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Abstract

Exploringracialdisparityin stillbirth ratesthroughstructuralracismandmethylationof stress
relatedgenes From systemicto epigenetic

Susannah Hopkins Leisher

Problem to be addressedStillbirth is a major public health problem. TkglIbirth
burden is on a par with newborn deathise stillbirth rate measures not onlguabstantial
portion of theglobal and national burden pfortality, butalsoequity and quality of care for
womeand chil dReeutifgsthe huenberstofithese deaths requires an understanding
of why they occur, yet approximately otterd of stillbirths are unexplained, even in settings
with high-quality autopsy and placental examination, while deaths coesideibe explained are
usually ascribed teingle,proximal cause An important limiting factor for efforts to reduce the
large and inequitable stillbirth burden has been insufficient research into conditions that could
inform prevention strategies anditee inequity?

Substantial evidence exists for associations betwtantural racism, maternal stress,
and adverse pregnancy outcomes, yet research focusing on stillbirth is sparse, particularly at the
ends of the causal spectr@dmmacrolevel structural conditions and mechanisi@sveral studies
have called for research possible biological mechanisms by which racism, ragisiated
stress, and stillbirth may be associated, including epigenetic mechdHisime.most recent
review of causes of racial disparities in stillbirth rates in the U.S. recommended that researchers
take a multidomain approach, considering not just individieafel risk factors, which have been
relatively wellstudied, but also upstream factors such as institutional racism, and biological

mechanisms such as epigenetic modification.



Theobjectiveof this dissertationvas to explore evidence that could help to explain
persistent racial disparities in stillbirthhe specifc aims were:
1. To review thditerature on racial disparity in stillbirth rates
2. To assess whether structural racism can help to exlaial disparityin stillbirth rates
in New York City, and
3. To assess whethenaternalstress is associated with stillbirth, whether stress is associated
with methylation of streseelated genes, whether methylation is associated with stillbirth,
and whether there is evidenttet methylation of stregglated genes mediates
associations beteen stress and stillbirth
Materials and methods usedFor Aim 1, we carried out a scoping review of the
literature in five databaseB\{bMed, Scopus, Cinahl, Embase, Psyqltdadentify all reports
including stillbirth ratesstratifiedby racein theU.S., mappingxposuresndeffect modifiers
(Adomains )ofananaluy Hios 806 comment s(domaingohci al
explanation) into one of eight domains (race, genetic, fetal, maternal, family, community,
healthcare systemandstructura). We definedStillbirth Disparity Ratios (SDRs) as the ratio of
the stillbirth rate in a racial/ethnic minority group to the stillbirth rate in white individuals
Selected SDRs were extracted from each report, as were all SDRs for Black/whitisong
For Aim 2, wemodelled associations between four measurssro€tural racism and
stillbirth in all nonHispanic (NH) Black and white singleton birthsNiew York City between
2009and2018 Exposures were four Public Use Microdata AfleelMA)-level measures of
structural racism (Indices @issimilarity, IsolationandConcentration at the Extrem@g€E),
and anEducational Inequity Ratiaonstructed from U.S. Census American Community Survey

data. Using multilevel logistic regressiome first tested for interaction between race and



structural racism in relation to stillbirtior structural racism measures that interacted with race,
we estimated odds ratios for stillbirth separately in 221M23Black and325,058 NHwhite
births. Rae-specific models were further stratified by maternal age.

For Aim 3, we assessed associations between maternal stressors and stiltB3mam-
anomalougull-term singleton births (68tillbirths and 18 livebirths) from the U.S. Stillbirth
Collabordive Research Networkeasuring maternal stress with two hypothesized stressors, an
Index of Significant Life Events and an Index of Disadvantageassessedssociation
between maternal stressors and stillbirth in our sample, and then whether nsatessals and
stillbirth were associated with differential methylation of 1,191 CpGs on five steéeted genes
(BDNF, FKBP5 HSD11B2IGF2, andNR3C1).Finally, we assessed whether methylation
mediates associations between stressors and stillbirth

Conclusions reachedFor Aim 1, we found 95 reports presenting stillbirth rates
stratifiedby race/ethnicity in the 1$. We found evidence of increased radkstillbirth in Black
as compared to white births in the majority of the 83 reports with the necessary data. Among the
1143 Blackwhite SDRs that we extracted, the median SDR was 1.67, with 74% of SDRs
showing evidence of disparityafily and communitydctors, healthcare system factors, and
structural factorsverecommonly used as domains of explanation38@6 of reports)butrarely
(family/community, structural,$%) or never (healthcare system) used in analy$is most
commonly used domains of dpsisd fetal and maternal factors including gestational age,
maternal age, education, and prenatal@ate not appear able to explain the observed racial
disparities. Gaps in the literature include a paucity of studies examining the possible role of
healthsystem, community, and structural factors in Btadkite disparity in stillbirth rates, and

limited data on other types of racial disparities in stillbirth rates, including Hispanic and Native



American births.

For Aim 2, we found thastructural racism aseasured by ICE and Isolation was
associated with stillbirth in NH Black but not NH white mothers. This would seem consistent
with our hypothesis that structural racism may help to explain racial disparity in stillbirth rates;
however, the associations wbserved were not in the expected direction. Specifidsity,

Black mothers living in PUMASs with a high concentration of privilege had §é8aterodds of
stillbirth in comparison to those living in PUMAS with a high concentration of disadvantage
(ICE quntile 5 vs 1), and NH Black mothers living in PUMASs that were the most isolated had
40% lower odds of stillbirth in comparison to those living in PUMAS that were the least isolated
(Isolation tertile 3 vs 1). We suggest that while the measures we usedr{tidBolation) do help

to explain the Blackvhite disparity in stillbirth rates, our results raise questions about the way
these measures operationalize structural racism, meriting further investigation

For Aim 3, we found thahaving two or more vs niiems in the Index of Disadvantage
( A Di s a d wasrassacigtedonjth more than fourfold great#ts of stillbirth(95% CI1.58,
12.93. We found no association between the Index of Significant Life Events and stillbirth. We
found that32 out of 1,191 CpGs on five stresdated genes were differentially methylated with
respect to stillbirth, and six CpGs were differentially methylatél mespect tdisadvantage.
Methylation at two CpGs olGF2 and one otHSD11B2(cg02097792, cg12283398nd
€g19413291respectively mediated the association between Disadvantage and stillbirth.

Research on causes is a critical component of stillpngkiention and reducing the
inequitable distribution of this public health burden. Limited understanding of causes at both
Aends of the spectrumdo, from upstream distal

slow progress on preventidf This dissertation contributes to science and public health by



providing researchers with data to support new lines of inquiry, e.g., into associations between
structural racism and stillith, and for methylation as a mechanism of effect, that should help to
improve our understanding of causes. Our research may also support health policy makers who
now have additional data to illustrate the adverse health outcomes of structural racestd.®. th
Finally, it may help the parents and other family members of stillborn babies who continually

seek to understand fAwhyo.
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Chapter 1: Introduction

1.1 Motivation for the dissertation

1.1.1What is stillbirth?

Stillbirth is the death before or during birth (antepartum,, ARdintrapartum, IR
respectively of a fetus or babyThereis no globally accepted definition of stillbirtbne study
found 34 definitions in us&€The World Health Organization (WHO) defines stillbirth as death
before or during birth from a gestational aGa\j of 28 weeks of° but manyhigh-income
countriescount stillbirths from 20 gestational weeks®n.the U.S., although the Centers for
Disease Control and Prevention defines stillbirth as fetal death from 20 gestational weeks on,
states effectively define stillbirth differently duediferent reporting requirements for these
deathsi!ranging froml6+ we e k s 0 (Penesgviaraahnid35M g birthweight(Kansas)o
20+ week$gestation(25 statel’?

Stillbirth is just one of the possible outcomes of concepfaguie 1). Newborn or
neonatal deaths are deaths after live birth, toly earlyneonatal deattbirth to day 6) and late
neonatal deatfday 7 to 28)Together, stillbirths and newborn deaths are often referred to as
perinatal death$While it may seem simple to tell the difference between a livebirth and a
stillbirth, misclassification betweestillbirths and newborn deaths is a walown challenge of
stillbirth epidemiologyDistinguishing between stillbirths and newborn deaths is complicated by
many factors, includingifferences in definitions of livebirth and stillbirth, insufficient
knowledge or training of individuals reporting on birth, local languages that do not distinguish
between stillbirth and neonatal death, differences in methods of ascertaofrifenand death

and deliberate misreportinglatedto emotional, financial, admistrative, cultural and legal
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considerationgsall of which may sometimes lead to misclassificabetween stillbirths and

newborn death§® including in highincome settings such as theS3* 1618

M Survival past infancy
g (year 1+)

Infant death after
neonatal period
(day 28-365)

Livebirth

Late neonatal
death: Death of
liveborn at day 7-27

Stillbirth: spontaneous N

fetal death before birth

(antepartum) or during
birth (intrapartum)

Conception

Early neonatal
death: Death of

Perinatal deaths ey e
Miscarriage: spontaneous fetal death Infant deaths

earlier than the lower gestational age
limit for stillbirth, however defined

Ectopic (extrauterine) pregnancy
Molar pregnancy

Abortion: Induced termination at any
gestational age

Figure 1: The relationship between stillbirth and other possible outcomes of
conception

1.1.2Why is stillbirth important for public health?

Stillbirths are a major component of the mortality burden: There are two million

stillbirths each year, yielding a global rate of 13.9 per 1000 total Bft8tillbirths comprise
35% oftheglobal total of 5.75million perinatal and neonatdeathgto day 364 after livebirth)
(Figure?2) and3.4% of all global death$?!®

Stillbirth is often thought to be an issue only in {@amd middle income countries, and
indeed this is where 84% of the global stillbirth burden is b&thmwever, $illbirth constitutes
a major public health burden many highincome countries as well, includitige United States.

Using the U.S. Department of Health and Human



the 20" gestational week onhéU.S. stillbirthrateis 5.7 per 1000 totabirths?° higherthan the
neonatal death rate of 3.7 per 1000 live bifftStillbirths comprise 50% of the 42,000 deaths of
infants and newborns in the 2%2 Therewere slightly more stillbirths in the U.S. in 2019 than
deaths in children aged! from the top 5 causes of death for that age group (21,478 stillbirths
vs 21,394 deaths agedl@ from perinatatelated causespngenital malformations, accidents,
cancer, homicide, and heart dise&é&tillbirths greatly outnumbered all deaths to children aged
1-14 in the US. in 2019 (21,478 stillbirths vs 9,173 deaths agéd from all causesy The

U.S. stillbirth rate also compares poorly on the global stage. Usng/HiO definitionof

stillbirth (28+week3, the US. rate is 3.0 per 1000 total birtHggher than that of 51% of high

income countries (31 of 61 countries with 2020 stillbirth d&ta).

m neonatal deaths (<28
days)

m post-neonatal deaths
(28-364 days)

m neonatal deaths (<28
days)

m post-neonatal deaths
(28-364 days)

m stillbirths (28+
weeks)

stillbirths (20-27
weeks)

m neonatal deaths (<28
days)

® post-neonatal deaths
(28-364 days)

m neonatal deaths (<28
days)

® post-neonatal deaths
(28-364 days)

u stillbirths (28+
weeks)

Figure 2: (LEFT) U.S. neonatal and post-neonatal deaths (2019)without stillbirths
(top, n=20,927) and with stillbirths (bottom, n=42, 405%%?? (RIGHT ) Global neonatal and post -
neonatal deaths (2019)without stillbirths (top, n=3.75 million) and with stillbirths (bottom,
n=5.75 million) 01°
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The public health burden of stillbirth is multifaceted: The public health burden of

stillbirth includes not onlyleath itself but also bereavement associated with death, as well as
other associated costs for mothers, other family members, and carégjMezse include

financial costs (estimated at-F0% higher than for livebirth&)?*related to autopsy and testing,
funeral and burial/cremation, foregone income from work missed, especially if parental leave is
not offered for stillbirth or if a parent cannot retworwork, and costs related to specialized

medical care for subsequent pregnancies; increased risk of mental health problems (estimated at
4.2 million women living with depression after stillbirth)with associated costs for care, if any

is available, and if not, going untreated; costs of grief agingg relationship difficulties; and

social isolation, guilt, and disenfranchised grief, exacerbated by the taboo that society places on
acknowledging or talking about stillbirth, the lack of legal and workplace recognition for

stillbirth, the lack of reggectful bereavement care in most settings, and the lack of social
recognition of parenthood after stillbirth?3

Minority and marginalized groups bear the largest share of the stillbirth burden

Marginalized populationare disproportionally represented in stillbirth numiFéf<>Globally,
abouttwo-thirds of stillbirths occurin rural areas with limited access to healthdaféand one
third occur in fragile and confliaffected countries.

Inequity is also a feature of the stillbirth burden in kigéome countries, where stillbirth
rates are routinely two to three times higher in racial, ethnic, immigranintmme, and other
minority and marginalized groups than imjarity groups, including in the UK’ *8New
Zealand!® Swederr? and Australi&?! In the U.S., lhe stillbirth rate in notHispanic Blackbirths

is more than twice as high as in nbiispanic whitebirths (10.4 vs4.7 per 1000 total birthg° a

aPersonal communication from Dr Aliki Christou, Institute of Tropical Medicine, Antwerp (5 July 2022).
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disparitythathas remained unchanged since redareping began in 192Figure3). 2Not
only are minority and marginalized groups at higher risk of stillbirth, #t&y often experience

worse care during and after stillbiftfe*

non-Hispanic Black |

Native Hawaiian/Other Pacific Islander || NEGEGEGEGEGEGEGENEEEEEEEEEEEE
American Indian/Alaska Native || I
Hispanic I
non-Hispanic white || I IEGNGNGNGNGNGNGNGEGEG
Asian N
0.0 2.0 4.0 6.0 8.0 10.0 12.0

stillbirths per 1000 total births

Figure 3: Racial/ethnic disparity in U .S. stillbirth rates, 2019°

Most stillbirths are preventable: It is commonly thought that stillbirth is the inevitable

|l oss of a pregnancy Onever meant to bedé, and
unavoidable congenital anomalieslowever, aglobal review foundh median ofust 7.4% of

stillbirths (22+week$ could beattributed to congenital anomalies, and even many of these are
prevantable with interventions such as folic acid supplementdfidihe majority of stillbirths
areconsidered to bpreventablevith equitable access to higjuality antenatal and intrapartum

care, includingcomprénensive emergency obstetric café These include most intrapartum

stillbirths, whichconstitute 40% of all stillbirths globalff?.Other interventions such as

prevention odetection and managent of syphilismalaria,diabeteshypertension, obesity,

and fetal growth restriction, facility delivery, and ptstm induction could additionally prevent

5



hundreds of thousands of stillbirths each yéat.

In the U.S. as well, the majority of stillins are preventable. Approximately 10% of
stillbirths are due t@ongenital malformationand chromosomal abnormaliti&sA CDC study
estimated tha845-701neural tube defects (NTDs) in live births could be prevented with
increased intake of folic acid supplementation, and it is likely that this would additionally
prevent some of the stillbirths due to NTB#n additional 58% of stillbirths are due to
potentiallypreventable conditions such as maternal complicabdpsegnancycomplications
of the placenta, cord and membrgmaaternal conditions unrelated to pregnancy, fetal injury
and fetal infectiorf® Additional stillbirths could be prevented with interventioaseducewvell-
establishedisk factors for stillbirth such adiabetes, hypertensiosmoking and obesit§/?® >’

Many studies and natiahdata provide evidence that approximately-timedl of global
stillbirths areunexplained.® 55! In the US. aswell, 31% of stillbirthsareunexplained® This
proportion hdéds even for welinvestigated stillbirths; for instance, in the NICHD Stillbirth
Collaborative Research Netwodatasetcreatedo explore causes of stillbirth, with near
complete investigation and standardized protocols, and using a plotisgassfication
systemfor causes of death no fAprobabl e or possibled cause c
stillbirths.>” This might seem to imply a natural barrier to stillbirth prevention, since knowledge
of causes is key to prevention. However, the wide variatiorational stillbirth rates (using the
28+ week WHO definition), from 1.5 per 1000 total births in Japan and 1.9 in Iceland to 32.2 in
GuineaBissau and 30.6 in Pakistan, demonstrates that very low stillbirth rates are achievable,
since there are no knavbiological differences that could account for the widely differing

ratest?



1.2 ldentifying the researchquestions

1.2.1Gaps in thinking about causes of stillbirths

As discussed above, a key characteristic of the stillbirth burden is its inequitable
distribution, both between and within countries. Reducing the stillbirth burden both globally and
nationally will require action to reduce inequities in stillbirth raféss in turn requires
understanding more about what drives these inequities. Phelan and Link theoripedsistgnt
links between low socioeconomic status and mortahty be explained bynderlying systemic
inequalities and that both disadvantage aadism are upstream causes of health inequities;
hence, resolution requiresructural chang® %3 Such changes for stillbirth prevention might, on
a gbbal basis, include reduced conflict, increased access taybhajltly reproductive healthcare,
and particularly in the U.S., elimination of structural racism. Indeed,study estimated that
reduced segregation could prev&®s of all NH Black stillbirhsa year® 64

Yet most classification systenisr causes of stillbirtltonceptualize causes as proximate
to deathsuch asvemorrhag®r chorioamnionitisdistal factors suchsahealthcare quality or
poverty are considered separately, if atlbr example, the South African Perinatal Problem
|l denti fication Programme recor dsprefatavcarde dabl e f
separately from cause of de&tiThe usuaresearch paradigfior stillbirths isthustemporally
and physically centered on the medicaliyended pregnancy, to the exclusion of factors prior to
initiation of care or beyond the purview of health worl&&isimiting thecausal fieldn this way
belies evidencsuggestindghat distal factors contribute substantially to high rates of stillbirths
and disparities in stillbirth rates both between and within countxgepredicted bi?helanand

Linkds t heor yusestfhehlin imetaitie® nt a | ca



1.2.2Looking upstreamd structural factors

Rot hmanoés defdifimint ieovre na for cha@mnesstic that preceded the
disease event and without which the disease event either would not have occurred at all or would
not have occurr e @ doesnbtiditingsish inetwedngroxénrate and distabd
conditions and so is consistemith fundamental causeiseory®’ It allows for multiple causes of
health outcom& each sufficient but none requiregshdmultiple components afdach causal
mechanism, eadtequiredbut none sufficientAn investigation oplausible upstream causes of
stillbirth could not only help to reduce numbers of unexplained deaths, but also shed more light
on deaths heretofore considered fnexplainedo b
prevention.

Consistent with PheteandL i nk 6s t heory of fundament al ca
systemic upstream factors in the persistence of inequity in health outcomes, structurakracism
plausiblecause ofacial inequitiesn stillbirth ratesin the U.S%? Racism may increase the risk of
stillbirth disproportionately amongcial/ethnic minority groups includinglack Amercans
indirectly, for instance through affecting access to and quality of prenatal healthcare, but also
directly, throughphysiological responses to maternal stress related to racism.

Cohen et al. define psychosocalperceivesthae ss as
environmental demands tax or exc§@irfad apt i v e %8 p.468% Stresscgnde (
measured bgssessing ndi vi dual s 6 pleg, threughtvalidated questionnaites) e s s
individuaktlevel biological responsdse stress (e.g., cortisol levels), gnoup or individuatlevel
events processesr conditions hypothesized to create streghi (i c h we swessbd )ne as A
Stress iglistinct from, though can interact with, psychiatric disordeich as clinical depression

or PTSD Stressors can be acute or chronic, range frorddeel to severeandstem from



childhood or range across the lifecourse. Stressors may relate to employment (job loss, job
satisfaction), family (number of children, partner support), finances (poverty, income stability),
health (chronic pain, worry over medical conditionsipg a threat to pregnancy), community
(crime rates, crowding), catastrophes (natural or humade disasters), racism (interpersonal,
vicarious), adverse events (domestic violence, abuse), andPhResources such as resilience
and sociabupportcan modify the effect of stressors on perceived stegss coping mechanisms
(e.g., smoking, overeating, exercise, substance use) can be both responses to and modifiers of
these associations

There is substantial evidence for a connection between atrdsaany adverse health
outcomes, including pregnancy outcomes such as preterm birth and low birtHf&dhirther,
there is some evidence directly linking maternal stress to stilf§iféizor instance hree U.S.
studies found that greater numbers of adverse childhood expeffefieesl significant life
events® were associated with increased odds dbstih. Additionally, four large cohort studies
in Europe found increased risk of stillbirth to be associated with high perceived stress,
bereavement, and unemploymétft? Limitations of these studies included conflation of
stillbirths with fetal deaths under 20 weeks and the use of single measures of stress; none looked
at biological mechanism®©nly two studiehaveexamined racism and stillbirtkach found
evidence for increased odds of stillbirth with greater levels of segregation, with stronger
magnitudes of association in Black than white moffiensd in areas with higher segregatfén.
However,neither examiadpossible mechanisms by which this upstréaator might increase

the risk of stibirth.5481

1.2.3Looking downstreamd mechanisms of action

A causal relationship between stress and adverse pregnancy outcomiegicablyp

9



plausible®® 73 7° 82Stress works through physiological pathways, including the neuroendocrine,
inflammatory, and vasculgmathways aswell as via a behavioral pathwé/Stress may activate
multiple pathways simultaneously or sequentiallyd gactors on each pathway may interact with
each other, or mediate or confound other pathwewgsling either directly or via other
intermediate adverse outcomes such as infection, preeclampsia and fetal growth restriction, to
stillbirth.%® 73 " 83The placenta is the organ through which all nourishment reaches the fetus,
hence the health of the placedtaith a lifespan that ends naturally at béthelps to determine
the health of the fetu®hysiologicaresponses to stress can damage placental functioning and
increase inflammation, reducing fetal defensescamdpromising fetal health through
suboptimal placental development or performairegasing the risk of stillbirtpf 69 73 7578 7983
87

Placental dysfunction can be caused by premature placental senescence (ageing due to
loss of cellular function), reducing placental capacity to nourish the felated tooxidative
damage to DNAhat may resulfrom stres$2°! Angiogenesis, the development of new blood
vesselgo ensure proper vascularization of the placenta as fetal development pr@segel as
proper responsiveness to insults suchygokia), is regulated in part by theascular endothelial
growth factor (VEGFandtransforming growth factor (TGH) signalingsystens which are
essential for fetal survivaRlacental dysfunction can be causedhgnges in the expression of
angiogenic ad anttangiogenic factors, affecting placental functioning and thus fetal wellbeing,
possibly caused in part by inflammati&?2°* Placental dysfunction magisobe characterized
by inflammation, which may stem from external stressors. Infection may lead to stillbirth both
directly®® ®®and through impaired placental function or abnormal fetal responses to

inflammation?’ 8 Stress can reduce the fetal capacity for a proper inflammatory respovite,
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the impaired response in turn making the fetus more vulnerable to stressors such as ihfection.
Hence, stress may cause stillbirth through physiological impairment of stress responses,
increasednflammationand placental dysfunction, anelduced fetatapacity to response to
these insults

An additional pssible mechanism by which stresay cause stillbirth ispigenetic
silencing through DNA methylation of stresdated genes in placental tissikany stress
related genes are highly expressethe placentaand epigenetic modification has been
associated with adverse prenataposures and fetal outcom&$The effect of glucocorticoids
in managing the bodyds proper response to str
glucocorticoid receptor ge¢R3C1 andHSD1B1 andHSD1B?2; these genes code for
enzymes that provide fetal protection against cortf8dVlethylation of these genes may
downregulate their expressianith possible adverse effecdf®¥ A systematic revievof adverse
maternal exposures, perinatal outcomes, and methylatibesé thregenedound 19 studies
including someavhich providedevidencethat stress malge associated with decreased
birthweight viaa methylatiorpathway*% However, onlytwo of the studiesssessed fetal
outcomesand neither includestillbirth. There has been no research on epigenetic mechanisms

as mediators of the pathway from maternal stress to stillbirth.

1.3 Dissertation aims and approach

There are many gaps in research on stillbirth. An important one is in our understanding of
causes of racial disparities in stillbirth rates in the U.S. The most recent review in this area
recommended that researchers take Hirdomain approach, considering not just individual
level risk factors, which have been relatively watlidied, but also upstream factors such as
institutional racism, and biological mechanisms such as epigenetic modifit@tiernbjective

11



of this dissertationvas toexamineboth ends of the causal spectrtonstillbirthd macrolevel

structural conditions as well as mechanidnfisr a better understanding of this gégure4).

DISTAL I | HEALTH || communiTy FAMILY | reTaL |
SYSTEM
MATERNAL
structural paternal behavior cellular placental cellular
political neighborhood perception molecular cord molecular
social access environmental demographic genetic demographic genetic
historical quality cultural generational || (bio)systemic epigenetic (bio)systemic epigenetic

Figure 4: A causal spectrum for stillbirth

Theaimsof this dissertationvere to:

1 Aim 1: Conduct a scoping review of the literature on racial digparistillbirth rates.
We aimed to identify all studies that included stillbirth radatified by race;
subsequentlyhe search wasmited to the US. Databasesearched includeBubMed,
Scopus, Cinahl, EmbasandPsyclInfa The only limit wasEnglish(no date limi}. We
definedStillbirth Disparity Ratios (SDRSs) as the ratio of 8télbirth rate in a
racial/ethnic minority group to the stillbirth rate in white individu&slected SDRs were
extracted from eacimcludedreport, as were all SDRs for Black/white comparisons. We
categorizee x posures and effeanamgdi 8Dgr an@indomai
raci al di sparity in stillbirths (Adomains
genetic, fetal, maternal, family, community, healthcare syshawchstructural) aligned

with the proposed causal spectrum for stilllsr@rigure4).
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1 Aim 2: Assess whether structural racism can help to explain racial disparity in stillbirth
rates in New York CityThe study population wal 1,077,041livebirths and stillbirths
registered in NYC from 2009 to 2018. Exposures were four Public Use Microdata Area
(PUMA)-level measures of structural racism (Indice®wsimilarity, Isolationand
Concentration at the Extremes)d anEducational Inequity &io) constructed from U.S.
Census American Community Survey data. Using multilevel logistic regression, we first
tested for interaction between race and structural raicisglation to stillbirth. ier
structural racism measures that interacted with raeegstimated odds ratios for stillbirth
separately in 221,92%0n-Hispanic(NH) Black and325,058 NHwhite births based on
the recognition that structural racism has a different meaning for Black individuals who
are oppressed by it, and white individualso are privileged by .itRacespecific models
were further stratified by maternal age.

1 Aim 3: Assess whethanaternalstress is associated with stillbirth, whether stress is
associated with placental methylation of stredated genes, whether placental
methylation of streseelated genes is associated with stillbirth, and whether there is
evidence of mediation of associations between stress and stillbirth by methylation of
stressrelated genes. The sample compri$88 non-anomalousgull-term singletorbirths
(63 stillbirths and 1P livebirths) from the populatiorbased U.S. Stillbirth Collaborative
Research Networ&asecontrol study Measuring maternal stress with two hypothesized
stressors, an Index of Significant Life Events and an Index of Disay@niveassessed
evidence formassociatioabetween maternal stressors and stillbiNext, weassessed
whether maternal stressors and stillbirth are associated with differential methylation of

1,191 CpGs on five stresslated geneBDNF, FKBP5 HSD11B21GF2, andNR3C1).
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Finally, we assessexlidence fowhether methylation mediates associations between

stressors and stillbirth.

1.4 Conclusion

Stillbirth has been acknowledged as a majo
theMillennium Development Goals, yet was also excluded from the Sustainable Development
Goals, launched in 20282 Annual UN countryspecific stillbirth estimates were ortggunin
2020. Global progress on stillbirth prevention, though it has improved over the past decade,
remains too slow to achieve the UN target offiltbirths per 1000 total births by 2030, a target
that was endorsed by 194 member nations a&Vorld Health Assembly 20144

As with most highncome countries, the U.S. has already met this global target. Indeed,
the target was set to be bold yetgntially achievable for the lovand middleincome countries
that contribute the largest share of global stillbirths. Higlome countries with significantly
greater resources for public healthcare should be performing much better than this global
bencimark. Yet as mentioned above, the U.S. stillbirth rate is worse than that of 31 other high
income countries, and is twice as high as the lowest rate (in Japan). Moreover, the stillbirth rate
in some U.S. minority groups, notably Black Americans, is twichigh as the national rate.
Despite this poor performance, the US. aswell asglobally, therehasbeenlimited attention to
stillbiths?>The CDCO6s most recent vital stati®¥tics re
andthe first repat of causes of U.S. stillbirthsas only issued i20165! The U.S. hasilso
reduced the ambition of its national stillbirth rate target; the goal in 2010 was to reduce the
stillbirth rate to 4.1 stillbirths per 1000 totairths, but in 2020 the goal was revisgavardto
5.6 per 1000 total births,kigherrate than aimed for in 2026419

Stillbirth is a major public health problem. Thillbirth burder® both mortality and
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poststillbirth bereavement and follean effects for family members and caregiders on a par

with newborn death®.26 106198 The stillbirth rate measures not onlgbstantiaportion of the

global and national burden ofortality, butalsoe qui ty and quality of <car e
c hi | dr e.Rédscingptheanuntbérs of these deaths requires amstaléing of why they

occur, yet approximately ortlird of stillbirths are unexplained, even in settings with high

guality autopsy and placental examination, while deaths considered to be explained are usually
ascribed teingle,proximal cause An important limiting factor for efforts to reduce the large

and inequitable stillbirth burden has been insufficient research into conditions that could inform
prevention strategies and reduce ineqtitty.

Substantial evidence exists for associations between structural racism, maternal stress,
and adverse pregnancy outcomes, yet resdaccising on stillbirth is sparse, particularly at the
ends of the causal spectrémmacralevel structural conditions and mechanisi@sveral studies
have called for research on possible biological mechanisms by which racism;neleited
stress, and stiirth may be associated, including epigenetic mechant$isparticular, a 2010
NICHD workshop on stillbirth pointed to racismalated stress as leading to physiological stress
responses that may cause racial disparities in preterm birth, and highlighted lack of research on
biological mechanisms for how stillbirth cars®®

Stillbirth merits greater attention because of the size of the public health burden that it
represents, the inequitable distribution of that burden, its amenability to alleviation, and the
insufficient attention that has nonetheles$as been paid to it, both globally and in the Ut$s
hoped that this dissertatiavill play a role in responding to this research needtributng to
knowledge of preventable causes, highligithe role of stressors in persistent inequity in

stillbirth rates, generaitg new hypotheses fdurther study informing the development of
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interventions at individual and policy levels to reduce stillbirth numlaerd helping a little to
respond to the needs of bereaved famillegssansweringGal eadés <call for a con

epidemiology'*°
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Chapter 2: Scoping review of the literature on racial disparity in

stillbirth rates in the United States

2.1Introduction

Stillbirth constitutes a substantial public health burden in the U.S., with over 21,000 in
utero deaths at 20 or more gestationalksesnnually, producing a stillbirth rate of 5.7 per 1000
total births (livebirths and stillbirths) (2019 dafl)his rate is nearly twice as high as the rate of
early neonatal deaths in the U.S. (deaths of liveborn infants at less than 7 days from birth, 3.0 per
1000 livebirths, 2019 data! and using the global definition of stillbirth (fetal death at >28
conpleted gestational weeks), the U.S. stillbirth rate is higher than that of 51% ehbaghe
countries (31 of 61 countries with 2020 stillbirth dats).

Stillbirths occur more frequently in most racial and ethnic minority groups. In the U.S.,
the stillbirth rate in nomHispanic (NH) Black families is twice as high as the stillbirth rate in NH
white families (0.4 vs 4.7 per 1000 livebirths and stillbirths), with NH Native Hawaiian/Other
Pacific Islander and NH American Indian/Alaska Native families also experiencing higher rates
of stillbirth than white families (10.0 and 7.5, respectivélWhile various risk factors that
might explain Blackwhite differences have been identified (e.g., obesity, prenatal care access,
gestational age), the doubled risk of stillbirth in Black versus white families has remained
constant since U.S. stillbirth tacollection began, in 1922.

To date, there has been no systiéen@view of racial disparities istillbirth rates,

although &2018 systematic review of pregnancy outcomes in-higfhwomen in association

b Whenever referring talata from aspecificreport we used the racial/ethnic group terms that were used in that
report
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with short (<18 months) and long (24+ montimgrpregnancy intervaldefined as the time
between the end ohe pregnancy and the start of the n&t) did include stillbirth as one of
the outcomes. That review found limited evidetie shortIPI could help to explain racial
disparity in adverse pregnancy outcomes between Af#gaarican and white womer? A
non-systematiaeview by HogueandSilver in 2011 summarized the literature on risk factors for
stillbirth that are eithemore common in racial/ethnic minorities or for which there is evidence of
stronger adverse associations with stillbirth in these grbhiosvever, none was identified that
could potentially explain the doubled risk of stillbirth in Black as compared to white families.
Several norsystematic reviews of racial dispargim perinatal and infant mortality and
other related pregnancy outcomes have mentioned stillbitf However, all of these
concluded the evidence was insufficient to explain the observed raspality, regardless of the
exposures assessed. Two systematic reviews of racial disparity in birth outcomes associated with
stillbirth (birthweight, gestational agemallfor-gestational age, and preterm birétgo
concluded thaneither individual nor arealevel socioeconomic status characteristics such as
education, poverty, and occupatioould explain the disparity; however, neither review
mentioned stillbirtht” 118Several norsystematic reiews of racial disparity in birth outcomes
associated with stillbirth similarly either did not mention stillbirth or mentioned it only in
passing 119125
The most recent review of racial disparity in stillbirth rates was carriedventaodecade
ago and was not systematia|l other extant reviesvon related outcomes have provided limited
or no discussion of racial disparity in stillbirth, and several of these have reviewed only specific
risk factors (IPI, infection, vitamin D). The aim of the present study was to address these gaps by

conductinga scoping review of the literature on racial disparity in stillbirth rates.
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2.2 Methods

2.2.1Study design

This was a scoping review of the literature.

2.2.2Search

The literature search aimed to identify all reports, regardless of location, of studies that
included stillbirth ratestratifiedby race. Due to the large numbers of reports that passed the first
two screening phases, our search was subsequently limité&t only. Search concepts were
Astill birtho and ThAbleAld. Btillbirth was definedceithdrias(q) defined y 0 (
by the author, or if no defintin provided, then as (b) spontaneous loss at 20 or more gestational
weeks.Searches were conducted for Engliahguage reports only; there was no date limit. The
search was conducted on February 20 and 21, 2021, in five databases: PubMed, Scopus, Cinahl,
Embase and Psyclnfo. After elimination of duplicates, search results were exported to
Covidence.

Screening was performed in Covidence in three phases, with inclusion/exclusion criteria
iteratively refined to achieve a reasonable number of reports faeftilteview.Doublefull text
reviewwascarriedout by two epidemiologists (SHL and EEQr 456reports.All full texts were
obtained. The inclusion criterion wasy report providing stillbirth rates stratifieg
race/ethnicity Exclusion criteria wereive birth only; stillbirth not mentionedor only as a
confounder; stillbirth ratesot reported separatelsom other outcomes oot stratifiedby
race/ethnidly; study sample that only included deaths (hence no denominator data available), or
casecontrol study with stillbirths as cases; stillbirths allowed in study populations but none
reported; grey literature (e.g., npnofit reports}?® nonU.S.; literature review (though relevant

reviews were added to snowball review). We did not exclude studies with overlapping study
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populations as doing so would reduce rather than improve our ability to achieve o8eaim.

AppendixB for more information about the search.

2.2.3Data extraction

After piloting the data extraction tool, data were double extracted. Due to the volume of
work, a third epidemiologist (AC) joined the team at this stage (SHL extracted all 95 studies, EL
extracted 54 and AC extracted 43). The data extraction tool was revised throughout the process
to improve instructions and adjust data items. Doelteacted data included:

1 Study data Study title, authors, year published, aim, design, location, years ofi@clu
births, population, inclusion/exclusion criteria, data source, exposures, and outcomes.
Studies were identified as focusing on stillbirth, racial disparity, both, or neither.

1 Stillbirth definition : Stillbirth definition, if provided, and whether thisuld have

included fetal deaths <20 weeks.

1 Selected Stillbirth Disparity Ratios: We defined the Stillbirth Disparity Ratio (SDR) as

the ratio of the stillbirth rate in a racial/ethnic minority group to the stillbirth rate in white
births'! (in three cases, a different comparison was &iseah-Black, norHispanic, and
minority).}16 121 125Tg keep the workload for double extraction manageable, we aimed to
extract a single SDR from every included refart h seledied SDR . For reports
providing data on multiple racial/ethnic groups, we extracted one SDR for each group.

For accur ac ydie ragléethrac,growp ¢erms that were used by authibrs.

reports provided estimates from regression analysis, we extracted these, oD wvi

confidence intervals, the type of estimate (e.g., odds ratio), the exposure, whether

estimates were adjusted, and if so, the covariates adjusted for. Where estimates from

regression analysis were not provided, we extracted rate ratios (eithdydoect

20



constructed from frequency data). For reports providmodfiple estimate$or each group
(due tostratified analyseer theuse of multiple exposuresj)e developed a rubric to
select one (see Appendifor details). SDRs from duplicated data weo# extracted
(e.g., government reports that reported national stillbirth data from the same year).

91 Disparity comments We extracted and categorized aut

disparity in stillbirth rates. Comments were extracted from the dismusection of
included reports (or from relevant text if there was no discussion section), focusing on
aut horsdo views on possible explanations fo
In addition tothe selecte@®DRsthat weredoubleextractel, SHL also singlextracted
data forall available SDRshat provided Blackvhite comparisonOur particular focus on
Black/white SDRs was due to the fact that the largest stillbirth rate disparity in the U.S. is

between Black and white births.

2.2.4Analytical approach
Descriptive statistics were producedstanmarize théencluded studiesWe reported
SDRsand, where possible, their 95% Cls (see AppeBJiXFor reports presenting regression
estimates, if the exposure was race, the 8Qlaledhe regression estimate for minority vs
white stillbirthss, hence the 95% ClI for the SbDtRe was equa
exposure was not race, we were unablealculate the 95% CI for the SDRor reports
presenting stillbirth rates only (no regression estimates) and with either total numbers of births
by race or stillbirth numbers by race, we calculated 95% Cls for SDfRese data were
unavailable, 95%Is could not be calculated
We interpretecin SDR greater than {and if 95% Cls were available, with a 95% CI

whose lower bound was greater tharad indicative of greater risk of stillbirth in racial/ethnic
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minority births than in white birththereaf e dispafity 0 ,Jandan SDRless than Xand if 95%
Cls were available, with a 95% @hose upper bound was less thamad indicative of the
reversg h er epaofettiend ) A S DRs we raeial grdup carhparisanvbether 9526
Cls were availabler not, whether constructed from adjusted estimates or not, and whether there
was evidence of disparity, protection, or neiffa@rd median SDRs in each stratum were
reported Following PRISMA guidelines for scoping reviews, we did not perform quality
asessment of the included repotfs.

For BlackWhite SDRs we categorized and mapped all exposures and effect modifiers
(for SDRsproduced from regression estimates) and factors by which rate ratios were stratified
(forSDRspr oduced fr om r at eomaiastofiapaly/9i® :t or aocnee; ogf e nee tgih:
(further subdivided intdicategorie® such as gestational age, sex, and birthweight); maternal
(including categoriesuch as maternal age, education, stress, and pregnancy health); family;
community; healthcare system (including categories such as qaaligyss); and structural
(includingcategories uch as racism). Authorsd comments or
al so mapped t o tdonamisseofegsptanagorvnd Q mainrds d(ofmai ns of a
explanation were compared (Seable A2 for details of what the domains included). By design,
all reports conceptualized race as either an exposure or an effect modifier, or stratified stillbirth

rates by race.

2.2.5Software
For searches and screening, we used Endnote and Covidence; for data analysis, we used

Excel and R.
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2.3 Results

2.3.1Search results

A total of 3,144 reports were identified from five databasagure5, Table A3, Table
A4, Table A5, Table A6, Table A7). Of these, 1,220 were duplicates (1,039 fobp&ndnoteor
Covidence and 181 by hand review), leaving 1,924 for abstract and title screening. In addition,
470 reports were identified through snowball review. After excluding 1,938 reports, a total of
456 underwent full text review, of which 95 wereluded [ableAS8).

Eighty-eight reports had data allowing presentation of SDRs using the white stillbirth risk
as the denominator. (Four reports found no stillbimhshite mothers, so SDRs using the white
stillbirth risk as the denominator could not be calcufgfed®; two reports used neBlack and
non-Hispanic as references for Black and Hispanic stillbirth rates, respe&ti/éfyand one
report used the #fAminor irthewhitsdtilbifthlirate?).rBladk r at e
white SDRs were extracted from 84 reports and SDRs for other racial/ethnic minority groups
were extracted from 52 reports. One report was excluded from SDR reporting as its SDR data

were dlicated in other reports, but it was included in domains of analysis and explddation.
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Figure 5: PRISMA flowchart showing selection of 95 included studies

Abbreviations: SBR, stillbirth rate; SDR, Stillbirth Disparity Ratio.

2.3.2Description of included studies

There was substantial heterogeneity across the included reporigquéner had aims
that included stillbirth, and 36% had aims that included ralsqlarity; 11 studies had aims that
included both (12%, data not showiipblel). For onethird of reports, stillbirth was the only
outcome examined. Eight reports were published before 1990 (1930s, 1; 1950s, 2; 1960s, 2;
1970s, 2; 19804,). Study populations had a median of 626,883 births, with nearly half being
national in scope; 17% were®) government reports. Nearly all studies included both white and
Black racial groups; less than egearter included\sian births.There was variatin in how
racial/ethnic groups were defineébiable ALO andTable ALl providethe terms used in each

report.Threequarters of reports provided a definition for stillbirth, with 18 unique definitions
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used; the most common was 20 or more completed gestational weeks (38% of repdeblesee
A9). Stillbirth data were limited to fetal deaths at 20 or more week8%n & reports.

Table 1: Summary of characteristics of 95 included reports

Characteristic n (%)
Study aim included stillbirth?
Yes 23 (24%)
No, but other fetal death terms mentiofed 44 (46%)
No fetal death terms mention&d 28 (29%)
Study aim included racial disparity?
Yes 34 (36%)
No, but other types of racial difference mentiofie 46 (48%)
No racial disparity or difference mentioned 15 (16%)
Stillbirth was the only outcome studied? 33 (35%)
Year published
19361989 8 (8%)
19901999 9 (9%)
20002009 35 (37%)
20162021 43 (45%)
Study population, median (range) 626,883 (102 71,037,685)
Racial/ethnic groups included
White 94 (99%)
Black 90 (95%)
Hispanic 46 (48%)
Asian 21 (22%)
Native American 15 (16%)
Otherd 20(21%)
Location
National 44 (46%)
Single state 25 (26%)
Multiple states 13 (14%)
Local® 13 (14%)
Data source
Vital statistics 61 (64%)
Government report 16 (17%)
Other vital statistics 45 (47%)
Medical records 16 (17%)
Survey 4 (4%)
Othef 14 (15%)
Stillbirth definition "
20+ completed weekso other criteria 36 (38%)
20+ with other criteria 18 (19%)
21+completed weeks 2 (2%)
23+completed weeks 2 (2%)
24+completed weeks 5 (5%)
28+completed weeks 1 (1%)
Other 8 (8%)
No definition 23 (24%)
Stillbirth data restricted to 20+ weeks?
Yes 55 (58%)
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Characteristic n (%)

Could have also included <20 weeks 23 (24%)

Unknown' 17 (18%)
@Terms included O6fetal deatho6, oO6fetal mortalityd, O6éspol
6perinatal mortality6o.
Terms included édmortalitydo, oOearlgl antoed amorttyadl i tOynd,0 n@d
ot comesd, Obadverse perinatal outcomesd, Oadverse pregn
conditionsdé, 6l abor inductioné, O6obstetric complicatio
outcomesd, oOpreteverlki comp) i pteoboasmdf @eGsegnancyd, O0sp
‘Terms included 6by raced, o6differencesd6, Ocompared wi:t
Orascpeeci fic riské, Oracial ,tréedredf,r ndrniasnk 6f, a cdted rfée,c t 6 cod n t

included in this group if the aim mentioned race only as a population subgroup.
0t her racial/ ethnic gBlackunopmvhite, othel, otitbeéntlltiracialo | or e d 6, non
other/multiracial/unknownBlack mother/white father, white mother/Black father, otherdizpanic.

fLocation filocal o includes individual cities, counties,
"fiothero data source includes multiplsatsitgft a sources (e.
AWas stillbirth the only outcomeodo refers to whether t1l

maternal morbidity).

h Stillbirth definition: seeTable A for a complete list of stillbirth definitions in the 95 included papers.

" Of the 72 reports with stillbirth definitions, those that only included gestational age criteria for stillbirth were by
definition restricted to 20+ weeks; those that had additional criteria such as birthweight could also have included
<20 week births. Othe 23 reports with no stillbirth definitiothreewere nonetheless restricted to 20+ weeks

(results were stratified by <20.9 and 20.9+ weékgjeliveries <37 weeks were exclud€donly births 24+ weeks

were eligiblé®®) andthreenonetheless could have included <20 week births (ICD code for fetal death not otherwise
specified included?® miscarriage and stillbirth grouped together as Ao birth'#% all spontaneous terminations
eligible!*Y); for the remaining 17, this status was unknown.

2.3.3Racial disparity in stillbirth rates
A total of 1,143 Blackvhite SDRs Table ALO) and 112 other SDR3 éble AL1) were

extracted

1 Black-white: 90 reports included Black SBRs, of whigh had the required data to

calculate Blackvhite SDRs; one of these reports was excluded from racial disparity
reporting (see Search Results above and Appé&idi* The median SDR wak67
(Table2). 74% of SDRs showed evidence of disparity. Median SDRs with and without
95% Cls were 1.79gure6) and 1.17 Figure7?), respectively. The median SDR for
data only including stillbirths was 1.54; the median SDR for data thatteayhave

included fetal deaths <20 weeks was 1.87 (data not shown). There was no indication of a

change in SDR magnitudes over tink@gure8).
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1 Hispanic-white: 46 rgoorts included Hispanic SBRs, of which 40 had the required data

to calculate Hispaniwhite SDRs. The median SDR was 1.6@y(re Al). 50% of SDRs
showed evidence dfisparity. Median SDRs with and without 95% Cls were both 1.09.

1 Asian-white: 21 reports included Asian SBRs, of which 18 had the required data to
calculate Asiarwhite SDRs. The median SDR was 1.00. 39% SDRs showed evidence of
disparity. Median SDRs with and without 95% Cls were both 1.00.

1 Native American-white: 15 reports includd Native American SBRs, of which 13 had

the required data to calculate Native Amerigdrte SDRs. The median SDR was 1.22.
69% of SDRs showed evidence of disparity. Median SDRs with and without 95% Cls
were 1.24 and 1.04, respectively.

1 Other-white: 20 reports included other race/ethnic group SBRs, of which 18 had the
required data to calculate othehite SDRs. The median SDR was 1.35. 43% of SDRs
showed evidence of disparity. Median SDRs with and without 95% Cls were 1.38 and
0.92, respectively.

Table 2: Summary of Stillbirth Disparity Ratios: SDR numbers  and medians stratified
by whether evidence of disparity, protection, or neither; whether from adjusted estimates;
and whether 95% Cls available

Black-white Hispanic-white Asian-white  Native Americanrwhite  Other-white

# # med # # med # # med # # med # # med
reports SDRsSDRreports SDRsSDRreports SDR<SDR reports SDRs SDR reports SDRsSDR
Total 83 11431.67 40 60 1.09 18 18 1.00 13 13 122 18 21 1.35

Evi dence of é

disparity? 69 847 1.89 25 30 122 7 7 130 9 9 126 8 9 1.95

protection® 22 174 0.80 9 10 0.89 6 6 087 2 2 070 2 2 0.46

neither 28 122 1.10 13 20 099 5 5 096 2 2 099 8 10 1.05
Constructed from adjusted estimates?

yes 35 339 110 17 17 1.07 2 2 090 2 2 109 6 8 1.38

no 52 804 1.83 23 43 1.09 16 16 1.00 11 11 122 12 13 1.06
95% Cl available?

yes 60 814 1.79 28 45 1.09 13 13 1.00 8 8 124 15 18 1.38

no 32 329 117 12 15 109 5 5 100 5 5 104 3 3 092

Abbreviations: Cl, confidence intervahed SDR, median SDBDR, Stillbirth Disparity Ratio.
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aEvidence of disparity if 95% Cl available and lower bound exceegedifino 95% CI available and SDR
exceeded 1.

b Evidence of protection if 95% CI available and upper bound less thamifino 95% CI available and SDR less
than 1.

0 1 2 3 4 5 6 7
Stillbirth Disparity Ratio

Figure 6: Black-white SDRs with 95% confidence intervals ( Cls), stratified by whether
adjusted (top) or unadjusted (bottom): 814 SDRs for which Cls could be computed (from 60
reports)

Abbreviations: Cl, confidence interval; SDR, Stillbirth Disparity Ratio.

Yellow line separates SDRs constructed from adjustédagst (top) from SDRs constructed from unadjusted

estimates (bottom).

Red line indicates null value of 1. SDRs whose 95% CI bars are entirely to the left of the red line indicate greater

risk of stillbirth in white than Black births; those with 95%lgzirs entirely to the right of the red line indicate

greater risk of stillbirth in Black than white births; those with 95% CI bars crossing the red line indicate no
evidence of significant difference in Black and white
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3 = 5 6
Stillbirth Disparity Ratio

Figure 7: Black-white SDRs without 95% confidence intervals (Cls), stratified by
whether adjusted (top) or unadjusted (bottom): 329 SDRsfor which 95% Cls could not be
computed (from 32 reports)

Abbreviations: Cl, confidence interval; SDR, Stillbirth Disparity Ratio.

Yellow line separates SDRs constructed from adjusted estimates (top) from SDRs constructed from unadjusted
estimates (bottom).

Red line indicates null value of 1. SDRs to the [etii@ red line indicate greater risk of stillbirth in white than
Black births; those to the right of the red line indicate greater risk of stillbirth in Black than white births.
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Figure 8: All Black -white SDRs, ordered by year o f data collection (1945-2015), with
trendline: 1141 SDRs from 82 reports

Abbreviation: SDR, Stillbirth Disparity Ratio.
Two SDRs from one repéftnot included as years of data collection were not provided. For reports with data from
multiple years, only the first year of data collection was plotted.

2.3.4Domains of analysis and explanation

Domains of analysis46% of the 84 reports with Blaekhite SDRs used fetal factors in

their analytical approaches (as exposures or modifiers in regression analysis or as stratification
factors in presentation of stillbirth rates), and 36% used maternal factodaeed, bottom

Table AL2 for a summaryandTable AL3for details of each report). Fewer than 10% used

family, community or stictural factors, and none used healthcare system factors. Among fetal
factors, gestational age was the most commonly used (30% of reports), followed by birth year
(20%) and birthweight (12%) (sé&gure9, top). Among maternal factors, maternal age was the

most common (18% of reports), followed by marital status (10%), maternal conditions,
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pregnancyelated conditions, and prior adverse pregnancy outcomes (#3cd %o of reports
conceptualized race as an exposure; by design, the remainder conceptualized race as an effect
modifier or stratification factorFive reports assessed mediation in their analytical appro&ches.

143146

Domains of explanation Onethird of the 84 reports made no comment on racial

disparity in stillbirth rates. 56% of the reports referred to maternal factors, 42% to fetal factors,
38% to healthcare system factors, 37% to structural factors, and 20% to family or community
factors. Among maternal factors, maternal conditions were mentioned in 27% of reports,
maternal stress by 25%, and general {paegnancyrelated) health by 18%. Among fetal

factors, gestational age was the most commonly mentioned in relation to the obsqraety dis
(26% of reports), followedby birthweight (8%). Among healthcare system factors, access and
guality were each mentioned by 23% of reports, and among structural factors, general systemic
characteristicsg.g.,non-specific social and economic factprgere mentioned by 29%, and

racism by 20% of reports. S@able AL2for a summary.
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Figure 9: Domains of analysis and explanation for Black -white racial disparity in
stillbirth rates (detail top, summary bottom), n=84 reports

Abbreviations: APO, adverse pregnancy outcomes; COD, cause of death; GA, gestational age; KAP,
knowledge/attitudes/practice; PNC, prenatal care; SES, socioeconomiccbddstcs.

83 reports were included in Blaaithite SDR reporting but 84 reports were included in domains of analysis and
explanation (see Search results above, and App@&)dix
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2.3.5Posthoc analyses

We identified the most commonlysedcategories of analysis for the 1143 Blachkite
SDRs these were gestational age (used as a category of analysis for 41% eivBikecBDRS),
maternal age (24%), prenatal care (14%), and education (T28dle@). The majority of these
SDRs showed evidence of disparity, including when we looked at SDRs within subcategories
(gestational age groups, maternal age groups, trimesters of prenatal care (PNC) initiation, and
educational attainment groups). Among gestational age groups, the median SDR was highest for
early preternbirths(1.85,Figure A2); among maternal age groups, thedima SDR was highest
for births to older mothers (2.1Bigure A3); among PNC groups, the median SDR was highest
for mothers whose PNC started early (in trimested 9§, Figure A4); and among educational
attainment groups, the median SDR was highest for mothers with a high school degree or higher
(2.06,Figure A5). 33% of early preterm SDRs showed evidence of protection rather than
disparity.

Table 3: Top four categories of analysis for all Black -white SDRs, for total sample and
stratified by whether SDR was indicative of disparity, protection or neither

Disparity Protection Neither
Total (row %) © (row %) © (row %) ©
# median # # #
reports f # SDRs SDR reports’ # SDRs reports? # SDRs reports’ # SDRs
Total 83 1143 1.67 69 (83%)847 (74%)22 (27% 174 (15%) 28 (34% 122 (11%)
Gestational age (all SDRs} 24 469 1.62 22 (92%)358 (76%)12 (50% 96 (21%) 9 (38%) 15 (3%)
Early PTB 18 221 1.85 14 (78%) 142 (64%,10 (56% 73 (33%) 5 (28%) 6 (3%)
Late PTB 11 52  1.30 11 (100% 42 (81%) 2 (18%) 9 (17%) 1 (9%) 1 (2%)
28+ weeks 10 111  1.73 10 (100% 106 (96%, 0 0 2 (20%) 5 (5%)
Full-term 10 49  1.57 10 (100% 39 (80%) 1(10%) 10 (20%) O 0
Postterm 8 12 154 7(88%) 9(75%) 1(13%) 1 (8%) 2 (25%) 2 (17%)
Maternal age (all SDRs)° 13 273 1.89 12 (92%)246 (90%) 2 (15%) 10 (4%) 4 (31%) 17 (6%)
<20 years 11 80 1.61 10 (91%) 72 (90%) 2 (18%) 2 (3%) 4 (36%) 6 (8%)
20-34 years 11 105 1.98 10 (91%) 94 (90%) 2 (18%) 5 (5%) 1(9%) 6 (6%)
35+ years 13 84 2.15 11 (85%) 76 (91%) 2 (15%) 3 (4%) 2 (15%) 5 (6%)
Prenatal care (all SDRs¥f 3 154 1.66 2 (67%) 135 (88%) 1 (33%) 7 (5%) 3 (100% 12 (8%)
Trimester 1 1 29 1.98 1 (100%)29 (100%, O 0 0 0
Trimester 2 1 29 1.47 1 (100%)27 (100%, O 0 1 (100% 2 (7%)
Trimester 3 1 20 1.61 1 (100%) 18 (90%) 0 0 1 (100% 2 (10%)
Any PNC 1 29 1.67 1 (100%)29 (100%, O 0 0 0
No PNC 2 43  1.61 2 (100%) 32 (74%) 1 (50%) 5 (12%) 2 (100% 6 (14%)
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Disparity Protection Neither
Total (row %) © (row %) © (row %) ©
# median # # #
reports ' # SDRs SDR reports’ # SDRs reports? # SDRs reports’ # SDRs

Education (all SDRs)? 3 150 1.89 3 (100%)139 (93%) 2 (67%) 8 (5%) 1 (33%) 3 (2%)
Less than HS 2 58  1.73 2 (100%) 51 (88%) 1 (50%) 3 (5%) 1 (50%) 4 (7%)
HS 1 29 1.98 1(100%)29 (100%, 0 0 0 0
HS or more 3 20 2.06 3(100%) 19 (95%) O 0  1(33%) 1 (5%)
Some college 1 39  1.98 1(100%) 36 (92%) O 0  1(100% 3 (8%)

Abbreviations: HS, high school; PTB, preterm births; SDR, Stillbirth Disparity Ratio.

a24 SDRs excluded from gestational age subcategory counts (see Af)endix

b 4 SDRs excluded from maternal age subcategory counts (see Appendix

¢4 SDRs excluded from prenatal care subcategory counts (see ApBgndix

44 SDRs excluded from education subcategory counts (see ApBgndix

€ Report numbers across rows do not always sum to numbers in the Total column since a single report may have
SDRs that are indicative of disparity, protection, or neither.

fReport numbers in columns do not always sum to totals since a single report m&0Rs in multiple

subcategories (e.g. one report may have SDRs for the early PTB, late PTB, and 28+ weeks strata).

