantihypertensive treatment.
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Table 4. Associations between reported history of adver se pregnancy outcomes and baPWV at
SWAN Visit 12/13.

B (SE) P

PTB (any prior PTB vs. no adver se pregnancy outcome)

Model'T™ (Adjusts for demographics and age first birth) 55.5(23.1) 0.02

Model 2 (Madel 1 + SBP) 12.8 (21.2) 0.54

Model 3 (Model 2 + CVD risk factors and medications) 0.41 (22.2) 0.99

Model 4' (Model 3 + sensitivity analysis; n=435) 51.4 (30.5) 0.09
Term-SGAs(any. prior term-SGA vs. no adver se pregnancy outcome)

Model 1. (Adjusts for demographics and age first birth) 63.3 (31.0) 0.04

Model 2 (Madel 1 + SBP) 44.7 (28.5) 0.12

Model 3*(Model 2 + CVD risk factors and medications) 12.9 (32.1) 0.69

Model 4' (Model 3 + sensitivity analyses; n=418) -22.1 (46.7) 0.64
>1 adver se pregnancy outcome (vs. no adver se pregnancy outcome)*

Model 1" (Adjusts for demographics and age first birth) 28.8 (33.1) 0.38

Model Z_(Model 1 + SBP) -5.8 (30.1) 0.85

Model @ (Model 2 + CVD risk factors and medications) -14.7 (32.6) 0.65

Model4h(Model 3 + sensitivity analyses; n=419) -23.1 (42.0) 0.58

Note.baPWYV = brachiablnkle pulse wave velocity; PTB = preterm birth; SEtandard error; SGA = smdbr-
gestationabgexCrosproduct of PTB*Black, teraBGA*Black, and multiple adverse pregnancy outcomes*Black
tested for inclusiomi each model and were nsignificant (P-0.05).

*Analysis limited to women with >1 birth; multiple adverse pregnamaizomes (n=60) vs. no adverse pregnancy
outcome (n=754)

"Model 1 adjusted for site, age, and race/ethnifiitgncial strain, and age fitst birth

*Model 2: Model.1.+ systolic blood pressure

SModel 3: Madel 2+ CVD risk factors (BMI, physical activity, smokinlOMA-IR, HDL-c, LDL-c).

IModel 4: Model 3 ssensitivity analysis excluding women with prevalent hypertension iwyaettensie

treatment.

Table 5. Associations between reported history of adver se pregnancy outcomesand IMT at SWAN
Visit 12/13.

B (SE) P
PTB (prior PTB only vs. no adver se birth outcome)
Model 1" (Adjusts for demographics and age first birth) -0.013(0.012) 0.27
Model 2 (Model 1 + SBP) -0.027 (0.012) 0.02

This article is protected by copyright. All rights reserved



Model 3 (Model 2 + CVD risk factors and medications) -0.025 (0.012) 0.04

Model 4' (Model 3 + sensitivity analysis; n=538) -0.011 (0.018) 0.54
Term-SGA (prior term-SGA only vs. no birth pregnancy outcome)

Model 1" (Adjusts for demographics and age first birth) 0.031 (0.016) 0.06

Modé&l'2*(Model 1 + SBP) 0.029 (0.016) 0.07

Model & (Madel 2 + CVD risk factors and medications) 0.012 (0.018) 0.51

Model 4"(Model 3 + sensitivity analysis; n=517) 0.009 (0.027) 0.74
>1 adver se pregnancy outcome (vs. no adver se birth outcome)*

Model 1', (Adjusts for demographics and age first birth) 0.022 (0.017) 0.20

Model 2 _(Model 1 + SBP) 0.011(0.017) 0.51

Model 3 (Model 2 + CVD risk factors and medications) 0.003 (0.019) 0.87

Model 4¢(Model 3 + sensitivity analysis; n=518) 0.049 (0.025) 0.06

Note.IMT = intima-media thickness; PTB = preterm birth; SE = standard error; S&Aaifor-gestationahge.
Crossproduct of PTB*AfricarAmerican/Black, teraiBGA*African-American/Black, and multiple adverse
pregnancy gutcomes*Black tested for inclusion in each model.fis@miinteraction for PTB (Model 3:
PTB*Black=B-0.084, P=0.006PTB =B 0.011, P=0.56).

*Analysis limited to, women with >1 birth; multiple adverse pregnamatzomes (n=60) vs. no adverse pregnancy
outcome (n=754)

"Model 1'adjusted for site, age, and race/ethnitiitgncial strain, and age at first birth

*Model 2:ModelT + systolic blood pressure

SModel 3:' Model 2+ CVD risk factors (BMI, physical activity, smokinlOMA-IR, HDL-c, LDL-c).

IModel 4: Model 3 4sensitivity analysis excluding women with prevalent hypertensiontinyg@ertensive

treatment.
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