2.4 Discussion

We found 95 reports presenting stillbirth raséstifiedby race/ethnicity in the 1$. We
present evidence of increaseskrof stillbirth in Black as compared to white births in the
majority of the 83 reports with the necessary data. Among the 1143-Bhatk SDRs, the
median SDR was 1.67, with 74% of these SDRs showing dispaaityiljrand community
factors, healthcare stem factors, and structural facteverecommonly used as domains of
explanation (2e88% of reports)butrarely (family/community, structural -8%) or never
(healthcare system) used in analy3ise most commonly used domainsaaglysi® fetal and
maternal factors including gestational age, maternal age, education, and prenatdbcaoé
appear able to explain the observed racial disparities. Gaps in the literature include a paucity of
studies examining the possible role of lkealystem, community, and structural factors in Black
white disparity in stillbirth rates, and limited data on other types of racial disparities in stillbirth

rates, including Hispanic, Native American, and Asian births.
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2.4.1Interpretation of results

There is a significant literature on racial disparity in outcomes related to stillbirth. We
identified three systematic or quasistematiageviews of racial disparity and other adverse birth
outcoms, all of whichyielded results consistent witur findingof racial disparity in stillbirth
rates in the majority of included studies’ 1*8Additionally, we found several nesystematic
reviews of racial disparity in birth outcomes which assessed the role of a wide range of risk
factorsat systemic and group as well as individual lev&$?® However nonecommented on
racial disparity in stillbirth; indeedor most,we could not determine whether reports with
stillbirth as amutcomewere reviewear excluded The lack of clarity onwhether stillbirths are
included in study populations hakso been found ithe literature on pregnancy outcomes
related taZika infection4’

The present study addresses this gap in the literature by systematically updating the only
extant reviewof racial disparity irstillbirth rates.In 2011,HogueandSilver summarizedata
from 22 studie®n risk factors for stillbirth that are either more common in racial/ethnic
minorities or have stronger advemssociations witlstillbirth in these groupdg-actorsidentified
included sociodemographic, behavioral, and pregnagleyed factors such as maternal age and
education, access to prenatal care, obesity, smoking, maternal conditions such as hypertension,
and spontaneous preterm bittWhile macrelevel factors such as environmental exposures,
institutionalized raism, and healthcare were mentiopgde to lack of extanmesearchthere was
no evidence to summarize for these factévhile we found four times as many relevant reports
as Hogue and Silver, there were still very few which examined these-feaeltactors,
suggesting that there has been little change in analytical approaches to understanding racial

disparity in stillbirth rateswe found just four reports that used structural factors as domains of
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analysis, three of which were published after 28£11%8This aligns with a 2016 review by
Lorch et al thatfocused on socioeconomic determinants of racial/ethnic disparities in preterm
birth and infant mortality and briefly touched on fetal mortalifyserving that the majority of

the limited research on riat disparity in this outcome has focused on individeakl factors:®

The median Blackvhite SDR was 1.67, witli4% of SDRs shoing evidence of
disparity. Regardless of which domains of analysis were asedwhich categories were used
within those domainsye found that most Blaewhite SDRs showed evidence of greater risk of
stillbirth in Black than white birthancluding 76% of gestational age SDRs, 88% of PNC SDRs,
90% of maternal age SDRs, and 93% of education SDRs. We also found thajdtity rof
SDRs for all subcategories that we examined showed evidence of dispailfy0%. Although
there was some evidence that stillbirth risk in early preterm births was lower in Black than white
births 33% of SDRs were protectivehe median SDRor this stratum (1.85) still showed
nearly twofold increased riskhesedata suggest thatost domains examinetb notexplain
Black-white disparitiesn stillbirth rates. Interestingly, median SDRs were higher for higher
educationahttainment an@arlier PNCstart although thesaregenerallyunderstood to be
protective against stillbirtthowever, only three reports used education or PNC as categories of
analysis.

SDRs that included the null value were of interest as these indicated nevBlaek
disparity in stillbirth ratesThere were two commonlysed categories of analysis for these
SDRs: timing of stillbirth (anteversus intrapartum; 63 SDRs, but from just one reff8ehd
birthweight (24 SDRs from eight reports). Ma$tthe SDRs using timing of stillbirth as the
category of analysiwere also stratified by other factors including education, maternal age and

maternal conditiondt is possible that small numbers (115 Black intrapartum stillbinttisis
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report) and the adddnal stratificationby maternal conditionsiay account for finding no
evidence of racial disparity among these SOFRs SDRs usingilthweightas the category of
analysis there was much variation across birthweight strata, with evidence of protedtoen in
birthweight births (<1500 g, median SDR 0.88), disparity in high birthweight births (4000+ g,
median SDR 3.68), and no disparity in average weight births {2999 g, median SDR 1.06)
At first glance, these resuléppear to be inconsistent withe observation that disparity is
present irall gestational age strata including ftékrm birthsand the majority of preterm births
However, a distinctive feature of SDRs using birthweight as a category of analysis is that there
was almost no use of othdratification factors, while most SDRs using gestational age as a
stratification factor also stratified by other maternal or fetal factors; hence, it is possible that
further stratification of SDRs usingrthweight as the category of analysis would révea
disparities that are not apparent in these data.

Thetop fourcategories of analysis used in Blagkite SDRs shovarisk of stillbirth that
is 63-90% higherin Black thanwhite births regardless of whidategoryis being examined
(median SDRs 1.62.89for gestational age, maternal age, PNC, and education categories), with
a 30% to twofold greater risk of stillbirth in every subcategory (median SDR ranges were 1.30
1.85, 1.612.15, 1.471.98, and 1.72.06 for gestational age, maternal age, PNC, andatidn
subcategories, respectively logical possibility is that domains of analysis which have been
under or unexamined may be at least partly responsible for the disparity.

We identified three reports which used community as a domain of an@tyalkthree,
the category of analysis was birthpladdoyert 1996 stratified national stillbirth estimates by
metropolitan vs nometropolitan counties and educatfSAAIl SDRs showed significant

disparity, with similar median SDRx 2.18 and 2.22 for metropolitan and Amtropolitan
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counties, respectivelyai et al. stratified stillbirth estimates by both birthplace (Kansgsv€
rest of Jackson County, Missouri) and birthweighBlack-white SDRs showed evidence of
disparity in all birthweight strata fa€ansas City but were not significant in the remainder of
Jackson County (median SDRs 3.24 and 1.48, respectively). Finally, Tylestea@fied
stillbirth estimates by $. region of birth and gestational age, using four regions defined by state
fetal death reporting policie’s.The median SDR for area(3.07) was nearly double timeedian
SDRs for other areas (1.25, 1.10,Q);2howeverdue to lack of 95% Cls, we could not tell
whetherthe differences are statisticallignificant. The authors observed that states in area 3
differed from the rest of the.B. in having lower proportions of Black residents and lower
populationdensities. These resukaggesthat disparitymay varywith residential locationalso,
locationmay be a proxy for structural factors.

We found just four reports that directly used structural factors as a domain of analysis.
Rammaktet al.found noBlack-white racial disparity in stillbirth risk with ozone exposure,
though there was evidence of disparity for Hispanic bifthhe other three reports examined
measures of segregation. A historical report from 1950 stratified stillbirth risk by the proportion
of nonwhite livebirths in residential areas, finding evidence of disparity for all SDRs, with
overlapping 95% Cls anao apparent trentt>? However, a contemporary study, Brown 2012,
looked at SBRs in high segregation and low segregation counties; the resg&Rs of 2.35
(95% CI 2.16, 2.55) and 1.67 (95% CI 1.52, 1.83) hadmamlapping 95% CI& Finally,
Williams 2018 examined stillbirth risk in association with changes in segregation ovéf time.
Although 95% Cls for these 11 SDRs were not available, we found that three SDRs, all showing
a strong protective effect (median 0.30), were constructed from Blatkvhite SBRs with nen

overlapping 95% Cls, while the remainiaghtSDRs (median 0.84) were constructed from
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Black and white SBRs with overlapping 95% ClIs, suggesting those SDRs may not be significant.
The protective SDRs compared SBRs in areas of losleoreasing segregation to areas of high
segregation, while the possibly nsignificant SDRs also included comparisons between areas
of moderate to high segregation. This suggests that disparity varies with the degree of
segregation, consistent with Brov20128?

In sum, for most of the main categories of analysis used in the 1143 \RieiekSDRS,
which were all maternal or fetal factors, Blaekite stillbirth disparity persisted in all strata,
suggestinghatthese individualevel factors may not fully explain the observed disparities. In
the few studies that used community and stmattiactors of analysis, there was some evidence

suggesting that ardavel factoramight contribute texplaining part of the disparity.

2.4.2Strengths and limitations

This scoping review of racial disparity in stillbirth rates used comprehensive search
strings with no date limits; we searched five databases and supplemented this with an extensive
snowball search. While results were limited to Englasiguage reports,un focus on the U.S.
made it unlikely that relevant literature was missed for this reason. Single extraction of Black
white SDRs introduced the possibility of error, but the consistency of these data with data from
the selected SDRs which were doubldracted suggested a low error rate. Moreover, we
analyzed a large number of SDRs, thereby reducing the chance that errors would substantially
alter our conclusions. Another limitation was our inability to calculate 95% Cls for 29% of
Black-white SDRs; the madn SDR was lower for SDRs without a 95% CI than with it (1.17 vs
1.79), and a larger proportion of SDRs without 95% Cls than with 95% ClIs were from adjusted
estimates (64% vs 16%). However, in a number of cases, the covariates adjusted for could have
medited rather than confounded associations, which would theoretically attenuate estimates of
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association, at least partially explaining the difference in median SDRs. For example, parity and
hypertension were adjusted for in associations between materratcgéllbirth1>® education

in associations between maternal age and stillbifthnd pregnancy complications in

assocations between prior C section and stillbitthall of these covariates could instead have
mediated he respective associations. Further study should examine this group of SDRs more
closely. It was possible that data from reports including only stillbirths (20+ weeks; 57% of
reports) differed from data from reports that could have included miscarria@eveeks; 43%

of reports). As with research on racial disparity in stillbirth, research on racial disparity in
miscarriage is sparse, but one prospective cohort study found a 57% increased hazard of
miscarriage in Black vs white women, slightly lower thiae median SDR we found among

reports which may have included <20 week miscarriages (1.87), suggéestifigctors other

than gestational age at death may be responsible for the différémbe.small numbers of

SDRs in some categori@sostterm births, older maternal age), and small numbers of reports
using some categoriespuld have biased resultghile overlapping categories across reports

made it difficult to assign some SDRs to subcategdFiesily, our identification of domas of
analysis/explanation, and categories within each domaissubjective, and it would be useful

to validate our approach; however, the large number of SDRs extracted reduces the chances that

minor changes to categories would affect our conclusions.

2.4.3Further study

It would be of interest to extend this review to include racial/ethnic disparity in stillbirth
rates outside the U.S. In particular, the reproductive, child and maternal health literature from
Canad®>'*'and Australia! %2173 gappears to be more comprehensive regarding Native

populations than the U.S., and could shed lightamtors to consider that might be relevant for
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U.S. Nativegroups.A categorizationoda ut hor s 6 ceasons possHly spurious
associationsould also be useful in providing further context for masgults. Such reasons
includeincompleteness of stillbirth registratidfy selective underreporting of fetal deakfts

racial disparity in reporting and registration of stillbirths, especially early stillbtith$18

variation in fetal death reporting requirements by $taeisclassification of fetaleaths as

neonatal death} policy-related changes in fetal death reportifgow autopsy rates

(sometimes differential by race) resulting in limited availability of data on stillbirth cddses
differential detection of early stillbirth by ralé& and differences in reportedligtirth rates

depending on methodology (traditional vs fetugessk)!!. Quality assessment of the included
reports could &lp to increase confidence in our results. Further research should document how
race was defined and whether this is associated with data on racial disparity in stillbirth rates, as
well as stratifying SDRs by whether Black and white births included Bigsanic and white
Hispanic births or not. The large number of reports included after the initial screening reflects
inconsistency in stillbirth terminology: many terms are sometimes used to mean stillbirth,
including apparently exclusive terms such asna¢al deatlf®and infantmortality*®!, so such

reports needed to be included in ouif fext review to reduce chances of missing relevant data;

it was also a consequence of the high proportion of reports that include stillbirth data but do not
mention stillbirth as an outcome in abstra¢ts®2improved reporting of stillbirth outcomes,
including better discrimination of stillbirths from neonatal deaths, would be beneficial for

stillbirth research.

2.4.4Conclusion

In 2003,Lu andHalfon carried out a nosystematic review of racial disparity in birth
outcomes; while perinatal mortality was mentioned only in passing, their framework is
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instructive for the study of racial disparity in stillbiti.They posited that disparities in
outcomes are not the result primarily of disparities in characteristics experienced and measured
in pregnancy such as prenatal care, health behaviors, infection, and socioeconomic status,
although these are among tlaetbrs most commonly examined and implicated. Instead,
disparities in birth outcomes are the product of differential exposure and response to both risk
and protective factors over the lif®urse, via both early life adversity (the developmental
origins ofdisease model) and cumulative stress (the weathering model), with differences
sometimes persisting intergenerationally. Such a model calls for an integrated approach to
lifecourse research at all levels from the individual to the structural.

Two nonsystenatic global reviews of stillbirth in highncome countries by Flenady et
al. in 2011 and 2016 subsequently underlined the importance of structural as well as individual
level explanations for disparities in stillbirth rates between racial/ethnic growhsling
socioeconomic deprivation and raci8i¥3And the few (norsystematic) reviews which have
included stillbirth have also acknowledged the role of comity and policylevel factors. For
instance, a review biganjitet al. on racial disparity in low birthweight, intrauterine growth
restriction (IUGR), and fetal and infant mortality in relatiorbisphenol A (BPA)an endocrine
disrupting chemical founh some plastics, observed that racial disparity in exposure to BPA
was itself due partly to grodpvel factors such as segregation and neighborhood poverty, and as
such, interventions at the individual level are unlikely to sustainably reduce the clsernaé
disparity!* Other reviews have reached similar conclusidfs.

The present study demonstrates that in the intervening 20 years siandHalfon
argued for a multilevel, integrated, litmurse approach to understanding racial disparity in

infant and perinatal mortality, little has changed for research on stillBigtta conclusively
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point to a persistently greater risk of stillbirth for Black as compared to white families regardless
of the analytical approach that is taken. The answers to this puzzle may reside in the domains
that remain undeinvestigated: commutyi, healthcare system, and structural domains. Factors
which have so far circumscribed the literature on racial disparity in stillbirth should be identified
so that they can be overcome. Researcher or funder bias may partially account for the continued
emphasis on individual (fetal and maternal) factors to the exclusion of group factors which can

only be addressed at a policy orafiisociety level.
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Chapter 3: Can structural racism help to explain Blackwhite

disparity in stillbirth rates?

3.1 Introduction

The stillbirth rate (SBR) ianindicator of inequity in public healthThe U.S. SBR i$.7
per 1000 total births, but in nddispanic (NH) white families it is Z, whilein NH Black
families, it is 104.1 220 1%%Despite a century of persistently doubled SBRs in Black families, the
literature remains sparse, inconclusive, and focused on proximate factors teahisaksparity
unexplained. For instance, studies have fourdial disparity in SBRs regardless of prenatal
care, education, age, smoking, hypertension, diabetes, and d8&5H8/*8” The inability of
existing research to explain the disparity provides a rationale to look to distal factors for
explanationé.z 115177 185 186 188 189

Structural racism is an interdependent,-pelfpetuating complex of institutional
practices, laws, and policies that oppresses members of a racial/ethniclgroayse otheir
group membership; it has been described as a fundamental cause of health if@&ités.
Since structural racism targets racial/ethnic minority individuals due to their group membership,
and does not target white individuals, it necessarily affects racial/ethmicitpiindividuals and
white individuals differently>* As a macrdevel feature, structural racism is distinct from
individuaklevd racism?®3It has been associated with multiple adverse health outcrttéd?®
202\yith associations often varying by race/ethniéi2%Structural racism malye associated
with stillbirth through multiple pathwaysfluencing access to and quality feéalthcare,
determining the types of healthcare available, or the degree of healthcare practitioner bias,

ultimately affecing maternal and fetal medical conditions. It may influence environmental
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factors such as pollution or neighborhood quality (egrilability of affordable foods,
employment opportunities, housing and transportatiith follow-on effects on household
income affecting insurance, maternal conditions, or access toocérenay increase maternal
psychosocial stress, either directly, or through exposure to indiviehelracism or
discrimination,affecting maternal stress responses, increasing vulhigrab infection and
threatening fetal surviv&P 1°° 204 20yost likely, these pathways are intertwined and make
simultaneous contributions to risk. According to the theory of Bomehtal Causes, structural
causes by their very nature continually create replacement mechanisms at intermediate and
individual levels that perpetuate health inequities. This is the reason thstraciural
interventions can never sustainably removethéaequities?

Due to its multidimensional nature (with impacts manifesting, for example, in the
housing, employment, edation, and healthcare sectors as well as the justice sy&é&th)
structural racism cannot be fully captured by a single measure, hence best practice is to use
multiple measure¥? %3 206egregation, which geographically isolates racial/ethnic groups, often
in areas of low resource and opportunisypne of the most commongxamined measures of
structural racism®? 19319920810 The .S, government acknowledges segregation as a social
determinant of racial inequities in health outcorfté#s with structural racism itself,
segregation has multiple dimensidigsble A41) and measured @ble A2). The five domains
originally described by Massey and Denton in 488clude isolation (the probability that
minority and majority groups will come into contact), evenness (hoseligacial distributions
within neighborhoods mirror the racial distribution of the larger region), clustering (the degree to
which minority neighborhoods are close together), centralization (the degree to which a

racial/ethnic group is located within tientral region of a given area), and concentration (the
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degree to which a minority population is concentrated within a redi6ff. The most
commonly used measures are the Indices of Dissimilarity and Isof&fdhThese measures
have, however, been criticized for imrP8dequate
The Index of Concentration at the Extremes (ICE) was developed to address this and other
limitations of more traditional measures. ICE quantifies the degree to which neighborhoods are
composed of dAprivil egedd3*%8Byddinng prisildgeandt agedo i
disadvantage using multiple characteristics, ICE can model not only residential segregation, but
also what has been termed racialized economic segredatith§ICE is most commonly
represented by race, income, or a combination of thega® AppendixB). Theuse of ICE has
been increasingly used in research on segregation and health outcomes, inchodingeall
mortality?'®, cancet?®, assauf??, infant mortality'8, preterm birtt¥?2 and neonatal morbidity and
mortality 23

The burden of stillbirth is inequitably borne by Black mothers in the U.S. Reasons for the
persistent racial disparity are urdwn, but structuralacism presents a plausible mataoel
explanation'®® Notably, however, there has bditie research on structural facto3nly two
studies have sought to evaluate the role of structural racism in relation to stillbirth; each
examined only one dimension of structural raciéftBrown et al. found that residence in
counties with high vs low segregation was associated with increased odds of stillbirth only in NH
Black but not NH white birth& and Williams et al. found thaéducedsegregatioras measured
by thelndices of Dissimilarity and Isolatiowasoften associated with lower odds of stillbirth in
Black births buhad no association with stillbirth in white births; however, in some cases there
was a stronger protective effect of reduced segregation in white than BlackKbirths.

We assesseagdhether structural racism helps to explain Bladkite disparity in stillbirth
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rates in ten years of births in NYCe&bgnizing that structural racism, not race, is an upstream
cause of disparities, we conceptualized structural racism, not race, asdberexyf interest*

226 Resultsthat would be consistent with our hypothesis that structural racism is an upstream
cause of racial disparity in stillbirth rates included positive associations between structural
racism and stillbirth in Black but not white births, or stronger positive associations in Black than

white births.

3.2Methods

3.2.1Study population and data souces

The study population included all 1,077,041 livebirths and stillbirths registered with
NYCO6s Department of HBGHMH)etweerzDO9Mmed2@18, btheHy gi e n e
than births to nomesidents, births at <20 completed gestational weeks, anglesitNYC was
selected because of its high stillbirth numbers and rates and its relatively high level of racial
segregation in comparison to other U.S. citiadividuatlevel data (outcome and covariates)
were from DOHMHOGs Vi t adTerBinatdns of Rragmascy RegistriesSpont a
Grouplevel data (exposures and covariategsfe from U.S. Census American Community
Survey (ACS) datasets for20290 13 (ref erred to a230h&i hfiaiget 2@

20180) .

3.2.2Exposures

Structural r&ism was measured at the level of the PUMA (Public Use Microdata Area).
NYC has 55 PUMASs, each with a population of at least 100 Bidths were assigned exposure

values based on birth vyeaTableMshndPppbhdixB f mot her
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Structural racism was represented by four exposititesindices of Dissimilarityandlsolation

(Dissimilarity and Isolation) measure the segregation domains of unevenness and isolation,
respectively, and are the only measures of structural racism that have been used in studies of
stillbirth.®4 81 212\e constructed them fronace/ethnicitydataagg e gat ed fr om NYC6s
censustracts. F6€CE, we f ol |l owed the | iterature and def |
NH white households earning $100,000+ and Black households earning <$25,000 annually,
respectively?8 221 223\/e chose a combination of race and income to complement the traditional
Indices of Dissimilarity and Isolation which arerply racebased, in order to introduce an

additional dimension of structural racism, namely economic inequity. ICE represents the

di fference between numbers of Aprivilegedo an
the total population in a givereighborhood (se€able Al4 for the formula). As such, itis a

relative, not absolute, measure. Hence, the relationship between ICE and absolute measures of
racial composition and poverty can be thought of as similar to the relationship between a
countrydés Gini ofaneduity iorcrelagivie tvealthrandnite powentyriegel (a

measure of absolute wealth), where the absolute measures reflect the total population but the
relative measures quantify extremes. Just as
difersubstantially, so too may a neighborhood6s
See AppendiB for a more complete discussion of this meastine Educational Inequity

Ratio (Educational Inequityyjuantifies the relative educational attainmenBlaick vs NH white

adults®” 290 20\ote that ICE used household data while ttreepexposures used individual

data; throughout, we use Aresidentso to refer
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3.2.3Analytic approach

Descriptive analysis We carried out descriptive analyses, presergiglues for

comparisons within race groups arargoaring births with and without PUMA data.
Missingness was retained as a separate category for all covariates as it was not at random.

Primary analysis: After excluding births lacking PUMA data (n=334), we tested for

interaction between race (NH BlackH white) and structural racism exposures in relation to
stillbirth. For exposures showing statistically significant interactions with @5 for cross
product terms; for tertile 3 or quintile 5 for categorical versions of exposures), all subsequent
analyses were performed separately in NH Black (n=221,925) and NH white (n=325,058) births.

We used multilevel logistic regression with random intercepts to estimate associations
between structural racism and stillbirth, exponentiating regression ceeffidb obtain odds
ratios and their 95% confidence intervals (CWEg used categorical versions of the exposures
for the primary analyses, based on the literature which gives evidence atdpsase
relationships between these structural racism messunet perinatal outcomes (e$§.2%3. We
also report results from models using continuous versions of the exposures in Agpdndix
further studies, we will use results from our primary analyses to inform gewelt of these
models (using the continuous versions of the exposures).

Main models adjusted for the following five covariates:

M Individual level:

o Year of birth (continuous), because it is associated with stillbirth (the SBR has
gradually declined) and could affect exposures (agradual decline in
segregation over timé}.22’

o0 Maternal age(continuous, with @uadratic term to model the-§haped
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association with stillbirth)Maternal age is a risk factor for stillbirth; it could also

be associated with structural raci sm me
of where to live and their ability to act on those choices, in part through also
affecting their educational attament and individual or household income. Below,
we explain a secondary analysis that treated maternal age as an effect modifier
rather than confounder.

Maternal education (a fourcategory covariate since a continuous version was
unavailable) Education isanotherrisk factor for stillbirth, ancdtould also affect

the segregation indices (Dissimilarity and Isolation) and ICE through affecting the
choices people make about where they live, and through an income pathway, also
affecting their ability to take aicin on those choices. Individual education
necessarily also affects Educational Inequity, as this exposure is constructed from
the educational attainment of individuals, sorted into racial groups. However,
individual education may also be affected by gtrcad racism, potentially making

it a mediator rather than confoundé&tFor instance, segregation may affect the
availability of and access to educational resources such as community colleges,
and the presence of educational inequity in a neighborhood may affect social
pressure and spprt for continuing education. Finally, education both contributes
to, and may be affected by, PUM@&vel poverty and educational attainment. Our
aim was to provide an unbiased estimate of the total effect of structural racism on
stillbirth, meaning its déct through all pathways. Therefore, we adjusted for
education in our main analyses (assuming it is a confounder, but risking a possible

underestimate if it is a mediator) and excluded it in sensitivity analyses (assuming
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it is a mediator, and risking agsible overestimate if it is a confounder).
1 PUMA level:

o PUMA proportion NH Black (PUMA % Black) : The proportion of the PUMA
population consisting of Black residents was likely a confounder. It may affect
stillbirth through affecting the quality of avdike prenatal care (PNC) or
indirectly through affecting employment opportunities that affect stillbirth
through income and insurance pathways. It may also affect ICE, segregation and
educational inequity measures, etgrough income pathways. Importantly
adjusting for this covariate was also necessary in order to control for baseline
levels of Black populations in each PUMX.ICE in particular is a relative, not
absolute, measure of both race and poverty, and thenator does not include
data on nofpoor Black or norwealthy white individuals. Adjusting for the
absolute level of Black populations is akin to adjusting for baseline levels of
blood lead in studies of child blood lead exposure, ensuring that estiwhates
association between structural racism and stillbirth are not confounded by PUMA
% Bl ack s t?%%Muchajthepiteratureton @xposures such as
Isolation and Dissimilarity takes a similar approatiro0 209 213 23232 p|5q,
adjusting for this covariate could help to address small numbers of Black
individuals in some areas, which can lead to random variation in segregation
index values;His is why the U.S. Census study of segregation weighted the
Dissimilarity and Isolation Indices by the proportion of the population csath
of Black individuals®?’ To assess whether adjusting for this covariate introduced

overadjustment bias, in a sensitivity analysis, we excluded it.
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0 PUMA % poverty : The percent of PUMA households living under the NYC
poverty line(using theNYC Center for Economic Opportunity tisfeoldy33 234
was also likely a confounder. Neighborhdesel poverty may affect stillbirth by
affecting the availability and quality of PNC and healthcare gdgerahternal
medical conditions and environmental risk factors, as well as through affecting
employment opportunities and thereby household income. Neighboelkéneid
poverty may also influence structural racism measures, including Educational
Inequity (eg., through affecting educational opportunities such as school
availability) and segregation (e.through affecting the availability of affordable
housing and the variety of employment opportunities, thereby influencing
peopl ebs choi c.énparticdar, wehneedesl to tadjust for RS
Poverty in models with ICE as the exposure in order to control for baseline levels
of one component of ICE, income inequality. The rationale was the same as that
for adjusting for PUMA % Blac to ensure basele levels of poverty are not
confounding estimates of association. As with PUMA % Black, much of the
relevant literature takes a similar appro&tip’ 199200203230232 2387 7 ggsess
whether adjusting for this covariate introduced eadjustment bias, in a
sensitivity analysis, we excluded it.
Our interest was to estimate the total effect of structural racism on stillbirth; therefore, we
did not adjust for individualevel covariates such as maternal medical conditions, PNC visits,
and insurance status that we hypothesized couldrdgas medators of these associations. See
AppendixB for more information, anéfigure A6 for the theoretical diagraVe used Zscores

for all continuous covariates to improwveerpretability and assist with model convergence
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We carried out the following sensitivity analyses:

Sensitivity analysis 1 Investigated different model specifications: (a) excluded maternal

education from the model because education might mediagr thdn confound
associations; (b) excluded PUMA % poverty and PUMA % Black to assess whether there
was evidence of overadjustment; and (c) additionally adjusted for a sixth covariate,
PUMA educational attainment (PUMA % HS). This may affect stillbirth tbugh

affecting the quality of PNC in the PUMA as well as through income and employment
pathways, and indirectly through affecting individual educational attainment.
Additionally, it may both affect and be affected by both PUMel poverty and
structuralracism measures, through affecting the choices people make and actions that
they take regarding where to live. Similar studies have also adjusted for this cdiariate.
209 232Thjs covariate was strongly correlated with PUN@poverty, however; hence we
excluded it from main models to avoid collinearity, but an analydilseotheoretical
diagramfor our hypothesized associations indicated that it was in the minimum sufficient
adjustment set;

Sensitivity analysis 2 Used alternative versions of the exposufiesb(e AL4);

Sensitivity analysis 3 Used extreme versions of the exposures, created by dichotomizing

the continuous versions at theéjgercentile of the PUMA distribution to check that we
had not mised associations with extreme valg@s;

Sensitivity analysis 4 Excluded births ilPUMASs with <5 and <10 stillbirti€® and

stillbirths with reported birtheight <150 grams;

Sensitivity analysis 5 Stratified by period (2002013 and 201£2018), corresponding to

the two ACS vintages;

53



1 Sensitivity analysis 6 Assessegotential bias due to sibling clusters by running

regressionn two years chosen at randororft each vintage (2009, 2016), based on the
assumption that there would be few siblings in single years. Irhpasanalyses, we
selected two different years (2011, 2018) due to variation in stillbirth data before and
after 2011, wheNYC began implementothe national Standard Report of Fetal
Death?*°

Secondary analysis The fAweat her iict that btrgss actumdates svér pr e d

the lifecourse in Black women due to social inequities and disparity, such that age is a relatively
greater risk factor for a wide range of adverse health outcomes in Black than white #®dtfren.
Premature ageing may also increase susceptibility to stressors such as structural lhacism.
weatheringhypothesis would thus predittat Blackwhite disparity in stillbirth rates will be

greater in older than younger mothers. We therefore caruieexploratory analyses to estimate
racespecific ORs for structural racism and stillbirth stratified by age group. We relaxed the
requirement of evidence for interactionpe0.1 for the X test comparing models with and

without interaction terms, due smaller stillbirth numbers per PUMA in racnd agedefined

strata. In a sensitivity analysis, we further adjusted for PUMA % HS to align with the minimum

sufficient adjustment set from otireoretical diagram

3.2.4Ethics

This study was determined to beempt by the Columbia University Human Research

Protection Office Institutional Review Board.

3.2.5Software

All analysis used R.
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3.3Results

3.3.1Descriptive epidemiology of stillbirths in NYC 20092018

There were 8,177 stillbirths arid068,864ivebirths in NYC in 2002018, with an SBR
of 7.6 per 1000 total births. There was much variation in SBRs acrosS edite4). The SBR
was 13.8 in NH Black families and 4.7 in NH white families. The SBR was significantly higher
in males than females for NH Black but not NH white births. The very preterm SBR in NH
Black births was lower than the very preterm SBR in NH white births, while theefoll SBR
in NH Black births was nearly double that in NH white births. In NH white families, the SBR
was highest among teenaged mothers; in NH Black families, it was haghesg older mothers.
The SBR was twice as high in NH Black as NH white mothers with a high school diploma or
less, and nearly three times as high in NH Black as NH white mothers with at least some college.

SBRs varied by borough and race, and across P$JM#it there was little variation in
structural racism measures across vintagepi(e A7, Table AL5, Table AL6). The Bronx and
Manhattan had the highest and lowest SBRs for NH white families, respectivelgr bilit
Black families, the boroughs with the highest and lowest SBRs were Staten Island and Queens,
respectivelyFor NH white families, the SBR was highest in PUMAs in ICE quintile 1
(concentration of disadvantage), in Isolation tertile 3 (most isolaaed)with %Black above the
median. FONH Black families, these patterns were reversadure10). In NH white families,
SBRs were higher in PUMASs with % poverty above vs below the median, winilld Black
families, SBRs were similar regardless of PUMA % poveXtymbers of stillbirths and
livebirths stratified by PUMAevel covariates and race aneTable AL7. PUMA was missing

for 334 births, of which 95% were stillbirtif$able AL8). Stillbirths missing PUMA data were
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more likely to be very preterm than stillbirths with PUMA data, and to have been born in the first
five years of the study period.

Table 4: Maternal, birth, and PUMA -level characteristics for NYC births 2009 -2018,
including stillbirth rates and numbers of births for total sample and stratified by race

Total Non-Hispanic Black Non-Hispanic white
Livebirths P Livebirths P Livebirths P
+ stillbirths | SBR | value® | + stillbirths | SBR | value’ | + stillbirths | SBR | valuef
Total 1,077,041 | 7.6 222,047 13.8 325,113 4.7
Birth characteristics
Sex <0.01* <0.01* <0.46
Female 524,209 6.0 108,832 10.4 157,202 3.7
Male 551,458 6.7 112,743 12.9 167,590 3.6
Missing 1,374 1000 472 1000 321 1000
Gestational age <0.01* <0.01* <0.01*
20-27w 10,306 483.5 4,451 4525 1,422 571.0
2836w 73,682 26.5 21,657 32.6 15,042 25.3
37-47w 993,053 1.3 195,939 1.8 308,649 1.0
Year ofbirth <0.01* <0.21 <0.26
2009 113,450 8.3 25,513 15.0 31,279 5.4
2010 111,506 8.0 24,795 14.4 30,958 4.8
2011 110,232 8.3 24,082 15.8 31,755 4.7
2012 110,233 7.5 23,044 12.9 32,204 5.1
2013 107,283 7.2 22,159 12.6 32,602 4.1
2014 108,389 7.8 21,795 13.0 33,239 4.6
2015 107,709 7.0 21,211 13.1 33,462 4.2
2016 105,944 7.2 20,428 14.3 33,397 4.2
2017 102,565 7.1 19,918 13.5 33,111 4.6
2018 99,730 7.4 19,102 12.7 33,106 5.0
Maternal characteristics
Maternal age <0.01* <0.01* <0.01*
10-19y 48,766 9.6 14,401 14.4 3,845 5.7
20-34y 783,945 7.0 160,831 12.8 226,274 4.3
3563y 244,325 9.0 46,815 17.2 94,993 5.4
Missing 5 1000 - 1 1000
Borough <0.01* <0.01* <0.01*
Bronx 195,940 9.5 57,722 13.1 11,266 7.5
Brooklyn 395,511 8.3 96,704 15.1 161,677 5.3
Manhattan 175,273 5.5 20,866 12.3 77,306 3.3
Queens 258,747 6.6 40,152 11.8 47,880 4.1
Staten Island 51,570 6.9 6,603 16.8 26,984 4.7
Education <0.01* <0.01* <0.01*
HS or less 479,651 5.3 105,372 9.4 90,639 4.6
Any college 436,135 2.8 100,026 5.2 139,769 1.8
> college 153,660 1.8 13,964 3.9 93,331 1.4
Missing 7,595 543.0 2,685 556.1 1,374 516.0
Race/ethnicity <0.01*
NH Black 222,047 13.8
NH white 325,113 4.7
Hispanic 336,060 6.2
NH Asian 176,403 4.4
NH Native 517 7.7
Other 13,246 4.2
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Total Non-Hispanic Black Non-Hispanic white
Livebirths P Livebirths P Livebirths P
+ stillbirths | SBR | value® | + stillbirths | SBR | value® | + stillbirths | SBR | valuef
Missing 3,655 182.8
Medical factors <0.01* <0.01* <0.01*
Yes 541,092 6.9 140,129 11.7 129,332 4.0
No 535,911 8.2 81,899 17.2 195,773 5.1
Missing 38 1000 19 1000 8 1000
# PNC visits <0.01* <0.01* <0.01*
<median 489,205 13.1 117,369 20.9 133,982 8.5
median+ 587,836 3.0 104,678 5.8 191,131 2.0
Structural racism measures?
ICEh <0.01* <0.01* <0.01*
Quintile 1 231,298 10.8 108,321 13.8 17,552 6.8
Quintile 2 206,584 8.5 68,707 12.1 22,914 5.6
Quintile 3 208,062 6.8 28,476 12.9 45,093 4.6
Quintile 4 237,901 5.5 8,810 14.6 112,307 4.8
Quintile 5 192,862 4.7 7,611 16.7 127,192 3.6
Isolation9 <0.01* <0.01* <0.01*
Tertile 1 399,064 5.2 10,577 17.7 215,151 4.3
Tertile 2 313,655 6.4 45,185 12.0 71,814 4.1
Tertile 3 363,988 10.4 166,163 13.3 38,093 6.2
Dissimilarity ¢ <0.01* <0.24 <0.01*
Tertile 1 358,990 7.3 79,738 12.7 95,924 4.2
Tertile 2 333,041 6.6 50,164 13.8 116,218 4.1
Tertile 3 384,676 7.9 92,023 13.5 112,916 5.1
Ed Inequity? <0.01 <0.09 <0.16
Tertile 1 361,274 7.2 76,124 12.5 103,186 4.7
Tertile 2 362,580 7.7 77,650 13.6 92,705 4.2
Tertile 3 352,853 7.0 68,151 13.7 129,167 45
Other PUMA characteristics ¢
PUMA % poverty? <0.01* <0.80 <0.01*
<median 469,704 6.3 75,644 13.2 196,790 3.9
median+ 607,003 8.0 146,281 13.3 128,268 5.4
PUMA % Black® <0.01* <0.18 <0.01*
<median 565,351 5.2 22,210 14.3 253,332 4.2
median+ 511,356 9.6 199,715 13.2 71,726 5.5
PUMA % HS°® <0.01* <0.28 <0.01*
<median 604,020 7.7 128,392 13.0 103,846 5.3
median+ 472,687 6.7 93,533 13.6 221,212 4.1

Abbreviations: HS, high school; ICE, Index of Concentration at the Extremes; NH{ispanic; PNC, prenatal
care; PUMA, Public Use Microdata Area; SBR, stillbirth rate (number of stillbirths per 1000 total bivths)
weeks; y, years
a PUMA % Poverty, psportion of the PUMA population below the NYC poverty line

® PUMA % Black, proportion of the PUMA population consisting of NH Black residents
¢ PUMA % HS, proportion of the PUMA population with at least a high school diploma
4 PUMA not available foB34 births, of which 318 were stillbirths (122 NH Black births of which 117 stillbirths,
and 55 NH white births of which 51 stillbirths)
e P values are from %ests of association between stillbirth/livebirth status and the respective categorical covariate
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9 Tertile 1 indicates least isolated, segregated or inequitable; tertile 3 indicates most isolated, segregated, or
inequitable.

h Quintile 1 indicates high concentration of disadvantage, Quintild&ates high concentration of privilege.
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Figure 10: Stillbirth rates (hnumber of stillbirths per 1000 total births) for four
measures of structural racism and in PUMASs above and below the median for PUMA  -level
characteristics, stratified by race, 2009-2018

Abbreviations: HS grad, high school graduate; ICE, Index of Concentration at the Extremes; NHispanic
Black; PUMA, Public Use Microdata Area.

3.3.2Associations between structural racism and stillbirth

ICE and Isolation were negatively correlated (0:86), as were PUMA % poverty and
PUMA % HS (r =-0.83) (Table AL9). There was also strong correlation betweetatsm and
PUMA % Black, and between ICE and both PUMA % Black and PUglpoverty. Correlation
was low between PUMA % Black and PUMA poverty. Dissimilarity and ICE were associated

with stillbirth in the combined population of NH Black and white birthenmdels that adjusted
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for race, with ORs of 1.16 (Dissimilarity tertile 3 vs 1, 95% CI 1.03, 1.31) and 1.44 (ICE quintile
5vs 1, 95% CI 1.01, 2.06), respectivelyable A20). There was no evidence of associations
between Educational Inequity or Isolation and stillbirth in the combined population. We found
that associations between stillbirth and both Isolation and ICE varied significantly with race
(p<0.05 for the releant crosgproduct terms); there was no evidence of interaction for
Educational Inequity or Dissimilarity. Hence, subsequent analyses were performed only for
Isolation and ICE.

Among NH Black mothers, living in a PUMA with a high concentration of privilege
disadvantage was associated with 70% to 90% increased odds of stillbirth (ICE quintile 5 vs 1
OR 1.90, 95% CI 1.20, 2.99able5). Living in a PUMA with high vsdw Isolation was
associated with 39% to 40% lower odds of stillbirth (Tertile 3 vs 1 OR 0.60, 95% CI 0.42, 0.86).
Tests for trend were significant for both structural racism measures. Among NH white mothers,
there was no evidence for associations betwiabhard CE or Isolation and stillbirtiModels
using continuous versions of the exposures produced weaker estimates of association, albeit in
the same directionT@ble A21), and models using an alternative version of Isolation no longer
showed evidence of an association with stillbirth in NH Black motfieklé A26); other
sensitivityanalyses were largely consistent with resintien the primary analys€3able A22-

Table A30).

Table 5: Odds ratios (95% CI) for associations between two structural racism measures
(Isolation and ICE) and stillbirth in non  -Hispanic Black and non -Hispanic white births, NYC

(20092018)
OR (95% CI) 2
NH Black NH white
(n=221,925) | Pvalue’ | (n=325,058) | P value®
Isolation® <0.01 <0.49
Tertile 1 ref ref
Tertile 2 | 0.61 (0.47, 0.80) 1.04 (0.81, 1.35
Tertile 3 | 0.60 (0.42, 0.86) 1.28 (0.77, 2.14
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OR (95% ClI) @

NH Black NH white
(n=221,925) | Pvalue’ | (n=325,058) | P value®
ICE® <0.01 <0.35
Quintile 1 ref ref
Quintile 2| 1.12 (0.95, 1.33] 0.99 (0.68, 1.45)
Quintile 3| 1.27 (0.95, 1.70) 1.10 (0.66, 1.85]
Quintile 4| 1.70 (1.16, 2.49) 1.13 (0.62, 2.05]
Quintile 5| 1.90 (1.20, 2.99 1.27 (0.65, 2.49

Abbreviations: Cl, confidence interval; NH, nétispanic; OR, odds ratio; PUMA, Public Use Microdata Area; ref,
reference level.
aAdjusted for year, maternal age, proportion of the PUI
proportion of PUMA residents whoarenbhi spani ¢ Bl ack (APUMA % Bl acko), and
b Tertile 1 indicates low isolation, tertileiBdicates high isolation.
¢ Quintile 1 indicates high concentration of disadvantage, Quintile 5 indicates high concentration of privilege.
4P values for test for trend using continuous versions of categorical exposures.
3.3.3Stratification by maternal age
Among NH Black births, there was modest evidence of interaction between maternal age
and ICE p<0.07) Table A31). For teenaged mothers, there wasssociation between ICE and
stillbirth (p value for trend <0.94fable6). In mothers aged 284, ICE quintile 4 vs 1 was
associated with a 78% increased odds dbstih and ICE quintile 5 vs 1 was marginally
associated with a 67% increased odds of stillbpthaue for trend <0.04). In mothers aged 35+,
residence in PUMAs with ICE quintile 5 vs 1 was associated with a nearly threefold increased
odds of stillbirth(p value for trend <0.01). Additional adjustment for PUMA % HS strengthened
these associations, with more than quadrupled odds of stillbirth in mothers aged 35+ for ICE
quintile 5 vs 1 Table A32).

Among NH white mothers, there was no evidence of associations between ICE and

stillbirth in any age group.
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Table 6: Odds ratios (95% CI) for associations between ICE and stillbirth stratified by
maternal age in non -Hispanic Black and non -Hispanic White births, NYC (2009 -2018)

OR (95% ClI) °

NH Black NH white
(n=221,925) (n=325,057)

Maternal age 149 years

n 14,389 3,843
Quintile 12 ref ref
Quintile 2 1.14 (0.67,1.94) 1.08 (0.06,18.22)
Quintile 3 1.42 (0.63, 3.22] 0.63 (0.02, 24.80)
Quintile 4 1.07 (0.32, 3.57] 0.73(0.01, 43.12)
Quintile 52 1.42 (0.34, 5.90] 0.93 (0.01, 107.42

Maternal age 2@4 years

n 160,753 226,235
Quintile 12 ref ref
Quintile 2 1.07(0.88, 1.30) 1.07 (0.67, 1.71)
Quintile 3 1.12 (0.82,1.55] 1.18(0.63, 2.22)
Quintile 4 1.78 (1.17,2.72] 1.09 (0.52, 2.29)
Quintile 52 1.67 (1.00, 2.80] 1.30 (0.56, 2.99)

Maternal age 3%3 years

n 46,783 94,979
Quintile 12 ref ref
Quintile 2 1.30(0.98, 1.72] 0.86 (0.47, 1.57)
Quintile 3 1.73(1.13,2.60] 0.95 (0.43, 2.08)
Quintile 4 1.51(0.79, 2.88] 1.24 (0.51, 3.01)
Quintile 52 2.70(1.32,5.48] 1.30 (0.48, 3.55)

Abbreviations: Cl, confidence interval; NH, nétispanic; OR, odds ratio; ref, reference level.
a Quintile 1 indicates high concentration of disadvantage, Quintile 5 indicates high concentration of privilege.
b Adjusted for year, proportion of the PUMAgulation under the poverty line, proportion of PUMA residents who
are nonHispanic Black, and maternal education.
3.3.4Posthoc analyses

In posthoc analyses, we explored further the associations between structural racism and
stillbirth, including (1) stratifying the main models by (a) median PUMA % poverty, (b) median
PUMA % Black, (c) median PUMA % HS, (d) sex, and (e) gestational age; (2) adjusting for
additional individuallevel covariates (maternal medical conditions, number of pakoate
visits, and insurance status); and (3) using different versions of ICB) imc6éme only andh)

race only Table A33to Table A40).

In NH Black women, associations between ICE and stillbirth were no longer present
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when stratified by median PUMA % poverty; associations between Isolation and stillbirth
persisted, and wemgronger in the median+ stratuifiaple A33). Associations between both
structural racism measures and stillbirth persisted when stratified by median PUMA % Black,
butonly in the <median stratun&ble A34). Similarly, associations between both measures and
stillbirth persisted when stratified by median PUMA % HS, but only in thedian stratum

(Table A35).

Sexstratified models showed little difference in associations between Isolation and
stillbirth, but for ICE, associations were only presiem males, and this persisted with additional
adjustment for individualevel covariatesTable A36). Gestational agstratified models
revealed that associationsn@enly present in preterm births (36 weeks) for both exposures
(Table A37). The model with additional adjustment for individietvel covariates produced a
weaker OR for ICE quintile 5 vs 1.68 95% CI11.03 2.73 in comparison with results from the
main model Table A38).

Models using a raecenly version of ICE showed no evidence of associations with
stillbirth (Table A40), and models using a poveityly version showed weaker evidence than for
the ICE version using both race and poverty (the main model), although estimates were in the
same direction, with an OR &f48(95% CI11.04 2.12) for ICE quintile 4 vs 1Table A39).

In white women, none of these pd&ic analyses showed evidence of associations
between ICE and stillbirth, but two showed ende of associations between Isolation and
stillbirth: stratification by PUMA % HS (OR .20 95% CI1.15 4.21, for Isolation tertile 3 vs
1 in PUMASs with educational attainment above the mediable A35)) and stratification by

sex (OR 0f2.41, 95% CI1.10 5.31, for Isolation tertile 3 vs 1 in male$dble A36)).
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3.4Discussion

Between 2009 and 2018, the stillbirth rate in NYC was thokkhigher in NH Black
families than NHwhite families (13.8 vs 4.7), consistent with a century of Blabke disparity
in stillbirth rates. We found that structural racism as measured by I€E@lation was
associated with stillbirth in NH Black but not NH white mothers. This would seem consistent
with our hypothesis that structural racism may help to explain racial disparity in stillbirth rates;
however, the associations we observed werénnbie expected direction. SpecificalyyH
Black mothers living in PUMASs with a high concentration of privilege had §88aterodds of
stillbirth in comparison to those living in PUMAS with a high concentration of disadvantage
(ICE quintile 5 vs 1), an8liH Black mothers living in PUMAs that were the most isolated had
40% lower odds of stillbirth in comparison to those living in PUMAS that were the least isolated
(Isolation tertile 3 vs 1)\While the measures we ustmreflect structural racisfiCE and
Isolation)may help to explain the Blaetwhite disparity in stillbirth rates, our results raise

guestions about the walgey operationalize structural racism, meriting further investigation.

3.4.1Interpretation of results

| CE and Isolation: We found thatesidence in PUMAs ilCE quintiles 4 and 5vs 1

increagdthe odds of stillbirtHor NH Black mothersMore specifically, PUMASs with relatively
high concentrations of wetlff white residents appear to confer a higher risk of stillbirth for NH
Black mothes than do PUMAs with relatively high concentrations of-ioeome Black
residents. The ORs for the ICE measure, indicatiig-20% greater odds of stillbirth with
residence in PUMAs of privilege in NH Black mothers, are similar in magnitudstimategor
known individuatlevel risk factors for stillbirth such as chronic hypertension and short

interpregnancy intervalReflecting the negative correlation between the two measures of
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structural racism, this result was consistent with our finding for Isolation, that tertiles 2 and 3 vs
10 representing high population amentrations of NH Black residents vs racially mixed
population® were protective against NH Black stillbirth. Together these results suggest that,
after adjusting for baseline levels of poverty and % Black residesisience imeighborhoods
primarily conposed of Black residents reduced the odds of stillbirth for NH Black mothers, even
when (as captured by ICE) such neighborhoods also encompassed relatively higher proportions
of low-incomeBlack residen® and with no evidence of associations between either of these
exposures and stillbirth for NH white mothgeirscluding in the majority of sensitivity and pest

hoc analysesPosthoc results also suggested that the effect of ICE is througbioed

disadvantage related to both poverty and race, rather than being driven by one or the other of
these component$he consistency of these findings suggests that the effects we estnagted
bereal and not artefactuadut another explanation coudé that the models were ngpecified

(see Strengths and Limitations belowhe resilience of associations between both ICE and
Isolation and stillbirth in our sensitivity analys@scluding models adjusting only for individual
level covariatesncreagd confidence in our results for these exposures. However, the direction
of association we observed is not consistent with what has been observed in other studies.
Following the literature, we operationalized ICE on a linear scale by which low valudy signi
disadvantage and higher levels of structural racism, and high values represent privilege and less
structural racism, and therefore our results would suggest, perversely, that higher exposure to
structural racism is protective for Black mothétswever,structural racisniby definition

oppresses individuals due to their racial group membership, so such an interpretation does not
make sense

Stillbirth is just one outcome on the reproductive, maternal, neonatal and child health
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(RMNCH) continuum, andsasieh, it has many of the same risk factors and causes as neonatal
and maternal mortality and perinatal morbidities such as preterm birth and low birth{fétght.
Hence, whilehere are only two other studies on structural racism and stillbirth%t$éthe

subset oRMNCH literature that focuses on structural racism as an exposure is also relevant for
examining our study result®ur results contrasteslith three studies of ICE and perinatal
outcomes in NYC which all found associations in the expedtedtobnd with increased risk of
adverse outcomes ftwwer ICE quintiles. Huynh et al. found 184% greater odds of preterm

birth and infant mortality with greater concentrations of deprivation (lower ICE quirtiifes),
Janevic et al. found 60% greater odds of preterm morbidity/mortality in the lowest vs highest
ICE quintile?2®® and Krieger eal. found nearly tripled odds of infant mortality in the lowest vs
highest ICE quintilél’ These studies did not explore variation by race, hence their estimates
would reflect the directions of association that held for the majority racial groups in their study
populations, which were 609% nonNH Black. However, this would not explain diffexges

with our results for ICE, since our estimates of associations with stillbirth in the Black+white
population were also not in the expected direction (although it would be of interest to estimate
associations in a population including Hispanic birthsege if results more closely approximated
those in the literature).

Our results also contrast with several studies on Isolation and adverse pregnancy
outcomes. In one of the two studies of stillbirth and segregation, Williams et al. found a reduced
risk of stillbirth with lower Isolation in both Black and white moth&©ne study that adjusted
for race found increased Isolation was associated with decreased birthweight and decreased
gestational ag&’® and several studies found increased Isolation to be associated with adverse

outcomes in Black births specifically, including deesed or low birthweigH 24° preterm or
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very preterm birtfP® 2% and infant mortalit§f°.

Interestingly, none of the aboweentioned studies measured structural racism at a similar
level to our study (PUMA). We measured exposures across 55 PUMAs with populations of
about 100,000 each. Huynh et al. and Janevic et al. measured ICE at lower levels with slightly
smaller average pofations, including 2,168 census tracts (average population of 4,000) and 183
zip code areas (population range3M0O00 each), respectively. In contrast, the aboeationed
studies using Isolation as the exposure all measured it at levels higher thiaid vegioer
county, hospital reference region, or metropolitan statistical area (MSA). Chambers et al.
measured Isolation in 33 counties with minimum populations of 100,000 each, so similar in size
to the PUMAs we uset?’ however, MSAs may have populations of several million.

Krieger et al. found that associations between ICE and assault varied depending on the
level at which ICE was nasured, with stronger associations between low ICE quiriétgsated
to deprivationandbothassaultand child mortalitywhen ICE was computed at census tract vs
city or town level??! Specifically,associations between ICE and child mortality in NH Black
familiesshowed thaincreasingdisadvantage conferred rigkth ICE measured at census tract
level, but when ICE was measured at city level, estimates were protective (<1) and associations
were no longer significarft® These results suggest that level and population size may both
matter for directions of effect between ICE, Isolation and adverse pregnancy outcomes including
stillbirth, but do little to shed light on how.

Another potential explanation for the difference in results is effect modification by degree
of segregation, a possibility we did not explore in the present study. For example, one study
found that increased Isolati was associated with increased risk of preterm birth and low

birthweight, but only in counties withlow prevalence of these outconfésFinally, all the
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studies mentioned (other than Williams et al.) are likely to have excluded stillbirths from their
study populations, thereby conditioning on survivatis, possibly introducing live birth bias. A
study of this phenomenon modelled the effects of live birth bias on associations between
exposure to PFAS and ADHD in childhood. Differing assumptions about strengths of association
between PFAS and both femlrvival and ADHD were shown to result in differing degrees of
bias in the PFASADHD association, such as modest underestimates of the association or a
reversal of the direction of effett Another modelling study of prescription drug use and
preeclampsia reached similar conclusions about the possible effect of conditioning on fetal
survivd for the strength and direction of estimates of associaffdrive birth bias may

therefore help to reconcile the disparate findings; however this would depend on details of the
associations between ICE, Isolation, and the specific pregnancy outcomeseadthispecific

study population.

If the patterns of association we observed are not artefactual, the question remains as to
why they were not in the expected direction. Our findings suggest that residence in
neighborhoods with concentrations of Blackidests, regardless of their wealth statss,
protective against stillbirth for NH Black womenmhile residence imeighborhoods with
concentrations of webff white residenténcreases the odds of stillbirth fiH Black women
While well-off, highrwhite-population neighborhoods may be enriched with health, education
and other services that theoretically protect against stillbirth, these services may be less
accessible or of lower quality for Black mothé&tsSeveral studies have foutithtBlack
women experience worse health outcomes regardless of access to healthcare; for example, Black
active duty militay women have a higher risk of severe maternal morbidity than their white

counterparts despite shared access to the military healthcare $/stestudy in nearly 7
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million pregnant women found higher odds of severe maternal morbidity in Black than white
women in every category of income, insurance, hospital patient profile, and #giher

studies have found that Black women receive lower quality of care than white br#en.
Residing in areas of privilege is thus less protective for Black than white méth&fs>°
However, to explain ourffidings, subpar access to resources would also need to render Black
mothers in PUMAS of privilege worse off than Black mothers in PUMAs of disadvantage.

One possibility is that reproductive healthcare for NH Black women is in fact worse in
privileged than disadvantaged areas. If either access to or received quality of healthcare is worse
for NH Black women in privileged areas than in disadvantaged ahealsaseline quality of the
healthcare itself will be less importahtowever, the persistence of associations between ICE
and stillbirth in our poshoc analyses after additional adjustment for individee¢l covariates
that may be proxies for quality bealthcare (e.gnumber of prenatal care visits, insurance
status) is not consistent with this explanatidnother possibility lies in the very concepts of
Oprivilegebé and o6di sadvantaged6é. Disadvantage
risk of stillbirth is not a place of privilege for the mothers who experience stillbirth; nor is a place
that protects against this risk a place of disadvantage for those same motheost Wrete
neighborhoods are populated predominantly by residents rehmadively privileged due to their
race.Such neighborhoods may have fewer social and community supports for Black mothers
and/or confer higher or more constant stress to NH Black mothers through a variety of
pathways>! These could include increased rates of experiencing interpersonal racism or
vicarious racism; various forms of discrimination, for example in healthcare settings, where
health providers may have increased bmasamparison to providers in PUMAs with higher

proportions of NH Black residents; and social isolation. In contrast, residence in PUMAs with
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Isolation tertile & high concentrations of Black resideBtould reduce the frequency of
interpersonal racist enanters and provide social resources to counteract stress. A study of
psychiatric disorders among native Dutch and several Dutch immigrant populations found that
schizophrenia risk was significantly higher for specific immigrant populations residing in
neighborhoods with lower densities of residents from the same immigrant groups after adjusting
for socioeconomic level of the neighborhood, providing evidence of health benefits conferred by
living in ethnic enclave$:? Supporting this line of reasoning, Huynh et al. fourat tiigh levels

of gentrification in NYC were associated with an increased risk of preterm birth in NH Black
mothers, but were protective for NH white moth@fs.

Moreover, our finding that older NH Black mothers tégherodds of stillbirth with
residence in PUMAs of #dAprivilegeo vs nAdisadva
consistent with a stregpathway for this association. The weathering hypothesis predicts
worsening health outcomes for Black women as they age, such that racial disparities will become
more prominent with age. Our results for this maternal age stratification analysis contiittsted
a recent study examining evidence for the weathering hypothesis in relation to stillbirth.
Brisendine et al. found that racial disparity in stillbirth rates increased through age 34, but then
declined, while we found that the greatest disparitysk was after age 333 However, they
treated age as the exposure and did not investigate anyiskhiarctors that might produce
increased stress, such as our structural racism exposures.

This brings us back to the question of wiastructural racism measurtsat we used
actually mean. We have discussed above the possibility that ICE and Isolation mean different
things when measured at different levels, and we have shown that they produce very different

estimates of association in Black and white mothers. To what extemtyviar, do they represent
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structural racism as conceptualized in the literature (and in our analyses)? The literature equates
high Isolation (Isolation tertile 3) and low ICE (ICE quintile 1) with structural racism. The

measuresgre structural; theyare race-based; and they recognize that economic, social, and

political oppression disadvantages Black individuals and advantages white individuals. It could

be that, at least in this population and for this outcome, structural racism is manifesting

differently at the PUMA level, as low Isolation (Isolation tertile 1) and high ICE (ICE quintiles 4

and 5), reflecting albf-society structures and processes that together makefivelhite

neighborhoods and mixadce PUMAsharmfulfor NH Black pregnancputcomeselative to

residence in PUMAwiith high proportions of Black residents. It could also be that ICE does a

poor job of codifying what Oprivileged6 and 6d

Dissimilarity and Educational Inequity: Our largely null findingdor both race groups

with Dissimilarity and Educational Inequity were another unexpected result, as again, they
contrast with much of the literature. In particular they contrast with the two extant studies of
segregation and stillbirth. Williams et aluiod that lower Dissimilarity was protective against
stillbirth in both Black and white mothers, although with a stronger protective association in
Black mother$? Brown et al. found that higher Dissimilarity was protective against stillbirth in
white mothers and had no as&tion in Black mothers, contrasting with our finding of no
evidence for modification of associations between Dissimilarity and stillbirth by*¥ace.

Other studies have also found increased risk of other adverse pregnancy outcomes with
increasedissimilarity, including low birthweight (adjusting for rac€y,infant mortality but
only in white infantg*°and very preterm kiin but only in Black infant$3° again suggesting an
interaction with race, which contrasts with our null findings. Two of these stoiasured

Dissimilarity at the MSA level which, as mentioned above, can have significantly larger
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populations thathe NYCPUMAs. Consistent with the possibility that at least for this exposure,
level may help to reconcile our results with the literatunettzer study which used census tract
as the level of measurement found no evidence of an association between preterm birth and
Dissimilarity 2°3 However, both the studies of segregation and stillbirth used levels of analyses
with similar populatns tothe NYCPUMAS (100,000120,000 per unit), meaning that the

choice of level would not account for the differing results for these two most relevant studies.

There was less literature using Educational Inequity than Isolation or Dissimilarity as the
structural racism exposure in association with adverse pregnancy outcomes. Pabayo et al. found
higher odds of both infant and neonatal mortality in Black but not white mothers residing in
states with lower racial equity in educational attainm&hwith similar findings in another
study?°3

As with Isolation, it may be that for Dissimilarity there is effect modification by degree
of segregation; Brown et al. found that odds of stillbirth for Bke€ white mothers were higher
in high-segregation than lowegregation counties, with naverlapping 95% CI& and one of
the abovementioned studies found that increased Dissimilarity was only associated with preterm
birth and low birthweight in areas withiow prevalence of these outcontés.

We did find evidence for interaction between Dissimilarity and race when using the
alternative ersion of the Index; however, rastratified analyses showed only modest evidence
of an association in NH Black mothers (only for tertile 2 vs 1), and no association in NH white
mothers. Similarly, a sensitivity analysis stratifying by ACS vintage showatest evidence of
a protective association between greater Educational Inequity and stillbirth in NH Black but not
white mothers for vintage 2013 only. The lack of any other evidence for associations between

these exposures and stillbirth in our study giEnsuggests these results may have been
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anomalies. However, the fact that we found differences for Dissimilarity depending on which
formula we used calls into question whether the different versions are truly measuring the same
underlying construct, an@a worthy of further examination, given how commeun$ed this

measure is.

3.4.2Strengths and limitations

Our study sample was relatively large, rendering the number of Black and white
stillbirths sufficient to investigate associations with structural exposures that may not have strong
effect sizes. We conducted multiple sensitivity analyses to assess rebusitnesults. We faced
several limitations. The design is cressctional; while reverse causality was not possible, our
inability to account for length of exposure may have caused a bias to the null, if longer exposure
to structural racisnmcreases thedds of stillbirth. The use of two data sources to estimate
exposures (for 2002013, a period that included the year that NYC introduced a more
comprehensive fetal death reporting procedure, and-2018) may have introduced non
differential measuremestror, biasing results toward the null. U.S. Census undercounting of
individuals may be differential across race, introducing measurement@&iling clustering
could not be adjusted for, likely causing a bias away from the nulbtt®¥mpted t@ddress this
issue by sensitivity analyses in single years of,dataresults were inconcliwe. Individuat
and PUMAlevel education may be mediators rather than confounpessibly resulting in mis
specified modelsAdjusting for these covariates would produce-l@ased estimates of the total
effect (if they are confounders) or ldsissedestimates of the direct effect (if they are
mediators). While both types of estimates are of interest, our intent was to estimate the former. A
related issue was the correlation between PUBAI covariates, as adjusting could result in
overcontrol.Senstivity analysesadjusting only for individualevel covariates produced a
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weaker adjusted OR for ICE quintile 5 vs 1 in Black births (the OR was reduced from 1.90 to
1.36) and a nosignificant but flipped direction of association for ICE quintile 5 ve Wvhite

births. Results of this sensitivity analysis for Isolation tertile 3 vs 1 in Black births were
consistent with our main model (the adjusted OR weakened slightly from 0.60 to 0.67), and in
white births, the adjusted OR did not change, but the 95&&&uded the null valuer@ble

A23). Posthoc analyses in Black births suggest that PUMA % poverty does confound
associations between ICE and stillbirth, but mayrbeféect modifier for associations between
Isolation and stillbirth, while PUMA % Black and PUMA % HS may be effect modifiers for
both exposures; this suggests that further study should build different models for associations

between these two exposuresl atillbirth.

3.4.3Further study

We focused on racial disparity in stillbirth rates between NH Black and NH white births,
but other groups are also affected by racism. In particular, we found that Hispanic and Native
American mothers in NYC have increased rates of stillbirth compared\\ivtivhite mothers,
as do mothers whose race daremissing. The role of structural racism in these disparities
also deserves studyhe results of our secondary analysis investigatiegveathering
hypothesis suggestithat structural racism and stiltth in NH Black birthscould potentiallybe
linked by a stress pathwasgit would be helpful to explor&urther the poshoc analyses that
demonstrated somedfect modification by seandgestational age. There is evidence that
associations between matal stress and adverse pregnancy outcomes vary By, sexd
maternal stress is a risk factor for preterm bitttmoreover, our bivariate analyses showed that
sexspecific and gestational ageecific stillbirth rates vary by racResearchers should
investigate causes of variation in SBRs by borough: what makes Staten Island riskier than the
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Bronx for NH Blak mothers? Potentially modifiable factors associated with lower stillbirth risk
in PUMAs within each borough should be identifiddvould be useful to explore whether and
how structural racism is associated with stillbirth in other areas of the U.&simgswhether

our results might be generalizable to other large, diverse metropolitan\&eeatso plan to use
the results from our primary models to inform further development of continuous versions of the
exposures, potentially including the use dirggs or quadratic terms, to better model
associations between these structural racism measures and sttflipiadly, gven some of our
unexpected results, further sensitivity analyses, including building boteughstructural

racism measures from RUA-level datajnvestigating reasons for the differing results for
Isolation for the main and alternative versions of this exposure, systematically reviewing the
literature for research that has found or discussed directions of association for IsolAiiG& an
similar to those we foun@dnd examining othetomains of structural racisrwould alsobe of

interest?>®

3.4.4Conclusion

We present evidence that NH Black mothers in NYC are at greater risk of stillbirth in
PUMAs with relatively higher concentrations of weiff, white residents vs losncome, Black
residents, with residende mostly-Black resident neighborhoods reducing the odds of stillbirth
by 40% for these mothers. Since we found no associations between either of these measures and
stillbirth in NH white mothers, the resultsay help to explain Blackvhite disparity in 8libirth
rates in NYC. However, the associations between both ICE and the Index of Isolation and
stillbirth were not in the expected direction for NH Black mothers, raising qussiimut how
well these measures (as they are usually defined and ineztpoaipture structural racism, and
suggesting further lines of inquiry. Mechanisms by which ICE and Isolation are associated with
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stillbirth are unknown, but one possibility is a stress pathway. However it is codifiectusal
racism appears to compriganeaningful component of the complex story of why stillbirth

happens relatively more often to NH Black motBeasstory which includes but goes beyond

individuaklevel risk factors.
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Chapter 4: Does methylation of stresselated genes mediate

associationdetween maternal stress and stillbirth?

4.1 Introduction

Stillbirth (fetal death at 20+ gestational weeissa major public health burden in the
United StatesThe stillbirth rate i$.7 per 1000 total birthsgnd has beeworse than the infant
mortality ratein the U.S. 4.0 per 100Dfor decade?° The U.S. stillbirth rate ialsoworse than
that of 31 other highincome countrie$’ **There islarge variation irstillbirth rates by race, with
a stillbirth rate imon-Hispanic Black families of 1@.per 1000 that is more than twice as high as
the rate in nofHispanic white familied.? Onethird of stillbirthsareunexplainecf ° >¢* and
knowledge of mechanisms is ufficient* 1°2Limited understanding of causes at all levels
reduces opportunities for preventibh.

Maternal sress( h e r e a f t leolds piomiserag asptadsiple component cause of
stillbirth. There is substantial evidence for a connection between stress and many adverse health
outcome® 2 through physiologicahnd behaviorgbathways®8 ¢° 73 7> 78 79 87 dverse pregnancy
outcome®’ associated with stress inclugeseclampsia, low birthweight® intrauterine growth
restriction?®” andpreterm delivery,’® 71 2880 each of which is associated with alégrisk of
stillbirth.®® 73 *There isalsosome evidence linking stress to stillbiffiThree U.S. studies found
thatadverse childhoodxperienced ® andsignificant lifeeventswere associated witihhcreased
odds of stillbirth’® and four large&Europearcohort studies founthathigh perceived stress,
bereavement, anghemploymentvere associated with ancreased risk of stillbirt/’8°

A causal relationshipetween stress and adverse pregnancy outcomes is biologically

plausible through physiological impairment of stress responses, leading to inflammation and
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reducing fetal defens&8/ ’® "®One approach to incasing confidencéhat the association is
causals to acquire evidence of a biological mechanism. One possible mecha$tA is
methylation,anepigenetic modification that occurs when a methyl group attaches to a cytosine
base that is followed by a guanmibase (a CpG), thereby often preventing transcription factors
from binding athat genomic location, and hence often repressing transcragstitranslatiorof
the associategroteirs.1°° Therefore, methylation aftressrelated genesay adversely affect
stress responsedsglany stresselated genesra highly expressed in the placenta, atatental
methylationhas been associated both with adverse prenatal exposures such as stréhs and
adverse fetal outcomé&:2%” A systematic reviewfaadverse maternal exposures, perinatal
outcomes, and methylation thireesuch genef\R3C1 HSD1B1, andHSD1B2, found that
methylation may mediate tistresgo birthweight pathway®° Two small studies examined
methylation in relation to pregnancy loss including stillbirth. Pliushsh et al. found modest
evidence for unadjusted associations between pregnancy Idaslimg miscarriage and
stillbirths at 2342 weeks, and hypermethylation of the imprinting control regions of six
imprinted genes including19; two stillbirths also displayed loss of imprinting (biallelic
expression) in the reciprocally imprinted ga@&2.2%® Vasconselos et abxamined six
imprinted genes in relation to unexplained pregnancy losses including early stillbirth84up to
weeks, finding increased expressiod®F2 in placental tissue in unadjusted analy$@s.
However,there has been no researchnogthylation as anediator ofassociations betweestress
andstillbirth 11°

Using the weHphenotyped stillbirths and livebirths of the populatased U.S.
Stillbirth Collaborative Research Network (SCRN) casatrol study, we examined whether: 1)

stress is associated with stillbirth, 2) stress is associated with placentglati@thof stress
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related genes, 3) placental methylation of strekgted genes is associated with stillbirth, and 4)

associations between stress and stillbirth are mediatetetyylationof stresgrelated genes

4.2 Methods

4.2.1Study design

This wasa casecontrol study embedded in the SCRN.

4.2.2Data sourceand study sample

TheU.S. National Institute for Child Health and Human Development established the
Stillbirth Collaborative Research Network (SCRN) in 2008xplore causes dtillbirth in the
United State$’° The SCRN was the source of all data used in this study. SCRN was a
populationbased caseontrol study of 2,703 stillbirths and livebirths. Screening for SCRN
occurred between 2006 and 2008 at3@dospitalcoveringd 9 0 % o fhirtlasladd st i | |
livebirths in five catchment areaRhode Island and Bristol County, Massachus@&itswn
University); DeKalb County, Georgia (Emory University); Galveston and Brazoria Counties,
Texas (University of Texas Medical Branch at Galveston, UTMB)aB&ounty, Texas
(University of Texas Health Sciences Center at San Antonio, UTHSC); and Salt Lake County,
Utah (University of Utah Health Sciences CentAt) stillbirths (fetal deaths of 20+ completed
gestational weeksgll livebirths of 2023 weeksand a subset dfvebirths of24+ weekswere
eligible.l ncl usi on criteria were maternal age 013 vy
discharge Exclusion criteria were induced abortion, incarceration, and inability to corZsbfb
mothers were enrolled at delivenyith written consent (or assent for minors) obtained from all

participants®’®
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3083 eligible mothers

of livebirths (including
multiple births with
only livebirths)

1932 mothers
consented (63%)

63 stillbirths

Figure 11: Selection of study stillbirths/livebirths from

958 eligible mothers of
stillbirths (including
multiple births with at
least 1 stillbirth)

663 mothers
consented (69%)

2595 deliveries
enrolled (2703
stillbirths/livebirths)

2491 singleton deliveries

914 deliveries

851 livebirths
(eligible for inclusion)

126 livebirths

SCRN
Study

212 stillbirths/livebirths from
multiple deliveries excluded

1577 stillbirths/livebirths
excluded:
* no placental samples
available (n=970)
+ preterm (n=480)
* anomalous (n=127)

725 livebirths not selected

the Stillbirth Collaborative

Research Network (SCRN)

Maternal interviews were conducted in person in English or Spanish in the hospital soon

after delivery, or by phone within four weeks. Over 90% of mothers agreed to interviews,

biospecimens, and medical record abstraction; 99% of stillbirth mothe@3&mndf livebirth

mothers agreed to placental examination; and 84% of stillbirth mothers agreed to a postmortem

examinatiorr’ For this study, the sample comprised all 63-fetim (37+ weeks) singleton

stillbirths with available placental biospecimens and no identified anomaly as well as 126 full

term singleton livebirths with available placental biospecimens. Livebirths wierteskusing

simple random sampling without replacement, and frequency matching to stillbirths by
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catchment aredigurell shows the relationship bedwn SCRN and the study sample of 189

stillbirths/livebirths.

4.2.3Exposures

The construct of interest was maternal stress; however, since SCRN data do not include

measures of perceived stress, we used measures of hypothesized stressors as proxers (hereaf

Astr e.deserwsr® gn index of significant life events (SLE) and an index of socioeconomic

disadvantage (Disadvantagéhes i gni fi cant | i f

e

events

ar

Assessment Monitoring SysteBdx 1).2’*In SCRN interviews, mibers were asked whether

any of 13significant life event®iad occurred to them in the 12 months prior to birth; we then

e

summed these for an SLE range of 0 t¢®T hesignificant life events are usually grouped into

four oOf act Figuseh2?d¥including i grevious workn the SCRNcohort’®

Financial Factor

1. "My husband or partner lost his job"
2. "I lost my job even though | wanted to go on working"
3. "I had a lot of bills | couldn'tpay"

Emotional Factor

1. "I moved to a new address"
2. "I was homeless"
3. “My husbandor partneror| went to jail"

Traumatic Factor
1. "A close family member was very sick and had to go into the hospital"
2. "Someone very close to me died"

Partner-related Factor

"I got separated or divorced from my hushandor partner"

"I argued with my husband or partner more than usual"

"My husband or partnersaid he didn'twant me to be pregnant"
"I was in a physical fight”

"Someone very close to me had a bad problem with drinking or drugs”

vk wne

Figure 12 Significant Life Events
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The second stressor measuadloiving Appleton et al. and Miller et ataptures
socioeconomic disadvantaée 2’8Five relevant variables available in SCRN were dichotomized
(with O6presentd scored as 1) and summed to ob
five hypothesized stressors included in this Index aremalt education <12 years, living in
public housing or shelter or being homeless, family income in the past 12 months only from
public or private assistance, no insurance for prenatal care, and not cohabiting with a partner.
Because nowohabitation couldbe an advantage rather than a disadvantage, in a sensitivity
analysis we used a modified version of Disadvantage that excludes partnership status. We used
categorical versions of each Index for the primary analsel 2, 3, or 4+ SLE events and O, 1,

or 2+ Disadvantage itemd)ased on distributions of the indices in SCR&& &ppendiB.

4.2.4DNA methylation assay

Methylation data were obtained using DNA extracted at the University of Utah from
SCRN placental samples that had been frozen at deli&éigy. extraction, DNAquantity and
guality weretested andsamples normalized to address differert@icentrations across cells
that could bias resultBisulfite conversiorwas then performed. This a process whereby
unmethylatedytosinebases are converted to uratglaving themethylatedcytosinebases
unchangednd available for detectioithe 189 samples were thiEradedonto two plategor
processing. To minimize the chance of confoundindéatch effect (differential methylation by
location of samples during processing), we provided the University of Utah with prespecified
plate locations for each samplEaple A46). Processing uselluminad MethylationEPIC
microarray which is able to identify the methylation status of about 850,000 CpGs. These
comprisgust 3% of the 28 million Cp&in the human genome, but cover many geypomic
regions During procesing, me sample received multiple quality control flagdicating
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inefficient bisulfite conversiollessconverted DNAavailablefor methylation processingsowe

excluded it in a sensitivity analysis

44,514 cross-hybridizing
CpGs excluded

865,918 CpGs included on 16,241 SNP-related CpGs
microarray excluded

309 CpGs with SNP-related
patterns excluded

804,854 CpGs with beta
values available

Figure 13: Flowchart showing number of CpGs available for analyses

Abbreviations: CpG, cytosinguanine base pair; SNP, single nucleotide polymorphism.

The raw data produced by the microarray were transformed into beta values. A beta value
of O for a given CpG means that none of the copies of that CpG were methylated, and a beta
value of 1 means that all the copies were methylated. Other standard quality control checks and
pre-processing steps were then performed. We identifiedesixmisnatchedqall livebirthsd
three from Brown, three from Utdhwhich we subsequently excluded from all analyses) and
two outliers(excluded in a sensitivity analysi$rincipal component analysis was performed on
methylation beta values and regression of the first two principal components onto plate yielded
evidence of an associati¢p<0.05) hence we adjusted for plate in all analyses. Because DNA
samplescontain amixture of cell typeseach with a different methylation profile, cell type must
be adjusted for in methylation analyses; hence we estimated cell type proportions for each of the
189 placental sample$dbleA47). The final dataset contad beta values for 804,854 CpGs
representing 93% of the CpGs interrogated by the microdrigyre13). See AppendiB for

further details on production of methylation data.
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4.2.5Selection of candidate gnes and CpGs

We selected five candidate genes whose met |
stress and stidlylsit elimlattebraasteudr eo-nreehvai heewd ogfe nsetsr epsrs
associated with adver se BDINFKBaFHE P11 bBRF20oameds . T
N R 3 CThble M8a n d A p B)eMretthyilation ofplacentaBDNF, a gene involved in
regulation ofthe stress response and matidordershas been found to be associated with both
war traumaand chronic stres®’® 2°Hypermethylation oplacentaFKBP5has been associated
with maternaldistress, depression and PT3BLower maternal education and increased
cumulative riskhave beemssociated with hypomethylation of placeri@D11B2 which
protects the fetus from exposure to maternal glucocorticoids by converting cortisol to
cortisone?® 282 28\1aternalstress has also been associated plibental GF2 methylation an
imprinted genghat plays a role in fetal growff 282 28288 |ncreased chronic stress and
decreasedirthweight have been associated wiglpomethylation oNR3C1 which encodes the
glucocorticoid recepto®®*S eTable7f or basi c dat aTabterM9t besdegaeinks.
We selected CpGs on gene bodies or on promote
gene bodies for our analyses, as t heebPE8 ar e r e
CpGs interrogated by the microarrdy, 2wkre in one of these regions of interest for the five

candidate genes, of which beta values were available for 1,191 (9886 (260).
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Table 7: Summary of the five candidate genes: BDNF, FKBP5, HSD11B2, IGF2 and NR3C1: Location, functions, placental

BDNF

FKBPS5

HSD11B2

IGF2

expression, and number of studies with stress measures and birth outcomes with types of tissues studied

NR3C1 (GR)

Name
Location @

Length (bp) 2
Functions

Placental
expression

# studies with
stress
(stressor
measures)

Among
studies with
stress
measures, #
with birth
outcomes
(outcomes)

Brain-derived neurotrophic
factor

Chr 11: 27,654,893
27,722,058

67,166

encodes a protein involved

in neural, placental and feta

developmerif® 2%°
low to moderatg?62%8

4 (Everyday Discrimination
Scalé®® Parental Bonding
Instrument®®, neighborhood
socioeconomic
disadvantag®*; chronic
stress and war traurfid

FKBP Prolyl Isomerase 5

Chr 6: 35,573,585
35,728,583

154,999

encodes glucocorticoid
receptor cechaperone
protein FKBP51)?%!
low to moderatg$? 299302

6 (Perceived StresScal@®?,
Prenatal Distress
Questionnair&*, Childhood
Trauma Questionnait¥,
Everyday Discrimination
Scalé® child and adult
socioeconomic status and
social mobility based on
educatior®; neighborhood
socioeconomic
disadvantag®* chronic
stress and war traurf?d)

2 (fetal coupling®,
birthweigh£89)

Hydroxysteroid 11Beta
Dehydrogenase 2

Chr 16: 67,430,652
67,437,553

6,902

converts cortisol into
cortison@’t 292

highly expressed in at least
onecell type in the placenta
3 (Perceived Stress Sciie
Prenatal Distress
Questionnair®’;, prenatal
socioeconomic adversity:
maternal education, poverty
dwelling crowding, tobacco
use and cumulative ri¥
depression or anxiety during

pregnanc§’®

2 (fetal coupling?®, infant
neurobehavidf)

Insulin-Like Growth Factor
2
Chr 11: 2,129,11-2,149,566

20,455
encodes a protein involved
in fetal growtﬁeg 282 287 293 294

highly expresseth at least
onecell type in the placenta
3 (Perceived Stress Scife
StateTrait Anxiety
Inventory®Z Edinburgh
Depression Scalé,
PregnancyRelated Anxiety
Questionnairé®, Life
Experience Intervie?? war
trauma ad chronic stregg’)

1 (birthweight®?)

Nuclear Receptor Subfamily
3 Group C Member 1

Chr 5: 143,277,931
143,435,512

157,582

encodes glucocorticoid
receptor (GRP22%

highly expressed in most ce
types in the placenta

11 (Perceived Stress Scéfe
307, State Trait Anxiety
Inventory®? Prenatal
Distress Questionnaf¥;
Childhood Trauma
Questionnair®®, Everyday
Discrimination Scafé®
PregnancyRelated Anxiety
Questionnair®? Maternal
Fetal Attachment Sé=£6%
depression/anxiety during
pregnanc$®; chronic
psychosocial stre¥¥, early
life stresd!® material
deprivation, daily
psychosocial stress, war
stres$’5, neighborhood
socioeconomic
disadvantag®* chronic
stress and war trauttd

4 (fetal coupghg?®, infant
neurobehaviéf®
birthweigh8° 2%

<t
(e 0]



BDNF FKBP5 HSDLBZ IGF2 _ NR3C1 (GR)
# studies with | O 0 3 (birthweight®® 268 2 (2°trimester fetal 10s8°, | 2 (infant neurobehavié®,
birth gestational ag€®, ponderal | placental siz&, birthweigh#*Y)
outcomes only index® 26¢ lengtlts, birthweigh#°%)
(outcomes) intrauterinegrowth
restrictior85266, infant
neurobehaviaf?)
Tissues (# placenta (B, blood (45° | placenta (2F 28 blood placenta (6)3 265266 281292306 placenta (3F°282 28] blood | placenta (6 289292 306 309
Studies) 290 303 304 (4)289 290 304 30'55a|iva (1391 (3)287 288 29:1 fetal tissue 311’ blOOd (9562 289 290 295 304

Abbreviationsbp, base pairs; Chr, chromosome.
aBuild 38 used.

( 1)269

307—310’ saliva (2309 a0
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4.2.6Analytical approach

Summary of approach: After summarizing the stressors and other covariate§irsie

assessed evidence for associations between stressors and stillbirth in the studyssaomie.

we screened the 1,191 CpGs to identify those that are differentially methylated with respect to
both stressors and stillbirth. We also identified differentially methylated regions (DMRs) on the
five candidate genes. DMRs are groups of CpGs that are physically close and have similar
associations with the exposure or outcome in question. DMRs weeseeped in analyses by

the average of the beta values of their constituent GFGird, we carried out mediation
analyses on the screened CpGs and DMRs one CpG or DMR at a time. We used categorical
versions of the exposures for the primary analyses, following a prior study on stress and stillbirth
in this study population, and literature which gives evidence of-cesgmnse relationships
between stressors, methylation, and perinatal outcomes’téf$ 312 3% We also report results
from models using continuous versions of the exposures in AppAndixfurther sudies, we

will use results from our primary analyses to inform development of these models (using the
continuous versions of the exposures).

Associations between stressors and stillbirtiPrimary analysesWe used logistic

regression to estimate asso@as between stressors (measured by SLE and Disadvantage) and
stillbirth in the study sample of 63 stillbirths and 120 livebirths (the six sex mismatches were
excluded from all analyses). We exponentiated estimates to produce odds ratios (ORs) for
stillbirth3%> and 95% confidence intervals (Cls), and repope@lues for the Wald test for linear
trend. Unweighted data were used throughout, and due tdovemissingness for most
covariates, we did not ipute missing values.

The following covariates were included in all models: site (a matching covariate);
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maternal age (continuous), which is a risk factor for stillbirth that may also be associated with
stress; and race, which is associated with disadvartaguding components of both the Index

of Disadvantage and SLE) as well as with stillbirth. The reasons for the association between race
and stillbirth remain uncledrpne hypothesis is that race group membership interacts with
structural racism over the lifecourse to increase the risk of stillbirth through mamyayat

both mediated by and independent of stress, including material deprivati@xjgineg and

gestational conditions, pregnancy complications, prior adverse pregnancy outcomes, and access
to and quality of healthcare. The SCRN dataset does not enoledsures of racism, so we

employed race group membership as a proxy for the hypothesized joint effect of race and racism.
The hypothesized associations are showkignire A8. Several of the Disadvantage items (for
instance, income and housing status) may be associated with SLE, and (independently of
stressors captured in the SLE Index) are also associated Mifintist Thus, for models using

SLE as the exposure, we further adjusted for Disadvantage.

Sensitivity analysesiNe carried out three sensitivity analyses:

1 We tested associations between stress and stillbirth in a subset (n=180) of the study
sample thaéxcluded the two outliers (both stillbirths, from Utah and UTHSC) and the
sample that had received multiple quality control flags during bisulfite conversion (a
stillbirth from UTHSC).

1 We tested associations between Disadvantage and stillbirth usiadifieed version of
Disadvantage that excludes partnership status.

1 We tested associations between stress and stillbirth in the 1,41&falkingleton non
anomalous stillbirths (n=93) and livebirths (n=1,386) from which the study sample was

drawn, in or@r to assess whether there was evidence of selection bias (the study sample
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not being representative of the original sample). Of note, our 63 study stillbirths
comprised 68% of the 93 fuiérm singleton nomnomalous stillbirths in the original
SCRN sam@ (the others could not be included in our study sample due to unavailability
of placental tissue).
We compared ORs and their Cls from primary and sensitivity analyses. Similar ORs with
substantially overlapping Cls would suggest that selection of gtiéband livebirths from
SCRN was not affected by selection bias, and that subsequent analyses using the primary

analysis model and study sample (n=183) were appropriate.

Screening of 1,191 CpGsScreening Step :IWe used the formula 1 TH”—ﬂ to

transform methyl at ivaad uleest. a bv avlad euse s( & )w hii ctho aN p
of CpG copies in one sample that are methylated) are generally easier to interprewvtiansyl
M-values are preferred when methylation is modelled agr@ssion outcome, since they are
generally more normally distributed and homoscedastic. To identify CpGs that were
differentially methylated with respect to stressors or stillbirthvaWies for the 1,191 CpGs were
treated as individual outcomes in lineagression (stressor was the exposure) and individual
exposures in logistic regression (stillbirth was the outcome). In addition, the R package
DMRcate was used to identify DMRs; it works by first identifying differentially methylated

CpGs and then usirtgese to identify DMRs. To control for multiple comparisqmsalues

were adjusted using the False Discovery Rate (FDR), and CpGs and DMRs were considered to
be differentially methylated in relation to either stressors or stillbirth if adjystedues vere

<(.2(?261 262279 289 292 308 31§ || models were adjusted for sjtmaternal agé:’ cell type

composition (five continuous covariates), plate, and (Bure A8). In models for associations
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between methylation and stillbirth, we also adjusted for sex, because it is associated with
methylatiori'8 31%and stillbirtt¥2°.

Screening Step :2An the subset of CpGs and DMRs identified in Steywe produced

estimates of association between stress and methylation, and between methylation and stillbirth,
using linear and logistic regression, respectively. We extracted the constituent CpGs in each

DMR from DMRcate output, calculated Pearson correlati coef fi ci ents for th
calculated average b values f o#®Fwmlnédar DMR f or
regression, we used methylationwdlues, transforming regression coefficients into mean

differeces in beta values using Kruppa €et3al . 6s i
Regression coefficients could thus be interpreted as the mean difference in percentage

methylation with each unit increase in stressor level. Because this transformation does not

preserve the direction of association, we also reportedritiansformed regression coefficients.

For |l ogistic regression, we used 100*b values
ratios could thus be interpreted as the odds of stillbirth with gpereentage point increase in
methylation. The saal construct of race has been shown to be associated with epigenetic
modifications including methylatid?® related for instance to perceived discriminatfyrwhich

could include pathways mediated by stress as well as by maternal medical conditions and other
epigenetic mechanisms. As with associations between stressors and stillbirth, we adjusted for

race in associations betweeressors and methylation, and between methylation and stillbirth, as

a proxy for the hypothesized joint effect of race and racism. We sought CpGs and DMRs with
evidence of associations willoth stressand stillbirth with a threshold of uncorrectgevalues <

0.05.
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Screening Step :3To identify possible mediators of associations between stress and

stillbirth, that is, mechanisms by which increased stress could increase the risk of stillbirth, we
used theesults from Step 2 and screened out CpGs and DMRs for which directions of
association with stress and stillbirth were opposing. See AppBrfdixa comment on the

rationale for this step.

Mediation analyses We reported Pearson correlation coefficiemd mean methylation

beta values for all CpGs and DMRs that passed the above screening steps (the mediator
candidates), and then tested them for evidence of mediation in separate models (one per mediator
candidate) using the Resmaaudalangdiatioo dpprodchi® i ond, w
Covariates were the same as those in Step 1 above. Linear and logistic regressiovaised.M

We interpreted an uncorrectpdralue <005 for the average causal mediation effect (ACME) as
evidence of mediation. We reported the average proportion of the effect mediated (PME) with

associategh-values for each mediator candidate.

4.2.7Ethics
This study was determined to be exempt by tbri@bia University Human Research

Protection Office Institutional Review Board.

4.2 .8Software

Other than selection of controls (SAS 9.4), all analyses were done in R.

4.3 Results

4.3.1Descriptive analysis
Mothers in the study sample were more likelypéononHispanic white than mothers in

SCRN (49.2% vs 40.9% for mothers of stillbirths d@7d5% vs 39.5%o0r mothers of livebirths)
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(Table8). Livebirths in the study sample were more likely to have occurred at Brown (27.5% vs
19.3%) or Utah (32.5% vs 23.7%) than livebirths in SCRN. Other characteristics were similar for
stillbirths and livebirths in the study sample and SCRN. Missingness wakilguve £9).

Table 8. Characteristics of stillbirths/livebirths and mother s in study sample (n=183)
and SCRN (n=1,479), including Indices of Significant Life Events and Disadvantage

Stillbirths Livebirths
study SCRN study
Characteristic SCRN (n=93) (n=63) (n=1386) (n=120)
Stillbirth/livebirth characteristics
Sex, n (%)
Male 45 (48.4) 30 (47.6) 694 (50.1) 60 (50.0)
Female 47 (50.5) 33 (52.9) 692 (49.9) 60 (50.0)
Missing 1(1.1) 0 0 0
Birthweight (grams), mean (SD) 3252.0 3268.4 3364.0 3468.6
(618.2) (571.5) (446.2) (440.5)
Missing 2(2.2) 2(3.2) 32 (2.3) 2(1.7)
Gestational age (weeks), mean (SD) 38.9 (1.5) 38.6 (1.4) 39.3(1.2) 39.3(1.1)
Site, n (%)
Brown 22 (23.7) 18 (28.6) 267 (19.3) | 33(27.5)
Utah 27 (29.0) 21 (33.3) 329 (23.7) 39 (32.5)
UTHSC 20 (21.5) 12 (19.0) 397 (28.6) 24 (20.0)
UTMB 11 (11.8) 8 (12.7) 102 (7.4) 16 (13.3)
Emory 13 (14.0) 4 (6.3) 291 (21.0) 8 (6.7)
Maternal characteristics
Age at delivery (years), mean (SD) 27.5 (6.6) 28.4 (6.5) 27.1(6.1) 27.5(5.9)
Race/ethnicity, n (%)
White nortHispanic 38(40.9) 31 (49.2) 547 (39.5) 57 (47.5)
Black norHispanic 18 (19.4) 10 (15.9) 252 (18.2) 11 (9.2)
Hispanic 31(33.3) 17 (27.0) 493 (35.6) 44 (36.7)
Other 6 (6.5) 5(7.9) 94 (6.8) 8 (6.7)
Prepregnancy BMI (kg/m?), mean (SB) 27.3(7.0) 26.6 (6.1) 26.3 (6.5) 25.4 (5.9)
Missing 3(3.2) 2 (3.2) 37 (2.7) 1(0.8)
Start of prenatal care
Trimester 23 or no prenatal care 16 (17.2) 8 (12.7) 194 (14.0) 15 (12.5)
Trimester 1 69(74.2) 49 (77.8) 1129 (81.5) | 101 (84.2)
Missing 8 (8.6) 6 (9.5) 63 (4.5) 4 (3.3)
Smoke exposure, n (%)
Yes 26 (28.0) 17 (27) 247 (17.8) 24 (20.0)
No 55 (59.1) 38 (60) 872 (62.9) 74 (61.7)
Missing 12 (12.9) 8 (13) 267 (19.3) 22 (18.3)
Prior stillbirth, n (%)
Yes 6 (6.5) 2 (3.2) 16 (1.2) 1(0.8)
No 54 (58.1) 42 (66.7) 974 (70.3) | 89 (74.2)
Missing 33 (35.5) 19 (30.2) 396 (28.6) 30 (25.0)
Pregnancy complications, n (%5)
Yes 59 (63.4) 39 (61.9) 616 (44.4) | 45(37.5)
No 34 (36.6) 24 (38.1) 740 (53.4) 73 (60.8)
Missing 0 0 30 (2.2) 217
Maternal gestational conditions, n (%)
Yes 55 (59.1) 39 (61.9) 785 (56.6) 68 (56.7)
No 18 (19.4) 11 (17.5) 255 (18.4) | 26 (21.7)
Missing 20 (21.5) 13 (20.6) 346(25.0) 26 (21.7)
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Stillbirths Livebirths

study SCRN study
Characteristic SCRN (n=93) (n=63) (n=1386) (n=120)
Preexisting maternal conditions, n (%)
Yes 51 (54.8) 35 (55.6) 598 (43.1) 51 (42.5)
No 34 (36.6) 23 (36.5) 710 (51.2) 63 (52.5)
Missing 8 (8.6) 5(7.9) 78 (5.6) 6 (5.0)
Index of Significant Life Events
Events, meafSD) 2.3(2.2) 2.3(2.2) 2.0 (1.9) 1.8 (1.7)
Events, n (%)
4+ SLE 19 (20.4) 14 (22.2) 240 (17.3) | 20 (16.7)
3SLE 11 (11.8) 6 (9.5) 157 (11.3) 13 (10.8)
2 SLE 19 (20.4) 12 (19.0) 262 (18.9) | 20 (16.7)
1SLE 18 (19.4) 12 (19.0) 337 (24.3) | 33(27.5)
0 SLE 18 (19.4) 13 (20.6) 326 (23.5) 30 (25.0)
Missing 8 (8.6) 6 (9.5) 64 (4.6) 4(3.3)
Components of Significant Life Events Index
Financial factor, n (%)
Yes 28 (30.1) 20 (31.7) 381(27.5) | 29 (24.2)
No 56 (60.2) 37(58.7) 919 (66.3) 83 (69.2)
Missing 9 (9.7) 6 (9.5) 86 (6.2) 8 (6.7)
Emotional factor, n (%)
Yes 39 (41.9) 24 (38.1) 531 (38.3) 46 (38.3)
No 46 (49.5) 33 (52.9) 787 (56.8) 68 (56.7)
Missing 8 (8.6) 6 (9.5) 68 (4.9) 6 (5.0)
Traumatic factor, n (%)
Yes 35 (37.6) 25 (39.7) 523 (37.7) 51 (42.5)
No 50 (53.8) 32 (50.8) 798 (57.6) 65 (54.2)
Missing 8 (8.6) 6 (9.5) 65 (4.7) 4 (3.3)
Partner factor, n (%)
Yes 37 (39.8) 23 (36.5) 512 (36.9) 33(27.5)
No 48(51.6) 34 (54.0) 806 (58.2) 82 (68.3)
Missing 8 (8.6) 6 (9.5) 68 (4.9) 5(4.2)
Index of Disadvantage
Items, mean (SD) 0.8 (1.0 0.7 (0.9) 0.5(0.8) 0.4 (0.7)
Items, n (%)
2+ items 18 (19.4) 12 (19.0) 186 (13.4) 10(8.3)
1item 28 (30.1) 19(30.2) 310 (22.4) 31 (25.8)
0 items 47 (50.5) 32 (50.8) 890 (64.2) 79 (65.8)
Components of Disadvantage Index
Maternal education, n (%)
<12 years 23 (24.7) 14 (22.2) 255 (18.4) 17 (14.2)
12+ years 61 (65.6) 43 (68.3) 1066 (76.9) | 99(82.5)
Missing 9 (9.7) 6 (9.5) 65 (4.7) 4 (3.3)
Housing status, n (%)
Public housing/ shelter/ homeless 14 (15.1) 10 (15.9) 94 (6.8) 6 (5.0)
Live with others (not public housing) 16 (17.2) 12 (19.0) 237 (17.1) 14 (11.7)
Rent/own 54 (58.1) 34 (54.0) 995 (71.8) | 97 (80.8)
Missing 9(9.7) 7 (11.1) 60 (4.3) 3(2.5)
Family income source, n (%)
Only public/private assistance 6 (6.5) 4 (6.3) 75 (5.4) 4 (3.3)
Assistanceindpersonal income 37 (39.8) 22 (34.9) 535 (38.6) 41(34.2)
Only personal income 41 (44.1) 30 (47.6) 708 (51.1) 71 (59.2)
Missing 9(9.7) 7 (11.1) 68 (4.9) 4 (3.3)
Prenatal payment, n (%)
No insurance 7 (7.5) 5(7.9) 50 (3.6) 8 (6.7)
Any public/private assistance 48 (51.6) 28 (44.4) 705(50.9) 52 (43.3)
VA/commercial/HMO 38 (40.9) 30 (47.6) 630 (45.5) 60 (50.0)
Missing 0 0 1(0.2) 0
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Stillbirths Livebirths

study SCRN study
Characteristic SCRN (n=93) (n=63) (n=1386) (n=120)
Partnership status, n (%)
Not cohabiting 22 (23.7) 14 (22.2) 263 (19.0) 19 (15.8)
Cohabiting and not married 21 (22.6) 13 (20.6) 324(23.4) 28 (23.3)
Cohabiting and married 42 (45.2) 30 (47.6) 740 (53.4) 70 (58.3)
Missing 8 (8.6) 6 (9.5) 59 (4.3) 3(2.5)

AbbreviationsBMI, body mass indexdMO, Health Maintenance Organization; SD, standard deviation; SLE,
significant life eventslJTHSC, University of Texas Health Sciences Center at San AntdéndB, University of
Texas Medical Branch at Galveston A, Vet er.ansd Affairs

a Smoke exposure wges if (a) mothers reported any smoking or tobacco use up to two years prior to maternal
interview or (b) cotinine concentration in maternal blood samples taken at delivery exceeded theeS{gRated
threshold for passive or secoihdnd smoke exposuf@.25 ng/mL or more).

b Pregnancy complicationsas yes if any of 12 conditions had been noted in maternal charts as occurring during
the delivery hospital visit (e.goremature rupture of membranes, preeclampsia). See Appgndix

¢ Pre-existing maternatonditions was yei$ medical records or maternal interviews recorded the pregnancy
presence of any of 23 conditions includdigbetes and heart disease. See Appedix

4 Maternal gestational conditionsas yes if any of 29 conditions (edjabetes, hypertension) had been recorded as
present during pregnancy in maternal charts or maternal interview. See Apjgendix

€ BMI was abstracted from charts and calculated from maternappegnancy weight.

4.3.2Associations between stressoemnd stillbirth

Disadvantage In the study sampldiaving two or mor®isadvantagé&ems as compared
to none yielded an OR of 4.53 (95% CI 1.58, 12.93), with a significant test for pedoQ5)
(Table9). Estimates in SCRN were slightly attenuated in comparison. Models using a continuous
version of this exposure found that every additional item in Disadvantage was associated with
80% geater adjusted odds of stillbirtiidble A51). Sensitivity analyses excluding three
pregnancies (two outliers and one that had multiple quality control flags) (naf8Qjsing a
modified version of Disadvantage excluding partnership status yielded slightly stronger ORs
(Table A52).

SLE: There was no evidence of an association between SLE and stillbirth in either the
study sample (OR.54 for 4+ vs no Significant Life Event85% CI 055, 4.28 or SCRN (OR
1.17, 95% CI 058, 2.36 (Table9). The test for trend in the study sample was not significant

(p<0.4), and models using the continuous version of this exposure were consistent with these
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results Table A51), as was a sensitivity analysis in a restricted study sample (n=Tagtle(
A52). Due to these null findings, we prockssl with methylation association analyses for
Disadvantage only.

Table 9: Odds ratios (95% CIs) relating stressors (SLE and Disadvantage) and
stillbirth in the study sample (n=183) and SCRN (n=1,479)

Study SCRN
OR (95% CI) | aOR?(95% Cl) | OR (95% CI) |aOR?(95% CI)

Disadvantage
0 items ref ref ref ref
1 item 1.51 (0.74, 3.0p 1.65 (0.76, 3.56) 1.71 (1.05, 2.78 2.06 (1.21, 3.51
2+ items | 2.96 (1.17, 7.70 4.53 (1.58, 12.95 1.83 (1.04, 3.23 2.40 (1.29, 4.47
SLE
0 events ref ref ref ref
levent 0.84(0.33,2.18 1.15(0.41, 3.17)0.97 (0.49, 1.89 0.97 (0.49, 1.93
2 events | 1.38 (0.52, 3.6 1.71 (0.61, 4.83] 1.31 (0.68, 2.55 1.32 (0.67, 2.60
3 events | 1.07 (0.32, 3.36 1.20 (0.36, 4.05) 1.27 (0.59, 2.75 1.24 (0.56, 2.73
4+ events 1.62 (0.63, 4.20 1.54 (0.55, 4.28]1.43 (0.74, 2.79 1.17 (0.58, 2.36

Abbreviations: aOR, adjusted odds ratio; Cl, confidence interval; OR, odds ratio; ref, reference level; SCRN,
Sillbirth Collaborative Research Network; SLE, Significant Life Events.
a Adjusted for maternal age, site, and race. SLE aORs also adjusted for Disadvantage (measured continuously).

4.3.3Associations between methylatiojstressors and stillbirth

In Step 1 the initial analysis of associations between methylation of 1,191 CpGs,
stressors and stillbirth identified 35 differentially methylated CpGs and six DMRs, all in relation
to stillbirth (seeTable A63for CpGs andrable A64 for DMRS). InStep 2 further analysis
identified 32CpGsandsix DMRs asociated with stillbirthand six CpGs associated with
DisadvantageSeeTable A65for the Pearson correlation coefficients of the beta values of the
constituent CpGfor each DMR Six CpGs were associated with both stillbirth and
Disadvantagenone of the DMRs werén Step 3 we eliminated two CpGs for which
associations with Disadvantage and stillbirth were in opposing directions. The remaining four

CpGs were testefr evidence of mediation. S&ggure 14 for a summary of how they were

identified from the initial group of 1,191 CpGs.
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1,191 CpGs tested for associations with
Disadvantage and stillbirth

Step 1 35 CpGs and 6 DMRs significantly associated
with either Disadvantage or stillbirth, FDR p- 1,156 CpGs eliminated
value <0.20

Step 2 6 CpGs significantly associated with both
Disadvantage and stillbirth, unadjusted p-value
<0.05 for both

29 CpGs and 6 DMRs
eliminated

Step 3 4 CpGs significantly associated with both
Disadvantage and stillbirth, and same direction 2 CpGs eliminated
of association, so tested for mediation

Evidence of mediation for 3 CpGs; marginal
evidence for 1 additional CpG

Figure 14: Flowchart showing how screening identified mediation candidates

Abbreviations: CpG, cytosinguanine base pair; DMR, differentially methylated region; FDR, false discovery rate.

4.3.4Mediation analyses

There was low correlatiobetween the mediator candidat&alfle A66). Methylation at

three CpGgartially mediated associations between Disadvantage and stillbirth, includirgntwo
IGF2 (cgR097792andcg1228339Band one otdSD11B2(cg1941329), with p-values for the
average causal mediatieffect ACME, less than 0.05, an@values for the proportion of the
effect mediated, PME, greater than 0.05, for the comparison of 2+ verRisauvantagéems
(Table10). Models using the continuous version of Disadvantage showed that methylation of
cg02097792n IGF2 mediated21% of the associatidmetween Disadvantage and stillbirth

(ACME p-value0.012and PMEp-value 0.031); ACMBp-values for the other CpGs were not

significant Table A57).
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Table 10: Results of assessing evidence for whether methylation of 4 CpGs mediates
associations between Disadvantage and stillbirth: Average causal mediation effect (ACME)
p-values and average proportions of the effect mediated (PME) in 63 stillbirths and 120
livebirths

Mediation effect?® Mean methylation beta valuesSD (# births)

ID Chr| Gene ACME P° PME |PME P" Stillbirths Livebirths

cg0209779; 11| IGF2 |Oitems 27.4, 2.4 (32) 26.1, 2.9 (79)
1 item 0.110 '31.3% 0.280 27.3, 3.6 (19) 26.3, 2.5 (31)

2+items 0.035 20.8% 0.067 27.1,2.0(12) 27.1, 2.2 (10)

cgl1228339 11 IGF2 0 items 78.0, 7.1 (32) 82.7, 3.6 (79)
litem 0.880 -8.7% 1.000 77.5,10.1 (19) 82.6, 2.7 (31)

2+items 0.044 17.2% 0.098 78.9, 2.8 (12) 81.1, 2.0 (10)

€g1941329| 16 HSD11BZ 0 items 79.2,2.9 (32) 78.6, 2.9 (79)
litem  0.240 21.3% 0.470 80.0, 2.8 (19) 79.3, 2.6 (31)

2+items 0.048 24.0% 0.157 80.8,2.3 (12) 79.5, 2.6 (10)

cg0836273{ 11 BDNF 0 items 3.8,0.7 (32) 3.5, 0.7 (79)
1 item 0.570 | 7.8% 0.610 3.8,0.9(19) 3.6, 0.7 (31)

2+items 0.105 15.2% 0.158 4.1, 0.6 (12) 3.6, 0.4 (10)

Abbreviations: ACME p,alue for the average causal mediation effect; Chr, chromosome; Cl, confidence
interval; OR, odds ratio; PME p,-palue for the average proportion of the effect mediated; SD, standard deviation.
a Mediation models (one per CpG)agslogistic regression and M values, and adjusted for site, maternal age, race,
plate, cell type (trophoblast, stromal, endothelial, nRBC, and syncytiotrophoblast), and sex.
b p-values uncorrected.
4.4 Discussion

In a sample of 63 stillbirths and 120dbirths, all fullterm noranomalous singletons,
having two or more vs no items in an Index of Disadvantage was associated with more than
guadrupled odds of stillbirth (95% @158, 12.93 We found no association between an Index of
Significant Life Evems and stillbirth, and hence did not proceed with mediation analyses using
this exposure. We found tha®2 out of 1,191 CpGs on five strasdated genes were
differentially methylated with respect to stillbirth, and six CpGs were differentially methylated

with respect to Disadvantage. Methylation at three CpGs (tw&B8& and one otHSD11B2

partially mediated associations between the Index of Disadvantage and stillbirth

4.4 . 1Interpretation of results

There is substantial evidence that maternal stress is associated with an increased risk of
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adverse birth outcomé&832’Recent studies have found, for example, associations between
anxiety, depression, job stress and prenatal stress and adverse outcomes such as preterm birth
and low birthweight?® 32°However, few studies have examined associations between stress and
stillbirth.” 81n Denmark, a study of 20,000 births found 90% increased odds of stillbirth in
mothers with high vs intermediate stress as reported by matherk2item General Health
Questionnairé® and in Sweden, a study of 3 million births fouhdt bereavement due to death
of an older child was associated with doubled odds of stillbi#ih i | e t hese studies
populations and measures of stress differed from ours, the results are consistent with our finding
of increased odds of stillbirth with greater stress as medday an Index of Disadvantage. Our
finding of no association between SLE and stillbirth was unexpected, diverging from Hogue et
al. who found SLE and stillbirth to be associated in SCRDifferences may be due to our
smaller sample sizeandtothatstu@ds i ncl usi on of multiple, pret
In seeking evidence for whether methylation may be a mechanism by which stress
increases the risk of stillbirth, we found that three CpGs on two gé3ie8 andHSD11B2 may
partially mediate ass@tions between Disadvantage and stillbirth. We also found associations
between methylation, stress and stillbirth for 35 CpGs on five genes, a result interesting in its
own right. Below, we comment on our gesgecific findings, noting the proximity ofggiificant
CpGs to one another and to areas known to play functional roles in gene expression, as well as
comparing our findings with the literature.
IGF2: IGF2is paternally expressed, meaning that the paternal allele is typically
expressed while the matea | all el e is nilGRPrsi ntmpdd nari nrge rt ead
governed together with that of a paternally imprinted gei®, from a region upstream of the

IGF2 gene body called the imprinting control region (ICKHF2 is involved in fetal and
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placental development, and acts in concert WMf® which is thought to help conserve allocation
of maternal resources to the fetd3Of the 334 CpGs that we analyzed on this gene, 16 were
differentially methylated with respect to stillbirth, of which two were also differentially
methylated with respect to Disadvantage. cg02097792, which mediated 21% of the association
between Disadvaage and stillbirth, lies on an enhancer 92,000 bp upstream of the gene body
and 37,000 bp downstream of the next closest significant CpG that we identified (which is in the
ICR). The other CpG for which we found evidence of partial mediation, cg12283398nla
promoter at a transcription factor binding site (a region which governs the start of the
transcription process, TFBS), and was also not near any other significant CpGs.

The remaining significant CpGs that we identified included a group of tiréeeaene
body (cg01667319, cg10037494, and cg25163476) together with a DMR. Two of these CpGs lie
on a CpG island (a type of genomic region defined by a high density of CpGs and for which
methylation has been associated with repression of transcri@mhjywo were in shore and
shelf regiongshores are areas extending about 2,000 bp away from a CpG island on either side,
and shelves extend an additional 2,000 bp in either direcfibA)study of39 CpGs covering a
9,000 bp region that starts just 305 bp downstream of this group found no association between
methylation and birthweigft’However , t hat st udysesfprimapall | s ampl
components analysis to measure methylation could have obscured associatiossodiaéans
we found with stillbirth were, however, consistent with evidence from another study, which
found that average methylation was inversely assocvaitbdblacental weight and (marginally)
birthweight, although that study focused on a region 6,000 bp upstream of this group of CpGs
(rather distant§®* We also foundhree groups of significant CpGs upstredithe IGF2 gene

body: (1) a group of four CpGsd14681632, cg10113191, cg19150916 and cg03776775) and a
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DMR all within 2,830 bp of each other at a transcription factor binding site (TFBS) on a single
promoter, with two CpGs on an island and two in shore/shelf regions; (2) a group of five CpGs
(cg19290938, cg19290939, cg19290940, cg05894719 and cg0398283KpabMRs located
within 1,350 bp of one another in shore/shelf regions on an enhancer; and (3) one CpG,
€g16574793, together with another DMR a promoter in the imprinting control region (ICR)

for IGF2.

Our results appear to be consistent with a satatly that found an association between
placental methylation in the imprinting control regioril®F2 and stressful life event&? (Due
to our null findings for SLE and stillbirth in outugly sample, we did not explore associations
with methylation for this exposure; nevertheless, the literature on SLE is still informative for our
findings related to Disadvantage, insofar as we hypothesized that both are stri€zBars.)
mediatorscould cantribute to repression of the paternal allele (Disadvantage was associated with
hypermethylation of cg02097792) or expression of the maternal allele (Disadvantage was
associated with hypomethylation of cg12283393), with adverse consequences for fetal growt
such as reduced placental size and capacity to nourish theHetusver, thestudy referenced
found no association between stress @R expression, calling thieinctional relevance of
methylation in this region into questidhough small samplez may have been a factor in the
null finding.

HSD11B2 HSD11B2encodes a protein responsible for converting cortisol to cortisone,
protecting the developinfgtusagainst maternal stress responst&D11B2has also been
implicated in fetal growth. Of 32€pGs examined, we found that 8 were differentially
methylated with respect to stillbirth, of which three were also differentially methylated with

respect to Disadvantage, including one, cg19413291, for which there was evidence suggestive of
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partial mediabn of associations between Disadvantage and stillbirth. This CpG lies downstream
of theHSD11B2gene body in a shore region on a transcription factor binding site (TFBS) within
1500 bp of a transcription start site (TS&),important region for gene functidhis on the
same promoter as another CpG just 544 bp distant, cg00511334, which was also associated with
stillbirth and lies orthe F'exon, another area implicated in gene functinother group of
interest, 37,000 bp away from the partial mediator CpG and also downstream of the gene body,
comprised two CpGs, cg05632351 and cg03498304. These GpiBsassociated with stillbirth,
lie on a single promotern t he 56 UTR (untranslated region),
implicated in transcription. cg05632351 lies in a shore areag®d@198304s on a CpG island;
€g05632351 was also inversely asated with Disadvantagé&inally, cg01087710, upstream of
the gene body on a promoter on a CpG island at least 73,000 bp distant from any other
differentially methylated CpGs, was positively associated with stillbirth and inversely associated
with Disadvantage.There is some evidence from the literature that is consisidnthe inverse
associations we found betweBrsadvantagand methylation at two CpGs (cg01087710 and
cg05632351¥% andwith a mediating role diSD11B2methylation for associations between
stress and adverse pregnancy outcoffeas well as evidence of associations between perceived
stress and stressful life events &®D11B2gene expressioft® 22 However, the CpGhicluded
in these studies were all within or very close to (<150 bpH®B11B2gene body and at least
30,000 bp distant from the CpGs that we identified as significant.

BDNF: BDNF is a stresselated gene that plays a role in placental development. Of 144
CpGs examined, we found that foueredifferentially methylated with respeti stillbirth, of
which one was also differentially methylated with respect to Disadvantage. These CpGs were

located in two pairs. The first pair, on the gene body, included cg08362738 and cg04672351,
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located within 250 bp of each other on a single prom@ee of these, cg08362738, was
associated with both stillbirth and Disadvantage; it lies on a CpG island within 200 bp of a
transcription start site (TSS). The other lies on a shore within 1500 bp of a TSS. Results from
several studies found both posdiassociations (consistent with our results) and inverse
associations (contrasting with our results) between stress and methylation in nearby regions,
including in placental tissu@® 2°° 3%4Another study found inverse associations after allowing
interaction between ré&mn type and stressor, an analysis we did not perform. Allowing
interaction reversed the direction of association for CpGs on promoters and in shore and shelf
regions®® An EWAS identified 26 additional CpGs on the gene body in the {24 for
associations between methylation and social deprivation or poor social environment, but we did
not find any of these CpGs to be significgmassibly related to differences in stressors, tissue,
these studi esd us espesific mateylation, and duhsmall samfiitdme Cp G
second pair of CpGs (cg27309677 and cg19372491) lay downstream of the gene body on one
promoter, within 160 bp of each other, in the
region very distant from other CpGs reviewed in the literature (>38%01

EKBP5: FKBP5codes for the glucocorticoid receptorcdaaperongrotein helping to
manage the stress response. Of 156 CpGs we examined, three were differentially methylated
with respect to stillbirth. These included cg25026500 and cg25324048pbated on islands
200 bp from a transcription start site (TSS), and cg00065598, located 1500 bp from a TSS. These
CpGs were at least 400,000 bp apart, with no other significant CpGs nearby. However, evidence
from the literature is consistent with our ults, and evidence of inverse associations between
FKBP5methylation and gene expression is also consistent with a functional interpretation for

methylation at these CpG¥%.3%°
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NR3CI NR3C1lencodes the glucocorticoid receptor which plays a key role in stress
response. Of 235 CpGs assessed, just one was differentially methylated with respect to stillbirth.
A number of studies have found associations betWRSC1methylation and both stre§5262
281290 30%ndadverse pregnancy outcontésFurthet two studies found evidence consistent with
NR3C1methylation as a mediator of associations between war stress and birtHAatit.
was unexpected to have such sparse results in a gene strongly implicated in the stress response.
Multiple differences across studies (fostance differences in exposures or outcomes, the use of
average values or principal components rather than€pg@ific methylation, and our small
sample size) may help to explain the contrast between our study and these results. Our null
findings may ao be due to unaccountéat interaction; Appleton et al. found that
hypermethylation oNR3Clinteracted with hypomethylation 6fSD11B2in associations with

adverse newborn neurobehaiéa.

4.4.2Strengths and limitations

The observed associations could be causaksxmtions between methylation, stress
and stillbrth are biologically plausible. Stress processes are managed lypibibalamie
pituitary-adrenalHPA) axis and the sympathetadrenalmedullary SAM axis, and our
candidate genes play important roles in these axes. The HPA axis triggers a chainsof event
including the release of corticotropialeasing hormone (CRH) and glucocorticoids such as
cortisol, whichact by binding to glucocorticoid receptors (GRR3Clencodes the GR and
FKPB5encodes the GR echaperone proteil.he SAM axis contributes to stress management
by releasing catecholamines which help to increase blood flow and regulate the pulmonary and
immune systems. Stress can overstimulate the HPA axis, and pregnancy irlexedsed
cortisol through the release of placental CRH. The fetus is normally protected against this extra
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cortisol by the action of genes suchH#8D11B2 but stress can imperil fetal health, in part by
reducingHSD11B2expressiori>3 Abnormal stress responses may also increase the expression of
catecholamines, possibly decreasing blood flow to the plaefté & 334 33€onsequences can
include abnormal placental functioning, jeopardizing the delieéoxygen and nutrients to the
fetus, affecting fetal growth and contributing to other adverse fetal outc8Ai&4es 333 336 337
There is also evidence of links between stress and prenatal respiratory function in connection
with BDNF methylation which may jeopardize fetal survi¥éiand betweehGF2 expression
and fetal survivaf® 26°

However, nuch is unknown about the consequencesethylaton for how genes
actually function, raising questions about how to interpret our results. For example, methylation
on gene bodies may increase rather than suppress expression, and methylation at transcription
factor binding sites does not consistentlyresg expressigh® 33° 34Quhile at CpG islands it may
be more likely t6! Indeed, evidence of inverse associations between methylation and
expression (hypermethylation Aturning offo ge
consistent with a functional interpretation for methylatioM8D11B2andFKBP5in relationto
protein expressiqrbut not forIGF2, calling into question the biological relevance of {B&2
mediators we identified. Moreover, other studies have shown that associations between
methylation, stress and pregnancy outcomes vary by genotype and geegiom type, factors
we were unable to account for, possibly driving a bias toward thé’hedPAlso, lack of
adjustment for confounders potentially important for the associations we studied may have
inflated estimates; for instance, pollution levels could not be accounté&d &though
frequency matching on site likely helped to address this factor.

To our knowledge, this was the fistudy to explore whether methylation is associated
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with full-term stillbirth and mediates associations between stress and stillbirth. We used a nested
casecontrol design, drawing stillbirths and livebirths from a larger rilé populatiorfbased
casecontrol study. Biosamples were extracted from placental tissue using standardized
protocols. We analyzed all CpGs annotated to the microarray that were either on the gene body
or on a promoter or enhancer for five candidate genes, in contrast to othent@gdite studies

which often focus on a small number of previotstlydied CpGs, often on the gene body.
Methylation measures were Cggpecific and preserved direction of association. The study

sample was limited to fulerm noranomalous livebirths andiltbirths, ensuring results were

not due to pretermelated causes and making results less likely to be related to genetic factors.
The consistency of our estimates for associations between SLE and stillbirth in the study sample
and in the SCRN subset fofll -term, noranomalous, singleton births from which our study

sample was drawn increases our confidence that selection bias was unlikely to have affected our
results.

This study had several limitations. Data on perceived stress were unavailablehand if t
selected indices do not actually measure maternal stress, our identified mediators would be
mechanisms for a nestress pathwayndeed, some components of Disadvantage are associated
with stillbirth directly; for instance, low income could postponedtset of prenatal care,
increasing the possibility of pregnancy complications such as preeclampsia, resulting in stillbirth.
By using Disadvantage as a proxy for stress, however, we hypothesized that these pathways were
not only direct but also mediateg btress: low income increasing stress, concern over prenatal
care increasing stress, and also pregnancy complications increasing=stpessires for
stillbirth mothers were measured at a traumatic time in their lives, possibly leading to differential

reporting of stressors between women with stillbirth and livebirth that could have inflated
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estimates of associations between stress and stillbirth (recall bias)s€ctismal data meant

timing of exposures was unknown; SLE could have occurred up torttmeths prior to

conception, or at any point during pregnancy. If the effect of stress is strongest during pregnancy,
estimates may have been biased toward the null. However, our use of Disadvantage, which
includes stressors likely established before cptiae and less vulnerable to recall bias (e.g.,
education), helped to mitigate the chances that these biases affected our eNonatbeless

we could not discount the possibility of reverse causation, including thpmstimortem

changes in methylain, or if placental or fetal dysfunction leading to fetal death induced
epigenetic changes while the fetus was still alive, thereby producing a spurious association
between methylation and stillbirth? Our analyses were necesdgriimited by the number and
location of CpGs annotated by the microarray, and our small sample size and use of unadjusted
p-values for the final set of analyses may have introduced results that were due only to chance;
however, the small number of comsams (four for mediation analyses) made this less likely.

The lack of gene expression data meant we could not be sure of the functional meaning of
methylation in our study samplEinally, the assumptions for causal mediation analysis, which
include no unmasured confounding of associations between stressors, methylation, and
stillbirth, and no confounder of associations between methylation and stillbirth that is also on the

pathway between stressors and stillbirth, may not have been met in our models.

4.4 3 Further study

Our results should be confirmed in a larger study that can assess correlations between
methylation and gene expression to clarify the functional meaning of our mediation results.
Models will need tallow for interaction between CpGs,wsll as interaction with region

types?®230and should explore neinear association¥> The DMRs we identified should be
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further examined, with analyses accounting for wiihidividual correlatiorf3+ 288 304 30534348 ¢

would be ideal to also be able to ascertain the timing of stress exposures in a subsequent study.
Our findings should be complemented by an epigererde association study (EWAS) that

allows investigation of additional stress pathways. Given evidiratenethylation, stress, and
stillbirth all vary with sex, sestratified analyses in a sufficiently large sample would help in
learning more about this stress pathway for stilllzit#WWe plan to use resulfsom our primary
models to inform further development of continuous versions of the exposure, such as the use of
splines or quadratic terms, to better model the associations between stress, methylation and
stillbirth. It will also be important to test tlEssumptions of mediation analysEmally, it

proved challenging to identify which CpGs had been included in prior research. Researchers
should routinely provide this data in a format that facilitates comparisons with the literature,

identifying CpGs byheir probe IDs and specifying genomic locations and the build*®$ed.

4.4.4Conclusion

Stillbirth is a tragedy that occurs in 26,000 families in the U.S. and nearly 2 million
families globally each year. O+third of these deaths are unexplained. We provide evidence of
associations between placental methylation of stedated genes, hypothesized maternal
stressors, and stillbirth, and of methylation of two stretated genes aspial mediators of
associations between stressors and stilldidhbiological mechanism of effect. A logical
guestion is how to reduce stress during pregnancy. One trial found that cognitive behavioral
therapy in pregnancy significantly lowered perceist@ss in treatment mothéfSand
epigenetic changes themselves could potentially also be reversed, for instance through dietary
supplement$?® >°However, such interventions are impractical for the vast majority of mothers
globally who are at higher risk of stillbirth, and more importantly, their focus on the individual
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doesnot address the root causes of the deprivaetated stressors implicated in this study, such
as low education and poverty. We hope that this study proves useful in making progress to
improve our understanding of causes of stillbirth, as well as ergiogrenore researchers to
include stillbirth as an adverse pregnancy outcome in studies of the effect of the epigenome on

human health.
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Chapter 5: Discussion and conclusion

5.1 Overview
Theobjectiveof this dissertationvas to explore evidence that could help to explain
persistent racial disparities in stillbirthhe specific aims were:
1. To review thditerature on racial disparity in stillbirth rates
2. To assess whether structural racism can help to exlaial disparty in stillbirth rates
in NYC; and
3. To assess whethenaternalstress is associated with stillbirth, whether stress is associated
with methylation of streseelated genes, whether methylation is associated with stillbirth,
and whether there is evidenttet methylation of stregelated genes mediates
associations beteen stress and stillbirth
For Aim 1, we carried out a scoping review of the literature in five databBsdxVied,
Scopus, Cinahl, Embase, Psycinfoidentify all reportancludingstillbirth ratesstratifiedby
racein the U.S., mappingxposuresndeffect modifieryf fd omai ns )ofananaluy fios &
comments on racial disparity in stillbirtisfomains of explanatiayinto one of eight domains
(race, genetic, fetal, maternal, family, community, healthcare systeasiructura). ForAim 2,
we mocklled associations between four measuregtrottural racismifidices ofDissimilarity,
Isolation,andConcentration at the Extremes ICE and arEducational Inequity Ratignd
stillbirth in 546,983 norHispanic (NH) Black and white singleton birthegrstered ifNew York
City betweer2009and2018 measuring exposures at the PUMA (Public Use Microdata Area)
level. We tested for interaction between race and structural racism and estimated the odds of
stillbirth separatelyn NH Black andNH white births for structural racism measures with

evidence of interactiariFor Aim 3, we assessed associations between maternal stressors (Indices
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of Significant Life EventsaindDisadvantageand stillbirth in183non-anomalousull-term
singleton births (63tillbirths and 18 livebirths) from the U.S. Stillbirth Collaborative Research
Network We then assessed whether maternal stressors and stillbirth were associated with
differential methylation of 1,191 CpGs on five stredatedgenegBDNF, FKBP5 HSD11B2
IGF2, andNR3C2, andwhethemethylationmediated associatiom®tween stresssand
stillbirth.

In the first study, wéoundthat the literaturen racial disparities in stillbirtin the U.S.
is characterized by a ladf investigation intdhealth system and structufattors In the second
study, we found that structural racism as measured by ICE and Isolation was associated with
stillbirth in NH Black but not NH white mothers; however, the associations were ne in th
expected directioNH Black mothers living in PUMASs with a high concentration of privilege
disadvantagbad 90%greaterodds of stillbirth (ICE quintile 5 vs 1), and NH Black mothers
living in PUMAS that were the moss leastisolated had 40%ewer odds of stillbirth (Isolation
tertile 3 vs 1) While the measurasay help to explain the Blacwhite disparity in stillbirth
rates, our results raise questions alhmyw theyoperationalize structural raciswe also found
that in NH Black mothersgssociations between ICE and stillbirth appeared to be stronger in
older than younger women. This observation is consistent vétivéathering hypothesis,
including a possible stress pathway. The third study produced evidence of a mechanism by
which such a pathway could increase the odds of stillbirth. We founththassociation
between the Index of Disadvantage and stillbirth paasially mediated by methylation of three

CpGs on two streselated genedGF2 andHSD11B2
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5.2 Summary of results

5.2.1Racial inequity in stillbirth rates constitutes a significant public health burden
in the U.S.

We found a substantial literaturelaited to racial disparity in stillbirth rates in the U.S.
(Chapter 2), most of it fairly recent (50% of the 95 included reports were published after 2009).
However, only 11 reports focused on racial disparity in stillbirth rates, witttings including
other outcomes. Chapters 2 and 3 revealed that the largest racial disparity in U.S. stillbirth rates
is between Black and white births. We defined the Stillbirth Disparity Ratio (SDR) as the ratio of
the stillbirth rate in a racial/ethnic minority groupthe stillbirth rate in white birth&Ve found
1,143 Blackwhite SDRs from 83 reports, with a median SDR of 1.67; 74% of these SDRs
showed evidence of greater risk of stillbirth in Black than white births. Notably, although data
were collected over a Agear period (1942015), there was no indication of a change in SDR
magnitudes over time. In NYC between 2009 and 2018 (Chapter 3), we found even greater
disparity, with a nearly threefold greater risk of stillbirth in NH Black vs white births (13487vs
stillbirths per 1000 total births, respectively, yielding an SDR of 2.94). Data from NYC also
showed alisparity in stillbirth rates among other racial/ethnic groups, with SBRs in Native
American and Hispanic births of 7.7 and 6.2, respectively, as walas/ high SBR among
mothers with unknown race (182.8 [sic] per 1000 total births) (Chapter 3). Our findings from
Chapter 2 were inconsistent with these data, however, with less evidence of racial disparity for
Native American and Hispanic births fromra@coping review (median SDRs of 1.22 and 1.09,
respectively). However, we also found that there was substantially less research attention to
racial disparities for these groups, with just 42% and 14% of included reports providing relevant

data for NativeAmerican and Hispanic births, respectively.
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5.2.2Individual -level risk factors are the main focus of research on disparities in
stillbirth rates, but may not fully explain these disparities

In Chapter 2, we found that most research on racial dispanitedibirth rates focuses
on individuatlevel factors as domains of analy&@sposures or effect modifiers for regression
analyses, stratification factors for risks). Nearly half of reports used fetal factors to analyze these
disparities (46%) and ovenethird used maternal factors (36%). The four most commuoséd
categories of analysis among the 1143 Blatkte SDRs were either fetal (gestational age, used
by 41% of SDRs) or maternal (maternal age, prenatal care use (PNC), and education, used by
24%, 14%, and 13% of SDRs, respectively). (We defined PNC, e.g., number and timing of
prenatal care visits, as a maternal characteristic, and quality of that care, e.g., barriers to access,
as a health system characteristic.) The majority of SDRs in edbbs# categories showed
evidence of disparity. This was true also when we looked at SDRs within subcatefuzies
four categories of analysis used in Blagkite SDRs shova 60-90% higher risk of stillbirthn
Black vs white births regardless thie categorybeing examinedmedian SDRs 1.62.89), with
a 30% to twofold greater risk of stillbirth in every subcategory (median SDR range$.8530
1.61-2.15, 1.471.98, and 1.72.06 for gestational age, maternal age, PNC, and education
subcategories, rpsctively). This suggests that maternal and fetal factors fail to fully account for
the observed racial disparities. The exception was a group of very preterm SDRs for which NH
Black rates were lower than white rates (in alignment with Chapter 3 datatindia Black
white SDR<1 for births at 287 weeks).

A logical possibility is that domains of analysis which have been undenexamined
may be at least partly responsible for the dispaYigt.our scoping review demonstrated that

family and community factors, healthcare system factors, and structural factors, though
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commonly used as domains of explanation38% of reports), were rarely (family/community,
structural, 45%) or never (healthcare system) used as domains of analjhkigustseven of 95

reports examiimg either communityor structurallevel factors

5.2.3Structural racism measuresmay help to explain Blackwhite disparity in
stillbirth rates in NYC , but results were not in the expected direction

In Chapter 3, weedected four existing measures of structural racism from the extensive
literature on structural racism and adverse pregnancy outcomes. We relied on the literature to
guide us in our expectations for how these measures would be associated with stilBlattkin
and white mothers. The literature codiflégh levels of disadvantage and high levels of isolation
(as measured by ICE and the Index of Isolation, respectively) as indicative of higher structural
racism. Since we hypothesized that structural racesmhelp to explain Blaewhite disparity in
stillbirth rates, we therefore expected to fthdt residence in PUMAS withigh levels of
disadvantage and high levels of isolatwould be associated with increased odds of stillbirth in
NH Black mothers.ristead, we found the reverse. Among NH Black mothers, the odds of
stillbirth were90% greaterwith residence in PUMASs of privilegeCE quintile 5 vs 1) and0%
lower with residence imighly isolated PUMAS (Isolation tertile 3 vs.Hurther, we founaho
evidence of associations between either of these exposures and stillbirth for NH white.mothers
These resultseem consistent with our hypothesis that structural racism may help to explain
racial disparity in stillbirth rates/etassociations were not the expected directigrand
contrasted with much of the literature.

One possible explanation for our results was type | error (incorrectly rejecting the null
hypothesis of no association between structural racism and stillbirth in NH Black births).

However the consistency adur findingsfor these two exposures, and the fact that our sample
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size was large, suggeskst the effectsould berealrather tharartefactual Replication of our
results in another large metropolitan area would lend support maalusionsAnother
possibility is that our model was incorrectly specified. Specifically, our choice to adjust for
PUMA-level covariates for poverty level and proportion of Black residents may have introduced
over-control, since these contributed to straction of both ICE and Isolation. However, when
we adjusted only for individudével covariates, we still found significant associations in the
same direction in NH Black mothedthough for ICE they were attenuated. Findilye birth
bias might hip to reconcile our results with the literature. Msttdiesof adverse pregnancy
outcomesare likely to have excluded stillbirthghereby conditioningn survival statuswhich
can introduce live birth biag\ 2015 study of associations between prenatal exposure to PFAS
and ADHD in schochged children found that restricting the population to live births resulted in
modest underestimatesdevenreversas of the direction ofissociation depending on
assumptins about the presence and strength of true associations between PFAS and ADHD, and
about confounding of those associatiédHsA 2018 study found similar evidence for live birth
bias in examination of associations between prescription drug use and pregnancy
complications’*2 However, results from Williams et al., the only other study that hasieea
Isolation and stillbirth, and thus by definition not affected by live birth bias, also contrasted with
our result$?

Another possibilityis that the direction of association between structural racism and
adverse pregnancy outcomes including stillbirth varies wittethed at which structural racism
is measured, such that structural racism manifests differently at differentfé&#ét3 here is
evidence of variation by level; for instance, data fidneger et alon associations betwedGE

and child mortality in NH Black familieshowed different directiordepending on whether ICE
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was measured at census tract level (increasing disadvantage conferred risk) or city level
(estimates of association were rgignificant but direction was revsed, suggestive of
increasing privilege confeng risk).2!°If the associations we observed are not artefactual, the
guestion remains as to whether and how they capture the effect of strradtigal on stillbirth
in NH Black womenWhile well-off, high-white-population neighborhoods may be enriched
with health, education and other services that theoretically protect against stillbirth, these
services may be less accessiblefdower quality br Black mother$® Several studies have
shown thaBlack women experience worse health outcomes regga dif access to healthcare
and receive lower quality of care than white worfi@f*>2°° However,to explain our findings,
subpar access to such resources would also need to render Black mothers\is ¢t pkivilege
worse off than Black mothers in PUMAs of disadvantage.

Anotherpossible explanatiohi es i n the concepts odnd Opri vi
the meaning of the measures we selected. Following the literature, we operationalized ICE such
that low values were meant to represent disadvantage/higher levels of structural racism, and high
values were meant to represent privilege/less struatacem. Therefore our results would
suggest, perversely, that exposure to structural récassndefined in the literature for these
measures is protective for NH Black mothers. However, structural radsnalefinition
oppresses individuals due to their ed@roup membership, so such an interpretation does not
make sensd&?erhaps these measures represent a different underlying construct altogether. This
would be challenging to reconcile with the extensive scholarship on structural racism, including
20 and @ years of research using the ICE me&3fiend the Index of Isolatioft! respectively;
exploration of this possibility is beyond the scope of this dissertation.

Another poswility is that structural racisnis manifesting asow Isolation (Isolation
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tertile 1) anchighICE (ICE quintiles 4 and S)hen measured at the PUMA level (as opposed to,
for instance, a lower level such as census tract or a higher level such as haftigbif white
neighborhoods are populated predominantlydsydentsvho are natively privileged due to their
race and hencenay have fewer social supports for Black mothers and/or confer higher or more
constant stress to NBlack mothers through a viaty of pathway£?! In contrast, residence in
PUMAs with high concentrations of Bladlesidentould for examplereduce the frequency of
interpersonal racist encounters amgrovidemoresocial resources t@ducestress>>? While

our review of the literature on variations in direction and strength of estimates of association in
relation to the level of measurement was inconclusive, it does suggest that structural racism
manifests differenyl at different levels. The same racist processes that build segregated and
inequitably resourced neighborhoods could also make residenedlioff white neighborhoods
toxic (and residence in sannace neighborhoods relatively protective) NH Black mothers. If

so, this could help to make sense of our findings.

Our null results for Dissimilarity and Educational Inequity were also unexpected. In
analyses in the total (Black + white) population, we found that residence in PUMAs with high
Dissimilarity was associated with increased odds of stillbirth (OES for tertile 3 vs 1)while
for Educational Inequity, the association with stillbirth was not significant @@Rfor tertile 3
vs 1); however, for neither exposure was there evidence of interagitiomace. One explanation
may be effect modification by degree of segregation. For instance, Brown et al. found that Black
white disparity in stillbirth rates was more pronounced in counties with high than low
segregatiof! Perhaps stratification by PUMevel characteristics such as poverty might reveal

variation in associations by race.
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5.2.4Patterns of stillbirth oddsin non-Hispanic Black mothers in NYCappear to be
consistent with predictions of the weathering hypothesis

We found several lines of evidence that appear to be consistent with the weathering
hypothesis in raciadisparity in stillbirth rates. First, results from Chapter 2 showed an increase
in SDRs with greater maternal age among the 273 SDRs that used this as a category of analysis,
from a median SDR of 1.61 in mothers aged <20 to a median SDR of 2.15 in naofbe 35+,
a more than doubled risk of stillbirth among Black vs white births in these older mothers.
Second, Chapter 3 bivariate analyses showed that the highest risk maternal age category was <20
for NH white mothers but 35+ for NH Black mothers. Thadgyriori hypotheses that racial
disparity in stillbirth risk increases with maternal age appeared to be supported by our finding in
Chapter 3 that associations between ICE and stillbirth were strongest in older NH Black mothers,
with no evidence of assodians in any age group in NH white mothéefbese resultsontrasted
with a recent study examining evidence for the weathering hypothesis in relation to stillbirth
Brisendine et al. found that racial disparity in stillbirth rates increased through dge 8#n
declined!*3 However, they treated age as the exposure and did not investigatthangisk
factors that might produce increased stress, such as our structural racism expdsiledbere
is evidence that structural racism itself is a stressor, nonetlagkesslimitation of our analysis
in regard to this hypothesis is lack of pévee stress dat®*2%° 2%ther possible explanations

for our results include greater resilience in younger Black mothers living in neighborhoods of

privilege, or different meanings adrBlachri vil eg

mothers.
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5.2.5Epigenetic modification is associated with both stillbirth anddisadvantage
related stressors

Chapter 3 findings were possibly consistent with a stress pathway between structural
racism and stillbirtB that older Black mothers ac&the impact of accumulated stress over a
longer period than younger Black mothers, translating into greater risk of fetal compromise. In
Chapter 4, we found associations between Disadvantage, which we hypothesized is a maternal
stressor, and stillbirth, ih the odds of stillbirth more than fourfold greater for mothers with 2+
vs no itemsn the Index of Disadvantagkelowever, we found no associations between
Significant Life Events and stillbirth. One question is what mechanisms could support a stress
pathway. Our scoping review identified only four reports that examined mechanisms for any type
of racial disparity in stillbirth rate¥>14°352none of which looked at egénetic mechanisms as
mediators, nor any type of mediator for a stress pathimaghapter 4, we founthat
methylation of streseelated genes is associated with stillhirtitluding32 differentially
methylated CpGs on all five candidate genes out of 1,191 CpGs assessed, and six differentially
methylated regions (DMRs) (d&F2 andBDNF). We also foundhat Disadvantage and
methylationare associated, with differential methylatiorsixt CpGs (orilGF2, BDNF, and
HSD11B32. It was surprising to find no association with methylatioNBf3Clas this gene
encodes the glucocorticoid receptor, a key component of the stress re3jpensell findings
may be duen partto unaccountedor interaction; Appleton et al. found that hypermethylation of
NR3Clinteracted with hypomethylation 6fSD11B2in associations with adverse newborn

neurobehaviof??
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5.2.6Methylation maybeone mechanism through whicldisadvantagerelated
stressors increase the odds of stillbirth

We foundthatDisadvantagés associated with areaseddds of stillbirth in part through
a pathway mediated by methylation of stremdated genedMethylation atcg02097792n IGF2
mediated 21% of the associatibetween Disadvantage and stillbi(favalue for the average
causal mediatioeffect ACME, 0.012) with evidence for partial mediation by methylation at
two additional CpGs;912283393nIGF2 andcg1941329Dn HSD11B2 These results
demonstrate that while Disadvantage likely is associatddstillbirth through multiple
pathways, epigenetic modification of streskated genes may be one mechanism of effect.
Methylation may mediate only some of the pathways between Disadvantage and stillbirth, and
this may vary depending on the geneaké&n bgether, our results suggest a role for the placental

epigenome in translating maternal stress into increased odds of stillbirth.

5.3 Strengths and limitations

5.3.1Strengths

The main strength of this dissertation was its focus on an wesearched aaeof major
public health significance through examination of racial disparity in stillbirth rates at both ends
of the &édcausal spectrumbéb, examining not only
Chapter 2, our search was comprehensive. We sgfitaily extracted data to construct 1,143
Black-white SDRs, providing a large dataset in which to examine analytical approaches to racial
disparity in stillbirth rates. In Chapter 3, we included all births in NYC overyedd period,
with little room fa selection bias to affect results, and assessed associations with stillbirth using
four measures of structural racism covering three domains (segregation, poverty, and educational

inequity) with multiple sensitivity analyses to assess the robustness foidings Our analytic
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approach allowed us to examine differences in associations by race. In Chapter 4,-our case
control study was nesteudthin a populatiofbased caseontrol study. Weised two measures of
maternal stressors and examined associatitthsmethylation at all relevant CpGs on five genes
known to be related to stress and/or adverse pregnancy outcomes, not only on gene bodies but
also at other promoter and enhancer sktthylation measures were Cggpecificand taken

from placental tisse The study sample was limited to ftirm noranomalousbirths ensuring
thatresults were not due to preterglated causes amdaking resultsess likely to be related to

genetic factors

5.3.2Limitations

A key limitation of the dissertation was dack of perceived stress data.Chapter 3,
this meant we were unable to assess whether associations between structural racism and stillbirth
include a maternal stress pathway, although this was suggesteiéyoevconsistent with the
weathering hypothesis. In Chapter 4, the lack of perceived stress data meant we had to rely on
hypothesized maternal stressors. Another limitation was our lack of gpression data
meaning that we do not know whether our raédn results actually have a functional
interpretation. For both Chapters 3 and 4, another limitation was our use e$ectiesal data.
While in both cases, the nature of the exposures and outcomes meant that reverse causality was
unlikely, knowing moe specifically the timing and duration of the exposures would have added
useful nuance to our interpretation of results. For example, for Chapter 3 this would mean an
ability to explore whether length of residence in PUMASs of privilege or disadvantagéenodi
associations, and in Chapter 4 we could have delved into whether pregnasrggo@ncy, or
even childhood exposure matters for these associations. For Chapter 3, our models may have
been misspecified, for instance if adjusting for PUMAvel covarates resulted in overontrol.
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For Chapter 4, it was beyond the scope of this dissertation to investigate interactions between
CpGs and with region types (see below under Further studies). Finally, another important
limitation for Chapter 4 was the stroagsumptions for causal mediation analysisich may

not have beemet in our models.

5.4 Further studies

5.4.1Further explore structural racism and stillbirth

Given the strong correlation between ICE and Isolation, the next step for our structural
racism study will be to further examine whether and how these measures interact. Variations in
results depending on the level of measurement must be explored to assess whether the
unexpected direction of our associations with ICE and Isolation are indeedidepen level,
and whether measurement at W@Ahighero (e.g. bor
produces results that are consistent with the literature. We will also further explore model
specifications including modification rather than confangdy aredevel characteristics such
as poverty. Beyond these initial steps, we would also examine narrower age strata for evidence
of weathering, and explogestational agspecific analyses, since maternal stress may manifest
differently in preterm agh full term births; this is also suggested by our findings in Chapter 2 of a
higher median SDR for early preterm than later gestational age births. Finally, subsequent work
should include systematically reviewing the literature for research that hasdodisdussed
similar directions of association for Isolation and ICE to those we found, and exploration of
additional domains of structural racism, in particular justice and quality of healthcare, as no

measures can fully represent this multidimensionastact®>3
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5.4.2Further explore methylation as a possible mechanism of action for stillbirth

The next step for our methylation study will be to explore interaction between the CpGs
we identified as partial mediatoi/e will also reexamine the candidafenes, representing the
DMRswith principal components rather than mean methylation values and taking into account
bothwithin-individual correlatiorand possiblénteraction betweegenomicregion typeg®4 288
292304 305 309 34848 Another key followon study will beanagnostic epigenomeide association
study (EWAS), as it wilkllow investigation of additional sigs pathwaydndeed, a more
complete investigation of racial disparity in stillbirth rates would explore not only the epigenome
but also other omics including the proteome and metabolomics, areas beyond the scope of this
dissertation. Itvould also be usef to investigatavhether age interacts with methylati@nce a
finding that mediation by methylation of stras$ated genes is stronger in older than younger
NH Black women would strengthen evidence for the existence of a stress pathway between
structual racism and stillbirth ithesewomen. Subsequentork should prioritizeobtaining gene
expression dataEvidence of correlation between increased gene expression (upregulation) and
hypomethylation (or the reverse) would support a functional interfmetiar methylation of the
significant CpGs. It would also be of interest to repeat these analyses in preterm births, since as
mentioned above, stress may work differently according to gestational age. For both Chapters 3
and 4, it would be very useful tdbtain measures of perceived stress and assess directly the
evidence for stress pathways for stillbirth. Finally, there has been little review of the effect of

death on methylation and this merits further sttrdy>®

5.4.3Carry out mixed methods research t@ontextualize findings

A major gap in this dissertation is the voices of the individuals affected by stillbirth, in

particular NH Black mothers. Mixed methods research would be an importamh $tastring
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womenods views on our research questions, the
the constructs measured by structural racism exposures such as privilege, our results, and our
interpretation of our findingg®Wo mendés i nsights and expertise
suggesting ew lines of inquiry, improving measures of structural racism, and contextualizing

results®®’

5.4.4 Explore the wider relevance of these results

A final area of further study is to examine the wider relevance of our results. This should
start with an examination of the n@hS. literature on racial/ethnic disparity in stillbirth rates.
Exploring the elevance of our structural racism results could include repeating this study in
other large metropolitan areas as well as potentially at a national level. A major gap identified by
the scoping review was lack of research on race/ethnic groups other #itén tive
American and Hispanic mothers have higher stillbirth rates than white mothers, and these should

be explored in relation to structural racism.

5.5Conclusion

Theobjectiveof this dissertationvas to explore evidence that could help to explain
persistentacial disparities in stillbirthThrough Aim 1, we identified a key gap in the literature
on racial disparity in stillbirth in the U.S., namely the lack of research on structural factdrs
this provided the motivation fagkim 2. We found thastructural racism as measured by ICE and
Isolation was associated with stillbirth in NH Black but not NH white mothers. This would seem
consistent with our hypothesis that structural racism may help to explain racial disparity in
stillbirth rates yettheassociations were not in the expected directir.results raise questions
abouthowthese measures operationalize structural racism, meriting further investigg&on

also found evidence that appears to be consistent with the weathering hypothegsovitied
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an additional motivation for Aim 3 which examines methylation b®gical mechanism that
mediates associations between maternal stress and stillbirth.
Our research on methylation is mainly useful as an addition to the scientific litevature
mechanisms of effect, as a generatonei hypotheses for further researGiven that
approximately30% of stillbirths are unexplained regardless of the extent of investigation; that
most pregnancies with stillbirth risk factors (emeeclampsia) still result in live birth; and that
stillbirths considered fAexplainedd may be asc
classification approach, ig clearthat some stillbirth causal factors remain to be identified.
Maternal stressnya be a fAnecessary but i nsaenéhitingai ent con
multiple-hit model that tips the balance toward stillbirth in otherwise comparable pregnancies
This possibility isin line with similar hypotheses for increased risk of preterntn biith greater
allostatic load®>® Further, given that placental dysfunction and disorders may be responsible for
a |l arge proportion of fAunexplainedo stillbirt
the process of placental agefii§3>° 2%Ultimately, in women exposed to multiple stressors or
stressors over time (g, weathering)and where Black women are living in a society permeated
by structural racismepigenetic modification could adversely affect placental capacity to protect
and nourish the baby, weakening fetal capacity to withstand other blows, and tippbajance
toward stillbirthZ68
Our finding that maternal stressors and structural racism are associated with stillbirth
provides additional motivation for health providers to work with individuals to identify sources
and levels of stress in their lives and collaborate with motherg toethods of stress reduction.
(These would potentially include peer support groups, meditation, mindfulness, and so on, if

policies and programs are put in place and funded.) Yet, while stress reduction techniques can

123



certainly be usefui®! 32focusing on such interventions inadvertently reinforces a culture of
blaming mothers for stillbirth rather than looking to upstream causes of stress, and removing
these.

A recent paper in thRew England Journal of Medicirreviewing structural racisnmsaa
fundamental cause of health inequities in the U.S. argues that only dismantling structural racism
can ultimately remove the downstream effects, such as the racial disparity in stillbirth rates
explorel in thisdissertatior?>® A large literature descrés the multitude of actions that can be
taken to dismantle structural raci$f¥°3There are also numerous reports that highlight how
stillbirths can be prevented globally aimdthe US. Many of these actions overlap, and it is in
this overlap where actions to sustainably reduce racial disparity in stillbirth rates irStimedy
be found SeeFigure15, which summarizes some of these actioi?s.

Research on causes is a critical component of stillbirth prevention and reducing the
inequitable distribution of this public health burden. Limited understanding of causes at both
Aendtsheofspectrumo, from upstream distal factor
slow progress on preventidf This dissertation contributes to science and public health by
providing researchers with data to support new lines of inquiry, e.g., into associations between
structural racism and stillbirth, and for methylation as a mechanism of association, that may help
to improve our understanding of causes. It may also suppaithhmolicy makers who now have
additional data to illustrate the adverse health outcomes of structural racism in the U.S. Finally, it
may help the parents and other family members of stillborn babies who continually seek to

understand fAwhyo.
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Document the health impact of structural racism and other upstream causes of inequities in stillbirth rates,
e.g.
» increase researcher attention to and donor funding for these imequities and structural causes
» develop tracking tools together with women and civil society groups
» put useable data into the hands of the people affected
Improve the quality and quantity of data for structural racism and stillbirth, e.g.,
» develop better measures of structural racism
» develop consumer-driven measures of and data on quality healthcare
» enable better data on stillbirths and stillbirth disparity in the U.S.
Dismantle structural racism within the public health community, e.g.,
» increase access to respectful care, including policies and programs to retrain caregivers to decrease
bias
» reframe maternal and newbom/stillbirth care as a human rights/reproductive justice issue,
including ensuring equitable access to quality healthcare before, during and after pregnancy and
birth
» develop new, culturally acceptable models of pregnancy care
» work to ensure access to the new models through better insurance coverage
Support social action and cultural change, e.g.,
» listen to women and recognize them as experts in what quality, equitable, respectful care means
» provide platforms for women to engage directly with researchers, clinicians, policy makers,
educators and donors as partners in research and healthcare

Figure 15: Interventions to reduce Black -white racial disparity in stillbirth rates 727102
364-366
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Additional tables and figures for Chapter 2

PubMed Scopus
notes string notes
1  English 1  LANGUAGE(english)
1  Title and abstract 1
(automatically also includes
author keywords) Ll No thesaurus

Appendix A: Additional tables and figures

T Explodes all by default

T Do not search for articles that
feature the MeSH term as
aMajor Topicwith [Majr], or
restrict the MeSH term with

one or more

relevantsubheadings)

Checked from
Psyclinfo but

this is included

wi t hin

factors

term
Added from
Cinahl

Checked from
Psyclinfo but

"health status
disparities"

n/a (no
thesaurus and
covered by free
text)

n/a (no
thesaurus and
covered by free
text)

Airace f a nfa(o
thesaurus and
covered by free
text)

n/a (no

thesaurus and

TITLE-ABS-KEY, which
includes keywords also

Table Al: Search strategy

Cinahl Embase
notes string Notes string
Limits
1  English language 1  English
1  Title, Abstract and Subject 1  Title, abstract and keywords
headings is the default so no for free text terms (keywords)
need to specify only: .ti,ab,kv. and do not
1  Explode all check fimap to
1 Do NOT needtoinclude the T  For EMTREE terms, check:
6narrower 6 tel o fAimap to p
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Thesaurus terms
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PubMed
notes string
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Scopus
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Race

Individual
level
domains

Table A 2: Definitions of domains used to categorize analysis and explanations for racial disparity in stillbirth rates

Domain
Race

Genetic

Maternal

Category
Race

Genetic

Age
Education
Marital status
Weight
Stress

Nativity
General health

Maternal
conditions

Pregnancy
related
conditions

Prior adverse
pregnancy
outcomes
Health
insurance
Prenatal care

Knowledge,
attitudes and
practice re
pregnancy

What the category included NOTE: paraphrased from included reports)

By design, alfeports conceptualized race as either an exposure or an effect modifier, or disaggregated stillbirth r
race. For domains of analysis, we noted when race was conceptualized as an exposure. For domains of explan:
included: different suscepility threshold to stillbirth due to fetal race; Hispanic paradox; race of both parents
possible genetic explanation, re timing of birth, maternal and paternal genetics; possible epigenetic and other bit
exphnation; weathering (premature aging related to changes in physiology and biologic functioning brought abot
prolonged high levels of stress); related to pries€xtion; biological risk and protective factors accumulating over tf
lifecourse

teenaged parents, older age, age at first pregnancy

low education, college education

obesity, overweight, height and weight, maternal birthweight, severe obesity; @bkdiyg morbiditiesunderweight
history of trauma/adverse events, prolonged high levels of stress; chronic stress from discriraimdsiegregation,
prenatal stress; allostatic load from racism; psychosocial stress; psychological risk and protective factordatomym
over the lifecourse; childhood exposure to stress, poverty; stigma with mixed race; behavioral, emotional, and cc
responses to racial discrimination; patient attitude/bias

maternal characteristics which may be related to immigstatus

physical and mental health, differences in illness severity, preconception health, "maternal physiological situatiol
preconception health, healthy worker effect, healthy immigrant effect; disability: intersection betweamdrace
disability, intellectubdanddevelopmental disabilities

diabetes, infections, perinatal history, medication use, hypertensive disorders/high blood pressure, convulsive di
different prevalence and severity/mortality from cardiovascular disordergyéstive heart failure, coronary artery
disease, hypertension, stroke); comorbidities that may be risk factors for preeclampsia/eclampsia, including
hypertension, diabetes, obesity, acute renal failure and chronic renal failure; anemia, chronic conditiahdjsease
difference in type or severity; complications; gestational diabetes, preeclampsia; antepartum/intrapartum/obstetr
complications of pregnancy, genital infections in pregnancy, maternal hypertension, premgture of membranes,
placental abruption, placenta previa, bleeding, fever, cord/placenta/membrane complications, chorioamnionitis,
hydramnios; low or high risk pregnancy generally; also treatment (for randomized controlled trials)

prior C-section; prior loss, small for gestational age, preterm birth

medical insurance status, public insurance, Medicaid coverage; military status: interaction with health insurance

number oforenatal care visits, whether prenatal care initiated in trimester 1; no prenatal care, whether prenatal ci
was sought; use of prenatal care; preference for lower quality hospitals; utilization of healthcare

patient demand for Gection, healthcare literacy, knowledge of the system; in vitro fertilization; prenatal attitude tc
pregnancy, compliance with accepted medical standards, patient attitudes/bias/behaviors
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Group level
domains

System level
domains

Domain

Fetal

Family

Community

Health
system

Category

Other health-
related
behaviors
Gestational age

Birthweight
Small for
gestational age
Causes of death

Parity

Plurality

Sex

Year of birth
Families
Socioeconomic
status
Community

Healthcare
quality

Healthcare

access

Health
interventions

What the category included NOTE: paraphrased from included reports)
"SES behaviors", health behaviors (nutrition/diet, healthy traditional diet, sleep, exercise, smoking), prenatal hez
behaviors

spontaneous preterm birth, faltrm, shifting risk with race through gestational age rangestterm;
antepartum/intrapartum

low birthweight, "smaller" babies

higher risk of small for gestational age in white preterm; intrauterine growth restriction, fetal growth restriction, <t
etc.centile, slow fetal maturation

hydrops, congenital anomalies, severity of cardiac injury, maternal complications of pregnancy, maternal conditi
unrelated to pregnancy, infant of a diabetic mother, placental dysfunction, unknownfetalsiistress, intrauterine
hypoxia and birth asphyxia, other respiratory conditions of fetus, other addfited conditions originating in perinate
period

also interpregnancy interval

multiples; Hispanic paradox may nlabld for triplets

also period (range of years)
childcare burden, teen fathers, family support, parent involvement, family structure and stability
income socioeconomic status

sociocultural protection in new immigrants, socald economic resources; different levels of social support; norm o
selfless devotion to the maternal role (marianismo); social support; racial group identification; acculturation; also
neighborhood quality; stressful environments due to high crime, limitititpl power and limited access to resources
social disorganization; physical and so@gonomic environment; absent recreational space and leisure time faciliti
unsanitary conditions; overcrowding; lack of shopping facilities and merchandise, ioazes; actual maternal
residence: specific city or location where baby was born, whether metropolitan or not, registration region
receive lower quality, dissatisfaction with services, differencelnica management, adequacy of prenatal care,
differential benefit from medical advances; undiagnosed risk factors; active and successful management of sma
gestational age; conditieapecific prenatal care according to the underlying kit condtion; undetected causes of
fetal death e.g., diabetes, hypoxia, placental abruption; lack of uniformity in clinical management; content of care
assessment and earlier treatment of maternal disease; overcrowded facilities/overworked staff; institatmsal fa
related to Gsection

barriers: no local services, no transportation, high cost services, language barriers, access to specialized care; ¢
tertiary care hospitals/highisk obstetrical care; Medicaid policy amblicies for health support services e.g.,
transportation; policies for covering enabling services such as transportation, social work, and behavioral health;
systems of care

induction of labor; ultrasonography, amniocentesis, amblytics; medical treatment of certain risk factors (e.g., bloc
pressure, cholesterol, glycosylated hemoglobin); more aggressive treatment of hypertension; control of preexisti
diseases before conception; more advanced interventions, such as thetasaidd, surfactant, and intrapartum
antibiotics; inequity of the distribution of the intervention; access to other forms of obstetrical care foiskightients
by limiting the number of ultrasound procedures per pregnancy, or limiting paymentaaggecialty care
(perinatology or maternaletal medicine), or restricting access to progesterone injections to prevent preterm birth
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Domain

Structural

Category
Physicians

Racism

Poverty

Other structural
factors

What the category included NOTE: paraphrased from included reports)

physician behavior and bias; different treatment plans or recommendations; physician behave®ato@ provider
attitude, bias or behavior; | ofvaceomddrisembint!| rag
lead to fewer physicians accepting Medicaid patients; low awareness aimecésability specific risks

racism, structural racism, racial discrimination, (residential) segregation, systematic bias, stigma related to race,
physical and soci@conomic environment of segregated neighborhoods (lack of affordable housing, food choices
institutional bias; level®f and changes in segregation; higher cost, substandard housing; housing discrimination
cutbacks in federal poverty programs, percentage of the population living below the poverty level, and percentag
population that isinemployed; spiraling effect of poverty, aflesel poverty

(societylevel, statdevel) sociodemographic, societal, cultural, economic factors, socioecological, multisystem iss
general environmental stress/factors/effegeneral social determinants of disparities, general socioeconomic facto
"poor demographics”, social environment, differential benefit from social advances, sociopolitical context; sociop
determinants of poor health outcomes including persigtevitonmental stress; aspects of society that uphold struct
racism; environmental risk and protective factors accumulating over the life course; multifactorial and interactive
limited access to socialndeconomic resources; pollution (e.gzone); racial/ethnic composition of the state (separa
from racism) or of the health area
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Table A3: Search results: EMBASE

Limits Hits on 2-20-21
1 English English limit applied for the belohits
1 Title, abstract and keywords for free text terms (keywords) only:
.ti,ab, kw. and do not check #Amn
1 For EMTREE terms, check:
o fimap to preferred term in
o fifexplode using narrower EN
Synonyms for RACIAL DISPARITY (thesaurus only)
Thesaurus terms T fAimap to preferre
(/de)
T Aexplode using n
termso (/ exp)
fhealth disparityo 21,593
Combine racial disparity terms with OR n/a, just 1 term
Synonyms for RACE (thesaurus and free text)
Thesaurus terms T fAimap to preferre
(/de)
T Aexplode using n
termso (/ exp)
iracedo 59,480
fethnic groupo 182,152
Apopul ation groupo 1,047,843
Free text terms diiabkw.anddm ot check A
preferred ter mo
race 171,201
racial 57,507
ethnic* 109,553
minorit* 96,792
Combine race terms with OR 1,262,406
Synonyms for DISPARITY (thesaurus and free text)
Thesaurus terms T fimap to preferre
(/de)
T Aexplode using n
termso (/ exp)
Adi sparityo 11
fequityo 28
Free text terms .ti,ab, kw. and do
preferred ter mo
disparit* 96,900
inequit* 12,961
equity 19,818
Combine disparity terms with OR 122,244
Combine raceanddisparity terms with AND 50,646
Combine race/disparitgndracial disparity terms with OR 63,673
Synonyms for STILLBIRTH (thesaurus and free text)
Thesaurus terms T Aimap to preferre
(/de)
T Aexpl ode u&MTREE n
termso (/ exp)
Aistillbirtho 17,835
ifetus deat ho 38,475
Aperinatal deat ho 3,911
Aperinatal mortalityo 23,181
APregnancy outcomeso 59,165
Free text terms .ti,ab, kw. and do
preferred ter mo
stillb* 19,718
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Limits Hits on 2-20-21

still-b* 23,107

Astil]l borno 219

Astildl bornso 16

Astild]l birtho 810

Astild]l birthso 523

deadborn 1
fispontaneous terminationo 240
ispontaneous terminationso 18

Combine stillbirth terms with OR 139,351

Synonyms for DEATH (free text only) ti,ab, kw. and do n

preferred termo

death* 1,149,873
dead 68,149
mortal* 1,107,173
wast* 207,429
loss* 1,273,656
demise 9,659
Combine death terms with OR 3,376,779

Synonyms for FETAL (free text only)

tiiabkw.anddonat hec k fmarfg
preferred ter mo

antepartum 7,943

6 afptae t umod 451
fante partumo 451
intrapartum 11,862
6 i mptarrat umo 510
Aintra partumo 510
fetal 294,151
foetal 21,205
perinatal 90,691
Combine fetal terms with OR 391,157
Combine fetahnddeath with AND 83,275
Combine fetal deatandstillbirth with OR 190,840
Combine fetal death/stillbirth and racial disparity/race/disparity with AND 1,193

Issues noted
Search query

Fine; got both BrowmndWilliams

(('healthdisparity'/exp AND [english]/lim) OR (((‘'race'/exp AND [english]/lim) OR (‘ethnic group'/exp AND [english]/li
OR (‘population group'/exp AND [english]/lim) OR (race:ab,kw,ti AND [english]/lim) OR (racial:ab,kw,ti AND
[english}/lim) OR (ethnic:ab,kw,ti AR [english]/lim) OR (minorit*:ab,kw,ti AND [english]/lim)) AND (('disparity'/exp
AND [english]/lim) OR (‘equity'/exp AND [english]/lim) OR (disparit*:ab,kw,ti AND [english]/lim) OR (inequit*:ab,kw,
AND [english]/lim) OR (equity:ab,kw,ti AND [english]/li))) AND (((‘stillbirth'/exp AND [english]/lim) OR (‘fetus
death'/exp AND [english]/lim) OR (‘perinatal death'/exp AND [english]/lim) OR ('perinatal mortality'/exp AND
[english]/lim) OR (‘pregnancy outcome'/exp AND [english]/lim) OR (stillb*:ab,kw,ti ANDdlish]/lim) OR ('stilt

b*:ab,kw,ti AND [english]/lim) OR ('still born":ab,kw,ti AND [english]/lim) OR (‘still borns':ab,kw,ti AND [english]/lim)
OR ('still birth":ab,kw,ti AND [english]/lim) OR (‘still births":ab,kw,ti AND [english]/lim) OR (deadborrkakti AND
[english}/lim) OR (‘spontaneous termination':ab,kw,ti AND [english]/lim) OR (‘'spontaneous terminations':ab,kw,ti Al
[english]/lim)) OR (((death*:ab,kw,ti AND [english]/lim) OR (dead:ab,kw,ti AND [english]/lim) OR (mortal*:ab,kw,ti
AND [english]lim) OR (wast*:ab,kw,ti AND [english]/lim) OR (loss*:ab,kw,ti AND [english]/lim) OR (demise:ab,kw,ti
AND [english]/lim)) AND ((antepartum:ab,kw,ti AND [english]/lim) OR (‘arpartum':ab,kw,ti AND [english]/lim) OR
(‘ante partum'.ab,kw,ti AND [englishjfi) OR (intrapartum:ab,kw,ti AND [english]/lim) OR (‘intartum'.ab,kw,ti AND
[english}/lim) OR (‘intra partum':ab,kw,ti AND [english]/lim) OR (fetal:ab,kw,ti AND [english]/lim) OR (foetal:ab,kw;ti
AND [english]/lim) OR (perinatal:ab,kw,ti AND [englishijth))))

Mapped terms

'health disparitymapped tohealth disparity'term is exploded

'race'mapped tdrace'term is exploded

‘ethnic groupmapped tdethnic group'term is exploded

'population groupmapped topopulation groupterm isexploded

'disparity'mapped tddisparity',term is exploded

'equity'mapped tdequity',term is exploded

S I E T
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= =4 -8 -4 -4

Limits

'stillbirth’ mapped tdstillbirth’, term is exploded

‘fetus deathmapped tdfetus deathterm is exploded

'perinatal deathapped tdperinataldeath' term is exploded
‘perinatal mortalitymapped tdperinatal mortality'term is exploded
'‘pregnancy outcomeiapped tdpregnancy outcomeerm is exploded

186
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Table A 4: Search results: PubMed

Limits Hits on 2-20-21
1 English English applied fothe below hits
9 Title and abstract (automatically also includes author keywords)
1 Explodes all by default
1 Do not search for articles that feature the MeSH termi\dajar
Topic with [Majr], or restrict the MeSH term with one rore
relevantsubheading(s)
Synonyms for RACIAL DISPARITY (thesaurus and free text)
Thesaurus terms MeSH
"health status disparities" 16,299
irace factorso 365
Combine racial disparity terms with OR 16,606
Synonyms for RACE (thesaurus and free text)
Thesaurus terms MeSH
Aiminority groupso 14,124
fethnic groupso 148,509
Apopul ation groups?o 287,954
Free text terms title/abstract
race 110,716
racial 43,607
ethnic* 146,928
minorit* 72,077
Combine race terms with OR 490,647
Synonyms forDISPARITY (thesaurus and free text)
Thesaurus terms MeSH
[none]
Free text terms title/abstract
disparit* 72,889
inequit* 11,328
equity 17,151
Combine disparity terms with OR 94,835
Combine racenddisparity terms with AND 33,233
Combine race/disparitgndracial disparity terms with OR 44,888
Synonyms for STILLBIRTH (thesaurus and free text)
Thesaurus terms MeSH
"stillbirtho 4,535
"fetal death" 23,501
Aperinatal deat ho 1,183
Aperinatal mortalityo 2,656
"pregnancy outcome” 65,231
Free text terms title/abstract
stillb* 14,613
still-b* 2,180
Astildl borno 166
Astildl bornso 6
Aistill birtho 380
Aistill birthso 326
deadborn 5
Afspontaneous terminationo 161
Afspontaneous terminations?o 12
Combine stillbirth terms with OR 90,689
Synonyms for DEATH (free text only) title/abstract
death* 804,078
dead 51,396
mortal* 744,011
wast* 148,512
loss* 957,447

187
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Limits Hits on 2-20-21

demise 6,623
Combine death terms with OR 2,424,031
Synonyms for FETAL (free text only) title/abstract
antepartum 5,853
antepartum 333
fante partumo 333
intrapartum 8,852
intra-partum 296
iintra partumo 296
fetal 224,847
foetal 16,897
perinatal 66,555
Combine fetal terms wit®R 298,858
Combine fetabnddeath with AND 58,549
Combine fetal deatandstillbirth with OR 129,259
Combine fetal death/stillbirth and racial disparity with AND 685
Issues noted Found Williams but not Brown

Exact string{((((((((((antepartum[Title/Abstract] AND (english[Filter])) OR (arpartum[Title/Abstract] AND
(english[Filter]))) OR ("ante partum"[Title/Abstract] AND (english[Filter]))) OR (intrapartum|[Title/Abstract] AND
(english[Filter]))) OR (intrapartum[Title/Alstract] AND (english[Filter]))) OR (“intra partum"[Title/Abstract] AND
(english[Filter]))) OR (fetal[Title/Abstract] AND (english[Filter]))) OR (foetal[Title/Abstract] AND (english[Filter]))) OF
(perinatal[Title/Abstract] AND (english[Filter])) AND (engligFilter])) AND ((((((death*[Title/Abstract] AND
(english[Filter])) OR (dead[Title/Abstract] AND (english[Filter]))) OR (mortal*[Title/Abstract] AND (english[Filter]))) (
(wast*[Title/Abstract] AND (english[Filter]))) OR (loss*[Title/Abstract] AND (engdtig-ilter]))) OR
(demise[Title/Abstract] AND (english[Filter])) AND (english[Filter])) AND (english[Filter])) OR
CCCCCCC((stilibirth[MesH Terms] AND (english[Filter])) OR (fetal death[MeSH Terms] AND (english[Filter]))) OR
("perinatal death"[MeSH Termh&ND (english[Filter]))) OR (perinatal mortality[MeSH Terms] AND (english[Filter])))
OR (pregnancy outcome[MeSH Terms] AND (english[Filter]))) OR (stillb*[Title/Abstract] AND (english[Filter]))) OR
(still-b*[Title/Abstract] AND (english[Filter]))) OR ("sti born"[Title/Abstract] AND (english[Filter]))) OR ("still
borns"[Title/Abstract] AND (english[Filter]))) OR ("still birth"[Title/Abstract] AND (english[Filter]))) OR ("still
births"[Title/Abstract] AND (english[Filter]))) OR (deadborn[Title/Abstract] BNenglish[Filter]))) OR ("spontaneous
termination"[Title/Abstract] AND (english[Filter]))) OR ("spontaneous terminations"[Title/Abstract] AND
(english[Filter])) AND (english[Filter])) AND (english[Filter])) AND (((((disparit*[Title/Abstract] AND (englistilter]))
OR (inequit*[Title/Abstract] AND (english[Filter]))) OR (equity[Title/Abstract] AND (english[Filter])) AND
(english[Filter])) AND (((((((minority groups[MeSH Terms] AND (english[Filter])) OR ("ethnic groups"[MeSH Terms]
AND (english[Filter]))) OR("population groups"[MeSH Terms] AND (english[Filter]))) OR (race[Title/Abstract] AND
(english[Filter]))) OR (racial[Title/Abstract] AND (english[Filter]))) OR (ethnic*[Title/Abstract] AND (english[Filter])))
OR (minorit*[Title/Abstract] AND (english[Fiker])) AND (english[Filter])) AND (english[Filter])) OR ((health status
disparities[MeSH Terms] AND (english[Filter])) OR ("race factors"[MeSH Terms] AND (english[Filter])) AND
(english[Filter])) AND (english[Filter]))
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Table A 5: Search results: Scopus

Limits
1 LANGUAGE(english)
1 TITLE-ABS-KEY, which includes keywords also
Synonyms for RACE (free textonly)

race
racial
ethnic*
minorit*
Combine race terms with OR

Synonyms for DISPARITY (free text only)
disparit*
inequit*
equity
Combine disparity terms with OR
Combine racanddisparity terms with AND

Synonyms for STILLBIRTH (free text only)
stillb*
still-b*

still born
still borns
still birth
still births
deadborn
spontaneous termination
spontaneous terminations
Combine stillbirth terms with OR
Synonyms for DEATH (free text only)
death*
dead
mortal*
wast*
loss*
demise
Combine death terms with OR
Synonyms for FETAL (free text only)
antepartum
antepartum
ante partum
intrapartum
intra-partum
intra partum
fetal
foetal
perinatal
Combine fetal terms with OR
Combine fetahnddeath terms with AND
Combine fetal/deathndstillbirth terms with OR

Combine fetal death/stillbirthndracial disparity terms with AND

Above, with English limit
Issues noted

Hits on 2-20-2021

Will have to apply English limit at the
endcandt see how tc

291,954
124,949
371,790
184,884
750,099

156,802
23,612
95,959
260,909
47,772

25,146

Does not work, interpreted to allow e.g.,
istill be é f but
in Scopus so the remaining terms in this
groupwill work fine

365

23

1,247

1,247

5

270

270

26,448

1,347,741
165,193
1,490,608
886,270
2,537,458
18,402
5,852,538

7,843
Not used
691
11,470
Not used
564
418,130
418,130
128,651
520,569
116,255
131,836
380

378
Excellent, got both Williams and Brown

Exact string: ((((TITLEABS-KEY (antepartum)) OR (TITLEABS-KEY ("ante partum")) OR (TITLEABS-KEY
(intrapartum)) OR (TITLEABS-KEY ("intra partum")) OR (TITLEABS-KEY (fetal)) OR (TITLEABS-KEY (foetal))
OR (TITLE-ABS-KEY (perinatal))) AND ((TITLEABS-KEY (death*)) OR (TITLEABS-KEY (dead)) OR (TITLEABS-
KEY (mortal*)) OR (TITLE-ABS-KEY (wast*)) OR (TITLEABS-KEY (loss*)) OR (TITLEABS-KEY (demise)))) OR
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Limits Hits on 2-20-2021
((TITLE-ABS-KEY (stillb*)) OR (TITLE-ABS-KEY ('still born")) OR (TITLE-ABS-KEY ("still borns")) OR (TITLE
ABS-KEY ("still birth")) OR (TITLE-ABS-KEY ("still births")) OR (TITLE-ABS-KEY (deadborn)) OR (TITLEABS-
KEY ("spontaneous termination")) OR (TITEEBS-KEY ("spontaneous terminations”)))) AND (((TITLEBS-KEY
(disparit*)) OR (TITLEABS-KEY (inequit*)) OR (TITLE-ABS-KEY (equity))) AND ((TITLE-ABS-KEY (race)) OR
(TITLE-ABS-KEY (racial)) OR (TITLEABS-KEY (ethnic*)) OR (TITLEABS-KEY (minorit*)))) AND ( LIMIT -TO (
LANGUAGE,"English" ) )
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Table A 6: Search results: Cinahl

a
0

Limits
T Do NOT need to i temnb(uaktof he 6n
T Do NOT select Omajor concepts
1 For free text, the Cinahl default is title/abstract/subject so DO NOT
NEED TO SPECIFY
Synonyms for RACIAL DISPARITY (thesaurus only)
AfHeal t i Spatusi eso
fRace Factorso
Combine racial disparity terms with OR

Synonyms for RACE (thesaurus and free text)
Thesaurus terms

AMi nority Groupso
AEt hnic Groupso

Free text terms
race
racial
ethnic*
minorit*

Combine race terms with OR
Synonyms for DISPARITY (free text only)
disparit*
inequit*
equity
Combine disparity terms with OR
Combine racenddisparity terms with AND
Combine race/disparitgndracial disparity terms with OR
Synonyms for STILLBIRTH (thesaurus and free text)
Thesaurus terms

istillbirtho

Aperinatal deatho

APregnancy outcomeo
Free text terms

stillb*

still-b*

Astildl borno

Astildl bornso

Astill birtho

Astill birthso

deadborn

ispontaneous terminationo

fispont aneous terminationso
Combine stillbirth terms with OR

Synonyms for DEATH (free text only)
death*
dead
mortal*
wast*
loss*
demise
Combine death terms with OR

Synonyms for FETAL (free text only)
antepartum
antepartum
fant e
intrapartum

partumo
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Hits on 2-21-2021
English language for all

Explode (if possible)
8,104

25,458

32,832

Explode (if possible)
12,253
80,413

63,847
22,835
76,720
38,556
187,685

45,891
6,562
9,745
56,971
20,278
46,216

Explode (if possible)
Not a thesaurus term!
8,108

24,363

4,890

Doesn6t work; hyph
searched simultaneously so the below 4
rows also cover these terms hyphenated
20

0

90

50

0

34

6

32,652

213,431
7,521
304,001
14,644
177,931
1,738
618,861

1,986

Not needed, hyphen and space are sam
31

5,147



Limits
intra-partum
iintra partumo
fetal
foetal
perinatal
Combine fetal terms with OR
Combine fetabnddeath terms with AND
Combine fetal/deathandstillbirth terms with OR
Combine fetal death/stillbirtandracial disparity terms with AND
Issues noted
Exact string: Contact author
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Hits on 2-21-2021
Not needed, hyphen asgace are same
79
62,192
62,192 (seems unneeded)
33,090
90,744
21,531
43,016
798
Got Williams, not Brown



Table A7: Search results: PsycINFO

Limits
1 English language
1 AB OR TI for abstract and title. Keyword is the default if no field is
specified
1 Explode manually
T Default fAapply equivalent subj

Synonyms for RACIAL DISPARITY (thesaurus only)

Afhedl sipar i tieso
iracial disparitieso
Airaci al and et hnic

Combine racial disparity terms with OR
Synonyms for RACE (thesaurus and free text)
Thesaurus terms

fRace (anthropological)o

Aiminority groupso

iracial and ethnic groups?o
Free text terms

race

racial

ethnic*

minorit*

Combine race terms with OR

Synonyms for DISPARITY (Thesaurus and free text)

Thesaurus terms
Afequityo
Free text terms
disparit*
inequit*
equity
Combine disparity terms with OR
Combine racenddisparity terms with AND
Combine race/disparitgndracial disparity terms with OR
Synonyms for STILLBIRTH (free text only)

stillb*

still-b*

Astill borno
Astil]l bornso
Astildl birtho
Astildl birthso
deadborn

Afspontaneous terminationo
Afspontaneous terminations?o
Combine stillbirth terms with OR

Synonyms for DEATH (free text only)
death*
dead
mortal*
wast*
loss*
demise
Combine death terms with OR

Synonyms for FETAL (free text only)
antepartum

193

di fferenceso

Hits on 2-21-2021
English language for all
For free text, could not see how to get Al
ti, and keyword all at once, so every free
text term is an OR combination of no fiel:
(since default is keyword), Abstract, and
Title.
Explode if possible
8,470
1,179
33,
race
41,116

577

( NOT ex
(an

did
thropol ogi

h

Explode if possible
5,661

18,544

108,523

75,957
82,221
136,973
62,278
240,297

Explode if possible
9,904

37,270
7,174

18,076
57,934
19,501
52,484

913

Di dnot
Astil]l
hits

11

1

27

19

0

9

1

968

wor k, same
b olr mron da ngle ti

103,208
5,738
43,923
6,048
124,670
1,541
247,673

513



Limits
antepartum
fante partumo
intrapartum
intra-partum
Aintra partumo
fetal
foetal
perinatal
Combine fetal terms with OR
Combine fetabnddeath terms with AND
Combine fetal/deatandstillbirth terms with OR
Combine fetal death/stillbirtandracial disparity terms with AND
Issues noted
Exact string: Contact author
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Hits on 2-21-2021
Not needed, hyphen and space are sam
11
423
Not needed, hyphen and space are sam
14
14,404
14,404 (seems unneeded)
13,928
27,258
3,728
4,319
90
Found Brown ! and not Williams!



Table A8: Details of 95 included studies

Relevant results are

Author and Stillbirth paraphrased from abstracts (see
year Aim Population Exclusions Data source Outcomes definition citations)
Non-government reports, stillbirth data restricted to 20+ weeks, by authoand year, n=46
Allen 2005%7 To examine associations 100,670 singleton live births  nonresidents, secondary data analysis of a fetal death fetal death at Racial differences in fetal death
between race and gestationa and fetal deaths to white or multiples, other races  historical cohort using 1992000 20+ weeks rates and gestational age at deat
age at fetal death in South Black SouthCarolina residents South Carolina Vital Records (implied) were not significant after
Carolina to identify reported to the SC DOH during birth file to which fetal death file adjustment
sociodemographic risk 19992000 was appended
factors to help refine care
protocols
Ananth To study age, period, and 71,037,685 singleton deliverie maternal age <15 or U.S. live birth and fetal death stillbirth fetal death at  Blacks were at a 1-20 2.9fold
20058 cohort effects on temporal in the U.S. resulting in a live 50+ years; birthweight registration files assembled by 20+ weeks increased risk for stillbirth
trends in stillbirth in Black birth or fetal death between <500 g or missing; NCHS, including births in the 50 relative to Whites. Strong effects
and white women 1981 and 2000 gestational age <20 states and DC of age and period on stillbirth
weeks trends did not explain the

disparity, with attributable
fractions of 16.5% and 24.9%
(Black women) and4.5% and
36.2% (white women) for age anc
period, respectively

Andrade To study factors associated 102 pregnancy outcomes in ns LUMINA (Lupus in Minorities: miscarriage, deat h & nodisparity found
20082 with an adverse pregnancy  patients meeting American Nature versus Nurture) cohort stillbirth, weeks

outcomein women with College of Rheumatology database abortion, PTB

systemic lupus erythematost criteria for classification of

(SLE) SLE, 16+ years of age, with

disease duration at enroliment
of five years or less, with all
grandparats of the same
ethnicity, and pregnancy
occurring after SLE diagnosis,

2005
August To examine the association ~ Two consecutive births of 20  first or second Missouri maternallylinked cohort  stillbirth in utero fetal Women with previous infant lth
2011 between infant mortality and 44 weeks from each mother,  pregnancies, multiples, dataset with data on livebirths an death at 20+  were more likely to experience
stillbirth during a subsequent totaling 640,700 births sibling pairs, stillbirths  fetal deaths for each sibling weeks subsequent stillbirth than women
pregnancy, and whether ther (Missouri, 19892005) in first pregnancy, fetal with a surviving infant, with the
are any racial disparities death in second risk nearly twice as high in white
pregnancy, implausible women (HR 1.96, 95% CI 1.13,
interpregnancy interval 3.39) and more than four times
higher in Black women (HR 4.28,
95% CI 2.61, 6.99)
Brisendine To assess evidence for the 21,516,830 singleton livebirth  stillbirths at <20 NCHS fetal death and live birth  stillbirth 20+ weeks Black women aged 40+ had3a5
20202 weathering hypothesis in and fetal death deliveries to weeks, deliveries files for 20072014 and >500 times higher risk of stillbirth than
stillbirth U.S. resident women, 2007 <=500 grams grams women under 20 (OR 3.47, 95%
2014 Cl 3.24, 3.70), while for white
women, the risk was more than
2.5 times higher (OR 2.68, 95%
Cl 2.5, 2.82). The disparity in
risks peaked at ages B84 and
then declined
Brown 2012  To assess associations 1,419,767 births in Georgia, ns GA Office of Health Indicators stillbirth fetal death Increased county segregation wa
between residential 19942006 for Planningof the Department of >20 weeks associated with decreased
segregation and stillbirth in Community Health, Division of stillbirth risk in white mothers

Public Health; U.S. Census; (highest vs. lowest quintile of
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Author and
year

Buck 199570

Cai Hoff and
Archer
20075

Carmichael
2015™

Carmichael
20197

Copper
199432

Aim
Black and whitemothers in
Georgia

To review spontaneous fetal
deaths among white, Black,
and American Indian women
and assess evidence of
variation by cause of death,
gestational age at death, or
maternal age

To carry out a Perinatal
Periods of Risk analysis for
Jackson County, Missouri,
and examine racial
differences in fetainfant
mortality

To assess evidence for
variation of associations
between maternal obesity an
stillbirth by gestational age,
maternal race/ethnicity, and
parity

To compare prevalence of
and risk factors for stillbirth
and livebirth at perviable
gestational ages in California
and evidencéor variation by
race/ethnicity

To assess associations
between demographic,
medical, and obstetric risk
factors, GA at delivery, and
fetal death, in order to

Population

973,891fetal deaths and live
births in upstate NY, 1980
1986

50,975 fetal and infant death
and live births to residents of
Jackson County, Missouri,
delivered 2002004

1,125,246 mothers in
California, 20072010

Exclusions

terminations

missing race, fetal
deaths <21 weeks

multiples; <20 or >41
weeks omunknown

gestation; congenital

or chromosomal
abnormalities; missing
height or weight;
outlier height or

weight; race/ethnicity

other than white, black

or Hispanic; women
with pre-gestational

diabetes and chronic o

gestational

hypertension or

preeclampsia/
eclampsia

2,487,468 deliveries at 310
California hospitals, 2007
2011

other or missing
race/ethnicity,

multiples, gestational
age
gestation, implausible

<20

birthweight for

gestational age

all 34,350 births occurring in 5 ns
perinatal centers in the U.S.,
19821986

or

Data source
Population Studies Center of the
University of Michigan; aredevel
datawere linked to birth outcomes
by county Federal Information
Processing Standard codes

New York State fetal death
registry

linked birth and death cohorts ani fetal and infant
selected fetal death records from mortality

the Kansas City Health
Department which receives them
from the Missouri Department of
Health ad Senior Services

fetal death and live birth
certificates and maternal and
infant hospital discharge records,
linked by the California Office of
Statewide Health and Planning

derived from vital records usj
files prepared by the California
Office of Statewide Hospital
Planning and Development
including data from fetal death
certificates and linked data from
live birth and infant death
certificates

March of Dimes Multicenter
preterm birth prevention project
database which includes
demographic, medical and
obstetric data from screening, plu

Stillbirth
Outcomes definition
stillbirth fetal deaths

at >20 weeks

024 wece
gestation and
0500 g
birthweight

stillbirth in utero death
at 20+ weeks

stillbirth, NND fetal death at

<24 hours after 20+ weeks

delivery, NND

24 hoursl year

after delivery,

livebirths who

survived first

year

stillbirth any birth at
20+ weeks
with Apgar
of 0 at1and
5 mins

Relevant results are

paraphrased from abstracts (see
citations)

segregationPR 0.82, 95% ClI
0.71, 0.94), and decreased
stillbirth risk in Black mothers
(OR 1.15, 95% CI1 0.99, 1.33).
Racial disparity rose from an OR
of 1.67 (95% Cl 1.52, 1.83) for
low-segregation counties to 2.35
(95% CI 2.16, 2.55) for high
segregation counties
Fetal deaths to white and Black
mothers were most often at-32
weeks, and American Indidetal
deaths at more than 33 weeks.
Black teenage mothers
experienced the largest
proportion of losses (23 percent)
compared with white (10 percent]
and American Indian (11 percent
teenage mothers
racial disparity in stillbirth not
mentioned

The relative risk for stillbirth with
a 20unit change in BMI was
significant at 2623 weeks for
NHW, NHB, and Hispanic
nulliparous and multiparous
mothers; at 2427 weeks, for
multiparous NHW; at 2831
weeks, for multiparous NHW and
nulliparous NHW and NHB; at
321 36 weeks, for multiparous
NHW and nulligrous NHB; and
at 37141 weeks, for all except
nulliparous NHB

Nonwhite race was associated
with increased risk of stillbirth at
20-25 weeks, compared with
livebirth at 3741 weeks

Blacks had greater risk of
stillbirth when compared to other
women
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Author and
year

Demissie
20087

Dryfhout
201043

Faiz 20127

Getahun
20057

Getahun
20074

Aim
understand reasons for the
slow declne in fetal death
rates
To understand Blaclhite
disparity in preterm birth in
relation to neonatal and
infant mortality
To explain how race is
related to stillbirth and test a
model of social antecedents
of behavioral and medical
risk factors

To examine stillbirth trends
and risk factors by
race/ethnicity and nativity in
New Jersey

To examine contribution of
parental race to adverse
perinatal and infant outcome:

To examingacespecific
stillbirth risks by timing
(antepartum versus
intrapartum)

Population

U.S. births, 19891997

stratified systematic random
sample of 15,975 live births,
late fetal deaths, and infant
death vital records from 48
states, DC and NYC,9B8

all 937,283 singleton births in

New Jersey between 20 and 4
bir

weeks with

g, 19972005

all 21,005,786 singleton live
births and stillbirths in the
U.S,, 19952001

626,883 singleton livebirths or

stillbirths in Missouri, 1989
1997

Exclusions

ns

Hispanic, missing
parity or gestational
age, preterm livebirths

births <20 weeks and
<500 g birthweight,
women age&15
years, missing or
Aot her o
paternal race,
implausible
birthweight and
gestational age
multiples, <20 or 43+
weeks, races other tha
white or African
American, missing
data on stillbirth

timing

ma

Data source
medical ad obstetric conditions
from medical charts

NCHS fetal death and linked
livebirth and infant death
databases

National Maternal and Infant
Health Survey 1988 sponsored b
U.S. Department of Health and
Human Services, NCHS, which is
a nationally representative sampl
of live births, fetal deathspa
infant deaths including a
guestionnaire and vital records
electronic birthrcertificate (EBC)
records for live births and fetal
death certificates linked to
hospital discharge records

NCHS linked birth/infant death
files

Missourilive birth and fetal death
files assembled by the Missouri
Department of Health and Senior
Services

Outcomes

preterm birth,
neonatal and
infant mortality,

fetal death
stillbirth
stillbirth

SB, PTB, SGA,
LGA, infant
death

AP and IP
stillbirth

Stillbirth
definition

in utero death
at 28+ weeks

fetal loss at
20+ weeks

death of fetus
prior to
complete
expulsion or
extraction of
a product of
conception,
where the
fetus showed
no signs of
life such as
breahing or
beating of the
heart,
pulsation of
umbilical
cord, or
definite
movement of
voluntary
muscle; all
stillbirths at
20+ weeks
are reported
fetal death of
20+ weeks
and 500+ g

20-43 weeks

Relevant results are
paraphrased from abstracts (see
citations)

stillbirth not mentioned

Medical and social
epidemiological explanations did
not reduce racial disparity in
stillbirth in this study

Rates of stillbirth decreased from
3.8in 1997 to 2.7/1000 total
births in 2005 for white NHs but
were unchangetbr NHB,
Hispanic, and other NHs; the risk
of stillbirth for black as compared
to white NHs was 1.9 (95% CI
1.7,2.1)

Interracial couples had a higher
risk of stillbirth than white
couples: mother whitdather
black couples' risk ratio was 1.17
(95% CI 1.10, 1.26) and mother
black father white was 1.37 (95%
Cl 1.21, 1.54). The relative risk
for stillbirth for Black couples
was 1.67 (95% CI 1.62, 1.72)
There was racial variation in risk
factors, with increased risk of AP
stillbirth with maternal age 35+,
lack of prenatal cee, pre
pregnancy BMI of 30+, and prior
preterm or smaifor-gestational
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Author and
year

Gold 20104

Guendelman
199475

Healy 20068

Hsieh 199776

Aim

To evaluate risk of fetal
death for mixed and same
racecouples and examine
prematurity and low
birthweight as possible
mediators

To assess racial/ethnic
differences in fetal mortality
and social and behavioral
predictors of fetal death
(including Hispanic
acculturation) in motherin

California who sought public

assistance for prenatal care
To assess whether early
access to prenatal care
minimizes racial disparity in
perinaal mortality

To assess the impact of
changes in birthweight
distribution and birthweight
specific fetal death rates on
declines in the crude fetal

death rate in the U.S., and to

examine racial disparity in
the feal death rate

Population

1,600,000 singleton
pregnancies in California with
birthweight >500 g and
gestational age >20 weeks,
19982002

80,431 livebirths and stillbirths
of California mothers who
were recipients of prenatal
care, at or below 200% of the
federal poverty level, and who
lacked public or private
insurance for preral care,
19841989

35,529 pregnant women in 9
states enrolled at 103 weeks'
gestation, 1992002

U.S. live births and fetal
deaths, 1974990

Exclusions

race missing or
reported as multiple
race or race other than
Black orwhite, births
46+ weeks,
birthweights >14
pounds; women >50
years and men >70
years

race other than white
or Black; primary
language spoken at
home other than
English or Spanish

elective terminations;
incomplete
demographic data;
major structural
anomalies or
aneuploidy

ns

Data source

California Birth Cohort, which
provides birth and death
certificate information for all
births, fetal deaths, and infant
deaths in the state

California perinatal reporting
system, a statewide database wit
data on all prenatal care recipient
at the 97 clinics funded by the CA
Deptof Health Services

prospectively collected data from
large, multicenteimvestigation of
singleton pregnancies, the
FASTER (First and Second
Trimester Evaluation of Risk) trial

annual volumes of U.S. vital
statistics published by NCHS,
including live birth and fetal deatr
files

Outcomes

stillbirth,
prematurity,
LBW

fetal death

fetal demise at
less than 24
weeks, fetal
demise at 24 or
more weeks of
gestation,
neonatal demise
fetal death

Stillbirth
definition

fetal deaths
of 20+ weeks
and 500+ g

fetal death of
20+ weeks

fetal demise
at 24+ weeks

presumed
gestation of
20+ weeks

Relevant results are

paraphrased from abstracts (see
citations)

age birth in white but not African
American mothers, and increasec
risk of both AP and IP stillbirth
with BMI <18.5 in African
American but not white mothers
Black couples had a higher risk o
stillbirth than white couples (OR
2.11,95% CI 1.77, 2.51), as did
black motheiwhite father couples
(OR 2.01, 95% CI 1.16, 3.48) anc
white mothetblack father couples
(OR 1.84,95% C1.33, 2.54).
Associations were no longer
significant when birthweight and
gestational age were added to
regression models
Hispanic women had a
significantly lower risk of short
gestational stillbirth than NHs,
but a higher proportion of
Hispanic stillbirths were fulterm
than was the case in NHs

The odds of perinatal mtality

for Black, Hispanic, and other
racial/ethnic groups as compared
to whites were 3.5 (95% CI 2.5,
4.9),1.5(95% Cl 1.2, 2.1), and
1.9 (95% CI 1.3, 2.8), respectivel

In 19791990, the crude fetal
death rate decresed for all racial
groups, more so in whites and
others (22%) than blacks (10%).
In whites, 73.4% of the reduction
was attributable to improvement
in birthweightspecific fetal death
rates, and the remainder to
improvement in birthweight
distribution. In he black
population, the reduction was
entirely attributable to
improvement in birthweight
specific fetal death rates, while in
other groups, improvement in
birthweight distribution was the
major determinant. Although
black births represented 16.5% o
all U.S births, they accounted for
26-29% of the crude fetal death
rate
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Author and
year
Kallan 200237

Larkin
20187

Lemon
20164

Lorch 2012852

Aim
To examine fetal death rates
by nativity and race/ethnicity
in New Jersey

To determine the effect of
sex and race/ethnicity
specific fetal growth curves
on perinatal deathates
associated with SGA

To assess the extent to whicl
obesity may explain Black
White disparity in infant
mortality and stillbirth in
Pennsylvania

To examine whether higher
fetal death rates in minority
racial/ethnic groups are
mediated by factors that
occur hter in pregnancy

Population
796,080 singletopregnancies
with a gestational age of 20
weeks or more in New Jersey,
1991-1998
all 20,095,735 liveborn and
stillborn deliveries registered
in the continental U.S., 2005
2009

1,058,461 singleton stillbirths
and livebirths in Pennsylvania,
20032011

all 7,104,674 hospital
deliveries in California,
Missouri, and Pennsylvania at
23-44 weeks between January
1, 1995, and June 30, 2005,
including fetal deaths and live
births

Outcomes
fetal death
(stillbirth)

Exclusions Data source
ns NJ reports of fetal deaths

major congenital NCHS
anomalies or

aneuploidy, multiples,

<24 and 42+ weeks,

unknown Hispanic

origin

perinatal
mortality

missing birthweight,
gestational age, sex, ol
birth facility;
gestational age <20 or
>42 weels, self-
reported race/ethnicity
other than NH Black
or NH white;
congenital anomalies

Penn MOMS, a populatiehased
study of Inked birthinfant death
certificates and fetal death
certificates in Pennsylvania

stillbirth, IM

fetal death, live birth, maternal fetal death
hospital discharge and newborn

hospital discharge records

unmatched records;
birthweight <400 g or
>8000 g or if
birthweight > 5 SD
from mean birthweight
for gestational age;
"other" racial group

Stillbirth

definition
fetal death at
20+weeks

if fetal death
certificate
was
completed at
the time of
delivery; 24+
weeks

20+ weeks
gestation

fetus with
gestational
age of 2344
weeks and
birthweight
>400 g

Relevant results are
paraphrased from abstracts (see
citations)
no abstract

Using a norspecific birthweight
curve, perinatal death rates were
higher for NH blacks (20.4/1,000,
95% ClI 20.0, 20.8) than nen
Blacks (15.9/1,000, 95% CI 15.7,
16.1). This difference increased
with use of a racepecific
birthweight curve: 29.7/1,000
(95% ClI 29.0, 30.3) for SGA
blacks and 14.7/1,000 (95% ClI
14.6, 14.9) for SGA neBlacks,
respectively

Compared with NH White women
NH Black women were more
likely to have obesity (30 kgfjn
and experienced a higher rate of
stillbirth (8.3 vs. 3.6 stillbirths per
1,000 liveborn and stillborn
infants) and infant death (8.5 vs.
3.0 infant deaths per 1,000 live
births). When the contribution of
pre pregnancy obesity was
removed, the difference in risk
between NH Blacks and NH
Whites decreaseddm 6.2 (95%
Cl: 5.6-6.7) t0 5.5 (95% CI: 4.9
6.2) excess stillbirths per 1,000
and 5.8 (95% Cl: 5.%.3) to 5.2
(95% CI: 4.75.7) excess infant
deaths per 1,000. Conclusions:
For every 10,000 live births in
Pennsylvania (20062011), 6 of
the 61 excess iant deaths in NH
Black women and 5 of the 44
excess stillbirths (2008011)
were attributable to pre
pregnancy obesity

For Black women, fetal factors
mediated the largest percentage
(49.6%; 95% Cl 42.7, 54.7) of
fetal death disparity; antepartum
and intrapartum factors mediated
some of the difference in fetal
deaths for both Black and Asian
women; and socioeconomic
factors methted 35.8% of the
disparity (95% CI 25.8%, 46.2%)
for Hispanic women
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Author and
year
Meyer 19997°

Rosenstein
201437

Salihuand
Kinniburgh
200450

Salihuand
Williams
200481

Salihu 200582

Salihu 20064

Aim

To examine statewide trends

in multiple deliveries and

associations with maternal
age, birthweight distribution,
the low birthwéght rate, and

fetal and infant mortality
rates

To compare mortality risk of
expectant management with
risk of infant death at term

across race/ethnicity

To investigate racial
disparities in stillbirth by
plurality

To determine the magnitude

of blackwhite disparity in
mortality among triplets

To assess fetal and infant

mortality outcomes by

race/ethnicity and plurality

To assess whether prior

cesarean delivery is a risk
factor for stillbirth, including

any racial variation

Exclusions
race other than white
or Black, therapeutic
abortion

Population
Births to residents of North
Carolina, 19801997

3,759,300 births in California,
1997-2006

mother/infant pairs
with LMP missing or
nonsensical; multiples,
complications such as
diabetes mellitus
(preexisting or
gestational), chronic
hypertension, and
congeital anomalies
or genetic causes of
death; deliveries <37
or >42 weeks;
race/ethnicity other or
missing

14,756,690 singleton, twin, ns
and triplet gestationis the
U.S., 19951998

15,681U.S. triplets to Black or ns
white mothers for whom there
was complete matching and
linkage of records, 1995997

37,489,600 live births and feta ns
deaths of 2814 weeks in the
U.S.,, 19952000

396,441 second pregnanciest gestational age outside
Missouri women who had 2 20-44 weeks,
sequential singleton congenital anomalies
pregnancies beyond 20 weeks

Outcomes
LBW, fetal and
infant mortality,
multiples

Data source
North Carolina linked live
birth/infant death files and fetal
death files

stillbirth and
infant death

California Vital Statistics Birth
Certificate Data, Patient
Discharge Data, Vital Statistics
Death Certificate Data, and Vital
Statistics FetaDeath File. The
California Office of Statewide
Health Planning and
Development, as part of the
California Health and Human
Services Agency, maintains linke
data sets including maternal
antepartum and postpartum
hospital record birth records, and
all infant admissions in the first
year

Aimatched mul tip
assembled by NCHS covering the
period 19951998, including
matched and linked data for
multiple deliveries in the U.S.,
including individual records of
live births and fetal deaths
involving multipledeliveries; and
the natality and fetal death data
files for 1995 1998 for singletons
matched multiple birth file
prepared by NCHS

stillbirth

stillbirth,
neonatal,
perinatal, post
neonatal, and
infant mortality
Aimatched mul ti p stllbirthand
assembled by NCHS covering the¢ infant mortality
period 19952000, contaiing

matched and linked data for

multiple deliveries including

individual records of live births

and fetal deaths involving

multiple deliveries; natality and

fetal death data files for 1985

2000 for analyses on stillbirth

involving singletons; and linked

birth/infant files up to 1999 for

infant mortality among singletons

Missouri maternally linked cohort  stillbirth

data with data on both live birth

and fetal deatlfor each sibling

Stillbirth

definition
fetal deaths
of 20+ weeks

ns

intrauterine
fetal death at
24+ weeks

intrauterine
fetal death at
20+ weeks

fetal death at
20+ weeks

in utero fetal
death at 20+
weeks

Relevant results are
paraphrased from abstracts (see
citations)
racial disparity in stillbirth not
mentioned

The risk of stillbirth was highest
in Black women (18.0 per 10,000
ongoing pregnancies compared
with 9.4 in white women, p <
0.001). The composite risk of
expectant management only
surpassedhte risk of delivery at
39 weeks, when the number
needed to deliver to prevent one
death ranged from 751 (Black
women) to 2587 (Asian women)

The risk of stillbirth was elevated
in black compared with white
fetuses among singletons (OR 2.
95% CI 2.8, 3.0) and tws (OR
1.3,95% CI 1.2, 1.4) but
comparable among triplets (OR
1.2,95% CI1 0.7, 2.1). This
decreasing trend by plurality was
significant (p for trend < 0.001)

The stillbirth risk for Black and
white triplets was comparable

Among singletons, stillbirth (OR
0.91, 95% CI 0.90, 0.92) was
lower in Hispanics than in whites;
among twins, the risk was
comparablgOR 1.06, 95% CI
0.98, 1.13); but Hispanic triplets
had a 50% higher likelihood of
dying in utero than white triplets
(OR 1.50, 95% CI 1.06, 2.14)

Among whites, the stillbirth risk in
women with vs without prior
cesarean delivery was not
significantly different (OR 1.0,
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Author and
year

Salihu 200787

Salihu 20098

Sharma
2006

Singh 2018%

Timofeev
201436

Aim

To estimate the risk of
stillbirth by obesity subtye
and race

To identify Blackwhite
differences in risk profiles for
early and late stillbirth
among women with low BMI

To test whether women with
prior stillbirth have elevated
risk for subsequentifibirth,
and whether this is
differential by race

To examine induction of
labor by race/ethnicity

To determine whether
recurrent spontaneous
preterm birth differs by race
in women recei
hydroxyprogesterone
caproate

Population
with first pregnancy liveborn,
19781997

1,413,953 singleton
pregnancies in Missouri within
20i 44 weeks, 1978997

430,130 singleton deliveries in
Missouri within 2044 weeks,
19891997

404,180 singleton births of 20
44 weeks in Missouri to
mothers who delivered both
first and second consecutive
singletons, 1978997

143,634 singleton pregnancies
with vertex presentation
delivering at 24+ weeks in
women not undergoing pre
labor Cesarean, wiout
placenta previa, and in whom
labor onset was known, in 12
clinical centers across nine
ACOG districts, 2002008

7,108 highrisk pregnant
women enrotl ec
hydroxyprogesterone caproate
home administration program
provided by tF
Childrends Hee
Alere Health, initiating the
program at 6.0 to 26.9 weeks,
delivering between January
2006 and May 2011,
commercially insured or

Exclusions

multiples; records for
which BMI could not
be computed;

underweight mothers

BMI that was missing
or implausible; rae
other than Black or
white

single pregnancies (no
siblings)

missing race, unknown
indication for
induction, site with
incomplete data, post
term

ns

Data source Outcomes

Missouri maternally linked cohort stillbirth
data files

Missouri maternally linked cohort stillbirth
data files

Missouri maternallslinked cohort  stillbirth
datafiles
NICHD-supported Consortium on induction of

Safe Labor, a multiceer, labor, indication
retrospective cohort study

including labor and delivery data

in electronic medical records fron

12 clinical centers (with 19

hospitals) across nine ACOG U.S

districts, and surveys on hospital

and physician characteristics at

each site

clinical data collected recurrent

prospectively from patientsand  spontaneous

providers preterm birth
<34 weeks,
pregnancy loss,
C-section,
stillbirth,

gestational age

Stillbirth
definition

in utero fetal
death at 20+
weeks

in utero fetal
death of 20+
weeks

intrauterine
fetal death at
20+ weeks

ns

ns

Relevant results are

paraphrased from abstracts (see
citations)

95% CI 0.9, 1.2), but it was
elevated among Blacks (OR 1.4,
95% CI 11, 1.7)
Obese black mothers experience
more stillbirths than their white
counterparts (HR 1.9, 95% CI
1.7,2.1,and HR 1.4, 95% CI 1.3,
1.5, respectively). The black
disadvantage in stillbirth widened
with increase in BMI, with the
greatest difference observed
anmong extremely obese black
mothers (HR 2.3, 95% CI 1.8, 2.8
Underweight black mothers had
comparable risks for total (OR
0.9, 95% CI1 0.7, 1.2), early (OR
1.1, 95% CI 0.8, 1.5), and late
stillbirth (OR 0.8, 95% CI 0.5,
1.2) compared to their normal
weight counterparts; underweight
white gravidas had a 30%
reduced likelihood of late
stillbirth vs normaiweight
mothers (OR 0.7, 95% CI 0.6,
0.9), while risks for total and
early stillbirth were not
significant
Whites had lower risk for
stillbirth recurrence than African
Americans (OR 2.6, 95% ClI 1.2,
5.7)

All racial/ethnic groups had lower
odds of induction compared with
NH white (NHW) women. At term
NHW women had the highest
percentage rate (45.4%) of non
medically indicated or induction
with no indication (p < 0.001). As
labor induction may reduce
stillbirth, this finding is relevant
for the increased risk of stillbirth
for NHB women at term

stillbirth not mentioned
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Author and
year

Tyler 2012*

Vintzileos
200285

Williams
2018*

Willinger
2009

Aim

To determine how fetal death
reporting requirements
influence variation in early
neonatal and fetal mortality
rates and racial disparity

To determine the impact of
prenatal care on fetal death
and the relation to obstetric
and medical higrisk
conditions ad racial
disparity

To examine racspecific
associations between
segregation and stillbirth

To determine the
contribution of maternal and
fetal characteristics to
gestational age and racial
differences in stillbirth
hazard

Population
Medicaid recipients, with
singleton gestation, history of
prior spontaneous preterm
birth, documented pregnancy
outcomes, and seteported
African-American or
Caucasin race
all 11,016,103 singleton live
births and fetal deaths to NH
white and NH black maternal
residents of the U.S., 2000
2002

10,560,077 live births and feta
and infant deaths up to 1 year
registered in all states and DC

at or beyond 24 weeks, 1995
1997

121,754 births to Black or
white mothers from 14
hospitals in 12 Hospital
Reference Regions, 202008

5,138,122 singleton gesians
delivered at 2041 weeks in

2001 in 36 states with at least

80% complete reporting for
Hispanic origin, method of
delivery, and prenatal care
history (AL, AZ, AR, CA, CO,
CT, DE, ID, IL, IN, IA, KS,
KY, LA, MD, MI, MN, MS,
MO, MT, NE, NH, NJ, NM,
NC,ND, OH, OR, SC, SD,
TN, TX, UT, WV, WI, WY)

Exclusions

maternal race of
Hispanic origin or not
listed; births <20
weeks; missing
gestational age

multiples; congenital
or chromosomal
abnormalities; missing
gestational age;
birthweight <500 g;
missing dita on
prenatal care

multiples, missing
exposure data,
pregnancies from Utah

maternal medical
conditions (including
anemia; diabetes;
cardiac, lung, or renal
disease; or chronic
hypertension);
pregnancy conditiosn
(including incompetent
cervix, premature
rupture of membranes,
uterine bleding,
pregnancyassociated
hypertension, or

Data source

birth and linked infant death and
fetal death ecords from the
National Center for Health
Statistics (NCHS) Division of
Vital Statistics

National perinatal mortality
datasets assembled by NCHS

Consortium on Safe Labor (CSL)
is an electronic medical recerd
based national retrospective
cohort study from 2002 to 2008,
which included 19 hospitals in 15
Hospital Reference Regions
(HRR). Hospitals were selected
based on availability of electronic
medical records, and because the
geographic distribution of the
hospitals matched all United
States districts of the American
College of Obstetricians and
Gynecologists

NCHS Perinatal Mortality Data
Files and Birth CohdrLinked
Birth/Infant Death Data Sets

Outcomes

early neonatal
mortality rates,
fetal mortality
rates

fetal death

stillbirth

stillbirth

Stillbirth
definition

20+ weeks

fetus with no
signs of life
at birth, at
24+ weeks
and 500+
grams

fetal death at
23+ weeks as
reported in
medical
records
supplemente
d with ICD-9
codes

fetal death at
20+ weeks

Relevant results are
paraphrased from abstracts (see
citations)

States with birthweighalone fetal
death thresholds substantially
underreported fetal deaths at
lower gestations and slightly
overreported neonatal deaths at
older gestations. This finding was
reflected by these states having
the highest neonatal mortality
rates and racial disparities, but
the lowest fetal mortality rates
and racial disparities

Fetal death rates were higher for
blacks than whites in the presenc
(4.2 versus 2.4 per 1000) and
absence (17.2 versus 2.5 per
1000) of prenatal care. Lack of
prenatal care increased the
relative risk for fetal death 2:9
fold in blacks and 34old in
whites

Low and decreasing levels of
segregation were associated with
decreased odds of stillbirth, with
blacksbenefitting more than
whites. Decreasing segregation
may prevent 900 stillbirths
annually among U.S. blacks

The black/white disparity in
stillbirth hazard at 2023 weeks
was 2.75 (95% CI 2.62.88),
decreasing to 1.57 (95% CI 141
1.75) at 3940 weeks. Higher
education reduced the hazamt f
whites more than Blacks and
Hispanics; medical, pregnancy,
and labor complications
accounted for 30% of the hazard
in Blacks vs 20% in whites and
Hispanics; congenital anomalies
and SGA contributed more to
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Author and
year

Wingate

200677

Wingate
20118

Wingate
2012186

Wingate

20159

Wingate
201787

Aim

To examine the role of fetal
death in racial/ethnic
variation in perinatal
outcomes

To examine changes in
gestationakge specific fetal
death, first day deatland
perinatal death by

race/ethnicity 2002

To examine how chang@s

and medical risk factors
influence changes in fetal,
first day, and perinatal
mortality, and racial/ethnic
variation

To compare fetal and early
neonatal outcomes of
Americanindians/Alaska
Natives (AIAN) with non
AIAN groups, including
changes in deliveries,
maternal characteristics, feta 2008
and early infant death, and

cause of death

To examine gestational age
specific fetal mortality with a

Population

17,879,923 single fetal deaths
(20+ weeks) to U.S. resident
mothers with reported
race/ethnicity, 1994999

12,921,506 singleton deliverie
to NH white, NH black, and
Hispanic mothers at 20+
weeks, 19941991 and 2001

11,353,250 live births and feta
maternal, sociodemographic, deaths to U.S. resident white
and Black mothers at 20+
weeks and >50Qrams, 1995
1996 and 2002002

29,786,071 singleton deliverie
to U.S. resident NH American
Indian/Alaska Native, NH
white, NHblack, and Hispanic
mothers at 20+ weeks and
>5009, 19951998 and 2005

all 17,787,576 singleton U.S.
livebirths regardless of
birthweight or gestational age

Exclusions
eclampsia); labor
conditiors (including
fever, abruption, cord
abnormality, placenta
previa, or other
bleeding); smaifor-
gestationakge,
congenital anomalies
ns

NM, SD, TN births;
implausible or missing
values for birthweight
or gestational age;
birthweight value
inconsistent with
gestational age

Hispanic ethnicity

missing or unknown
Hispanic origin or
race, missing data on
other covariates

multiples, births with
outof-range,

Data source

NCHS U.S. Perinatd¥ortality
files and single live births from
Linked Live BirthrInfant Death
files

NCHS linked live birth and infant
death cohort files and fetal death
files

Health Statistics linked live birth
and infant death cohort files and
fetal death files

NCHS data from fetal death and
live birthi infant death cohort files

U.S. fetal death and live birth dati

files maintained by the National
Vital Statistics System

Outcomes

fetal and

neonatal death

fetal death and
first day death

first day and
fetal mortality

fetal mortality,
first day
mortality,
perinatal

mortality, cause

specific
mortality

fetal death

Stillbirth
definition

20+ weeks

fetal deaths
at 20+ weeks

20+ weeks
and >500
grams

fetal death at
20+ weeks
and >500 g

fetal deaths
at 20+ weeks
and greater

Relevant results are

paraphrased from abstracts (see
citations)

preterm stillbirth risk among
whites than Black and
pregnancy and labor conditions
contributed more to preterm
stillbirth risk among Blacks than
whites

Two-fold disparities between
Whites and Blacks persisted for
fetal death. Hispanics were less
likely than Whites to be reported
as a fetal ersus hebdomadal (< 7
days) death

From 1990 to 2002, the fetal
mortality rate among whites and
Hispanics declined 4.32% and
12.82%, respectively; for blacks,
the rate increased 4.06%, and the
black:white fetal mortality rate
ratio increased from 2.17 to 2.36.
Gestational agespecific
black:white combined fetdirst
day mortality rate ratios were
greater than 1 at later gestamal
ages (36 weeks on)

Odds ratios for fetal mortality
among Blacks (OR 0.97, 95% CI
0.92, 1.02) indicated no change
from 1995 to 2002. Among wome
with modifiable risk factors
(smoking, hypertensive disorders
diabetes), the RORs indicated na
change in racial disparities over
time

From 1995 to 2008, late fetal
death decreased for AIAN (OR
0.83, 95% Cl 0.72, 0.97) but
increased for Hispanics (OR 1.47
95% CI 1.40, 1.55). For AIANs
compared to whitesncreased

risk persisted for mortality due to
congenital anomalies (ROR 1.28,
95% CI 1.03, 1.60). For blacks
compared to AIANS, increased
risk of fetal death persisted
(2005'2008: OR 0.60, 95% CI
0.53, 0.68), as did lower risk for
Hispanics compared to ANs,
although this protective effect
declined over time

There were lower risks of fetal
mortality among NHB women
(Prevalence Rate Rati®RR,
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Author and
year Aim
focus on racial/ethnic
disparity
Xu 200988

with radal disparity in
preterm birth and preterm
fetal deaths in Michigan

Yuan 2005%°  To assess changes in
gestational agspecific fetal
death risk andhe extent to
which these are due to
changes in registration
practices and induction of
labor

To assess racial/ethnic
disparities in adverse birth
outcomes and labor and
delivery-related charges
among women with IDD

Akobirshoev
2019

Population
and singleton U.S. fetal deaths

at 20+ weeks and >500 grams missing gestational age

20092013

To estimate costs associated 111,264 NH Black and NH

White singleton births in
Michigan in 2003 with a
reported gestational age of 20
weeks

all 1,809,026 singleton
pregnancies of 283 weeks in
1991 and 1997 in 39 U.S.
states and DC

Exclusions
inconsistent, or

unknown gestational
age

implausible
birthweightGA data,
multiples, missing
data; states whit <80%
complete data on
maternal medical
conditions, lifestyle
risk factors, and
obstetric procedures;
CA, HI, IN, LA, MD,
MA, NY, OK, SD
(lack of data on
smoking); IL (high
missingness for
induction); and TX
(high missingness for
smoking); race other
thanNH white and NH
Black

Stillbirth

definition
than 500
grams

Data source Outcomes

fetal deaths
of 20+ weeks

linked hospital discharge and live costs of PTB,
birth certificatefile, infant death fetal death
records, and fetal death data fron

Perinatal Mortality Data file

issued by NCHS

NCHS live birth and fetal death ~ gestational age  fetal deaths

Non-government reports, stillbirth data not restricted to 20+ weeks, by authoand year, n=17

2,110 deliveryrelated
hospitalizations to white,
Black or Hispanic women with
IDD in a 20% stratified sample
of U.S. community hospitals
from 37 to 46 states

missing race/ethnicity

files specific fetal 20+ weeks
death

Healthcare Cost and Utilization C-section, PTB, ICD-9 codes

Project Naibnal Inpatient Sample stillbirth, SGA, 656.4,

(HCUP-NIS), the largest all labor- and 656.40,

payer, publiclyavailable U.S. deliveryrelated  656.41,

inpatient healthcare database, wi charges 656.43,

data on 8 million hospital stays 768.0, 768.1,

annually from 1000 hospitals

Relevant results are

paraphrased from abstracts (see
citations)

0.76, 95% CI 0.71, 0.81) and
Hispanic women (PRR 0.89, 95%
Cl 0.83, 0.96)ompared with
NHW at 2223 weeks. For NHB
women, the risk was higher
starting at 3233 weeks (PRR
1.11, 95% Cl 1.04, 1.18) and
continued to increase with
gestational age. Hispanic and
AIAN women had lower risks of
fetal mortality compared with
NHW women uiil 38-39 weeks.
1,184 NH Black, singleton
preterm births and preterm fetal
deaths would have been avoided
in 2003 hadheir preterm birth
rate been the same as Michigan
NH Whites. Economic costs
associated with these excess Bla
preterm births and preterm fetal
deaths amounted to $329 million
(range $148$598 million) across
their lifespan above costs of term
birth, including costs of initial
hospitalization, productivity loss
due to death, and major
developmental disabilities
The reduced risk of fetal death at
40-43 weeks in 1997 vs 1991 in
NH whites (RR 0.79, 95% CI 0.7«
0.84) disappeared after adjusting
for induction of labor (risk ratio
0.98, 95% CI 0.82, 1.16). In NH
Blacks, this effect of induction of
labor was only in higkrisk
mothers

Significant disparities in stillbirth
among NHB and Hispanic womel
with IDD vs NHW mothers (OR
2.50,95% Cl 1.16, 5.28, p < 0.01
OR 2.53,95% CI 1.08,5.92, p <
0.01, respectively)
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Author and
year

Barfield
1996%*

Brown 2007%

Cai, Hoff and
Okah 2007%

Dumas
202078

Gregory
20033°

Aim

To examine racial disparities
in birth and neonatal
outcomes in military
personnel in California (a
population with minimal
financial barriers to
healthcare services)

To assess evidence for the
Hispanic paradox in perinata
outcomes

To examine evidence for
Black-white disparity in fetal
deaths late in gestation using
gestational ageand weight
specific comparisons

To examine differences
white and Black teen
pregnancy and birth rates in
Louisiana Medicaid enrollees

To evaluate differences
between age and
race/ethnicity for pregnaney
related complications that
affect labor management anc
obstetric outcomes

Population Exclusions
(depending on year), 2004
2011

All 2,171,147 fetal deaths and

live births in California, 1981 <500 g
1985
10,755 African American, nonMedicaid

white, and Hispanic women
who used Medicaid for
delivery costs and delivered al
Duke University Medical
Center (DUMC) inDurham,
NC, 19942004; if >1 birth in
the cohort, only the first birth
was included

recipients, nofNC
residents, missing
medical data, >1
year, unknown
years

other racial/ethnic
groups

104,48 singleton fetal deaths
and livebirths to NH black and
NH white mothers in Clay,
Jackson and Platte counties in
the Kansas City, MO
metropolitan area, 1998004

pregnancy outcomes of 1,694
Louisiana women aged 167

in 2014 with at least 2 years of
Medicaid enroliment

race/ethnicity other
than NHBandNHW

443,532 women in labor and a
risk for emergency primary
Cesarean delivery in
California, 1995

previous Cesarean
delivery or elective
primary Cesarean

age; delivery in

multiples; birthweight

delivery in a calendar

race/ethnicity, age <11

delivery without labor;
uncertain or missing

Data source

Linked birth, fetal, and infant
death certificate files from
Maternal and Child Health Data
Base of the Community and
Organization Research Institute,
UC-Santa Barbara

Duke University birth database
which has detailed demographic,
cost, health service, and outcome
data for all admissions for womer
who gave birth at DUMC

Kansas City Health Department
electronic databases on resident
live births and fetal deaths,
provided by the Missouri
Department of Health and Senior
Services

Louisiana Medicaiatlaims

California Office of Health
Planning and Development birth
reports

Outcomes

fetal and
neonatal death,
birthweight,
prenatal care use

preeclampsia,
gestational
diabetes
mellitus,
placental
abruption,
preterm birth,
SGA, fetal
death/stillbirth,
maternal death
fetal death

pregnancy
outcomes (live
vs non live
birth)

pregnancy
related
complicdions
(31 maternal,
fetal, and

Relevant results are

Stillbirth paraphrased from abstracts (see
definition citations)
V27.1,V27.3
orV27.4
fetal death Rates of fetal mortality among
with Black mothers were elevated
birthweight both military and civilian groups
>5009 in comparison with white mothers
ICD-9 codes  African-American women had
656.4, 768.0, higher rates of stillbirths than
768.1,V27.1, white women
V27.3, and
V27.4
involuntary Fetal death rates were higher for
loss in which  NH whites at <28 weeks gestatiol
the fetus and at birthweight <1,000 g, and
showed no higher for NHB at 32+ weeks and
evidence of at birthweight 2,500+ g
life (i.e., no

heartbeat or
respiration)
on delivery,
at 20+ weeks
or
birthweight
350+g
ICD-9 630
639.9,
656.40
656.43,
768.0, 779.6,
V27.1,
V27.4
V27.7;1CD-
10 000
004.89, 008
008.9,
036.4, P95,
733.2,737.1,
Z37.4;, CPT
59,812
59,856

ns stillbirth not mentioned

no disparity found
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Author and
year

Kramer
200276

MacDorman
201194

Nabukera
2009%

Rammah
201948

Reddy 2018

Aim

To examine intercountry
differences in infant
mortality and birthweight
distribution, as well a
differences in classification
of deaths as fetal vs. infant
deaths, and undeegistration
of borderlineviable infants

To provide an overview of
trends in fetal mortality,
preterm birth, and infant
mortality,including
racial/ethnic disparities

To examine racial difference:
in first and second pregnanc)
perinatal outcomes and
interpregnancy interval (IPI)
patterns among women
initiating childbearing at ages
greater or less than 30

To examine the risk of
stillbirth associated with
maternal O3 exposure in
Harris Coutty, Texas, and
examine differences by
race/ethnicity and gestationa
age

To identify risk factors for
antepartum stillbirth and
estimate their relative
contribution stratified by
parity and to determine if
these can be used to identify
higher risk women

Population

7,402,554 live births, stillbirths
and infant deaths registered in
U.S., 19871988 (also births in
Israel and Norway)

all 6,400,000 pregnancies in
the U.S., 2005

239,930 infants antheir
mothers aged 2®0 at first
pregnancy with two
consecutive singleton
pregnancies in Missouri during
the study period 1978997

all 358,366 singleton livebirths
and stillbirths to mothers
residing in Harris County,
Texas, 2008013

all 174,809 singleton deliverie:
at 23+ weeks enrolled at 12
clinical centers and 19
hospitals representing nine
ACOG districts; only included
the first pregnancy enrolled,
20022008

Exclusions
extremely lowvolume
hospitals
U.S. births thatvere
neither white nor
Black

missing gestational ag¢
and weight, gestationa
ages outside 2@4
weeks, birtls with
implausible birth
weight gestational age
data and conception
dates >20 weeks
before study start and
< 44 weeks before
study end

births at two
institutions with high
missingness in medica
history data; multiples,
stillbirths that were
intrapartum or with
timing not specified,
maternal age missing

Data source

populationbased International
Collaborative Effort on Perinatal
and Infant Mortality country data
files based on nationdgvel files
of linked birth and infant death
certificates

birth certificates, death
certificates, and reports of fetal
death filed in state vital statistics
offices and transmitted to NCHS

Maternally-linked live birth/fetal
death and infant death files

Texas Department of State Healt|
ServicesandTexas Commission
on Environmental Quality

Consortium on Safe Labor (CSL)
a study conducted by NICHD
with electronic medical records
from included institutions, such a:
neonatal intensive care unit data
linked to newborn records and
materral and newborn discharge
ICD-9 codes

Outcomes
placental ICD
codes)

LBW rates,
IMR, fetal
mortality rates

fetal and infant
death and PTB

FD, LBW, and

SGA, PTB

stillbirth

antepartum
stillbirth

Stillbirth
definition

varied
depending on
state; for
most states,
fetal deaths
>20
completed
weeks;
exceptions:
Kansas
(>350 g),
New Mexico
and South
Dakota
(>500 g), and
Tennessee
(>500 g or, if
birthweight
unknown,
>22 weeks)
fetal dealts

of 20+ weeks

death of fetus
20+ weeks or
500+¢g

unintended
intrauterire
fetal death of
350+ grams
or, if weight
unknown, of
20+ weeks

no signs of
life prior to
labor with
Apgar scores
0/0

Relevant results are
paraphrased from abstracts (see
citations)

For borderlineviable infants,
fetal deaths as proportion of all
perinatal deaths varied between
U.S. Blacks (40.3% for births
<5009 and 37.6% for births 560
749 g) and whites (51.9% and
43.1%, respectively), with larger
variation in comparison to
Norway and Israel

There are substantial race and
ethnic disparities in fetal
mortality, with NH black women
at greatest risk, followed by
American Indian and Puerto
Rican women

stillbirth not mentioned

The increased stillbirth risk
associated with a 3:parts-per-
billion increase in O3 exposure
was higher for Hispanic (HR
1.14,95% CI 1.02, 1.27) than for
NHB or NHW women

Black race and Hispanic ethnicity
were associated with stillbirth.
The risk of term stillbirth for
women who were white, P89
years old, normbeweight,
multiparous, no chronic
hypertension, and no preexisting
diabetes was 0.8 per 1,000. Tern
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Author and
year

Rush 197297

Sapra 20174

Schummers
2019%

Tan 2004

Witt 2012140

Zhang 2013

Aim

To assess the role of smokin
on offspring mortality

To evaluate the extent to
which selection bias from
inducedtermination affects
estimates of racial disparity
in preterm delivery

To assess risk of adverse
birth outcomes by maternal
age at first birth and race

To assess the association
between race and fetal and
infant death in twins

To determine whether and
how preconception mental
health affects adverse
maternal and pregnancy
outcomes

To estim&e excess adverse
pregnancy outcomes by
race/ethnicity, and the
potential savings for
Medicaid paid claims for
costs of disparities in these
outcomes

Population

3,276 consecutive pregnant

patients registered prior to the

21stweek of gestation at the
Boston City Hospital Prenatal
Clinic, 19611962

1,593,256 live births, induced

and spontaneous terminations

of pregnancy in NYC, 2060
2012

all 16,514,849 births to

nulliparous women in the U.S.

20042013

all 249,221 twins born in the
U.S,, 19951997

2,671 women with singleton
pregnancies included in the

eleven panels of the Pregnanc

Detail Files of the Medical
Expenditure Panel Survey
(MEPS) with nonzero weight
and complete covariate data
who delivered in 199@006; if
>1 pregnancy was eligie, a

random number generator wa

used to randomly select a

single pregnancy for inclusion

1,472,912 women with
singleton deliveries in 2006
2007 in 14 southern states
(AL, AR, FL, GA, KY, LA,
MD, MO, MS, NC, SC, TN,
TX, VA) whose Medicaid

inpatient claims had a maternz

delivery code

Exclusions

women who did not
speak English; missed
and incomplete
abortions

race/ethnicity other
than NHW or NHB

fetal deaths <20+
weeksor with
birthweight <350 g

race other or unknown;

missing death data

abortions

American Indian,
Asian, and Pacific
Islander mothers

Data source

registration and obstetrical recorc

NYC Bureau of Vital Statistics
including live birth datdrom

birth certificate records and data
on spontaneous and induced
terminations from standardized
forms completed by hospital staff
Birth CohortLinked Birth-Infant
Death Data Files and Fetal Death
Data Files from NCHS

matched multiple birth file createc
by CDC

household component of the
1996 2006 MEPS, a nationally
representative sample of the
civilian, noninstitutionalized
population of the U.S.

Medicaid Analytic eXtract files on
inpatient hospital data, which
combine Medicaid data from eact
state, includingnpatient,
outpatient (and other services),
and prescription claims files
linked to the personal summary
file for each enrollee

Stillbirth
Outcomes definition
birthweight, fetal death
gestational age, >19 weeks
perinatal
mortality
PTB ns
multiple fetal death at
gestation, 020 wece
Caesarean birthweight
delivery, 350+¢
preterm birth,
small for
gestational age,
stillbirth,
neonatal
mortality, post
neonatal infant
mortality
fetal and infant  stillbirth
death 350+ g, or if
weight was
unknown,
20+ weeks
nontlive birth, ns
pregnancy
complications,
LBW
adverse fetal dealt/
pregnancy stillbirth
outcomes: ICD-9 codes:
preeclampsia, 656.4, 768.0,
GDM, 768.1,V27.1,
abruption, V27.3,V27.4
preterm birth,
SGA, fetal

Relevant results are

paraphrased from abstracts (see

citations)
stillbirth risk increased with black
race (1.8 per 1,000)
Smokers had an excess perinata
loss of 34.4%); excess loss was
higher among Black mothers

stillbirth not mentioned

racial disparity in stillbirth not
mentioned

Combined fetal and infant
mortality in twins was highest for
black vs white parents (relative
risk, RR, 1.66, 95% C1 1.58,
1.75), and intermediate for white
fathers and Black mothers (RR
1.18,95% C1 0.92, 1.51) and
Black fathers and white mothers
(RR 1.37,95% CI 1.19, 1.58)
Significant racial and ethnic
disparities existed for nolive
births

African-American women were
more likely to experience fetal
death/stillbirth than other
racial/ethnic groups. Eliminating
racial disparities in adverse
pregnancy outcomes (not
counting inént costs) could
generate Medicaid cost savings ¢
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Author and
year

Clowse
20160t

Creanga
201792

Emeruwa
20203

Gould 20032

Grant 201744

Aim

To identify racial and ethnic
disparities in underlying
maternal disease, maternal
illness and &atment at
delivery, and obstetric
complications for women
with lupus in the U.S.

To update national
pregnancyrelated mortality
estimates and examine
characteristics and causes of
pregnancyrelated deaths

To evaluate infection rates
and perinatal outcomes
amongpregnant women with
Covid by race/ethnicity

To compare dmographic
and socioeconomic risk
factors and perinatal
outcomes of foreig#orn
Asian Indian and Mexican
mothers to U.Sborn white
NH and Black women in
California

To assess associations
between Black race and
gestational age at delivery in
twins, and raciabariation in
adverse pregnancy and
neonatal outcomes

Population

Exclusions

Data source

Stillbirth
Outcomes definition
death/stillbirth,

maternal death

Non-government reports, unknown whether stillbirth data was restricted to 20+ weeks, by authand year, n=16

all 12,524,118 deliveryelated
hospital discharge records
from the Nationwide Inpatient
Sample (NIS) in 2002010

2,009 pregnancyelated
maternal deaths in the U.S. of
women 1255 years who died
during or within 1 year of
pregnancy, 2012013

673 women delivering at two
New York-Presbyteriah
affiliated hospitals in
Manhattan, 2020

1,057,976 mothers in
California, 19951997

535 women with
uncomplicated twin gestations
who selfidentified as NH
black or NH white, in 14
clinical sites, 20042006

ns

ns

U.S-born women
other than Black or
white

major congenital
anomalies,
spontaneous fetal
death after 12 weeks,
monoamniotidwins,
suspected twiitwin
transfusion syndrome,
marked growth
discordance, major
uterine anomalies,
cerclage or planned
cerclage, major
chronic medical
diseases, and twins
resulting from

NIS from the Healthcare Cost an¢
Utilization Project ofthe Agency
for Healthcare Research and
Quality, which samples 20% of
discharges from >1,000 U.S.
hospitals

data from the C
Mortality Surveillance System,
including death certificates for
pregiancyrelated deaths and
linked birth or fetal death
certificates submitted to the
CDCbs Division
Health by the states, NYC and
DC; computerized searches of
Lexis Nexis; reports by public
health agencies, including state
based maternal maiity review
committees; professional
organizations; and individual
healthcare providers

NY Presbyterian electronic
medical records

California linked infant
birth/death certificate files

secondary analysis of data from
multicerter, prospective double
blind randomized controlled trial
of 17U hydroxyproc¢
caproate versus placebo for the
prevention of PTB conducted by
the NICHD MaternaFetal
Medicine Units Network

baseline medical ns
disease, medical
illness at

delivery, and
obstetric
complications

causes of ns
pregnancy
related deaths

perinatal ns
outcomes

low birthweight, ns
intrauterine
growth
retardation,
preterm birth,
fetal death,
neonatal death,
post neonatal
death
gestational age  ns
at delivery and
other pregnancy
and neonata
outcomes,
including a
composite of
major neonatal
morbidity
(diagnosis of at
least one of the
following
complications
before initial
hospital
discharge: fetal

Relevant results are
paraphrased from abstracts (see
citations)
$114$214 million per year in 14
states

stillbirth not mentioned

stillbirth not mentioned

no abstract

Infants of U.Sborn Black women
had the highest rates of fetal
mortality in comparisond
foreign-born Asian Indian and
Mexican and U.Sborn white
mothers. Foreigrborn Asian
Indian women also had a higher

incidence of fetal death than U-S.

born whites
stillbirth not mentioned
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Author and
year

Izmirly
20113

Parikh
20143

Aim

To deermine the mortality
and morbidity of cardiac
neonatal lupus, NL, and
associated risk factors

To compare maternal and
neonatal outcomes between
HIV+ and HIV- mothers and
assess racial disparities in
pregnancy outcomes in HIV+
women

Population

325 cardiac neonatal lupus
cases identified by the
Research Registry for Neonati
Lupus and enrolled by
September 30, 2010, entailing
documentation of maternal
antibodies reactive with
SSA/Ro and/or SSB/La,
confirmation of cardiac NL,
and/or presence of cardiac
injury or cardiomyopathy (data
from 19632010)

all 178,972 singleton
pregnancies in the U.S. with
documented maternal HIV
status, race, and antepartum
admission; only first
documented pregnancy if >1,
20022008

Exclusions
intentional fetal
reduction

Data source

born with isolated Research Registry for Neonatal
first-degree heart block Lupus

or isolated sinus

bradycardia; unknown

gestational age at birth

Consortium of Safe Labor which
includes obstetric and neonatal
data from electronic medical
chronic hypertension, records of 19 hospitals at 12
cardia disease, institutions, representing
asthma, renal disease) university and communitybased
practices across the U.S.

chronic medical
conditions (e.g., pre
existing diabetes,

Stillbirth
Outcomes definition
or neonatal
death, grade Il
or vV
intraventricular
hemorrhage,
periventricular
leukomalacia,
bronchopulmona
ry dysplasia, or
necrotizing
enterocolitis
stage Il or 1)
morbidity and ns
mortality in
cardiac neonatal
lupus

labor and ns
delivery and
neonatal
outcomes:
gestational age,
gestational
diabetes,
hypertensive
disease of
pregnancy, type
of onset of
labor, premature
rupture of
membranes,
epidural and
oxytocin use,
mode of
delivery, rates of
malpresentation,
presence of
another sexually
transmitted
infection (STI),
placenta previa,
placental
abruption,
severe maternal
perineal
lacerations,
postpartum

Relevant results are
paraphrased from abstracts (see
citations)

There was a significantly higher
case fatality rate in minorities
compared with whites

stillbirth not mentioned

209



Author and
year

Scott 1997%

Shahul
2015%

Silva 20062

Aim

To identify trends in severe
complications of pregnancy
and their fiscal impact in
California

To ascertain racial/ethnic
differences in incidence of
preeclampsia/ eclampsia, an
in maternatomorbidities

and complications of
pregnancy and delivery, and
maternal and fetal mortality,
in women with preeclampsia
and eclampsia

To examine ethnic
differences in perinatal
outcome of gestational
diabetes mellitus and identify
maternal and fetal tors
associated with fetal
macrosomia, including
ethnicity

Population Exclusions

all 4,129,234 delivery and nen ns
delivery hospitalizations for
pregnancy complications in
California, 19781992

all 1,175,046 weighted patient ns
discharges from the

Nationwide Inpatient Sample
(NIS) with a diagnosis of
preeclampsia/ectapsia, 2004

2012

2,155 patients with GDM
treated in the Sweeter Choice
outpatient diabetes program a
Kapi 6ol ani Mec
Hawai'i and delivering at term
(1995 and 2005)

pregestational diabetes
multiples, oexisting
medical conditions
such as hypertension,
lupus, thyroid disease,
and asthma;
incomplete
information for
neonatal weight and
neonatal
hypoglycemia; ethnic
classifications other
than Native

Data source

California Pregnancy
Complication Surveillance
System, which uses hospital
discharge data provided by the
California Office of Statewide
Health Planning and Developmer
and includes information on all
acutecare civilian hospital
admissions and dischagi®
California

NIS which randomly samples
20% of all discharges from all
hospitals in the Healthcare
Utilization Project (HCUP) of the
Agency for Healthcare Quality
and Research, including data on
million hospital stays annually;
national estimatesbtained by
weighting NIS data to provide
estimates for 95% of all U.S.
inpatient hospitalizations
Medi cal records
Medical Center

Stillbirth
Outcomes definition
hemorrhage,
need for blood
transfusion,
intensive care
unit (ICU)
admission,
endometritis,
wound
separation or
infection,
birthweight,
Apgar score,
neonatal ICU
(NICU)
admission,
length of NICU
stay, neonatal
fever, stillbirth,
perinatal
mortality
severe ns
complications of
pregnancy

inpatient fetal demise
mortality during  during
hospitalization, hospitalizatio

IUFD n

neonatal weight, ns
neonatal
hypoglycemia,
fetal demise,
fetal anomalies,
shoulder
dystocia, fetal
distress, birth
asphyxia,
polycythemia,
hyperbilirubine
mia, respiratory
distress

Relevant results are
paraphrased from abstracts (see
citations)

stillbirth not mentioned

When compared to white women
with preeclampsia, AA women
had an increas# odds of IUFD
(OR 2.45,95% Cl 2.14, 2.82),
while the odds of IUFD among
Hispanic women did not differ
from that for white women

stillbirth not mentioned
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Author and
year

Soffer 2018°7

Tanner
20188

Tolcher
202042

Yankauer
195052

Yankauer
19587

Zelnik 19743

Aim

To examine twin pregnancies
of motherswith similar
access to health care to
determine whether race
remains a risk factor for
adverse pregnancy outcome:

To examine the impact of
race/ethnicity as a risk factor
for cervical insufficiency,
PTB and NICU admission

To compare rates of
preeclampsia among lew
and highrisk women who
received aspirin compared
with placebo for
preeclampsia prevention,
stratifying by race/ethnicity

To examine relationships
between residential
segregation and fetal and
infant deaths by race

To determine whether or not
social action (decisions of the
United States Supreme Cour
expansion of the public
housingprogram, and anti
discrimination legislation)
has lowered fetal and infant
mortality for norwhite
individuals

To assess outcomes of first
pregnancies to teenagers by
marital status

Population

all 858 twin pregnancies at 23
weeks delivered at NYC Mt
Sinai from June 2005 to
December 2016

34,173 women with a
pregnancy that started any tim
in 2012 and continuous Kaiser
Permanente Northern
California (KPNC) region
membership, and delivered
within the KPNC system
5,673 normotensive,
nulliparous women and womei
with pregestational insulin
treated diabetes mellitus,
chronic hypertension, multiple
gestations, or history of
preeclampsia, enrolled (in lew
risk and highrisk RCTSs,
respectively) at 126 weeks
and randomized to 60 mg
aspirin daily or placebo, with
documentecthnicity and race
433,206 live births and
unknown number of fetal
deaths in NYC, 19483947

439,349 live births and
unknown number of fetal
deaths in NYC, 1953955

4,611 women identified
through national probability
sample of females living in
households or calge

Exclusions
Hawaiian/Pacific
Islander, Japanese,
Chinese, Filipino, ath
Caucasian
congenital anomalies
or aneuploidy, twii
twin transfusion,
monochorionié¢
monoamniotic twins

multiples, abortions

ns

County of Richmond
births

County of Richmond
births

Data source

Mt Sinai medical records

Kaiser Permanentsorthern
California (KPNC) medical

centers' electronic medical recorc

MaternatFetal Medicine Units
(MFMU) Network

Vital data on pregnancy and infar

wastage

Vital data on pregnancy and infar

wastage

retrospective data obtained in
interviews

Outcomes
syndrome,
sepsis, feal
macrosomia

preterm
delivery,
gestational age,
cerclage,
Cesarean
delivery,
birthweight,
birthweight
percentile,
preeclampsia,
gestational
diabetes,
intrauterine fetal
demise

cervical
insufficiency,
PTB, NICU
admission

preeclampsia,
gestational age,
preterm
delivery,
placental
abruption, small
for gestational
age (SGA),
stillbirth,
neonatal death

fetal wastage
and infant death

fetal and infant
death

livebirth,
stillbirth,
miscarriage,
abortion,

Stillbirth
definition

ns

ns

ns

ns

ns

Relevant results are
paraphrased from abstracts (see
citations)

stillbirth not menioned

stillbirth not mentioned

In this trial, the risk of stillbirth
was significantlyincreased
among NH black women who
received aspirin for the
prevention of preeclampsia in
comparison to NH black women
who received placebo (p=0.048).

no abstract

no abstract

no abstract
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Author and
year

Gregory
2014%°

MacDorman
and Hoyert
20071

MacDorman
and Munson
20071

MacDorman
and Kirmeyer
2009a%
MacDorman
and Kirmeyer
2009152

MacDorman
201213

Aim

To examine trends in
spontaneous intrauterine
deaths and perinatal mortalit'
by race and Hispanic origin

To present national 2003
fetal and perinatal mortality
data by a variety of
characteristis (maternal age,
marital status, race, Hispanic
origin, state, birthweight,
gestational age, plurality,
sex)

To present national 2004 dat
on fetal and perinatal deaths
by maternal age, marital
status, race, Hispanic origin,
state, birthweight, gestationa
age, plurality, sex

To examine fetal deth data
from the National Vital
Statistics System

To present nation&005 data
on fetal and perinatal deaths
by maternal age, marital
status, race, Hispanic origin,
state, gestational age,
birthweight, plurality, sex

To provide national 2006
data on fetal and perinatal
deaths by maternal age,
maiital status, race, Hispanic
origin, state, gestational age,
birthweight, plurality, sex

Population Exclusions
dormitories in the continental
U.S. and aged 189 years at

time of birth in 1970

Outcomes
disposition of
illegitimate first

Data source

Government reports, stillbirth data restricted to 20+ weeks, by authoand year, n=9

Births in the 50 states, DC anc ns
selected territories, 2062012

all 4,115,660 infant deaths of
<28 days of age and fetal
deaths of 20+ weeks in the 50
U.S. states, DC, PR, USVI,
and Guam, 2003

induced abortionglata
from Oklahoma

4,137,710 infant deaths of <2¢
days of age and fetal deaths o
20+ weeks in the 50 states,
DC, PR, USVI, and Guam,
2004

induced abortions; date
from Oklahoma

25,894 fetal deaths in the U.S. ns
2005

4,164,467 infant deaths of <2¢
days of age and fetal deaths o
20+ weeks in the 50 states,
DC, PR, USVI, ad Guam,
2005

induced abortions

4,291,565 infant deaths of <2€ induced abortions
days of age and fetal deaths o

20+ weeks in the 50 states,

DC, PR, USVI, and Guam,

2006

live birth
NVS data including 200012 stillbirth,
Fetal Death Data Files, 2006 perinatal
2011 Linked Birth/Infant Death mortality
Data Sets, and 2002012 Birth
Data Files
NCHS vital statistics data files: fetal and

the 2003 fetal death data file (witl perinatal
data from all Reports of Fetal mortality
Death filed in the 50 states, DC,

PR, USVI, and Guam) and the

2003 period linked birth/infant

death data file (data from death

certificates is linked to data from

birth certificates for each infant

death <1 year)

NCHS vital statistics data files: fetal and
the 2004 fetal death data file (witl perinatal
data from all Reports of Fetal mortality
Death filed in the 50 states, DC,

PR, USVI, and Guam) anti¢

2004 period linked birth/infant

death data file (data from death

certificates is linked to data from

birth certificates for each infant

death <1 year)

fetal death data from the Nationa fetal death
Vital Statistics System (NVSS)

NCHS vital statistics data files: fetal death,
the 2005 fetal death data file (witl perinatal death
data from all Reports of Fetal

Death filed in the 50 states, DC,

PR, USVI, and Guam) and the

2005 period linked birth/infant

death data file (data from dh

certificates is linked to data from

birth certificates for each infant

death <1 year)

NCHS vital statistics data &k: fetal and

the 2006 fetal death data file (witl perinatal death
data from all Reports of Fetal

Death filed in the 50 states, DC,

PR, USVI, and Guam) and the

2006 period linked birth/infant

death data file (data from death

certificates is linked to data from

Stillbirth
definition

spontaneous
intrauterine
deaths at 20+
weeks

fetal deaths
of 20+ weeks

fetal deaths
of 20+ weeks

fetal deaths
of 20+ weeks

fetal deaths
of 20+ weeks

fetal deaths
of 20+ weeks

Relevant results are
paraphrased from abstracts (see
citations)

no abstract

Fetal mortality rates are higher
for NH black women

The fetal mortality rate for NH
black women (1.25) was 2.3
times the rate for NH white
women (4.98), whereas the rate
for Hispanic women (5.43) was 9
percent higher than the rate for
NH white women

no abstract

From 2003 to 2005, fetal
mortality rates declined
significantly for NH white and NH
black women, but not for
Hispanic, American Indian or
Alaska Native (AIAN), or Asian ol
Pacific Islander women. In 2005,
the fetal mortality rate for NH
black women (11.13) was 2.3
times the rate for NH white
women (4.79), the rate for AIAN
women (6.17) was 29% higher,
and the ratdor Hispanic women
(5.44) was 14% higher

Fetal mortality rates declined
significantly for NH black women
from 2005 to 2006 but not for
other racial and ethnic groups. In
20086, the fetal mortality rate for
NH black wanen (10.73) was
more than twice the rate for NH
white (4.81) and Asian or Pacific
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Author and
year

MacDorman
201%

PowellGriner
198914

Pruitt 2020'&°

Barfield
2004

Hoyert
1996%°

NCHS 19665

Schlenker
200916

Aim

To present national 2013 dat
on fetal and perinatal deaths
by maternal age, marital
status, race, Hispanic origin,
state, gestational age,
birthweight, plurality, sex

To describe perinatal
mortality in the United States

To analyze racial/ethnic
disparities in fetal mortality

To assess progress towards
meeting the national goal of
reducing fetal deaths to 4.1

per 1000 total births

To present data for fetal
death variation by education
and use bprenatal care

To present national data on
infant, fetal, and maternal
deaths, including by cause of
death, race, sex, and region

To gain understanding of the
decline in the Black IMR in
Dane County, Wisconsin

Population

3,955,776 infant deaths of <2¢
days of age and fetal deaths o
20+ weeks irthe 50 US states,
DC, American Samoa, Guam,
the Northern Marianas, and
PR, 2013

Fetal deaths, infant deaths, an
live births to U.S. residents
reported to NCHS, 1981985

reporting of all

products of conception
unless birthweight of

500+ g
Fetal deaths and births in the
U.S.,20152017

weekso

Exclusions

induced abortions

New Jersey residents
for racedisagyregated
data; fetal deaths of
not-stated gestation for
states requiring

births to norU.S.
residents and <20

Data source
birth certificates fo each infant
death <1 year)

NCHS vital statistics data files:

Outcomes

fetal and

the 2013 fetal death data file (witl perinatal death

data from all Reports of Fetal
Death filed in the 50 states, DC,
American Samoa, Guarthe

Northern Marianas, and PR) and
the 2013 period linked birth/infan

death data file (data from death
certificates is linked to data from
birth certificates for each infant
death <1 year)

NCHS data on fetal deaths, infan perinatal

deaths, and live births

fetal death data files and birth
certificates from NVSS

mortality

stillbirth

Government reports, stillbirth data not restricted to 20+ weeks, by authoand year, n=6

all fetal deaths and live births
in the U.S., 1992000

19,966 births from 31 states,
1990
or <90% data

complete; <80%
complete data for

education
94,194 fetal deaths registered
in the U.S. including those
occurring to nofresident
aliens, 1963

data)
97,590 birth, infant death, and ns
fetal death records in Dane
County, Wisconsin, 1992007

Oklahoma births, <20
weeks gestation

induced abortions; no
data on Hispanic origin

fetal deaths recorded
Boston for which data
were unavailable; New
Jersey residents (for
racedisaggregated

NVSS

NCHS

National Center for Vital
Statistics

Wisconsin Department of Health
Services vital records including
birth, death, and fetal death
certificates

stillbirth

fetal death

infant and fetal
death and
maternal
mortality

infant mortality,
fetal mortality

Stillbirth
definition

fetal deaths
of 20+ weeks

deaths of
fetuses of
20+ weeks

losses at 20+
weeks

involuntary
fetaldeaths
of 20+ weeks
(known or
presumed)
stated or
presumed
period of
gestation of
20+ weeks

gestations of
20+ weeks or
GA not
stated

any delivery
of 20+ weeks
or if fetus
weighs 350+
g when death
is indicated
by the fetus

Relevant results are

paraphrased from abstracts (see
citations)

Islander (4.89) women. The rate
for American Indian or Alaska
Native women (6.04) was 26%
higher, and the rate for Hispanic
women (5.29) was 10% higher,
than the rate for NHvhite women
In 2013 the fetal mortality rate
for NH black women (10.53) was
more than twice the rate for NH
white (4.88) and Asian or Pacific
Islander (4.68) women. The rate
for American Indian or Alaska
Native women (6.22) was 27%
higher, and the rate for Hispanic
women (5.2) was 7% higher,
than the rate for NH white womer

The rinatal mortality rate was
higher for the black (17.4) than
the white population (9.6). The
race differential widened betweer
1981 and 1985 because the rate
decline for the white population
(15%) exceeded that of the black
population (10%)

no abstract

no abstract

Fetal mortality for 1990 was
highe for white mothers of all
ages who had less schooling

no abstract

no abstract
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Relevant results are

Author and Stillbirth paraphrased from abstracts (see
year Aim Population Exclusions Data source Outcomes definition citations)
showing no
evidence of
life
Shapiro To analyze trends in infant,  4,167362 livebirths in the U.S. ns official vital statistics, primarily infant, fetal, fetal deaths no abstract
19657 fetal and perinatal mortality  as well as fetal deaths of 20+ the Division of Vital Statistics, perinatal of 20+ weeks
by age at death, cause of weeks (n not reported), 1942 Public Health Service; also vital ~ mortality or GA
death, sex, color [sic], and 1962 statistics for upstate New York unknown

geographic area, and the role
of risk factors including
birthweight, age of mother,
birth order, and prior
pregnancy loss

U.S. Dept of To report national 134 birth, 2,246,139 births in the ns birth, death, and stillbirth stillbirth, live varied no abstract
Commerce stillbirth and infant mortality ~ continental U.S., Hawaii, and certificates births and infant  (different
19367 data USsVvi, 1934 mortality, also definitions
causespecific for each
stillbirth state, ranging
from all

products of
conception in

MD to 7th
month in
WA, ND and
IN)
Government reports, unknown whether stillbirth data restricted to 20+ weeks, n=1
Koonin To understand risk factors fo 1,459 pregnancyelated deaths pregnancyrelated health departments in the 50 pregrancy ns no abstract
1997418 pregnancyrelated deaths in the U.S., 19871990 deaths in Puerto Rico; states, DC, NYC, and PR related death
deathgelated to provided CDC with death

ectopic pregnancy or  certificates and available matchel
abortion, deaths before pregnancyoutcome records
delivery, time period

between delivery and

death >1 year

Abbreviations: AA, African American, ACOG, American College of Obstetricians and Gynecologists, AIAN, American IndidafilaskaP, antepartum,
BMI, body mass index, CDC, Centers for Disease Controtdifidence interval, DOH, Dept of Health, FD, fetal death, GA, gestational age, GDM,
gestational diabetes mellitus, HR, hazard ratio, HRR, Hospital Reference Rég@idnhjternational Classification of Diseases, IDD, intellectual or
developmental disality, IM, infant mortality, IMR, infant mortality rate, IP, intrapartum, IPI, interpregnancy interval, IUFD, intrauterin¢ detaise, LBW,
low birthweight, LGA, large for gestational age, LMP, last menstrual period, NCHS, National Center for HealtltSthti$, norHispanic, NHB, non
Hispanic Black, NHW, noehlispanic white, NICHD, National Institute of Child Health and Human Development, NICU, neonatal intensive care unit, NL,
neonatal lupus, NND, neonatal death, ns, not stated, NVS, National Vifati€&atNVSS, National Vital Statistics System, OR, odds ratio, PR, Puerto Rico,
PRR, prevalence rate ratio, PTB, preterm birth, R@hdomized controlled trial, ROR, relative odds ratios, RR, risk ratio, SB, stillbirth, SD, standard
deviation, SGA, smdlibr gestational age, SLE, systemic lupus erythematosus, USVI, U.S. Virgin Islands.

214



Table A9: Stillbirth definitions used in the 70 reports which provided any definition

Definition # reports using this definition
>500 g 1
20+ weeks 36

20+ and >500 g

20+ and 500 g+

20+ and Apgar 0

20+ known or presumed
20+ or 350 g+

20+ or 500 g+

20+ or unknown

20+ presumed

21+

23+ and >400 g

23+ and ICDcodes

24+

24+ and 500 g+

28+

Apgar 0andno signs of life
ICD codes

TOTAL

SERPPNWRPEPNRNRPONEND

Two reports allowed varied definitions of stillbirth and 23 provided no definition.
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Table A 10 Black-white Stillbirth Disparity Ratios (95% CIs) with exposures, factors

Report

Akobirshoev 2019

Allen 2005
Ananth 2005

August 2011

Barfield 1996

Barfield 2004

domains of analysis (n=1,143 SDRs from 83 reports)

Estimate (exposure, if any)

OR for SB in women with IDD (NHW v NHB)

OR for FD (B v W)

OR for FD (B v W)

OR for SB in women with prior ID (1981985 v 19962000)
HR for SB (B v W)

HR for SB (prior ID v no ID)

HR for SB (prior NND v no NND)

HR for SB (postNND v no postNND)

HR for SB (W or B with ID v W no ID)

HR for SB (W or B with NND v W no NND)

HR for SB (W or B with posNND v W no postNND)
RR for FD in civilians (B v W)

RR for FD inmilitary (B v W)

# FDs per 1000 TB, NHVEndNHB, 1990

# FDs per 1000 TB, NHVEndNHB, 1991

# FDs per 1000 TB, NHVEndNHB, 1992

# FDs per 1000 TB, NHVEndNHB, 1993

# FDs per 1000 TB, NHVEndNHB, 1994

# FDs per 1000 TB, NHVEndNHB, 1995

# FDs per 1000 TB, NHVEndNHB, 1996

# FDs per 1000 TB, NHVEndNHB, 1997

# FDs per 1000 TB, NHVEndNHB, 1998

# FDs per 1000 TB, NHVEndNHB, 1999

# FDs per 1000 TB, NHVEndNHB, 2000

# FDs per 1000 TB, NHVEndNHB, 20-27 wk, 1990
# FDs per 1000 TB, NHVEndNHB, 20-27 wk, 1991
# FDs per 1000 TB, NHVEndNHB, 20-27 wk, 1992
# FDs per 1000 TB, NHVEndNHB, 20-27 wk, 1993
# FDs per 1000 TB, NHVBndNHB, 20-27 wk, 1994
# FDs per 1000 TB, NHVBndNHB, 20-27 wk, 1995
# FDs per 1000 TB, NHVBndNHB, 20-27 wk, 1996
# FDs per 1000 TB, NHVBndNHB, 20-27 wk, 1997
# FDs per 1000 TB, NHVBndNHB, 20-27 wk, 1998
# FDs per 1000 TB, NHVBndNHB, 20-27 wk, 1999
# FDs per 1000 TB, NHVendNHB, 20-27 wk, 2000
# FDs per 1000 TB, NHVendNHB, 28+ wk, 1990
# FDs per 1000 TB, NHVIndNHB, 28+ wk, 1991
# FDs per 1000 TB, NHVEndNHB, 28+ wk, 1992
# FDs per 1000 TB, NHVendNHB, 28+ wk, 1993
# FDs per 1000 TB, NHVIndNHB, 28+ wk, 1994
# FDs per 1000 TB, NHVIndNHB, 28+ wk, 1995
# FDs per 1000 TB, NHVIndNHB, 28+ wk, 1996
# FDs per 1000 TB, NHVIndNHB, 28+ wk, 1997
# FDs per 1000 TB, NHVIndNHB, 28+ wk, 1998

X

XXX XXX X XXXXX

Domains of
analysis?
R F M H S

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

X X X X X X X X

Adjusted for

age, insurance, median household income for zip code,
morbidities, hospital (location, teaching status, bed numl

region), yr
GA, age, PNC

gravidity, ed, marital, PNC, cohort, age, period
gravidity, mat ed, marital, and PNC

mat sociodem characs
sociodem variables, preg comp

sociodem variables

n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a

stratified or modified by, and

SDR (95% Cl)

2.50 (1.16, 5.38)

1.1(0.9, 1.3)
23(2.1,2.6)
0.66
2.06(1.78, 2.39)
2.18
2.12
2.77
421
4.06
5.5
1.69 (1.60, 1.78)
1.30 (1.02, 1.66)
2.17
2.12
2.17
2.18
2.16
2.16
2.11
2.18
22
2.28
2.28
2.63
2.54
2.64
2.68
2.54
2.62
2.54
2.68
2.64
2.84
2.72
1.83
1.79
1.82
1.75
1.81
1.77
1.71
1.77
1.79
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Report

Brisendine 2020

Brown 2007

Brown 2012

Buck 1995

Estimate (exposure, if any)

# FDs per 1000 TB, NHVendNHB, 28+ wk, 1999
# FDs per 1000 TB, NHVendNHB, 28+ wk, 2000
OR for SB (NHW v NHB), 2529 yr

OR for SB (NHW v NHB), <20 yr

OR for SB (NHW v NHB), 224 yr

OR for SB (NHW v NHB), 3634 yr

OR for SB (NHW v NHB), 3539 yr

OR for SB (NHW v NHB), 40+ yr

OR for SB (NHW v NHB), 227 wk 2529 yr
OR for SB (NHW v NHB), 227 wk <20 yr
OR for SB (NHW v NHB), 2e27 wk 2024 yr
OR for SB (NHW v NHB), 227 wk 3034 yr
OR for SB (NHW v NHB), 227 wk 3539 yr
OR for SB (NHW v NHB), 2627 wk 40+ yr
OR for SB (NHW v NHB), 28+ wk 2829 yr
OR for SB (NHW v NHB), 28+ wk <20 yr
OR for SB (NHW v NHB), 28+ wk 224 yr
OR for SB (NHW v NHB), 28+ wk 3(84 yr
OR for SB (NHW v NHB), 28+ wk 389 yr
OR for SB (NHW v NHB), 28+ wk 40+ yr
OR for SB (2024 v <20 yr)

OR for SB (2529 v <20 yr)

OR for SB (3034 v <20 yr)

OR for SB (3539 v <20 yr)

OR for SB (40+ v <20 yr)

OR for 2627 wk SB (2624 v <20 yr)

OR for 2627 wk SB (2529 v <20 yr)

OR for 2627 wk SB (3634 v <20 yr)

OR for 2027 wk SB (3539 v <20 yr)

OR for 2027 wk SB (40+ v <20 yr)

OR for 28+ wk SB (24 v <20 yr)

OR for 28+ wk SB (25829 v <20 yr)

OR for 28+ wk SB (384 v <20 yr)

OR for 28+ wk SB (389 v <20 yr)

OR for 28+ wk SB (40+ v <20 yr)

OR for FD (AAV W)

OR for SB(segregation, high v low)

OR for SB, low segregation counties (NHB v W)

OR for SB, highsegregation counties (NHB v W)

# FDs per 1000 TB, W6ndB

# FDs per 1000 TB, WndB, 10-14 yrs

# FDs per 1000 TB, WndB, 1519 yrs

# FDs per 1000 TB, WndB, 20-29 yrs

# FDs per 1000 TB, WndB, 30-44 yrs

# FDs per 1000 TB, WndB, 45+ yrs

# FDs per 1000 TB, WndB, mat cond

# FDs per 1000 TB, WndB, mat comp of preg

# FDs per 1000 TB, WdndB, comp of placenta, cord, membranes
# FDs per 1000 TB, WWndB, sow fetal growth and fetal maturation

XXXXXXXXXXXXXXXXXXXXXXX

Domains of
analysis?
FMH S

X
X

XXX XXX XXXX XX

XX XX X XX XXX

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

XX X X X X X X

Adjusted for

n/a
n/a
parity, hyperten disorders, diab

age, residence, comorbidity, substance abuse, psycholo
abnormality, length of hospital stay, total hospital charge
age, marital, yr, county level (residential seg, median
household income, % adults >25 with HS degree)

n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a

SDR (95% Cl)

1.79

1.86
2.42 (2.35, 2.48)
1.74 (1.66, 1.82)
1.93 (1.87, 1.99)
2.64 (256, 2.73)
2.32(2.22, 2.42)
2.25 (2.102.41)
2.86 (2.74, 2.99)
1.99 (1.85, 2.13)
2.14 (2.03, 2.26)
3.19 (3.02, 3.36)
2.60 (2.42, 2.78)
2.62 (2.35, 2.94)
2.19 (2.12, 2.26)
1.59 (1.50, 1.68)
1.82 (1.75, 1.89)
2.35 (2.25, 2.45)
2.15 (2.03, 2.27)
2.04 (1.87, 2.23)

1.12

1.41

1.52

1.34

1.29

1.10

1.50

1.69

1.38

1.39

1.13

1.35

1.43

1.31

1.23
1.41 (0.90, 2.20)

1.4

1.67 (1.52, 1.83)
2.35 (2.16, 2.55)
1.63 (153, 1.73)
1.36 (0.54, 3.43)
1.30 (1.14, 1.50)
1.69 (1.56, 1.84)
1.68 (1.49, 1.90)
4.04 (1.10, 14.83
2.59 (1.89, 3.55)
1.91 (1.68, 2.18)
1.42 (1.25, 1.61)
0.77 (0.36, 1.66)
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Report

Cai, Hoff and Archer 2007

Cai, Hoff and Okah 2007

Carmichael 2015

Estimate (exposure, if any)

# FDs per 1000 TB, WndB, disorders relating to short gestation and unspecified
LBW

# FDs per 1000 TB, WndB, intrauterine hypoxia and birth asphyxia
# FDs per 1000 TB, WndB, other respiratory cond of fetus

# FDs per 1000 TB, WndB, other and iltdefined cond originating in perinatal
period

# FDs per 1000 TB, &ndB, other

# FDs over TB per 1000, \AhdB

# FDs over TB per 1000, \WhdB, Kansas City 5014999

# FDs over TB per 1000, \WhdB, Kansas City 150@499g

# FDs over TB per 1000, \WhdB, Kansas City 2500+g

# FDs over TB per 1000, \WhdB, Balance of Jackson Cty, 50@99g
# FDs over TB per 1000, \WhdB, Balance of Jackson Cty, 15@@99g
# FDs over TB per 1000, \WhdB, Balance of Jackson Cty, 2500+g
RaR for FM (NHB v NHW)

RaR for FM (NHB v NHW), 2627 wk

RaR for FM (NHB v NHW), 28+ wk

RaR for FM (NHB v NHW), <2500 g

RaR for FM (NHB v NHW), 2500+ g

RR for SB (1 BMI unit increase), multips 37 wk

RR for SB (5 BMI unit increase), multips 317 wk

RR for SB (10 BMI unit increase), multips 3@ wk

RR for SB (15 BMI unit increase), multips 3@ wk

RR for SB (20 BMI unit increase), multips 3@ wk

RR for SB (1 BMI unit increase), multips &6 wk

RR for SB (5 BMI unit increase), multips &6 wk

RR for SB (10 BMI unit increase), multips &5 wk

RR for SB (15 BMI unit increase), multips &6 wk

RR for SB (20 BMI unit increase), multips &6 wk

RR for SB (1 BMI unit increase),multips 28 wk

RR for SB (5 BMI unit increase), multips 28. wk

RR for SB (10 BMI unit increase), multips 24 wk

RR for SB (15 BMI unit increase), multips 24 wk

RR for SB (20 BMI unit increase), multips 24 wk

RR for SB (1 BMI unit increase), multips 24 wk

RR for SB (5 BMI unit increase), multips 24 wk

RR for SB (10 BMI unit increase), multips 2 wk

RR for SB (15 BMI unit increase), multips 2 wk

RR for SB (20 BMI unit increase), multips 2% wk

RR for SB (1 BMI unit increase), multips 28 wk

RR for SB (5 BMI unit increase), multips 28 wk

RR for SB (10 BMI unit increase), multips 23 wk

RR for SB (15 BMI unit increase), multips 23 wk

RR for SB (20 BMI unit increase), multips 23 wk

RR for SB (1 BMI unit increase), nullips 3¥1 wk

RR for SB (5 BMI unit increase), nullips 3¥1 wk

RR for SB (10 BMI unit increase), nullips 3 wk

RR for SB (15 BMI unit increase), nullips 3 wk

RR for SB (20 BMI unit increase), nullips 31 wk

RR for SB (1 BMI unit increase), nullips 33 wk

RR for SB (5 BMI unit increase), nullips 33 wk

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Domains of
analysis?
FMH S

X

X
X

X X X X X X

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

x

X X X X X X

HXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

n/a

n/a
n/a
n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a
unadjusted
unadjusted
unadjusted
unadjusted
unadjusted
age, ed, height

SDR (95% Cl)
2.79 (219, 3.56)

1.04 (0.73, 1.49)
1.93 (0.94, 3.96)
1.66 (150, 1.83)

0.99 (0.76, 1.30)
2.08 (151, 2.85)
2.25 (111, 4.56)
3.24 (1.10, 9.51)
3.24(1.10, 9.51)
1.90 (0.72, 5.02)
0.52 (0.07, 3.95)
1.48 (0.43, 5.04)
2.30 (1.93, 2.70)
0.60(0.56, 0.84)
2.20 (1.71, 2.70)
1.20 (0.99, 1.43)
1.70 (1.11, 2.35)

1.04

1.17

1.19

1.04

0.79

0.98

0.94

0.89

0.83

0.79

0.96

0.81

0.66

0.54

0.44

0.95

0.79

0.62

0.49

0.38

1.00

0.99

0.99

0.99

0.99

0.93

0.75

0.66

0.67

0.79

1.01

1.10

218



Report

Carmichael 2019

Estimate (exposure, if any)

RR for SB (10 BMI unit increase), nullips &6 wk
RR for SB (15 BMI unit increase), nullips &6 wk
RR for SB (20 BMI unit increase), nullips &6 wk
RR for SB (1 BMI unit increase), nullips ZBL wk
RR for SB (5 BMI unit increase), nullips ZBL wk
RR for SB (10 BMI unit increase), nullips 28 wk
RR for SB (15 BMI unit increase), nullips Z8. wk
RR for SB (20 BMI unit increase), nullips 28 wk
RR for SB (1 BMI unit increase), nullips 227 wk
RR for SB (5 BMI unit increase), nullips 227 wk
RR for SB (10 BMI unit increase), nullips 24 wk
RR for SB (15 BMI unit increase), nullips 24 wk
RR for SB (20 BMI unit increase), nullips 24 wk
RR for SB (1 BMI unit increase), nullips 2ZB wk
RR for SB (5 BMI unit increase), nullips 2ZB wk
RR for SB (10 BMI unit increase), nullips 2B wk
RR for SB (15 BMI unit increase), nullips 2B wk
RR for SB (20 BMI unit increase), nullips 2B wk
RR for SB (overweight v normal), multips 3@ wk
RR for SB (class 1 obese v normal), multips437wk
RR for SB (overweight v normal), multips &6 wk
RR for SB (class 1 obese v normal), multips3&2wk
RR for SB (class 2 obese v normal), multips3&2wk
RR for SB (class 3 obese v normal), multips3&2wk
RR for SB (overweight v normal), multips 3 wk
RR for SB (class 1 obese v normal), multips328wk
RR for SB (class 2 obese v normal), multips328wk
RR for SB (overweight v normal), multips 24 wk
RR for SB (class 1 obese v normal), multips2Z4wk
RR for SB (class 2 obese v normal), multips2Z4wk
RR for SB (overweight v normal), multips 28 wk
RR for SB (class 1 obese v normal), multips20wk
RR for SB (class 2 obese v normal), multips2Z0wk
RR for SB (class 3 obese v normal), multips2Z0wk
RR for SB (overweight v normal), nullips 371 wk
RR for SB (class 1 obese v normal), nullips47wk
RR for SB (class 3 obese v normal), nullips47wk
RR for SB (overweight v normal), nullips 36 wk
RR for SB (class 1 obese v normal), nullips32wk
RR for SB (overweight v normal), nullips 28 wk
RR for SB (class 1 obese v normal), nullips328wk
RR for SB (overweight v normal), nullips 247 wk
RR for SB (class 1 obese v normal), nullipsZ4wk
RR for SB (class 2 obese v normal), nullipsZ4wk
RR for SB (overweight v normal), nullips 2ZB wk
RR for SB (class 1 obese v normal), nullipsZwk
RR for SB (class 2 obese v normal), nullipsZwk
RR for SB (class 3 obese v normal), nullipsZwk

OR for SB (NHB v NHW singleton fulterm livebirth), 2025 wk

PR for SB (NHB v NHW), 221 wk

XXXXXXXXXXXXXXXXXHXXXXXXXXXXXHXXXXXXXXXXXXXXXXXXXXX™D

x

Domains of
analysis?

XXXXXXXXXXXXXHXXXXXXHXXXXXXHXXXXXXXXXXXXXXXXXXXXXXXT

M H S

XXXXXXXXXXXXXXXXXXXHXXXXXHXXHXXXXXXXXXXXXXXXXXXXXXX

Adjusted for

ed, payer, country of birth, BMI, smoking, ppeeg diab
and hypemn, parity, IPI, prior SB or PTB
unadjusted

SDR (95% Cl)

1.19
1.30
1.42
0.98
0.93
0.86
0.80
0.74
0.97
0.89
0.80
0.71
0.64
0.98
0.90
0.81
0.72
0.65
0.52
1.58
1.09
1.79
0.28
1.16
0.72
0.50
0.66
1.06
0.82
1.13
0.89
1.08
1.07
0.98
0.82
0.53
0.98
1.67
0.95
0.74
0.33
0.88
1.28
1.63
1.19
0.73
1.43
0.53

2.03 (1.79, 2.29)

2.51(2.16, 2.92)
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Report

Clowse 2016

Creanga 2017
Demissie 2001

Dryfhout 2010

Dumas 2020
Faiz 2012
Getahun 2005
Getahun 2007

Estimate (exposure, if any)

PR for SB (NHB v NHW), 2223 wk
PR for SB (NHB v NHW), 2425 wk
PR for SB (NHB v NHW), 25 wk
ORfor SB in mothers with SLE (B v W)

% pregrelated deaths

# FDs per 1000 TB, WndB, 1997
# FDs per 1000 TB, VendB, 1989
OR for SB (B v W fultterm)

# nonLB per 1,000 subjects, \&hdB
HR for SB (NHB v NHW)

RR for SB (both parents B v W)
HR for AP SB (35+ v 24)

HR for AP SB(<20 v 2024)

HR for AP SB(25-29 v 2024)

HR for AP SB (3034 v 2024)

HR for AP SB <20 yr (NHAA v NHW)
HR for AP SB, 2024 yr (NHAA v NHW)
HR for AP SB, 2529 yr (NHAA v NHW)
HR for AP SB, 3034 yr (NHAA v NHW)
HR for AP SB, 35+ yr (NHAA v NHW)
HR for IP SB (35+ v 224)

HR for IPSB (<20 v 2024)

HR for IP SB (2529 v 2024)

HR for IP SB (3034 v 2024)

HR for IP SB, <20 yr (NHAA v NHW)
HR for IP SB, 2624 yr (NHAA v NHW)
HR for IP SB, 2529 yr (NHAA v NHW)
HR for IP SB, 3634 yr (NHAA v NHW)
HR for IP SB, 35+ yr (NHAA v NHW)
HR for AP SB (<8 v 12+ yrs ed)

HR for AP SB (811 v 12+ yrs ed)

HR for AP SB , <8 yr ed (NHAA v NHW)
HR for AP SB, 811 yr ed (NHAA v NHW)
HR for AP SB, 12+ yr ed (NHAA v NHW)
HR for IP SB (<8 v 12+ yrs ed)

HR for IP SB (811 v 12+ yrs ed)

HR for IP SB, <8 yr ed (NHAA v NHW)
HR for IP SB, 811 yr ed (NHAA v NHW)
HR for IP SB, 12+ yr ed (NHAA v NHW)
HR for AP SB (unmarried v married)
HR for AP SB, unmarried

HR for IP SB (unmarried v married)

HR for IP SB,unmarried (NHAA v NHW)
HR for AP SB (multi v nulli)

X X X X'

X X X

HXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Domains of
analysis?
FMH S

X
X
X

x

HXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

x

HXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Adjusted for

unadjusted
unadjusted
unadjusted

age, insurance, thrombophilia, anemia, thrombocytopen
drug use, alcohol use, tobacco use, chronic hgpert
chronic renal failure, diab, thyroid disorders, asthma, his
of myocardial infarction, pluralitymode of delivery,

placenta previa
n/a
n/a
n/a

smoking, physical activity, plurality, mat weight, cramps,
bleeding, age, parity, marital, income, ed, occupation,
insurance, PNC provider, trimester at PNC initiation, # P

visits
n/a
mat characs, preg comp

age, ed, paternal age, PNayity, marital, smoking
ed, marital, parity, PNC, BMI, smoking, sex, prior PTB o

SGA, current SGA, COD, gest weight gain

SDR (95% Cl)

2.29 (1.95, 2.70)
2.62(2.10, 3.27)
2.45 (2.22, 2.70)
1.61 (1.15, 2.25)

0.74 (0.47, 1.15)

1.74 (1.67, 1.81)

1.71 (1.65, 1.77)
1.69

0.84 (0.66, 1.06)

1.90 (1.70, 2.10)

1.67 (1.62,1.72)
0.8

0.78
1.00
0.91

1.3(0.9,1.7)

1.2 (1.0, 1.6)

1.5(1.1,1.9)

1.3(0.9, 1.8)

1.1 (0.7, 1.0)
0.89
1.50
0.75
1.17

1.4 (0.7, 3.6)

0.9(0.5, 1.6)

0.9 (0.4, 2.2)

1.0 (0.4, 2.8)

1.5 (0.5, 4.5)
0.96
0.92

1.4 (1.0,2.1)

1.2 (0.9, 1.5)

1.3(1.1, 1.5)
1.53
0.93

1.8(0.5,5.2)

1.2 (0.6, 2.4)

0.9 (0.6, 1.4)
0.90

1.2 (1.0, 1.4)
0.53

0.9 (0.6, 1.4)
1.15
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Domains of

Report Estimate (exposure, if any) analysis? Adjusted for SDR (95% ClI)
R F M H S

HR for AP SB, multiparous (NHAA v NHW) X X X " 1.3(1.1,1.5)
HR for AP SB, nullips (NHAA v NHW) X X X " 1.2(0.9,1.5)
HR for IP SB(multi v nulli) X X X " 0.50
HR for IP SB, multiparous (NHAA v NHW) X X X " 1.1(0.8,1.7)
HR for IP SB, nullips (NHAA v NHW) X X X " 0.8(0.4,1.7)
HR for AP SB (late/no vs etime PNC) X X X " 0.77
HR for AP SB, late/no PNQNHAA v NHW) X X X " 1.0 (0.8,1.3)
HR for IP SB (late/no vs etime PNC) X X X " 0.64
HR for IP SB, late/no PNC (NHAA v NHW) X X X " 0.8(0.4,1.7)
HR for AP SB (<18.5 v 18:25 BMI) X X X " 2.00
HR for AP SB (2530 v18.525 BMI) X X X " 1.00
HR for AP SB (30+ v 18.25 BMI) X X X " 0.92
HR for AP SB, <18.5 BMI (NHAA v NHW) X X X " 16(1.2,2.2)
HR for AP SB, 18.825 BMI (NHAA v NHW) X X X " 1.2(1.0,1.4)
HR for AP SB, 2530 BMI (NHAA v NHW) X X X " 1.1(0.8,1.5)
HR for AP SB, 30+ BMI (NHAA v NHW) X X X " 1.2(0.9,1.7)
HR for IP SB (<18.5 v 18:25 BMI) X X X " 1.90
HR for IP SB (2530 v 18.525 BMI) X X X " 0.80
HR for IP SBI (30+ v 18.825 BMI) X X X " 1.57
HR for IP SB, <18.5 BMI (NHAA v NHW) X X X " 1.6 (0.8,3.4)
HR for IP SB, 18.825 BMI (NHAA v NHW) X X X " 1.0 (0.6, 1.6)
HR for IP SB, 2530 BMI (NHAA v NHW) X X X " 0.7 (0.3,1.7)
HR for IP SB, 30+ BMI (NHAA v NHW) X X X " 1.4 (0.6, 3.6)
HR for AP SB (excess gain v not) X X X " 0.67
HR for AP SB, excess weight gain (NHAA v NHW) X X X " 0.9 (0.5, 1.3)
HR for IP SB (excess gain v not) X X X " 0.60
HR for IP SB, excess weight gain (NHAA v NHW) X X X " 0.5(0.1, 2.4)
HR for AP SB (smoking v not) X X X " 1.10
HR for AP SB in smokers (NHAA v NHW) X X X 1.2(1.0,1.6)
HR for IP SB (smoking v not) X X X 2.29
HR for IP SB in smokers (NHAA v NHW) X X X 21(1.14.3)
HR for AP SB (M v F) X X 1.10
HR for AP SB, males (NHAA v NHW) X X 1.3(1.1,1.6)
HR for IP SB (M v F) X X 1.09
HR for IP SB, males (NHAA v NHW) X X 1.1(0.7,1.7)
HR for AP SB (prior SGA/PTB v not) X X X 0.69
HR for AP SB with prior SGA/PTB (NHAA v NHW) X X X 1.1(0.5,2.4)
HR for IP SB (prior SGA/PTB v not) X X X 1.14
HR for IP SB with prior SGA/PTB (NHAA v NHW) X X X 1.5(0.3,8.4)
HR for AP SB (SGA <5tftentile v not) X X 0.77
HR for AP SB, <5th centile (NHAA v NHW) X X 0.8 (0.6, 1.0)
HR for AP SB (SGA <10th centile v not) X X 0.53
HR for AP SB, <10th centile (NHAA v NHW) X X 0.9 (0.7,1.1)
HR for IP SB(SGA <5th centile v not) X X 4.75
HR for IP SB, <5th centile (NHAA v NHW) X X 3.4(15,7.7)
HR for IP SB (SGA <10th centile v not) X X 0.26
HR for IP SB, <10th centile (NHAA v NHW) X X 15(0.7,2.9)
HR for APSB (CA v not) X X 0.83
HR for AP SB with any congenital anomaly (NHAA v NHW) X X 1.0 (0.7, 1.6)
HR for IP SB (CA v not) X X 1.17
HR for IP SB with any congenital anomaly (NHAA v NHW) X X 1.1 (0.5, 2.3)
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Report

Gold 2010

Gould 2003
Grant 2017
Gregory 2003

Estimate (exposure, if any)

HR for AP SB, (diab v not)

HR for AP SB with diab (NHAA v NHW)

HR for IP SB (diab v not)

HR for IP SB with diab (NHAA v NHW)

HR for AP SB (chronic hypert v not)

HR for AP SB with chronic hypert (NHAA v NHW)

HR for IP SB (chronic hypert v not)

HR for IP SB with chronic hypert (NHAA v NHW)

HR for AP SB (preg induced hypert v not)

HR for AP SB with preg induced hypert (NHAA v NHW)
HR for IP SB (preg induced hypert v not)

HR for IP SB with pregnduced hypert (NHAA v NHW)
HR for AP SB (PROM no fever v no PROM no fever)
HR for AP SB with PROM but no fever (NHAA v NHW)
HR for IP SB (PROM no fever v no PROM fever)

HR for IP SB with PROM but no fever (NHAA v NHW)
HR for AP SB (fever but no PROM v no PROM, no fever)
HR for AP SB with fever but no PROM (NHAA v NHW)
HR for IP SB (fever but no PROM v no PROM, no fever)
HR for IP SB with fever but no PROM (NHAA v NHW)
HR for AP SB (PROM and fever v no PROM or fever)
HR for AP SB with PROMand fever (NHAA v NHW)

HR for IP SB (PROM and fever v no PROM or fever)
HR for IP SB with PROM and fever (NHAA v NHW)

HR for AP SB (placental abruption v no)

HR for AP SB with placental abruption (NHAA v NHW)
HR for IP SB (placental abruption v no)

HR for IP SB with placental abruption (NHAA v NHW)
HR for AP SB(placenta previa v no)

HR for AP SB with placenta previa (NHAA v NHW)

HR for AP SB (excessive bleeding v no)

HR for AP SB with excessive bleeding (NHAA v NHW)
HR for AP SB (renal disease v no)

HR for AP SB with renal disease (NHAA v NHW)

HR for AP SB (fetal distress v not)

HR for AP SB with fetal distress (NHAA v NHW)

HR for IP SB (fetal distress v not)

HR for IP SB with fetal distress (NHAA v NHW)

HR for AP SB (cord comp v not)

HR for AP SB with cord comp (NHAA v NHW)

HR for IP SB (cord comp v not)

HR for IP SB with cord comp (NHAA v NHW)

HR for AP SB (any one mat or fetal condition vs none)
HR for AP SB with any one mat éetal condition (NHAA v NHW)
HR for IP SB (any one mat or fetal condition vs none)
HR for IP SB with any one mat or fetal condition (NHAA v NHW)
OR for SB (bottparents B v W)

# FDs per 1000 TB, UBorn NHWandNHB
% twin pregnancies that included any FDs, Nl AWINHB
RR for intrauterine fetal distress (35+ v <35)

HXXXXXXXXXXXXXXXXXXHXXXXXXXXXXXXXXXXXXXXXXXXXXXXXD

Domains of
analysis?

XXXXXXXXXXXXXXXXXXXXXXXXXXXHXXXXXXXXXXXXXXXXXXXT

M H S

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

X X X X

Adjusted for

birthweight, GA, demographic factors, social, biological,
and genetic/congenital risk factors, procedures

n/a

n/a

unadjusted

SDR (95% Cl)

1.00
1.5 (0.8,3.1)
1.00
0.8 (0.1, 8.2)
1.42
1.9 (0.9, 4.1)
1.36
1.3(0.1, 30.5)
1.71
1.9 (1.2, 3.0)
0.43
1.1 (0.1, 11.0)
1.60
1.7 (1.0,3.2)
1.56
1.2 (0.6, 2.6)
0.83
1.3 (0.6,2.9)
1.94
1.8 (0.3,10.1)
36
16.1 (1.9, 135.9)
0.61
0.5(0.1,3.1)
1.07
1.5(1.1,2.1)
2.44
1.3(0.7,2.7)
0.27
0.2 (0.0, 2.3)
1.69
1.8 (0.9.3.6)
1.67
3.8(0.4,33.7)
1.00
0.5(0.2, 1.6)
1.75
1.6 (0.7, 3.8)
0.74
0.9 (0.4, 2.0)
0.61
0.7 (0.2, 2.9)
0.90
1.4(1.1,1.7)
0.36
1.4 (1.0,1.7)
1.04 (0.86, 1.27)

1.82 (1.67, 1.98)
3.61(117,11.21
1.38
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Report
Gregory 2014

Guendelman 1994
Healy 2006

Hoyert 1996

Estimate (exposure, if any)

# FDs per 1000 TB, NHVIndNHB, late fetal 2006

# FDs per 1000 TB, NHVendNHB, late fetal 2011

OR for FD (NHW or NHB with prior FD v NHW with no prior FD)
OR for FD 24+ wk (B v W)

OR for FD <24 wk (B v W)

# FDs per 1,000 TB, NHWndNHB

# FDs per 1,000 TB, NH&ndNHB, <20 yrs

# FDs per 1,000 TB, NHVEndNHB, 20-34 yrs

# FDs per 1,000 TB, NHVEndNHB, 3549 yrs

# FDs per 1,000 TB, NHWNdNHB, <12 yrs of ed

# FDs per 1,000 TB, NHVBndNHB, <20 yrs, <12 yrs ed

# FDs per 1,000 TB, NHWNdNHB, 20-34 yrs, <12 yrs ed
# FDs per 1,000 TB, NHWNdNHB, 3549 yrs, <12 yrs ed
# FDs per 1,000 TB, NHWNndNHB, 0-8 yrs of ed

# FDs per 1,000 TB, NHWndNHB, <20 yrs, 68 yrs ed

# FDs per 1,000 TB, NHVBndNHB, 20-34 yrs, 08 yrs ed
# FDs per 1,000 TB, NHVBndNHB, 35-49 yrs, 08 yrs ed
# FDs per 1,000 TB, NHV®ndNHB, 9-11 yrs of ed

# FDs per 1,000 TB, NHV®ndNHB, <20 yrs, 911 yrs ed

# FDs per 1,000 TB, NHW&NdNHB, 20-34 yrs 9-11 yrs ed
# FDs per 1,000 TB, NHW&NdNHB, 3549 yrs, 911 yrs ed
# FDs per 1,000 TB, NHWndNHB, 12+ yrs of ed

# FDs per 1,000 TB, NHV®ndNHB, <20 yrs, 12+ yrs ed

# FDs per 1,000 TB, NHWNdNHB, 20-34 yrs, 12+ yrs ed
# FDs per 1,000 TB, NHVIndNHB, 3549 yrs, 12+ yrs ed
# FDs per 1,000 TB, NHVIndNHB, 12 yrs of ed

# FDs per 1,000 TB, NHVIndNHB, <20 yrs, 12 yrs ed

# FDs per 1,000 TB, NHVIndNHB, 20-34 yrs, 12 yrs ed
# FDs per 1,000 TB, NHVIndNHB, 3549 yrs, 12 yrs ed
# FDs per 1,000 TB, NHWIndNHB, 13-15 yrs of ed

# FDs per 1,000 TB, NHWndNHB, <20 yrs, 1315 yrs ed
# FDs per 1,000 TB, NHVIndNHB, 20-34 yrs, 1315 yrs ed
# FDs per 1,000 TB, NHVIndNHB, 3549 yrs, 1315 yrs ed
# FDs per 1,000 TB, NHVIndNHB, 16+ yrs of ed

# FDs per 1,000 TB, NHVIndNHB, 20-34 yrs, 16+ yrs ed
# FDs per 1,000 TB, NHVIndNHB, 3549 yrs, 16+ yrs ed
# FDs per 1,000 TB, NHVandNHB, married

# FDs per 1,000 TB, NHVandNHB, unmarried

# FDs per 1,000 TB, NHVIndNHB, married, <12 yrs ed
# FDs per 1,000 TB, NHV@ndNHB, unmarried, <12 yrs ed
# FDs per 1,000 TB, NHWNdNHB, married, 68 yrs ed

# FDs per 1,000 TB, NHWNndNHB, unmarried, 68 yrs ed
# FDs per 1,000 TB, NHV@ndNHB, married, 911 yrs ed

# FDs per 1,000 TB, NHV@ndNHB, unmarried, 911 yrs ed
# FDs per 1,000 TB, NHV@ndNHB, married, 12+ yrs ed
# FDs per 1,000 TB, NHV@ndNHB, unmarried, 12+ yrs ed
# FDs per 1,000 TB, NH&ndNHB, married, 12 yrs ed

# FDs per 1,000 TB, NHW&NdNHB, unmarried, 12 yrs ed

Domains of
analysis?
FMH S

X
X

X

XXXXXXXXXXXXXXXXXHXXXXXXXXXXXXXXXXXXXXXXXXX

Adjusted for

n/a

n/a

unclear

age, ed, marital, BMI, smoking, drug use, alcohol use,
medication during preg, pregest diab, obstetric history (¢
live birth, miscarriage, PTB), ART, antihyperten med use
prior to preg, site

n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a

SDR (95% Cl)

1.88
1.78
2.4

3.10 (1.50, 6.20)

3.2(2.2,4.8)

1.98 (1.88, 2.00)
1.50 (1.40, 1.61)
2.07 (2.00, 2.15)
2.13 (1.93, 2.35)
1.71 (1.62, 1.81)
1.47 (1.35, 1.61)
1.95 (1.80, 2.11)
1.67 (1.32, 2.11)
1.96(1.70, 2.26)
1.88 (151, 2.33)
2.31 (1.83, 2.90)
1.73 (1.13, 2.65)
1.71 (1.60, 1.82)
1.41 (1.28, 1.55)
1.95 (1.79, 2.13)
1.83 (1.35, 2.49)
2.03 (1.96, 2.11)
1.56 (1.38, 1.75)
2.09 (2.01, 2.18)
2.20(1.98, 2.46)
1.89 (1.81, 1.98)
1.51 (1.34, 1.72)
1.98 (1.88, 2.09)
2.05 (1.76, 2.38)
1.98 (1.85, 2.13)
2.04 (145, 2.87)
1.98 (1.83, 2.14)
2.16 (1.77, 2.65)
2.30 (2.06, 2.57)
2.48 (2.19, 2.80)
1.84(1.43, 2.36)
1.84 (1.73, 1.96)
2.04 (1.90, 2.19)
1.40 (1.141.73)

1.81 (1.59, 2.06)
1.62 (1.08, 2.42)
2.86 (2.10, 3.90)
1.39 (1.09, 1.78)
1.66 (1.43, 1.93)
1.88 (1.76, 2.01)
1.74 (1.61, 1.89)
2.02 (1.83, 2.22)
1.67 (1.50, 1.85)
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Report

Estimate (exposure, if any)

# FDs per 1,000 TB, NHV@ndNHB, married, 1315 yrs ed

# FDs per 1,000 TB, NHV@ndNHB, unmarried, 135 yrs ed

# FDs per 1,000 TB, NHV@ndNHB, married, 16+ yrs ed

# FDs per 1,000 TB, NHV@ndNHB, unmarried, 16+ yrs ed

# FDs per 1,000 TB, NHV@ndNHB, met counties

# FDs per 1,000 TB, NHV@ndNHB, nonmet counties

# FDs per 1,000 TB, NHV@ndNHB, met counties, <12 yrs ed
# FDs per 1,000 TB, NHV@ndNHB, nonmet counties, <12 yrs ed
# FDs per 1,000 TB, NHV8ndNHB, met counties,® yrs ed

# FDs per 1,000 TB, NHV@ndNHB, met counties, 4.1 yrs ed

# FDs per 1,000 TB, NHV@ndNHB, nonmet counties,-21 yrs ed
# FDs per 1,000 TB, NHV@ndNHB, met counties, 12+ yrs ed
# FDs per 1,000 TB, NHWndNHB, nonmet counties, 12+ yrs ed
# FDs per 1,000 TB, NHV@ndNHB, met counties, 12 yrs ed

# FDs per 1,000 TB, NHV@ndNHB, nonmetcounties 12 yrs ed
# FDs per 1,000 TB, NHV@ndNHB, met counties, 135 yrs ed
# FDs per 1,000 TB, NHVE@ndNHB, nonmet counties, 135 yrs ed
# FDs per 1,000 TB, NHVendNHB, met counties, 16+ yrs ed
# FDs per 1,000 TB, NHWndNHB, nonmet counties, 16+ yrs ed
# FDs per 1,000 TB, NHVBndNHB, birth orderl

# FDs per 1,000 TB, NHVBndNHB, birth ordef2

# FDs per 1,000 TB, NHVBndNHB, birth ordefr3

# FDs per 1,000 TB, NHVBndNHB, birth ordefr4

# FDs per 1,000 TB, NHWWNdNHB, birth order5+

# FDs per 1,000 TB, NHWndNHB, birth orderl, <12 yrs ed

# FDs per 1,000 TB, NHWNdNHB, birth order2, <12 yrs ed

# FDs per 1,000 TB, NHWndNHB, birth order3, <12 yrs ed

# FDs per 1,000 TB, NHVIndNHB, birth order4, <12 yrs ed

# FDs per 1,000 TB, NHVIndNHB, birth order5+, <12 yrs ed
# FDs per 1,000 TB, NHVIndNHB, birth ordef5+, 0-8 yrs ed

# FDs per 1,000 TB, NHVIndNHB, birth orderl, 911 yrs ed

# FDs per 1,000 TB, NHVIndNHB, birth order2, 911 yrs ed

# FDs per 1,000 TB, NHVIndNHB, birth order3, 911 yrs ed

# FDs per 1,000 TB, NHVIndNHB, birth order4, 911 yrs ed

# FDs per 1,000 TB, NHVIndNHB, birth ordef5+, 9-11 yrs ed
# FDs per 1,000 TB, NHVIndNHB, birth orderl, 12+ yrs ed

# FDs per 1,000 TB, NHVIndNHB, birth order2, 12+ yrs ed

# FDs per 1,000 TB, NHVIndNHB, birth order3, 12+ yrs ed

# FDs per 1,000 TB, NHVIndNHB, birth order4, 12+ yrs ed

# FDs per 1,000 TB, NHVIndNHB, birth ordef5+, 12+ yrs ed
# FDs per 1,000 TB, NHVIndNHB, birth orderl, 12 yrs ed

# FDs per 1,000 TB, NHV8ndNHB, birth order2, 12 yrs ed

# FDs per 1,000 TB, NHVBndNHB, birth order3, 12 yrs ed

# FDs per 1,000 TB, NHVBndNHB, birth order4, 12 yrs ed

# FDs per 1,000 TB, NHWNdNHB, birth order5+, 12 yrs ed

# FDs per 1,000 TB, NHVBndNHB, birth orderl, 1315 yrs ed
# FDs per 1,000 TB, NHVBndNHB, birth ordef2, 1315 yrs ed
# FDs per 1,000 TB, NHVBndNHB, birth order3, 1315 yrs ed
# FDs per 1,000 TB, NHVBndNHB, birth order4, 1315 yrs ed
# FDs per 1,000 TB, NHW&NdNHB, birth order5+, 1315 yrs ed
# FDs per 1,000 TB, NHW&NdNHB, birth orderl, 16+ yrs ed

Domains of
analysis?
R F M H S

XXXXXXXXXXXXXXHXXXXXXXXXXXHXHXXXXXXXXXXXXXXXXXXXXXXXXX

n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a

Adjusted for

SDR (95% Cl)

1.69 (150, 1.91)
1.64 (1.40, 1.94)
1.89 (1.64, 2.18)
2.63 (2.01, 3.46)
2.25 (2.15, 2.36)
2.25 (2.01, 2.51)
1.93 (1.73, 2.16)
1.79 (1.39, 2.30)
2.04 (157, 2.65)
2.00 (1.75, 2.28)
1.66 (1.25, 2.21)
2.30 (2.192.42)

2.31 (2.04, 2.61)
2.26 (2.11, 2.42)
2.22 (1.90, 2.60)
2.11 (1.92, 2.32)
1.93 (1.48, 2.52)
2.28 (2.02, 2.58)
3.09 (2.22, 4.32)
2.53 (2.29, 2.81)
2.18 (1.99, 2.39)
2.11 (1.92, 2.31)
2.09(1.88, 2.33)
1.71 (158, 1.87)
1.97 (1.39, 2.79)
1.89 (1.40, 2.56)
2.48 (1.94, 3.17)
1.90 (1.49, 2.42)
1.54 (1.33, 1.80)
1.63 (1.12, 2.36)
1.81 (1.20, 2.74)
1.78 (1.26, 2.52)
2.19 (1.662.89)

2.07 (155, 2.74)
1.58 (1.32, 1.90)
2.69 (2.42, 2.99)
2.16 (1.96, 2.39)
2.00 (1.81, 2.21)
2.13 (1.88, 2.40)
1.84 (1.67, 2.04)
2.70 (2.31, 3.17)
2.25 (1.96, 2.58)
2.22 (1.94, 2.54)
2.06 (1.75, 2.42)
1.73 (152, 1.97)
2.32 (1.91, 2.83)
2.07 (1.72, 2.49)
1.62(1.34, 1.96)
1.89 (151, 2.37)
1.87 (155, 2.26)
2.76 (2.24, 3.39)
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Domains of

225

Report Estimate (exposure, if any) analysis? Adjusted for SDR (95% ClI)
R F M H S

# FDs per 1,000 TB, NHVEndNHB, birth order21, 16+ yrs ed X n/a 1.98 (1.57, 2.49)
# FDs per 1,000 TB, NHV@ndNHB, birth order31, 16+ yrs ed X n/a 1.84 (1.39, 2.45)
# FDs per 1,000 TB, NHV@ndNHB, birth order41, 16+ yrs ed X n/a 2.88(2.11, 3.94)
# FDs per 1,000 TB, NHV@ndNHB, birth order5+1, 16+ yrs ed X n/a 2.32(1.703.17)
# FDs per 1,000 TB, NHV@ndNHB, <20 yrs, no PNC X X n/a 1.66 (1.41, 1.95)
# FDs per 1,000 TB, NHV@ndNHB, 20-34 yrs, no PNC X X n/a 1.89 (1.70, 2.09)
# FDs per 1,000 TB, NHV@ndNHB, 3549 yrs, no PNC X X n/a 1.23(0.92, 1.63)
# FDs per 1,000 TB, NHWNdNHB, <20 yrs, any PNC X X n/a 1.48 (1.38, 1.60)
# FDs per 1,000 TB, NHV@ndNHB, 20-34 yrs, any PNC X X n/a 1.96 (1.89, 2.04)
# FDs per 1,000 TB, NHV@ndNHB, 3549 yrs, any PNC X X n/a 2.11(1.91,2.32)
# FDs per 1,000 TB, NHV@ndNHB, <20 yrs, PNC start tri 1 X X n/a 1.60 (1.46, 1.76)
# FDs per 1,000 TB, NHV@ndNHB, 20-34 yrs, PNC start tri 1 X X n/a 2.09 (2.00, 2.18)
# FDs per 1,000 TB, NHV@ndNHB, 3549 yrs, PNC start tri 1 X X n/a 2.15(1.92, 2.41)
# FDs per 1,000 TB, NHV@ndNHB, <20 yrs, PNC start tri 2 X X n/a 1.35(1.19, 1.54)
# FDs per 1,000 TB, NHVEndNHB, 20-34 yrs, PNC start tri 2 X X n/a 159 (1.47,1.72)
# FDs per 1,000 TB, NHVEndNHB, 3549 yrs, PNC start tri 2 X X n/a 1.79 (1.45, 2.23)
# FDs per 1,000 TB, NHV@8ndNHB, <20 yrs, PNC start tri 3 X X n/a 1.57 (1.13,2.18)
# FDs per 1,000 TB, NHV@ndNHB, 20-34 yrs, PNC start tri 3 X X n/a 1.75 (145, 2.11)
# FDs per 1,000 TB, NHVEndNHB, 3549 yrs, PNC start tri 3 X X n/a 1.86 (1.16, 3.00)
# FDs per 1,000 TB, NHVEndNHB, <20 yrs, 2627 wk X X n/a 1.94 (1.76, 2.13)
# FDs per 1,000 TB, NHVEndNHB, 20-34 yrs, 2027 wk X X n/a 2.73 (2,59, 2.87)
# FDs per 1,000 TB, NHVEndNHB, 3549 yrs, 2027 wk X X n/a 2.40 (2.08, 2.77)
# FDs per 1,000 TB, NHVBndNHB, <20 yrs no PNC, 2e27 wk X X X n/a 1.99 (1.62, 2.44)
# FDs per 1,000 TB, NHVEndNHB, 20-34 yrs, no PNC, 2@7 wk X X X n/a 2.32(2.02, 2.66)
# FDs per 1,000 TB, NHVEndNHB, 3549 yrs, no PNC, 2@7 wk X X X n/a 1.45(0.95, 2.22)
# FDs per 1,000 TB, NHWndNHB, <20 yrs, any PNC, 227 wk X X X n/a 1.73 (1.55, 1.93)
# FDs per 1,000 TB, NHV®ndNHB, 20-34 yrs, any PNC, 2@7 wk X X X n/a 2.50 (2.36, 2.64)
# FDs per 1,000 TB, NHWINndNHB, 3549 yrs any PNC, 227 wk X X X n/a 2.30(1.98, 2.68)
# FDs per 1,000 TB, NHVIndNHB, <20 yrs, PNC start tri 1, 2B7 wk X X X n/a 1.91 (1.68, 2.17)
# FDs per 1,000 TB, NHVIndNHB, 20-34 yrs, PNC start tri 1, 207 wk X X X n/a 2.76(2.60, 2.94)
# FDs per 1,000 TB, NHVIndNHB, 3549 yrs, PNC start tri 1, 207 wk X X X n/a 2.37 (2.01, 2.80)
# FDs per 1,000 TB, NHVIndNHB, <20 yrs, PNC start tri 2, 2B7 wk X X X n/a 1.60 (1.29, 1.98)
# FDs per 1,000 TB, NHVIndNHB, 20-34 yrs, PNC start tri 2, 207 wk X X X n/a 1.90 (1.67, 2.17)
# FDs per 1,000 TB, NHVIndNHB, 3549 yrs, PNC start tri 2, 207 wk X X X n/a 2.25(1.53,3.31)
# FDs per 1,000 TB, NHV&ndNHB, <20 yrs, 28+ wk X X n/a 1.37 (1.25, 1.50)
# FDs per 1,000 TB, NHWWINdNHB, 20-34 yrs, 28+ wk X X n/a 1.83 (1.75, 1.92)
# FDs per 1,000 TB, NHWWINdNHB, 3549 yrs, 28+ wk X X n/a 2.09 (1.852.36)
# FDs per 1,000 TB, NHVIndNHB, <20 yrs, no PNC, 28+ wk X X X n/a 1.29 (0.98, 1.70)
# FDs per 1,000 TB, NHWndNHB, 20-34 yrs, no PNC, 28+ wk X X X n/a 1.56 (1.34, 1.82)
# FDs per 1,000 TB, NHVIndNHB, 3549 yrs no PNC, 28+ wk X X X n/a 1.12 (0.75, 1.67)
# FDs per 1,000 TB, NHVIndNHB, <20 yrs, any PNC, 28+ wk X X X n/a 1.35(1.23, 1.49)
# FDs per 1,000 TB, NHVEndNHB, 20-34 yrs, any PNC, 28+ wk X X X n/a 1.71 (1.63, 1.80)
# FDs per 1,000 TB, NHV@ndNHB, 3549 yrs, any PNC, 28+ wk X X X n/a 2.00 (1.76, 2.27)
# FDs per 1,000 TB, NHWNdNHB, <20 yrs, PNC start tri 1, 28+ wk X X X n/a 1.38(1.21, 1.57)
# FDs per 1,000 TB, NHV@ndNHB, 20-34 yrs PNC start tri 1, 28+ wk X X X n/a 1.73 (1.63, 1.83)
# FDs per 1,000 TB, NHVBndNHB, 3549 yrs, PNC start tri 1, 28+ wk X X X n/a 2.02 (1.73, 2.36)
# FDs per 1,000 TB, NHWNdNHB, <20 yrs, PNC start tri 2, 28+ wk X X X n/a 1.26(1.08, 1.48)
# FDs per 1,000 TB, NHVBndNHB, 20-34 yrs, PNC start tri 2, 28+ wk X X X n/a 1.47 (1.33, 1.61)
# FDs per 1,000 TB, NHV@ndNHB, 3549 yrs, PNC start tri 2, 28+ wk X X X n/a 1.63(1.25, 2.12)
# FDs per 1,000 TB, NHVBndNHB, <20 yrs, PNC start tri 3, 28+ wk X X X n/a 1.53 (1.09, 2.16)
# FDs per 1,000 TB, NHVBndNHB, 20-34 yrs, PNC start tri 3, 28+ wk X X X n/a 1.73 (142, 2.10)



Report

Estimate (exposure, if any)

# FDs per 1,000 TB, NHV@ndNHB, 3549 yrs PNC start tri 3, 28+ wk
# FDs per 1,000 TB, NHV@ndNHB, married, no PNC

# FDs per 1,000 TB, NHV@ndNHB, unmarried, no PNC

# FDs per 1,000 TB, NHV@ndNHB, married, any PNC

# FDs per 1,000 TB, NHV@ndNHB, unmarried, any PNC

# FDs per 1,000 TB, NHWNdNHB, married, PNC start tri 1

# FDs per 1,000 TB, NHV®ndNHB, unmarried, PNC start tri 1

# FDs per 1,000 TB, NHWNdNHB, married, PNC start tri 2

# FDs per 1,000 TB, NHV8ndNHB, unmarried, PNC start tri 2

# FDs per 1,000 TB, NHWNdNHB, married, PNC start tri 3

# FDs per 1,000 TB, NHWndNHB, unmarried, PNC start tri 3

# FDs per 1,000 TB, NHV8ndNHB, married, 227 wk

# FDs per 1,000 TB, NHV@ndNHB, unmarried, 27 wk

# FDs per 1,000 TB, NHV8ndNHB, married, no PNC, 227 wk

# FDs per 1,000 TB, NHV8ndNHB, unmarried, no PNC, 207 wk

# FDs per 1,000 TB, NHW&ndNHB, married, any PNC, 227 wk

# FDs per 1,000 TB, NHWNdNHB, unmarried, any PNC, 207 wk

# FDs per 1,000 TB, NHW&NndNHB, married, PNC start tri 1, 2B7 wk

# FDs per 1,000 TB, NHV8ndNHB, unmarried, PNC start tri 1, 287 wk
# FDs per 1,000 TB, NHWNdNHB, married, PNC start tri 2, 2B7 wk

# FDs per 1,000 TB, NHVBndNHB, unmarried, PNC start tri 2, 287 wk
# FDs per 1,000 TB, NHV®ndNHB, married, 28+ wk

# FDs per 1,000 TB, NHV®ndNHB, unmarried, 28+ wk

# FDs per 1,000 TB, NHV®ndNHB, married, no PNC, 28+ wk

# FDs per 1,000 TB, NHV8ndNHB, unmarried, no PNC, 28+ wk

# FDs per 1,000 TB, NHWndNHB, married, any PNC, 28+ wk

# FDs per 1,000 TB, NHW&ndNHB, unmarried, any PNC, 28+ wk

# FDs per 1,000 TB, NHVIndNHB, married, PNC start tri 1, 28+ wk
# FDs per 1,000 TB, NHVIndNHB, unmarried, PNC start tri 1, 28+ wk
# FDs per 1,000 TB, NHVIndNHB, married, PNC start tri 2, 28+ wk
# FDs per 1,000 TB, NHVIndNHB, unmarried, PNC start tri 2, 28+ wk
# FDs per 1,000 TB, NHVIndNHB, married, PNC start tri 3, 28+ wk
# FDs per 1,000 TB, NHVIndNHB, unmarried, PNC start tri 3, 28+ wk
# FDs per 1,000 TB, NHVIndNHB, totatbirth order 1, no PNC

# FDs per 1,000 TB, NHVEndNHB, totatbirth order 2, no PNC

# FDs per 1,000 TB, NHVIndNHB, totatbirth order 3, no PNC

# FDs per 1,000 TB, NHVIndNHB, totatbirth order 4, no PNC

# FDs per 1,000 TB, NHVendNHB, totatbirth order 5+, no PNC

# FDs per 1,000 TB, NHVIndNHB, totatbirth order 1, any PNC

# FDs per 1,000 TB, NHVandNHB, totatbirth order 2, any PNC

# FDs per 1,000 TB, NHVIndNHB, totatbirth order 3, any PNC

# FDs per 1,000 TB, NHV@ndNHB, totakbirth order 4, any PNC

# FDs per 1,000 TB, NHWNdNHB, totatbirth order 5+, any PNC

# FDs per 1,000 TB, NHWNdNHB,
# FDs per 1,000 TB, NHWNdNHB,
# FDs per 1,000 TB, NHW&NdNHB,
# FDs per 1,000 TB, NHWNdNHB,
# FDs per 1,000 TB, NHWNdNHB,
# FDs per 1,000 TB, NHVEndNHB,
# FDs per 1,000 TB, NHVEndNHB,
# FDs per 1,000 TB, NHVENdNHB,

totatbirth order 1, PNC start tri 1
totatbirth order 2, PNC start tri 1
totatbirth order 3, PNC start tri 1
totatbirth order 4, PNC start tri 1
totatbirth order 5+, PNC start tri 1
totatbirth order 1, PNC start tri 2
totatbirth order 2, PNC start tri 2
totatbirth order 3, PNC start tri 2

Domains of

XXXXXXXXXXXXXXXXXXXX

XXXXXXXXXXXXXXXXXXXXHXHXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

XXXXXXXXXXXXXXXXXXXXX

XXXXXXXXXXXXXXXXXXXXXXXXXXXX

n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a

Adjusted for

SDR (95% Cl)

1.72 (1.04, 2.85)
1.55 (1.26, 1.90)
1.57 (142, 1.72)
1.73 (1.65, 1.82)
1.58 (151, 1.65)
1.85 (1.75, 1.96)
1.73 (1.63, 1.83)
1.40 (1.24, 1.59)
1.36 (1.25, 1.47)
1.53 (1.12, 2.10)
1.58 (1.31, 1.91)
2.23 (2.07, 2.40)
2.03 (1.91, 2.16)
1.96 (1.49, 2.56)
1.92 (1.68, 2.18)
2.24 (2.07, 2.41)
1.82 (1.70, 1.95)
2.41 (2.22, 2.61)
2.00 (1.84, 2.17)
1.88 (153, 2.32)
1.41 (1.23, 1.61)
1.46(1.36, 1.56)
1.55 (1.47, 1.64)
1.27 (0.92, 1.74)
1.29 (1.11, 1.49)
1.46 (1.36, 1.56)
1.44 (1.36, 1.53)
1.50 (1.38, 1.63)
1.52 (1.41, 1.65)
1.21 (1.03, 1.42)
1.32 (1.19, 1.46)
1.52 (1.09, 2.13)
1.50 (1.23, 1.83)
2.02 (1.74, 2.35)
2.17 (1.82, 2.59)
1.87 (153, 2.29)
1.61 (1.25, 2.07)
1.65 (1.38, 1.98)
1.95 (1.84, 2.06)
1.96 (1.84, 2.09)
1.95 (1.81, 2.09)
1.92 (1.76, 2.11)
1.66 (153, 1.80)
2.12 (1.98, 2.26)
2.13 (1.98, 2.30)
2.08 (1.92, 2.27)
2.15 (1.93, 2.40)
1.76 (1.59, 1.94)
1.53 (1.37, 1.71)
1.63 (1.43, 1.86)
1.67 (1.43, 1.95)

226



Estimate (exposure, if any)

# FDs per 1,000 TB, NHV&ndNHB, totakbirth order 4, PNC start tri 2
# FDs per 1,000 TB, NHVBndNHB, totakbirth order 5+, PNC start tri 2
# FDs per 1,000 TB, NHV@ndNHB, totatbirth order 1, PNC start tri 3
# FDs per 1,000 TB, NHV@ndNHB, totatbirth order 2, PNC start tri 3
# FDs per 1,000 TB, NHV@ndNHB, totatbirth order 3, PNC start tri 3
# FDs per 1,000 TB, NHV@ndNHB, totatbirth order 4, PNC start tri 3
# FDs per 1,000 TB, NHVBndNHB, totakbirth order 5+, PNC start tri 3
# FDs per 1,000 TB, NHV8ndNHB, <12 yrs ed, no PNC

# FDs per 1,000 TB, NHWNdNHB, 12 yrs ed, no PNC

# FDs per 1,000 TB, NHV8ndNHB, 13+ yrs ed, no PNC

# FDs per 1,000 TB, NHV@ndNHB, <12 yrs ed, any PNC

# FDs per 1,000 TB, NHV@ndNHB, 12 yrs ed, any PNC

# FDs per 1,000 TB, NHV@ndNHB, 13+ yrs ed, any PNC

# FDs per 1,000 TB, NHWNdNHB, <12 yrs ed, PNC start tri 1

# FDs per 1,000 TB, NHVendNHB, 12 yrsed, PNC start tri 1

# FDs per 1,000 TB, NHWNdNHB, 13+ yrs ed, PNC start tri 1

# FDs per 1,000 TB, NHWNdNHB, <12 yrs ed, PNC start tri 2

# FDs per 1,000 TB, NHVendNHB, 12 yrs ed, PNC start tri 2

# FDs per 1,000 TB, NHWNdNHB, 13+ yrs ed, PNC start tri 2

# FDs per 1,000 TB, NHV®ndNHB, <12 yrsed, PNC start tri 3

# FDs per 1,000 TB, NHV®ndNHB, 12 yrs ed, PNC start tri 3

# FDs per 1,000 TB, NHWNdNHB, 13+ yrs ed, PNC start tri 3

# FDs per 1,000 TB, NHVBndNHB, <12 yrs ed, 227 wk

# FDs per 1,000 TB, NHWWNdNHB, 12 yrs ed, 227 wk

# FDs per 1,000 TB, NHVBndNHB, 13+ yrs ed, 227 wk

# FDs per 1,000 TB, NHV®ndNHB, <12 yrs ed, no PNC, 207 wk

# FDs per 1,000 TB, NHVndNHB, 12 yrs ed, no PNC, 2B7 wk

# FDs per 1,000 TB, NHVIndNHB, 13+ yrs ed, no PNC, 2D7 wk

# FDs per 1,000 TB, NHVIndNHB, <12 yrs ed, any PNC, 227 wk

# FDs per 1,000 TB, NHVIndNHB, 12 yrsed, any PNC, 2@7 wk

# FDs per 1,000 TB, NHVIndNHB, 13+ yrs ed, any PNC, 227 wk

# FDs per 1,000 TB, NHVIndNHB, <12 yrs ed, PNC start tri 1, 227 wk
# FDs per 1,000 TB, NHVIndNHB, 12 yrs ed, PNC start tri 1, 227 wk
# FDs per 1,000 TB, NHVIndNHB, 13+ yrs ed, PNC start tri 1, 227 wk
# FDs per 1,000 TB, NHVIndNHB, <12 yrs ed, PNC start tri 2, 27 wk
# FDs per 1,000 TB, NHVIndNHB, 12 yrs ed, PNC start tri 2, 227 wk
# FDs per 1,000 TB, NHVIndNHB, 13+ yrs ed, PNC start tri 2, 227 wk
# FDs per 1,000 TB, NHWIndNHB, <12 yrs ed, 28+ wk

# FDs per 1,000 TB, NHWINndNHB, 12 yrs ed, 28+ wk

# FDs per 1,000 TB, NHWWIndNHB, 13+ yrs ed, 28+ wk

# FDs per 1,000 TB, NHWINdNHB, <12 yrs ed, no PNC, 28+ wk

# FDs per 1,000 TB, NHWNdNHB, 12 yrsed, no PNC, 28+ wk

# FDs per 1,000 TB, NH&NndNHB, <12 yrs ed, any PNC, 28+ wk

# FDs per 1,000 TB, NHWNdNHB,
# FDs per 1,000 TB, NHWNdNHB,
# FDs per 1,000 TB, NHW&NdNHB,
# FDs per 1,000 TB, NHWNdNHB,
# FDs per 1,000 TB, NHWNdNHB,
# FDs per 1,000 TB, NHVEndNHB,
# FDs per 1,000 TB, NHVEndNHB,
# FDs per 1,000 TB, NHVENdNHB,

12 yrs ed, any PNC, 28+ wk

13+ yrs ed, any PNC, 28+ wk

<12 yrs ed, PNC start tri 1, 28+ wk
12 yrsed, PNC start tri 1, 28+ wk
13+ yrs ed, PNC start tri 1, 28+ wk
<12 yrsed, PNC start tri 2, 28+ wk
12 yrs ed, PNC start tri 2, 28+ wk
13+ yrsed, PNC start tri 2, 28+ wk

Domains of

HXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXZZ

XXXXXXXXXXXXXXXXXXXXXX

XXX X XX XXX XXX

XX XX XXX XX XX

n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a

Adjusted for

SDR (95% Cl)

1.62 (1.35, 1.94)
1.55 (1.32, 1.81)
1.68 (1.26, 2.24)
1.56 (1.11, 2.19)
2.13 (1.48, 3.06)
1.23(0.79, 1.92)
1.76 (1.26, 2.46)
1.72 (1.39, 2.13)
1.87 (155, 2.25)
1.43 (1.07, 1.91)
1.72 (153, 1.93)
2.00(1.87, 2.14)
2.04 (1.90, 2.19)
1.67 (1.39, 2.02)
1.91 (1.74, 2.11)
1.98 (1.80, 2.17)
1.60 (1.37, 1.87)
1.33 (1.20, 1.47)
1.13 (1.00, 1.29)
2.04 (1.40, 2.99)
1.59 (1.08, 2.34)
1.33(0.83, 2.13)
2.57 (2.17, 3.03)
2.62 (2.37, 2.88)
2.90(2.62, 3.21)
1.97 (1.45, 2.69)
2.24 (1.71, 2.92)
2.59 (1.76, 3.80)
2.19 (1.80, 2.66)
2.24 (2.01, 2.49)
2.50 (2.24, 2.79)
2.19(1.64, 2.92)
2.37 (2.06, 2.73)
2.47 (2.17, 2.81)
2.00 (153, 2.62)
1.43 (1.21, 1.69)
1.41 (115, 1.72)
1.66 (1.46, 1.89)
2.02 (1.86, 2.20)
1.81 (1.64, 2.00)
1.65 (1.22, 2.22)
1.72 (1.32, 2.24)
1.56 (1.35, 1.80)
1.88 (1.71, 2.05)
1.77 (1.60, 1.96)
1.39 (1.08, 1.78)
1.64 (1.43, 1.88)
1.58 (1.39, 1.81)
1.47 (121, 1.78)
1.29 (1.13, 1.47)
1.01 (0.86, 1.19)
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Report

Hsieh 1997

Kallan 2001

Koonin 1997
Kramer 2002
Larkin 2018
Lemon 2016
Lorch 2012

MacDorman and Hoyert 2007

Estimate (exposure, if any)

# FDs per 1,000 TB, NHW&NdNHB, <12 yrs ed, PNC start tri 3, 28+ wk
# FDs per 1,000 TB, NHVndNHB, 12 yrsed, PNC start tri 3, 28+ wk

# FDs per 1000 TB, VendB, 19891990

# FDs per 1000 TB, VéndB, 19791980

# FDs per 1000 TB, VéndB, 19811982

# FDs per 1000 TB, VéndB, 19831984

# FDs per 1000 TB, VindB, 19851986

# FDs per 1000 TB, VendB, 19871988

# FDs per 1000 TB, VéndB, 19891990, <1500g

# FDs per 1000 TB, VéndB, 19791980, <1500g

# FDs per 1000 TB, ndB, 19891990, 150024999
# FDs per 1000 TB, ndB, 19791980, 150024999
# FDs per 1000 TB, endB, 19891990, 250639999
# FDs per 1000 TB, ndB, 19791980, 250039999
# FDs per 1000 TB, VéndB, 19891990, 4000+g

# FDs per 1000 TB, WndB, 19791980, 4000+g

# FDs per 1000 TB, VendB, 19891990 BW not stated
# FDs per 1000 TB, VendB, 19791980 BW not stated
# FDs per 1000 TB, NHVEndNHB, nativeborn

# FDs per 1000 TB, NHVEndNHB, nonnativeborn
% pregrelated mat deaths with SB, ¥dB

# FDs per 1000 LB plus FDs, @hdB

# IUFDs per 1000, NHV&ndNHB

# SB per 1,000 LB and SB, NH@hdNHB

OR for FD (NHB v NHW)

OR for FD(chorioamnionitis v none)

OR for FD (preg induced hypert v none)

# FDs per 1,000 TB, NHVIndNHB, 20-27 wk

# FDs per 1,000 TB, NHWIndNHB, 28+ wk

# FDs per 1,000 TB, NHVEndNHB, singleton

# FDs per 1,000 TB, NHVIndNHB, twin

# FDs per 1,000 TB, NHVIndNHB, triplet or higher order
# FDs per 1,000 TB, NHVandNHB, male

# FDs per 1,000 TB, NHWIndNHB, female

# FDs per 1,000 TB, NHVEndNHB, married

# FDs per 1,000 TB, NHVandNHB, unmarried

# FDs per 1,000 TB, NHVIndNHB, less than 15 yrs

# FDs per 1,000 TB, NHWWINndNHB, 1519 yrs

# FDs per 1,000 TB, NHWWINndNHB, 15 17 yrs

# FDs per 1,000 TB, NHWNdNHB, 18 19 yrs

# FDs per 1,000 TB, NHWNdNHB, 20/ 24 yrs

# FDs per 1,000 TB, NHWNdNHB, 25 29 yrs

# FDs per 1,000 TB, NHWNdNHB, 30/ 34 yrs

# FDs per 1,000 TB, NHWNdNHB, 35/ 39 yrs

# FDs per 1,000 TB, NHWNdNHB, 40/ 44 yrs

# FDs per 1,000 TB, NHV&ndNHB, 45 yrs and over

# FDs per 1,000 TB, NHVBndNHB, 15 19 yrs, 2627 wk
# FDs per 1,000 TB, NHVBndNHB, 15 17 yrs, 2627 wk

X X X

Domains of

X X X X X X X

X X

XX XXX XXXXXXXXX

Adjusted for

n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
unadjusted
age, insurance, PNC, ed, preexisting cond
age, insurance, PNC, ed, preexisting cond, chorioamnio
cord abnormalities, cord prolapse, disorderplatentation,
eclampsia, oligohydramnios, placenta abruption, placent
previa
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a

SDR (95% Cl)

1.92 (1.29, 2.87)
1.62 (1.07, 2.44)
2.07
1.78
1.75
1.78
1.83
1.96
0.84
0.9
0.94
0.88
1.24
1.21
2.75
2.96
1.20
1.31
2.40 (2.23, 2.57)
1.61 (135, 1.97)
67 (0.18, 2.52)
1.83 (1.79, 1.86)
2.15 (2.12, 2.20)
2.31 (2.15, 2.50)
2.24 (2.08, 2.42)
0.96
1.32

2.77 (2.66, 2.88)
1.94(1.86, 2.03)
2.43 (2.36, 2.51)
1.64 (1.47,1.82)
1.75 (1.102.76)

2.41 (2.31, 2.51)
2.27 (217, 2.37)
2.36 (2.23, 2.51)
1.82 (1.74, 1.92)
0.86 (0.51, 1.44)
1.77 (1.62, 1.93)
1.55 (1.34, 1.80)
1.86 (1.67, 2.07)
2.03 (1.91, 2.15)
2.64 (2.48, 2.82)
2.67 (2.49, 2.85)
2.90 (2.66, 3.15)
2.36 (2.03, 2.75)
3.17 (1.89, 5.33)
1.96 (1.75, 2.21)
1.85 (1.52, 2.26)
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Report

MacDorman and Kirmeyer 2009b

Estimate (exposure, if any)

# FDs per 1,000 TB, NHV®ndNHB, 18 19 yrs, 2027 wk
# FDs per 1,000 TB, NHV&ndNHB, 20i 24 yrs, 2027 wk
# FDs per 1,000 TB, NHV®ndNHB, 25/ 29 yrs, 2027 wk
# FDs per 1,000 TB, NHV&ndNHB, 30 34 yrs, 2027 wk
# FDs per 1,000 TB, NHV®ndNHB, 35 39 yrs, 2027 wk
# FDs per 1,000 TB, NHVBndNHB, 40 44 yrs, 2027 wk
# FDs per 1,000 TB, NHWNdNHB, 15/ 19 yrs, 28+ wk
# FDs per 1,000 TB, NHW&NdNHB, 15/ 17 yrs, 28+ wk
# FDs per 1,000 TB, NHWNdNHB, 18 19 yrs, 28+ wk
# FDs per 1,000 TB, NHWNdNHB, 20i 24 yrs, 28+ wk
# FDs per 1,000 TB, NHWNdNHB, 25/ 29 yrs, 28+ wk
# FDs per 1,000 TB, NHW&NdNHB, 30i 34 yrs, 28+ wk
# FDs per 1,000 TB, NHW&NdNHB, 35 39 yrs, 28+ wk
# FDs per 1,000 TB, NHVBNndNHB, 40i 44 yrs 28+ wk
# FDs per 1,000 TB, NHWNdNHB, less than 500 g

# FDs per 1,000 TB, NHWndNHB, 500 749 g

# FDs per 1,000 TB, NHWndNHB, 750999 g

# FDs per 1,000 TB, NHVendNHB, 1,000 1,249 g

# FDs per 1,000 TB, NHV®ndNHB, 1,250 1,499 g

# FDs per 1,000 TB, NHVendNHB, 1,500 1,999 g

# FDs per 1,000 TB, NHV@ndNHB, 2,000 2,499 g

# FDs per 1,000 TB, NHV@ndNHB, 2,500 2,999 g

# FDs per 1,000 TB, NHV@ndNHB, 3,000 3,499 g

# FDs per 1,000 TB, NHV@ndNHB, 3,500 3,999 g

# FDs per 1,000 TB, NHVendNHB, 4,000 g or more

# FDs per 1,000 TB, NHV®ndNHB, singleton

# FDs per 1,000 TB, NHWNndNHB, twin

# FDs per 1,000 TB, NHVIndNHB, triplet or higher order

# FDs per 1,000 TB, NHVEndNHB, male

# FDs per 1,000 TB, NHVIndNHB, female

# FDs per 1,000 TB, NHVIndNHB, married

# FDs per 1,000 TB, NHVendNHB, unmarried

# FDs per 1,000 TB, NHVIndNHB, 1519 yrs

# FDs per 1,000 TB, NHVIndNHB, 1517 yrs

# FDs per 1,000 TB, NHVndNHB, 1819 yrs

# FDs per 1,000 TB, NHVndNHB, 20-24 yrs

# FDs per 1,000 TB, NHVIndNHB, 2529 yrs

# FDs per 1,000 TB, NHVIndNHB, 30-34 yrs

# FDs per 1,000 TB, NHVIndNHB, 3539 yrs

# FDs per 1,000 TB, NHVndNHB, 40-44 yrs

# FDs per 1,000 TB, NHVIndNHB, 20-27 wk

# FDs per 1,000 TB, NHV&ndNHB, 1519 yrs, 2627 wk
# FDs per 1,000 TB, NHVndNHB, 1517 yrs, 2627 wk
# FDs per 1,000 TB, NHV@ndNHB, 1819 yrs, 2627 wk
# FDs per 1,000 TB, NHV@ndNHB, 20-24 yrs, 2627 wk
# FDs per 1,000 TB, NHVndNHB, 25-29 yrs, 2627 wk
# FDs per 1,000 TB, NHV@ndNHB, 30-34 yrs, 2627 wk
# FDs per 1,000 TB, NHVndNHB, 35-39 yrs, 2627 wk
# FDs per 1,000 TB, NHVENdNHB, 40-44 yrs, 2627 wk
# FDs per 1,000 TB, NHW&NdNHB, 28+ wk

# FDs per 1,000 TB, NHV®ndNHB, 1519 yrs, 28+ wk

Domains of
analysis?

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXmT

XX XX XXX XX XX

M H S

XX XXX XXXXXXXXX

XX X X X X X XX X

XX X X X X X X

x

n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a

SDR (95% Cl)

1.99 (1.72, 2.30)
2.44(2.24, 2.65)
3.06 (2.81, 3.33)
3.23 (2.94, 3.53)
3.59 (3.21, 4.03)
2.86 (2.33, 3.50)
1.57 (1.38, 1.78)
1.25 (1.00, 1.56)
1.74 (1.49, 2.03)
1.68 (1.54, 1.83)
2.26 (2.06, 2.48)
2.12 (1.91, 2.36)
2.28 (2.00, 2.59)
1.90 (150, 2.40)
0.88 (0.85, 0.92)
0.81 (0.76, 0.87)
0.87 (0.78, 0.98)
1.03 (0.90, 1.18)
1.15 (0.99, 1.34)
1.28 (1.15, 1.43)
1.30 (1.16, 1.45)
1.03 (0.91, 1.17)
1.28 (1.10, 1.49)
1.98 (1.62, 2.43)
3.65 (2.81, 4.73)
2.41 (2.34, 2.49)
1.66 (1.49, 1.84)
2.17 (145, 3.25)
2.39 (2.29, 2.49)
2.26 (2.16, 2.36)
2.47 (2.33, 2.63)
1.72 (1.63, 1.80)
1.74 (1.60, 1.89)
1.55 (1.34, 1.80)
1.81 (1.63, 2.01)
2.09 (1.97, 2.22)
2.31(2.17, 2.46)
3.02 (2.82, 3.23)
2.81 (2.58, 3.06)
2.33 (201, 2.71)
2.71 (2.60, 2.83)
1.99 (1.78, 2.24)
1.74 (1.42, 2.13)
2.10 (1.83, 2.42)
2.45(2.25, 2.67)
2.69 (2.47, 2.93)
3.54 (3.23, 3.88)
3.32 (2,95, 3.72)
2.74 (2.22, 3.36)
1.96 (1.87, 2.05)
1.47 (1.30, 1.67)
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Domains of

Report Estimate (exposure, if any) analysis? Adjusted for SDR (95% ClI)
R F M H S

# FDs per 1,000 TB, NHV@ndNHB, 1517 yrs, 28+ wk X X n/a 1.35(1.08, 1.69)
# FDs per 1,000 TB, NHV@ndNHB, 1819 yrs, 28+ wk X X n/a 1.52 (1.30,1.78)
# FDs per 1,000 TB, NHV@ndNHB, 20-24 yrs, 28+ wk X X n/a 1.79 (1.64,1.95)
# FDs per 1,000 TB, NHV@ndNHB, 2529 yrs, 28+ wk X X n/a 1.95(1.77,2.14)
# FDs per 1,000 TB, NHV@ndNHB, 30-34 yrs, 28+ wk X X n/a 2.51(2.26, 2.78)
# FDs per 1,000 TB, NHV@ndNHB, 3539 yrs, 28+ wk X X n/a 2.34 (2.06, 2.66)
# FDs per 1,000 TB, NHV@ndNHB, 40-44 yrs, 28+ wk X X n/a 2.00 (1.60, 2.48)
# FDs per 1,000 TB, NHV@ndNHB, <500 g X n/a 0.88 (0.84, 0.91)
# FDs per 1,000 TB, NHV@ndNHB, 5007499 X n/a 0.79(0.74, 0.85)
# FDs per 1,000 TB, NHV@ndNHB, 7509999 X n/a 0.86 (0.77, 0.97)
# FDs per 1,000 TB, NHV@ndNHB, 100012499 X n/a 1.03 (0.89, 1.18)
# FDs per 1,000 TB, NHV@ndNHB, 125014999 X n/a 1.22 (1.05,1.42)
# FDs per 1,000 TB, NHV@ndNHB, 150019999 X n/a 1.25(1.11,1.39)
# FDs per 1,000 TB, NHV@ndNHB, 200024999 X n/a 1.10 (0.97, 1.24)
# FDs per 1,000 TB, NHV@ndNHB, 250029999 X n/a 1.06 (0.94, 1.21)
# FDs per 1,000 TB, NHV@ndNHB, 300034999 X n/a 1.23 (1.05, 1.44)
# FDs per 1,000 TB, NHV@ndNHB, 350039999 X n/a 2.09 (1.67, 2.62)
# FDs per 1,000 TB, NHV@ndNHB, 4000+g X n/a 4.25 (3.26, 5.53)
# FDs per 1,000 TB, NHV@ndNHB, 20-23 wk X n/a 0.85 (0.82, 0.88)
# FDs per 1,000 TB, NHVEndNHB, 2427 wk X n/a 0.81 (0.75, 0.87)
# FDs per 1,000 TB, NHV@ndNHB, 2831 wk X n/a 1.15 (1.05, 1.25)
# FDs per 1,000 TB, NHVEndNHB, 3233 wk X n/a 1.34 (1.19,1.51)
# FDs per 1,000 TB, NHVEndNHB, 3436 wk X n/a 1.28 (1.16, 1.41)
# FDs per 1,000 TB, NHVEndNHB, 37-39 wk X n/a 1.81 (1.65, 1.98)
# FDs per 1,000 TB, NHVEndNHB, 40 wk X n/a 1.59 (1.28, 1.98)
# FDs per 1,000 TB, NHVEndNHB, 41 wk X n/a 1.65 (1.22, 2.24)
# FDs per 1,000 TB, NHVENdNHB, 42+ wk X n/a 1.57 (1.19, 2.06)

MacDorman and Munson 2007  # FDs per 1,000 TB, NHVEndNHB, singleton X n/a 2.33 (2.25, 2.40)
# FDs per 1,000 TB, NHVIndNHB, twin X n/a 1.73 (1.55, 1.93)
# FDs per 1,000 TB, NHVIndNHB, triplet or higher order X n/a 2.64 (1.883.72)
# FDs per 1,000 TB, NHVEndNHB, male X n/a 2.29 (2.20, 2.39)
# FDs per 1,000 TB, NHWIndNHB, female X n/a 2.23(2.13, 2.33)
# FDs per 1,000 TB, NHVandNHB, married X n/a 2.30(2.17, 2.44)
# FDs per 1,000 TB, NHVandNHB, unmarried X n/a 1.78 (1.69, 1.87)
# FDs per 1,000 TB, NHVndNHB, 1519 yrs X n/a 1.71 (157, 1.86)
# FDs per 1,000 TB, NHVIndNHB, 1517 yrs X n/a 1.56 (1.35, 1.80)
# FDs per 1,000 TB, NHVIndNHB, 1819 yrs X n/a 1.76 (1.58, 1.95)
# FDs per 1,000 TB, NHVndNHB, 20-24 yrs X n/a 2.07 (1.95, 2.19)
# FDs per 1,000 TB, NHVndNHB, 2529 yrs X n/a 2.34 (2.20, 2.49)
# FDs per 1,000 TB, NHVndNHB, 30-34 yrs X n/a 2.80 (2.61, 2.99)
# FDs per 1,000 TB, NHVIndNHB, 3539 yrs X n/a 2.59 (2.38, 2.83)
# FDs per 1,000 TB, NHVEndNHB, 40-44 yrs X n/a 2.14 (1.83, 2.51)
# FDs per 1,000 TB, NHW&NdNHB, 45+ yrs X n/a 3.51 (2.09, 5.88)
# FDs per 1,000 TB, NHV®ndNHB, 20-27 wk X n/a 2.67 (2,56, 2.79)
# FDs per 1,000 TB, NHV&ndNHB, 1519 yrs, 2627 wk X X n/a 1.84 (1.64, 2.07)
# FDs per 1,000 TB, NHVndNHB, 1517 yrs, 2627 wk X X n/a 1.65 (1.36, 2.01)
# FDs per 1,000 TB, NHV@ndNHB, 1819 yrs, 2627 wk X X n/a 1.91 (1.65, 2.21)
# FDs per 1,000 TB, NHV@ndNHB, 20-24 yrs, 2627 wk X X n/a 2.44(2.25, 2.66)
# FDs per 1,000 TB, NHVENdNHB, 2529 yrs, 2627 wk X X n/a 2.88 (2.64, 3.14)
# FDs per 1,000 TB, NHVENdNHB, 30-34 yrs, 2627 wk X X n/a 3.44 (3.14, 3.77)
# FDs per 1,000 TB, NHVENdNHB, 3539 yrs, 2027 wk X X n/a 3.13 (2.78, 3.53)
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Domains of

Report Estimate (exposure, if any) analysis? Adjusted for SDR (95% ClI)
R F M H S
# FDs per 1,000 TB, NHV@ndNHB, 40-44 yrs, 2027 wk X X n/a 2.12 (1.68, 2.67)
# FDs per 1,000 TB, NHV@ndNHB, 28+ wk X n/a 1.90 (1.81, 1.98)
# FDs per 1,000 TB, NHV@ndNHB, 1519 yrs, 28+ wk X X n/a 1.58 (1.40,1.79)
# FDs per 1,000 TB, NHV@ndNHB, 1517 yrs, 28+ wk X X n/a 1.47(1.18,1.82)
# FDs per 1,000 TB, NHV@ndNHB, 1819 yrs, 28+ wk X X n/a 1.62 (1.39, 1.89)
# FDs per 1,000 TB, NHV@ndNHB, 20-24 yrs, 28+ wk X X n/a 1.76 (1.61,1.91)
# FDs per 1,000 TB, NHVndNHB, 2529 yrs, 28+ wk X X n/a 1.88 (1.71, 2.06)
# FDs per 1,000 TB, NHV@ndNHB, 30-34 yrs, 28+ wk X X n/a 2.18 (1.96, 2.42)
# FDs per 1,000 TB, NHV@ndNHB, 3539 yrs, 28+ wk X X n/a 2.12 (1.86, 2.42)
# FDs per 1,000 TB, NHV@ndNHB, 40-44 yrs, 28+ wk X X n/a 2.19 (1.76, 2.71)
# FDs per 1,000 TB, NHV@ndNHB, <500 g X n/a 0.87 (0.84, 0.90)
# FDs per 1,000 TB, NHV@ndNHB, 5007499 X n/a 0.82(0.76, 0.88)
# FDs per 1,000 TB, NHV@ndNHB, 7509999 X n/a 0.87 (0.77, 0.98)
# FDs per 1,000 TB, NHV@ndNHB, 100012499 X n/a 1.02 (0.89, 1.17)
# FDs per 1,000 TB, NHV@ndNHB, 125014999 X n/a 1.02 (0.87,1.21)
# FDs per 1,000 TB, NHV@ndNHB, 150019999 X n/a 1.28 (1.15,1.43)
# FDs per 1,000 TB, NHV@ndNHB, 200024999 X n/a 1.15(1.03, 1.29)
# FDs per 1,000 TB, NHV@ndNHB, 250029999 X n/a 1.04 (0.92,1.18)
# FDs per 1,000 TB, NHV@ndNHB, 300034999 X n/a 1.24 (1.07,1.43)
# FDs per 1,000 TB, NHV@ndNHB, 350039999 X n/a 2.29 (1.87, 2.80)
# FDs per 1,000 TB, NHVEndNHB, 4000+g X n/a 3.89 (3.04, 4.97)
# FDs per 1,000 TB, NHVEndNHB, 20-23 wk X n/a 0.86 (0.83, 0.89)
# FDs per 1,000 TB, NHVEndNHB, 2427 wk X n/a 0.82 (0.76, 0.88)
# FDs per 1,000 TB, NHV@ndNHB, 2831 wk X n/a 1.12 (1.03,1.22)
# FDs per 1,000 TB, NHV®ndNHB, 3235 wk X n/a 1.40(1.29,1.52)
# FDs per 1,000 TB, NHVEndNHB, 36 wk X n/a 1.22 (1.04, 1.43)
# FDs per 1,000 TB, NHVEndNHB, 37-39 wk X n/a 1.72 (1.57,1.88)
# FDs per 1,000 TB, NHWndNHB, 40 wk X n/a 1.50 (1.22, 1.85)
# FDs per 1,000 TB, NHWndNHB, 41 wk X n/a 1.58 (1.19, 2.10)
# FDs per 1,000 TB, NHWINdNHB, 42+ wk X n/a 1.54 (1.19, 1.98)
MacDorman 2011 # FDs of 20 wk of gestation or more per 1000 LB and FDs, NitidNHB n/a 2.32
MacDorman 2012 # FDs per 1,000 TB, NHVandNHB, 1999 X n/a 2.27 (2.20, 2.33)
# FDs per 1,000 TB, NHVandNHB, 1998 X n/a 2.17 (2.10, 2.23)
# FDs per 1,000 TB, NHVEndNHB, 1997 X n/a 2.17 (2.10, 2.23)
# FDs per 1,000 TB, NHVIndNHB, 1996 X n/a 2.07 (2.01, 2.13)
# FDs per 1,000 TB, NHVIndNHB, singleton X n/a 2.30(2.23, 2.38)
# FDs per 1,000 TB, NHVIndNHB, twin X n/a 1.69 (1.52, 1.87)
# FDs per 1,000 TB, NHVIndNHB, triplet or higher order X n/a 1.75 (1.13, 2.73)
# FDs per 1,000 TB, NHVendNHB, male X n/a 2.34 (2.25, 2.44)
# FDs per 1,000 TB, NHWndNHB, female X n/a 2.12(2.02,2.21)
# FDs per 1,000 TB, NHVIndNHB, married X n/a 2.45 (2.32,2.59)
# FDs per 1,000 TB, NHW&ndNHB, unmarried X n/a 1.66 (1.59, 1.73)
# FDs per 1,000 TB, NHVEndNHB, 1519 yrs X n/a 1.64 (1.51, 1.79)
# FDs per 1,000 TB, NHVEndNHB, 1517 yrs X n/a 1.61(1.39, 1.87)
# FDs per 1,000 TB, NHVEndNHB, 18-19 yrs X n/a 1.64 (1.48,1.82)
# FDs per 1,000 TB, NHVEndNHB, 20-24 yrs X n/a 1.91 (1.80, 2.02)
# FDs per 1,000 TB, NHVEndNHB, 2529 yrs X n/a 2.40 (2.26, 2.55)
# FDs per 1,000 TB, NHVEndNHB, 30-34 yrs X n/a 2.84 (2.65, 3.05)
# FDs per 1,000 TB, NHVEndNHB, 3539 yrs X n/a 2.70 (2.48, 2.95)
# FDs per 1,000 TB, NHVENdNHB, 40-44 yrs X n/a 2.15 (1.83, 2.53)

# FDs per 1,000 TB, NHV@ndNHB, 20-27 wk X n/a 2.62 (2.52,2.73)
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Report

MacDorman 2015

Estimate (exposure, if any)

# FDs per 1,000 TB, NHV&ndNHB, 15-19 yrs, 2627 wk
# FDs per 1,000 TB, NHV&ndNHB, 1517 yrs, 2627 wk
# FDs per 1,000 TB, NHV&ndNHB, 1819 yrs, 2627 wk
# FDs per 1,000 TB, NHVndNHB, 20-24 yrs, 2627 wk
# FDs per 1,000 TB, NHV&ndNHB, 25-29 yrs, 2627 wk
# FDs per 1,000 TB, NHV&ndNHB, 30-34 yrs, 2627 wk
# FDs per 1,000 TB, NHV&ndNHB, 35-39 yrs, 2627 wk
# FDs per 1,000 TB, NHV®ndNHB, 40-44 yrs, 2627 wk
# FDs per 1,000 TB, NHW&NdNHB, 28+ wk

# FDs per 1,000 TB, NHWNdNHB, 15-19 yrs, 28+ wk
# FDs per 1,000 TB, NHWNdNHB, 1517 yrs, 28+ wk
# FDs per 1,000 TB, NHWNdNHB, 1819 yrs, 28+ wk
# FDs per 1,000 TB, NHWNdNHB, 20-24 yrs, 28+ wk
# FDs per 1,000 TB, NHWNdNHB, 25-29 yrs, 28+ wk
# FDs per 1,000 TB, NHWNdNHB, 30-34 yrs, 28+ wk
# FDs per 1,000 TB, NHWNdNHB, 35-39 yrs, 28+ wk
# FDs per 1,000 TB, NHWNdNHB, 40-44 yrs, 28+ wk
# FDs per 1,000 TB, NHWndNHB, <500 g

# FDs per 1,000 TB, NHV®ndNHB, 5007499

# FDs per 1,000 TB, NHV®ndNHB, 7509999

# FDs per 1,000 TB, NHV@ndNHB, 100012499

# FDs per 1,000 TB, NHV@ndNHB, 125014999

# FDs per 1,000 TB, NHV@ndNHB, 150019999

# FDs per 1,000 TB, NHV@ndNHB, 200024999

# FDs per 1,000 TB, NHV@ndNHB, 250029999

# FDs per 1,000 TB, NHV@ndNHB, 300034999

# FDs per 1,000 TB, NHV@ndNHB, 350039999

# FDs per 1,000 TB, NHVEndNHB, 4000+g

# FDs per 1,000 TB, NHVIndNHB, 20-23 wk

# FDs per 1,000 TB, NHVIndNHB, 24-27 wk

# FDs per 1,000 TB, NHVIndNHB, 28-31 wk

# FDs per 1,000 TB, NHVIndNHB, 32-33 wk

# FDs per 1,000 TB, NHVIndNHB, 34-36 wk

# FDs per 1,000 TB, NHVIndNHB, 37-39 wk

# FDs per 1,000 TB, NHWndNHB, 40 wk

# FDs per 1,000 TB, NHWNdNHB, 41 wk

# FDs per 1,000 TB, NHWNdNHB, 42+ wk

# FDs per 1,000 TB, NHV®ndNHB, 2013

# FDs per 1,000 TB, NHVEndNHB, 2012

# FDs per 1,000 TB, NHV@ndNHB, 2011

# FDs per 1,000 TB, NHVEndNHB, 2010

# FDs per 1,000 TB, NHV@ndNHB, 2009

# FDs per 1,000 TB, NHVendNHB, 2008

# FDs per 1,000 TB, NHVendNHB, 2007

# FDs per 1,000 TB, NHVEndNHB, 2006

# FDs per 1,000 TB, NHVEndNHB, 2005

# FDs per 1,000 TB, NHVEndNHB, 2004

# FDs per 1,000 TB, NHVEndNHB, 2003

# FDs per 1,000 TB, NHVEndNHB, 2002

# FDs per 1,000 TB, NHV®ndNHB, 2001

# FDs per 1,000 TB, NHVendNHB, 2000

Domains of
analysis?

HXXXXXXXXXXXXXXXXXXXXXXXXXHXHXXXXHXXXXXXXXXXXXXXXXXXXXXT

M H S

X X X X X X X X

XX X X X X X X

n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a

SDR (95% Cl)

1.87 (1.67, 2.10)
1.77 (145, 2.15)
1.88(1.62, 2.17)
2.37 (2.19, 2.58)
2.77 (255, 3.01)
3.30 (3.00, 3.63)
3.23 (2.87, 3.63)
2.23 (1.78, 2.78)
1.88 (1.79, 1.96)
1.41 (1.24, 1.60)
1.43 (1.14, 1.80)
1.41 (121, 1.65)
1.52 (1.39, 1.65)
2.06 (1.89, 2.25)
2.41 (2.17, 2.68)
2.21 (1.93, 2.52)
2.10 (1.66, 2.65)
0.85 (0.82, 0.88)
0.82 (0.77, 0.88)
0.80 (0.71, 0.90)
1.08 (0.941.24)

1.23 (1.06, 1.43)
1.10 (0.99, 1.22)
1.06 (0.94, 1.19)
1.11 (0.98, 1.26)
1.25 (1.08, 1.45)
1.76 (1.42, 2.18)
4.18 (3.25, 5.36)
0.85 (0.73, 0.99)
0.78 (0.64, 0.94)
1.13 (0.92, 1.38)
1.19 (0.97, 1.47)
1.31 (1.06, 1.60)
1.62 (1.32, 1.98)
1.84 (1.47, 2.30)
1.91 (1.48, 2.46)
1.45 (1.15, 1.84)
2.16 (2.09, 2.23)
2.17 (2.11, 2.24)
2.18 (2.12, 2.25)
2.25 (2.18, 2.32)
2.17 (2.11, 2.24)
2.27 (2.20, 2.34)
2.29 (2.23, 2.36)
2.23 (2.16, 2.30)
2.32 (2.25, 2.40)
2.27 (2.20, 2.34)
2.35 (2.28, 2.42)
2.23 (2.17, 2.30)
2.24 (217, 2.30)
2.28 (2.21, 2.34)
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Domains of

Report Estimate (exposure, if any) analysis? Adjusted for SDR (95% ClI)
R F M H S

# FDs per 1,000 TB, NHV@ndNHB, 1995 X n/a 2.15(2.09, 2.21)
# FDs per 1,000 TB, NHV@ndNHB, married X n/a 2.18 (2.05, 2.31)
# FDs per 1,000 TB, NH&ndNHB, unmarried X n/a 1.72 (1.65, 1.80)
# FDs per 1,000 TB, NHV@ndNHB, singleton X n/a 2.19 (2.12,2.27)
# FDs per 1,000 TB, NHV@ndNHB, twin X n/a 1.81(1.62,2.02)
# FDs per 1,000 TB, NHV@ndNHB, triplet or higher order X n/a 2.19 (148, 3.24)
# FDs per 1,000 TB, NHV@ndNHB, male X n/a 2.24 (2.15, 2.34)
# FDs per 1,000 TB, NHWNndNHB, female X n/a 2.07 (1.98, 2.17)
# FDs per 1,000 TB, NHV@ndNHB, 1519 yrs X n/a 1.83 (1.64, 2.05)
# FDs per 1,000 TB, NHV@ndNHB, 1517 yrs X n/a 1.76 (1.42,2.18)
# FDs per 1,000 TB, NHV@ndNHB, 1819 yrs X n/a 1.85(1.63, 2.11)
# FDs per 1,000 TB, NHVEndNHB, 20-24 yrs X n/a 1.90 (1.78, 2.02)
# FDs per 1,000 TB, NHV@ndNHB, 2529 yrs X n/a 2.21 (2.08, 2.35)
# FDs per 1,000 TB, NHVEndNHB, 30-34 yrs X n/a 2.47 (2.32,2.64)
# FDs per 1,000 TB, NHV@ndNHB, 3539 yrs X n/a 2.38(2.17, 2.59)
# FDs per 1,000 TB, NHVEndNHB, 40-44 yrs X n/a 2.31(1.99, 2.68)
# FDs per 1,000 TB, NHV@ndNHB, 45+ yrs X n/a 2.34 (1.47,3.72)
# FDs per 1,000 TB, NHVEndNHB, 20-27 wk X n/a 2.56 (2.45, 2.68)
# FDs per 1,000 TB, NHVEndNHB, 1519 yrs, 2027 wk X X n/a 1.92 (1.64, 2.23)
# FDs per 1,000 TB, NHVEndNHB, 1517 yrs, 2027 wk X X n/a 1.92 (1.45, 2.55)
# FDs per 1,000 TB, NHVEndNHB, 1819 yrs, 2027 wk X X n/a 1.89(1.57, 2.27)
# FDs per 1,000 TB, NHVEndNHB, 20-24 yrs, 2027 wk X X n/a 2.25 (2.06, 2.46)
# FDs per 1,000 TB, NHVEndNHB, 2529 yrs, 2027 wk X X n/a 2.64 (2.42,2.88)
# FDs per 1,000 TB, NHVEndNHB, 30-34 yrs, 2027 wk X X n/a 3.14 (2.87, 3.43)
# FDs per 1,000 TB, NHVEndNHB, 3539 yrs, 2027 wk X X n/a 2.79 (2.47, 3.15)
# FDs per 1,000 TB, NHVEndNHB, 40-44 yrs, 2027 wk X X n/a 2.55 (2.08, 3.12)
# FDs per 1,000 TB, NHVEndNHB, 28+ wk X n/a 1.81(1.73,1.89)
# FDs per 1,000 TB, NHWINndNHB, 1519 yrs, 28+ wk X X n/a 1.75 (1.50, 2.05)
# FDs per 1,000 TB, NHWINdNHB, 1517 yrs, 28+ wk X X n/a 1.56 (1.12, 2.18)
# FDs per 1,000 TB, NHWINndNHB, 1819 yrs, 28+ wk X X n/a 1.82 (1.52, 2.18)
# FDs per 1,000 TB, NHWINndNHB, 20-24 yrs, 28+ wk X X n/a 1.60 (1.46, 1.75)
# FDs per 1,000 TB, NHWINndNHB, 2529 yrs, 28+ wk X X n/a 1.85 (1.69, 2.02)
# FDs per 1,000 TB, NHWINndNHB, 30-34 yrs, 28+ wk X X n/a 1.88 (1.70, 2.08)
# FDs per 1,000 TB, NHWINndNHB, 3539 yrs, 28+ wk X X n/a 2.01(1.76, 2.29)
# FDs per 1,000 TB, NHWWINdNHB, 40-44 yrs, 28+ wk X X n/a 2.10(1.69, 2.61)
# FDs per 1,000 TB, NHWndNHB, <500 g X n/a 0.86 (0.83, 0.89)
# FDs per 1,000 TB, NHVendNHB, 5007499 X n/a 0.83 (0.76, 0.89)
# FDs per 1,000 TB, NHVIndNHB, 7509999 X n/a 0.82(0.73, 0.93)
# FDs per 1,000 TB, NHVandNHB, 10061249g X n/a 0.89 (0.771.03)

# FDs per 1,000 TB, NHV®ndNHB, 1250314999 X n/a 1.12 (0.96, 1.31)
# FDs per 1,000 TB, NHV@ndNHB, 150019999 X n/a 1.20 (1.07,1.34)
# FDs per 1,000 TB, NHVEndNHB, 20002499¢g X n/a 1.02 (0.90, 1.15)
# FDs per 1,000 TB, NHV@ndNHB, 250029999 X n/a .95 (0.83, 1.07)
# FDs per 1,000 TB, NHV®ndNHB, 300034999 X n/a 1.34 (1.16, 1.55)
# FDs per 1,000 TB, NHV®ndNHB, 350039999 X n/a 2.34 (1.91, 2.87)
# FDs per 1,000 TB, NHVendNHB, 4000+g X n/a 3.68 (2.86, 4.73)
# FDs per 1,000 TB, NHV@ndNHB, 20-23 wk X n/a 0.85 (0.82, 0.88)
# FDs per 1,000 TB, NHVEndNHB, 24-27 wk X n/a 0.88 (0.82, 0.95)
# FDs per 1,000 TB, NHV®ndNHB, 2831 wk X n/a 1.13 (1.04,1.23)
# FDs per 1,000 TB, NHVEndNHB, 32-33 wk X n/a 1.21 (1.07,1.37)
# FDs per 1,000 TB, NHVEndNHB, 34-36 wk X n/a 1.30(1.18,1.42)

233



Report

Meyer 1999

Nabukera 2009

PowellGriner 1989

Pruitt 2020

Rammah 2019
Reddy 2010

Rosenstein 2014

Rush 1972

Salihu and Kinniburgh 2004

Salihu 2005
Salihu 2006

Estimate (exposure, if any)

# FDs per 1,000 TB, NHVEndNHB, 37-38 wk

# FDs per 1,000 TB, NHVEndNHB, 39-40 wk

# FDs per 1,000 TB, NHVBndNHB, 41 wk

# FDs per 1,000 TB, NHW&NdNHB, 42+ wk

# FDs per 1,000 LB and FDs, #dB, 19951997

# FDs per 1,000 LB and FDs, #dB, 19951997, singleton
# FDs per 1,000 LB and FDs, #dB, 19951997, multiple
# FDs per 1,000 LB and FDs, #dB, 19801982

# FDs per 1,000 LB and FDs, #dB, 19801982, singleton
# FDs per 1,000 LB and FDs, #dB, 19801982, multiple
OR for FD (AA v W)

# late FDs per 1000 LB and specified FDsaWiB, 1985

# late FDs per 1000 LB and specified FDsaWiB, 1984

# late FDs per 1000 LB and specified FDsaWiB, 1983

# late FDs per 1000 LB and specified FDsaWiB, 1982

# late FDs per 1000 LB and specified FDsaWiB, 1981

# late FDs per 1000 LB and specified FDsaWiB, 1980

# late FDs per 1000 LB and specified FDsaWiB, 1979

RaR for FD of unspecified cause (B v W)

RaR for FD from mat cond unrelated to preg (B v W)

RaR for FD from mat comp of preg (B v W)

RaR for FD from syndrome of infant of a diabetic mother and neonatal diab mell
BvWw)

RaRfor FD from comp of placenta, cord, and membranes (B v W)

HR for SB (ozone, per IQR increase)

HR for antepartum singleton SB (NHB v NHW)

HR for antepartum singleton SB, nullips (NHB v NHW)

HR for antepartum singleton SB, multiparous (NHB v NHW)

# SBs at that GA per 10,000 ongoing pregnancies minus half of the births in the
wk, NHW andNHB

# SBs at that GA per 10,000 ongoing pregnancies minus half of the births in the
wk, NHW andNHB, 37 wk

# SBs at that GA per 10,000 ongoing pregnancies minus half of the births in the
wk, NHW andNHB, 38 wk

# SBs at that GA per 10,000 ongoing pregnancies minus half of the births in the
wk, NHW andNHB, 39 wk

# SBs at that GA per 10,000 ongoing pregnancies minus half of the births in the
wk, NHW andNHB, 40 wk

# SBs at that GA per 10,000 ongoing pregnancies minus half of the births in the
wk, NHW andNHB, 41 wk

# SBs at that GA per 10,000 ongoing pregnancies minus half of the births in the
wk, NHW andNHB, 42 wk

# SBs "per 1000" but ns whether only LB (probably)ad B, nornrsmokers

# SBs "per 1000" but ns whether only LB (probably)aiWdB, smokers

OR for SB, singletons (B v W)

OR for SB, twins (B v W)

OR for SB, triplets (B v W)

OR for SB (B v W)

OR for SB in singletons (NHB v NHW singleton)

OR for subsequent SB (prior Craginal)

OR for subsequent SB, 2B GA in this preg (prior C v vaginal)

X X X X

X X X X X

XX X X X X X

Domains of
analysis?
FMH S

XXX XX X XX XX

XXX XXX XX XXX

x

X X X

Adjusted for

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a
marital, ed, PNC, BMI, smoking, chronic hypamtdiab,
gestational hypeen, past adverse outcome, yr of first birtt
n/a

n/a

n/a

n/a

n/a

n/a

n/a
unadjusted
unadjusted
unadjusted
unadjusted

unadjusted
unadjusted
unclear
unclear
unclear
n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a
age, parity, ed, smoking, PNC

age, parity, ed, marital, smoking, alcohol, PNC, birth ord
marital, age, ed, PNC, sex, plurality (by GEE)
age, parity, marital, ed, smoking, BMI, PNC, yr, preg cor

SDR (95% Cl)

1.35 (1.21, 1.50)
1.53 (1.34, 1.74)
1.44 (1.04, 2.00)
1.95 (1.49, 2.57)

2.34

243

1.56

1.76

1.78

1.18
2.02 (1.632.51)

1.58 (1.53, 1.63)
1.52 (1.47, 1.57)
1.54 (1.49, 1.59)
1.50 (1.45, 1.55)
1.49 (1.44, 1.54)
1.56 (1.51, 1.61)
1.53 (1.48, 1.57)
2.00 (1.90, 2.10)
3.4 (3.2, 3.6)
3.1(2.9,3.2)
2.8(2.4,3.2)

2.0 (1.9, 2.0)
0.97
2.00(1.60, 2.40)
1.9 (1.4, 2.6)
1.9 (1.4, 2.6)
1.91

1.47

0.88 (0.38, 2.00)
1.63 (0.86, 3.09)
2.90 (2.80, 3.00)
1.3 (1.2, 1.4)
1.2(0.7,2.1)
0.80 (0.49, 1.30)
3.0
1.4
1.18
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Report

Salihu 2007

Salihu 2009

Sapra 2017

Schlenker 2009

Schummers 2019

Scott 1997

Shahul 2015

Sharma 2006
Singh 2018
Tan 2004

Tanner 2018
Timofeev 2014
Tolcher 2020

Estimate (exposure, if any)

OR for subsequent SB, &5 GA in this preg (prior C v vaginal)
OR for subsequent SB, 35+ GA in this preg (prior C v vaginal)
HR for SB (W or B obese v W normal weight)

HR for SB (W or B class | obese v W normal weight)

HR for SB (W or B class Il obese v W normal weight)

HR for SB (W or B extreme obese v W normal weight)

OR for SB (underweight v normal weight)

OR for early SB (underweight v normal weight)

OR for late SB (underweight v normal weight)

% deliveries that were spontaneous terminations, NtNHB

% deliveries that were spontaneous terminations, NtdANHB, <20 yrs
% deliveries that were spontaneous terminations, NHMINHB, 20-24 yrs
% deliveries that were spontaneous terminations, NtNHB, 2529 yrs
% deliveries that were spontaneous terminations, NtINHB, 30-34 yrs
% deliveries that were spontaneous terminations, NttdNHB, 35+ yrs
% deliveries that were spontaneous terminations, NttidNHB, married
% deliveries that were spontaneous terminations, NttidNHB,
unmarried/unknown status

% deliveries that were spontaneous terminations, NtNHB, US-born
% deliveries that were spontaneous terminations, NdANHB, foreign
born/unknown status

% deliveries that were spontaneous terminations, NtdINHB, nullips
% deliveries that were spontaneous terminations, NtdNHB, parous
% deliveries that were spontaneous terminations, NtNHB, unknown parity
% deliveries that were spontaneous terminations, NtINHB, Medicaid
% deliveries that were spontaneous terminations, Ndf\dNHB, other insurance
payer

average # FDs per 1000 TB, NH#dNHB, 2002 2007

average # FDs per 1000 TB, NH#dNHB, 1990 2001

% births that were SBs, \&hdB

% births that were SBs, \&hdB, 15 yrs

% births that were SBs, \&hdB, 20 yrs

% births that were SBs, \&hdB, 25 yrs

% births that were SBs, \&hdB, 30 yrs

% births that were SBs, \&hdB, 35 yrs

% births that were SBs, \&hdB, 40 yrs

% births that were SBs, \&hdB, 45 yrs

% hospitalizations for severe comp of preg that were for spontaneous abortiand,

B
OR for IUFD in those with preeclampsia (AA v W)

OR for SB in second preg (prior SB v livebirth)

% deliveries with antepartum FD (SB), NH¥dNHB
RaRfor FD (both parents B v W)

RaR for early FD (both parents B v W)

RaR for late FD (both parents B v W)

# SBs per 1000 TB, NHW&ndNHB

OR for SB (AA v Caucasian)

RR for SB in lowrisk population (aspirin v placebo)
RR for SB inhigh-risk population (aspirin v placebo)

XXX XXX XD

X X

X X X

X X X

Domains of
analysis?

E
X
X

M H S

X X X X X X X X X X X X X X X X

X X

X X X X X

X X X X X X X

Adjusted for

age, ed, marital, smoking, PNC, sex, yr

age, parity, smoking, ed, marital, PNC, sex, yr, preg con
PTB, SGA

n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a

n/a
n/a

n/a
n/a
n/a
n/a
n/a

n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a

age, income, hospital (region, teaching status), mode of
delivery, plurality, diab (with and without comp), yr,
obesity, insurance

age, parity, marital, ed, smoking, BMI, PNC, IPI, yr
n/a

unadjusted

unadjusted

unadjusted

n/a

unadjusted

unadjusted

unadjusted

SDR (95% Cl)

2.0
1.4
1.36
1.23
1.36
1.28
1.29

1.00
117
0.78 (0.77, 0.80)
0.82 (0.76, 0.88)
0.89 (0.86, 0.93)
0.91 (0.88, 0.94)
0.96 (0.93, 0.99)
0.94 (0.92, 0.96)
0.71 (0.68, 0.74)
0.39 (0.38, 0.40)

0.75 (0.74, 0.76)
0.80 (0.78, 0.81)

0.83 (0.81, 0.84)
0.74 (0.73, 0.76)
1.96 (1.92, 1.99)
1.59 (1.46, 1.74)
1.27 (1.23,1.32)

2.15 (143, 3.22)
2.55 (1.87, 3.47)
2.00 (1.97, 2.03)

1.60

1.83

2.50

2.86

2.67

2.50

2.50

1.5

2.45 (214, 2.82)

0.77
2.67 (2.23, 3.19)
1.37 (1.26, 1.49)
1.56 (1.40, 1.73)
1.15 (1.01, 1.31)
1.27 (0.62, 2.62)
4.60 (2.00, 10.40

3.44

0.89
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Domains of

Report Estimate (exposure, if any) analysis? Adjusted for SDR (95% ClI)
R F M H S
Tyler 2012 # FDs per 1,000 LB, NHVendNHB n/a 2.28
# FDs per 1,000 LB, NHV#ndNHB, Area 1 of the USA (FD registration includes ¢ X n/a 2.27
products of conception)
# FDs per 1,000 LB, NHV#ndNHB, Area 2 of the USA (FD registration includes X n/a 2.22

birthweight and gestational age criteria)

# FDs per 1,000 LB, NHV#ndNHB, Area 3 of the USA (FD registration includes X n/a 2.2
birthweight only criteria)
# FDs per 1,000 LB, NHV#ndNHB, Area 4 of the USA (FD registration includes X n/a 2.22
gestational age only criteria)
# FDs per 1,000 LB, NHVendNHB, Area 1, 2622 wk X X n/a 0.9
# FDs per 1,000 LB, NHVendNHB, Area 2, 2622 wk X X n/a 0.8
# FDs per 1,000 LB, NHVendNHB, Area 3, 2622 wk X X n/a 0.4
# FDs per 1,000 LB, NHVendNHB, Area 4, 2622 wk X X n/a 0.9
# FDs per 1,000 LB, NHVendNHB, Area 1, 2327 wk X X n/a 0.8
# FDs per 1,000 LB, NHVendNHB, Area 2, 2327 wk X X n/a 0.8
# FDs per 1,000 LB, NHVendNHB, Area 3, 2327 wk X X n/a 0.9
# FDs per 1,000 LB, NHVendNHB, Area 4, 2327 wk X X n/a 0.8
# FDs per 1,000 LB, NHV#ndNHB, Area 1, 2832 wk X X n/a 1.2
# FDs per 1,000 LB, NHV#ndNHB, Area 2, 2832 wk X X n/a 1.0
# FDs per 1,000 LB, NHV#ndNHB, Area 3, 2832 wk X X n/a 1.1
# FDs per 1,000 LB, NHV#ndNHB, Area 4, 2832 wk X X n/a 1.1
# FDs per 1,000 LB, NHV#ndNHB, Area 1, 3336 wk X X n/a 1.3
# FDs per 1,000 LB, NHV#ndNHB, Area 2, 3336 wk X X n/a 1.2
# FDs per 1,000 LB, NHV#ndNHB, Area 3, 3336 wk X X n/a 15
# FDs per 1,000 LB, NHV#ndNHB, Area 4, 3336 wk X X n/a 1.3
# FDs per 1,000 LB, NHVBindNHB, Area 1, 37+ wk X X n/a 15
# FDs per 1,000 LB, NHVBindNHB, Area 2, 37+ wk X X n/a 1.7
# FDs per 1,000 LB, NHVEndNHB, Area 3, 37+ wk X X n/a 2.1
# FDs per 1,000 LB, NHVEndNHB, Area 4, 37+ wk X X n/a 1.6
# FDs per 1,000 LB, NHVndNHB, US, 20 wk, FAR approach X X n/a 2.92
# FDs per 1,000 LB, NHVEndNHB, Area 3, 20 wk, FAR approach X X n/a 1.55
# FDs per 1,000 LB, NHVWNndNHB, US, 23 wk, FAR approach X X n/a 2.56
# FDs per 1,000 LB, NHVEndNHB, Area 3, 23 wk, FAR approach X X n/a 2.78
# FDs per 1,000 LB, NHVndNHB, US, 28 wk, FAR approach X X n/a 2.49
# FDs per 1,000 LB, NHVEndNHB, Area 3, 28 wk, FAR approach X X n/a 2.32
# FDs per 1,000 LB, NHVWNndNHB, US, 33 wk, FAR approach X X n/a 1.96
# FDs per 1,000 LB, NHVNndNHB, Area 3, 33 wk, FAR approach X X n/a 2.21
# FDs per 1,000 LB, NHVWNndNHB, US, 37 wk, FAR approach X X n/a 1.61
# FDs per 1,000 LB, NHVENndNHB, Area 3, 37 wk, FAR approach X X n/a 2.07
Vintzileos 2002 RR for FD (PNC absent v present) X X unclear 0.85
RR for FD with mat anemia (PNC absent v present) X X X anemia, IP fever, preterm PROM, hydramnios, diab, chr 2.72

hyperen, preg induced hypesh, renal disease, placental
abruption, placenta previa, bleeding unknown cause, FC
postterm, prior PT/SGA, age, gravidity, marital, ed

RR for FD with IP feve(PNC absent v present) X X X 1.16
RR for FD with preterm PROM (PNC absent v present) X X X 1.24
RR for FD with hydramnios (PNC absent v present) X X X 2.67
RR for FD with diab (PNC absent v present) X X X 1.13
RR for FD with chronic hypert (PNC absent v present) X X X 1.07
RR for FD with preg induced hypert (PNC absent v present) X X X 0.98
RR for FD with placental abruption (PNC absent v present) X X X 1.80
RR for FD withplacenta previa (PNC absent v present) X X X 1.02

236



Report

Williams 2018

Willinger 2009

Estimate (exposure, if any)

RR for FD with bleeding unknown cause (PNC absent v present)

RR for FD with FGR (PNC absent v present)

RR for FD with posterm (PNC absent present)

RR for FD with prior PTB/SGA (PNC absent v present)

RR for FD with none of anemia, IP fever, preterm PROM, hydramnios, diab, chr
hypert, preg induced hypert, renal disease, placental abruplimenta previa,
bleeding unknown cause, FGR, ptestm, prior PTB/SGA (PNC absent v present)
OR for SB (current low seg vs high, Dissimilarity Index)

OR for SB (current moderate seg vs high, Dissimilarity Index)
OR for SB (current low seg vs high, Isolation Index)

OR for SB (current moderate seg vs high, Isolation Index)

OR for SB (stay moderate seg vs stay high, Dissimilarity Index)

OR for SB (stay low seg vsay high, Dissimilarity Index)

OR for SB (any decrease seg vs stay high, Dissimilarity Index)
OR for SB (stay moderate seg vs stay high, Isolation Index)
OR for SB (stay low seg vs stay hidbglation Index)

OR for SB (any decrease seg vs stay high, Isolation Index)
OR for SB (any increase seg vs stay high, Isolation Index)

CH for SB at 2841 wk (35+ v <35)

CH for SB at 2041 wk (12+ v <12 yr ed)
CH for SB at 2641 wk (1+ parity v 0)

CH for SB, 2023 wk (NHB v NHW)

CH for SB, 2427 wk (NHB v NHW)

CH for SB, 2831 wk (NHB v NHW)

CH for SB, 3233 wk (NHB v NHW)

CH for SB, 3436 wk (NHB v NHW)

CH for SB, 3738 wk (NHB v NHW)

CH for SB, 3940 wk (NHB v NHW)

CH for SB, 41 wk (NHB v NHW)

CH for SB, 2641 wk (NHB v NHW)

RR of SB, <35 yr 227 wk (NHB v NHW)
RR of SB, <35 yr 286 wk (NHB v NHW)
RR of SB, <35 yr 3741 wk (NHB v NHW)
RR of SB, <35 yr 2811 wk (NHB v NHW)
RR of SB, 35+ yr 227 wk (NHB v NHW)
RR of SB, 35+ yr 286 wk (NHB v NHW)
RR of SB, 35+ yr 3741 wk (NHB v NHW)
RR of SB, 35+ yr 2841 wk (NHB v NHW)
RR of SB,-27@R (RIHBevdNHWE)0
RR of SB,-36@Hk (RIHBevdNHWE)8
RR of SB,-41@Rk (RIHBevdNH\E)7
RR of SB,-41@Rk (RIHBevdNHW)0
RR of SB, 12+ ed 2@7 wk (NHB v NHW)
RR of SB, 12+ ed 286 wk (NHB v NHW)
RR of SB, 12+ ed 341 wk (NHB v NHW)

X X X X

HXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

analysis?

FMH S

X X

X X

X X

X X

X X
X
X
X
X
X
X
X
X
X
X
X

X

X

X

X

X

X

X

X

X

X

X

X

X X

X X

X X

X X

X X

X X

X X

X X

X X

X X

X X

X X

X X

X X

X X

Domains of

Adjusted for

age, yrinsurance, marital, smoking, alcohol, BMI, prior
SB, SB risks in prior preg (prior-€ection, prior PTB),
current risks (SGA, PTB, placental abruption),
preconception chronic disease (asthma, hgpediab),
arealevel % poverty, exposure to ozone, af@aperature

age, yrinsurance, marital, smoking, alcohol, BMI, prior
SB, prior esection, prior PTB, SGA, PTB, placental
abruption, asthma, hypert diab, aredevel % poverty,
change in poverty from 1990 to birth yr, ozone, temperai

unadjusted
unadjusted
unadjusted
unadjusted
unadjusted
unadjusted
unadjusted
unadjusted
unadjusted
unadjusted
unadjusted
unadjusted
unadjusted
unadjusted
unadjusted
unadjusted
unadjusted
unadjusted
unadjusted
unadjusted
unadjusted
unadjusted
unadjusted
unadjusted
unadjusted
unadjusted
unadjusted

SDR (95% Cl)

1.66
0.96
1.00
0.92
0.96

0.30

1.55
0.76
0.58
1.09

0.34

0.71

0.62

1.17

0.23

0.92

1.09

1.30

1.03
2.75 (2.62, 2.88)
2.46 (2.30, 2.63)
2.67 (2.48, 2.88)
2.35 (2.11, 2.61)
1.84 (1.70, 2.00)
1.72 (157, 1.89)
1.57 (1.41, 1.75)
1.73 (1.40, 2.14)
2.20 (2.14, 2.26)
2.70 (2.59, 2.81)
2.25(2.13, 2.37)
1.63 (1.51, 1.75)
2.22 (2.16, 2.29)
2.79 (2.533.09)
2.89 (2.55, 3.27)
1.71 (1.43, 2.05)
2.43 (2.26, 2.61)
2.16 (2.05, 2.28)
1.89 (1.78, 2.02)
1.35 (1.23, 1.47)
1.82 (1.75, 1.89)
2.98 (2.79, 3.18)
2.29 (2.10, 2.51)
1.57 (1.39, 1.78)
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Report

Wingate 2006

Wingate 2011

Wingate 2012

Wingate 2015

Wingate 2017

Estimate (exposure, if any)

RR of SB, 12+ ed 2@1 wk (NHB v NHW)
RR of SB, 0 parity 227 wk (NHB v NHW)
RR of SB, 0 parity 286 wk (NHB v NHW)
RR of SB, 0 parity 341 wk (NHB v NHW)
RR of SB, 0 parity 2011 wk (NHB v NHW)
RR of SB, 1+ parity 2@7 wk (NHB v NHW)
RR of SB, 1+ parity 286 wk (NHB v NHW)
RR of SB, 1+ parity 341 wk (NHB v NHW)
RR of SB, 1+ parity 281 wk (NHB v NHW)
OR for FD (NHB v NHW)

# FDs per 1,000 TB, NHW&ndNHB, 20012002

# FDs per 1,000 TB, NHW&ndNHB, 19901991

# FDs per 1,000 TB, NHV®ndNHB, 20-21 wk, 19961991
# FDs per 1,000 TB, NHVBndNHB, 22-23 wk, 19961991
# FDs per 1,000 TB, NHVBndNHB, 24-25 wk, 19961991
# FDs per 1,000 TB, NHVBndNHB, 26-27 wk, 199601991
# FDs per 1,000 TB, NHVBndNHB, 2829 wk, 19961991
# FDs per 1,000 TB, NHV8ndNHB, 30-31 wk, 19901991
# FDs per 1,000 TB, NHVBndNHB, 32-33 wk, 19901991
# FDs per 1,000 TB, NHVEndNHB, 34-35 wk, 19901991
# FDs per 1,000 TB, NHVEndNHB, 36-37 wk, 19901991
# FDs per 1,000 TB, NHVEndNHB, 3839 wk,19901991
# FDs per 1,000 TB, NHVEndNHB, 40-41 wk, 19901991
# FDs per 1,000 TB, NHVEndNHB, 4243 wk, 19901991
# FDs per 1,000 TB, NHVEndNHB, 44+ wk, 19961991
# FDs per 1,000 TB, NHVEndNHB, 20-21 wk, 200312002
# FDs per 1,000 TB, NHVEndNHB, 2223 wk, 20032002
# FDs per 1,000 TB, NHVIndNHB, 24-25 wk, 20012002
# FDs per 1,000 TB, NHVIndNHB, 26-27 wk, 20012002
# FDs per 1,000 TB, NHVEndNHB, 2829 wk, 20032002
# FDs per 1,000 TB, NHVIndNHB, 30-31 wk, 20012002
# FDs per 1,000 TB, NHVEndNHB, 3233 wk, 20032002
# FDs per 1,000 TB, NHVIndNHB, 34-35 wk,2001-2002
# FDs per 1,000 TB, NHVIndNHB, 36-37 wk, 20012002
# FDs per 1,000 TB, NHVEndNHB, 3839 wk, 20032002
# FDs per 1,000 TB, NHVEndNHB, 40-41 wk, 20032002
# FDs per 1,000 TB, NHVIndNHB, 42-43 wk, 20012002
# FDs per 1,000 TB, NHVIndNHB, 44+ wk, 20032002
OR for FD (20012002 vs 1995.996)

OR for FD in smoker 1998996 (NHB v W)

OR for FD in smoker 2062002 (NHB v W)

OR for FD with diab 1998996 (NHB v W)

OR for FD with diab 2002002 (NHB v W)

OR for FD with hyperten disorders 199996 (NHB v W)
OR for FD with hyperten disorders 206@002 (NHB v W)
OR for FM (20052008 vs 19951998)

OR for early FM (227 wk) (20052008 vs 19958.998)
OR for late FM (28+ wk) (2002008 vs 19951998)
PRaR for FM (NHB v NHW)

XXX XXX XXXX™D

x

XX X XX XX XXX

Domains of
analysis?

XXXXXXXXXXXXXXXXXXXXXXXXXXXXX XX XXX XXXXmT

XX X X X X X X X

M H S

XX X X X X X XX

X X X X X X

Adjusted for

unadjusted
unadjusted
unadjusted
unadjusted
unadjusted
unadjusted
unadjusted
unadjusted
unadjusted
marital, age, ed, parity, PNC, smoking, diab, hygert
birthweight
n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

age, marital, ed, parity, smoking, diab, hyperten disordel
PNC
marital, age, ed, parity, PNC, diab, hyperten disorders

marital, age, ed, parity, PNC, smoking, hyperten disorde
marital, age, ed, parity, PNC, smoking, diab

marital, age, parity, diab, hypertdisorders

yr, age, diab, hyperten disorders

SDR (95% Cl)

2.36 (2.26, 2.48)
2.77 (2.64, 2.90)
2.25 (2.12, 2.40)
1.60 (1.47, 1.75)
2.25 (2.18, 2.33)
2.65 (2.47, 2.84)
2.48 (2.28, 2.69)
1.74 (1.55, 1.94)
2.28 (217, 2.39)
1.01 (0.98, 1.04)

2.36 (2.30, 2.42)
2.17 (2.12, 2.22)
0.80 (0.80, 0.80)
0.74 (0.74, 0.74)
0.70 (0.70, 0.70)
0.73(0.73, 0.74)
0.74 (0.73, 0.74)
0.74 (0.73, 0.75)
0.75 (0.74, 0.76)
0.85 (0.83, 0.87)
1.08 (1.05, 1.11)
1.44 (1.37, 1.50)
1.54 (1.46, 1.62)
1.53 (1.47, 1.61)
1.02 (0.97, 1.08)
0.90 (0.89, 0.90)
0.79(0.79, 0.80)
0.71 (0.71, 0.72)
0.84 (0.83, 0.84)
0.95 (0.95, 0.96)
0.98 (0.98, 0.99)
1.04 (1.03, 1.05)
1.15 (1.13, 1.18)
1.28 (1.24, 1.32)
1.63 (1.54, 1.72)
1.56 (1.47, 1.66)
1.77 (1.68, 1.86)
1.69(1.61, 1.78)
1.03

2.43 (2.19, 2.69)
2.33 (2.09, 2.59)
2.40 (1.97, 2.93)
2.51 (2.09, 3.01)
2.90 (2.47, 3.41)
3.05 (2.62, 3.55)

1.03

0.94

1.08
2.01 (1.972.05)
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Domains of

Report Estimate (exposure, if any) analysis? Adjusted for SDR (95% ClI)
R F M H S
PRaR for FM 2223 wk (NHB v NHW) X X " 0.76 (0.71, 0.81)
PRaR for FM 2425 wk (NHB v NHW) X X " 0.70 (0.65, 0.75)
PRaR for FM 2627 wk (NHB v NHW) X X " 0.83 (0.77, 0.88)
PRaR for FM 289 wk (NHB v NHW) X X " 0.97 (0.91, 1.04)
PRaR for FM 3@31 wk (NHB v NHW) X X " 0.99 (0.93, 1.06)
PRaR for FM 3233 wk (NHB v NHW) X X " 1.11(1.04,1.18)
PRaR for FM 3435 wk (NHB v NHW) X X " 1.18 (1.12,1.26)
PRaR for FM 3637 wk (NHB v NHW) X X " 1.37 (1.29, 1.44)
PRaR for FM 3839 wk (NHB v NHW) X X " 1.58 (1.50, 1.67)
PRaR for FM 4841 wk (NHB v NHW) X X " 1.51(1.39, 1.65)
PRaR for FM 4243 wk (NHB v NHW) X X " 1.68 (1.45, 1.95)
Witt 2012 ORfor nortlive birth (excluding abortions) (NHB v NHW) X preconception mental health, age, marital, ed, insurance 0.73 (0.49, 1.08)
income, # children in household
Xu 2009 risk ratio for FD (NHB v NHW) X unadjusted 1.78 (1.48, 2.13)
Yankauer 1950 # FDs per 1000 livebirths, \WhdnonW/Negro n/a 1.77 (1.73,1.82)
# FDs per 1000 livebirths, \WhdnonW/Negro, < 5% of births nofV in health area X nla 1.48 (1.33,1.64)
# FDs per 1000 livebirths, \WhdnonW/Negro, 59% of births noAW in health area X nla 1.46 (1.29, 1.66)
# FDs per 1000 livebirths, \WhdnonW/Negro, 1024% of births nosW in health X nla 1.61(1.48,1.76)
area
# FDs per 1000 livebirths, \WhdnonW/Negro, 2549% of births noAW in health X nla 1.52 (1.39, 1.66)
area
# FDs per 1000 livebirths, \WhdnonW/Negro, 5074% of births noAW in health X nla 1.37 (1.24,1.51)
area
# FDs per 1000 livebirths, \WhdnonW/Negro, 75%+ of births nekV in health area X nla 1.43 (1.23, 1.66)
Yankauer 1958 # FDs per 1000 LB, VindnonW/Negro, 19531955 X n/a 1.95(1.92, 1.99)
# FDs per 1000 LB, VindnonW/Negro, 19451947 X n/a 1.77 (1.73, 1.82)
Yuan 2005 RaR for FD at wk 4013 (1997 v 1991) X X induction 0.68
RaR for FD at wk 4813, low-risk preg(1997 v 1991) X X X induction 0.53
RaR for FD at wki0-43, highrisk preg(1997 v 1991) X X X induction 0.80
Zhang 2013 OR for FD (AAv W) X age, state, yr, length of inpatient hospital stageCtion 1.89 (1.81, 1.98)

Abbreviations: AA, African AmericaantihypertenantinypertensiveAP, antepartumART, assisted reproductive technolpBy Black BMI, body mass index

BW, birthweight C, Cesarean sectiQICA, congenital anomajyCH, cumulative hazarccharacs, characteristigsCl, confidence intervalCOD, cause of eath
comp, complicationgond, condition cty, County diab, diabetesed, educationF, female;FAR, fetusest-risk; FD, fetal deathFGR, fetal growth restriction
FM, fetal mortality GA, gestational ageGEE, generalized estimating equatipgest,gestational HR, hazard ratip HS, high schoglhypert, hypertension;
hyperten, hypertensiy¢D, infant death IDD, intellectual or developmental disabilitiP, intrapartum IPI, interpregnancy intervallQR, interquartile range;
IUFD, intrauterine fetaldemise; LB, livebirthLBW, low birthweightM, male;marital, marital status mat, maternal mat cond, maternal conditignmed,
medication met, metropolitanmulti, multiparity,; multips, multiparousNHAA, norHispanic African AmericanNHB, norHispanic Black NHW, non
Hispanic white NND, neonatal deatthonmet, normetropolitan; ns, not statedwlli, nulliparity; nullips, nulliparous;NW, norwhite; OR, odds ratippayer,
healthcare payer statugar, parity; PNC, prenatal carePR, prevalence ratidPRaR, prevalence rate rafipreg, pregnancypreg comp, pregnancy
complications pregest, pregestationgpre-preg diab, prepregnancy diabete$?ROM, premature rupture of membranBq, preterm PTB, preterm birth
RaR, rate ratip RR, relative riskSB, stillbirth seg, segregationSGA, small for gestational ag8LE, systemic lupus erythematqsseeiodem,
sociodemographicTB, total births tri, trimester, W, white wk, week yr, year.

a2 Domains of analysis are R, race; F, fetal; M, maternal; H, healthcare system; S, structural.
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Table A 11: Stillbirth Disparity Ratios (95% ClIs) for comparisons between Hispanic, Asian/Pacific Islander, American
Indian/Alaska Native, and other racial/ethnic minority groups and white births (n = 112 SDRs from 51 reports)

Report

Hispanic (no subgroup identified)

Akobirshoev 2019

Barfield 2004
Brown 2007

Cai, Hoff andArcher 2007
Carmichael 2015

Carmichael 2019

Clowse 2016

Creanga 2017
Faiz 2012
Gregory 2003
Gregory 2014
Guendelman 1994

Healy 2006

Kallan 2001
Larkin 2018
Lorch 2012
MacDormanandHoyert 2007

Rammah 2019
Reddy 2010
Rosenstein 2014

Salihu 2005
Scott 1997

Shahul 2015

Singh 2018
Tanner 2018

Estimate (exposure, if any)

OR for SB (H v NHWwith IDD)

# FDs per 1000 total births, 2000,addNHW

OR for FD (Hv W)

# FDs over FDs and live births per 1000airtW

relative risk for SB in multiparous term (87 week) births (for
every 1 unitincrease in BMI), EndNHW

OR for SB at 225 weeks (H v NHW singleton livebirth full

term)
OR for SB (H v W with SLE)

% pregnancyrelated deaths, IndNHW

HR for SB (H v NHW)

relative risk for intrauterine fetal distress (35+ v <35, H v W)
# FDs per 1000 total births, 2012, HNWHW
OR for FD (Hispanic with no history of FD vs NHW with no

history of FD)

OR for fetal demise 24+ weeks (H v W)

# FDs per 1000 total births, nati®rn only, H v NHW
# intrauterine FDs per 1000, H v NHW

OR for FD (H v NHW)

# FDs of 20 weeks of gestation or more per 1,000 live births i
FDs of 20weeks or more, H v NHW

HR for SB (per IQR increase in ozone), H v NHW

HR for antepartum singleton SB (H v NHW)

# SBs at that GA per 10,0@hgoing pregnancies minus half of
the births in the given week, H v NHW

OR for SB in singletons (H v NHW singletons)

% hospitalizations for severe complications of pregnancy that
were for spontaneous abortions, H v W

OR for IUFD (H v W with preeclampsia)

% deliveries with antepartum FD (SB), H v NHW
# SBs per total births, NH\&ndH

Adjusted for

age, insurance, median household income for zip codmaebidities,
hospital (location, teaching status, bed number, region), year

n/a

age, residence, comorbidity, substance abuse, psychologic abnorr
length of hospital stay, total hospital charges

n/a

age, education, height

education, payegountry of birth, BMI, smoking, prpregnancy
diabetes and hypertension, parity, IPI, prior SB or PTB

age, insurance, thrombophilia, anemia, thrombocytopenia, drug us
alcohol use, tobacco usghronic hypertension, chronic renal failure,
diabetes, thyroid disorders, asthma, history of myocardial infarctior
plurality, mode of delivery, placenta previa

n/a

maternal characteristics, pregnancy complications

unadjusted

n/a

unclear

age, education, marital status, BMI, smoking, drug use, alcohol ust
medicationduring pregnancy, pregestational diabetes, obstetric hist
(prior live birth, miscarriage, PTB), ART, antihypertensive medicati
use prior to pregnancy, site

n/a

n/a

unadjusted

n/a

unadjusted
unclear
n/a

marital status, age, education, PNC, sex, plurality (by GEE)
n/a

age, income, hospital (region, teaching status), mode of delivery,
plurality, diabetes (with andithout complications), year, obesity,
insurance

n/a

n/a

SDR (95% Cl)

2.53 (1.08, 5.92)
1.09

0.76 (0.42, 1.37)
0.93 (0.53, 1.61)

0.91

1.11 (1.01, 1.23)

1.34 (0.88, 2.01)
0.91 (0.511.60)
1.20 (1.10, 1.30)
1.38
1.09

0.83

1.60 (0.80, 2.90)
1.56(1.37, 1.77)
1.11 (1.09, 1.13)
1.37 (1.28, 1.47)

1.10 (1.07, 1.14)
1.07
1.50 (1.20, 1.90)

1.16
0.91 (0.90, 0.92)

1
0.96 (0.82, 1.13)

1.33 (1.06, 1.68)
1.03 (0.63, 1.69)
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Report
Tolcher 2020

Willinger 2009
Wingate 2006

Wingate 2011

Wingate 2015
Wingate 2017
Witt 2012

Zhang 2013
Puerto Rican
Hoyert 1996

MacDormanandKirmeyer 2009b

MacDormanandMunson 2007

MacDorman 2011
MacDorman 2012
MacDorman 2015

Mexican
Gould 2003

Hoyert 1996

MacDormanandKirmeyer 2009b

MacDormanandMunson 2007

MacDorman 2011
MacDorman 2012
MacDorman 2015

Cuban
Hoyert 1996

MacDormanandKirmeyer 2009b

MacDormanandMunson 2007

MacDorman 2011

MacDorman 2012

Estimate (exposure, if any)
relative risk for SBwomen receiving aspirin vs placebo in low
risk population), H v NHW
CH for SB between 281 weeks (35+ vs <35), H v NHW
OR for FD (H v NHW)

# FDs at 20 weeks+ gestation per 1,000 live births plus FDs,
20012002, H v NHW

OR for fetal mortality (20082008 vs 1995.998), H v NHW
prevalence rate ratio for FD (H v NHW)

OR for nonlive birth (excluding abortions) (H v NHW)

OR for FD (H v W)

# FDs per 1,000 live births and FDs, NHANDPR

# FDs of 20 weeks of gestation or more per 1,000 live births i
FDs of 20 weeks or more, WhdPR

# FDs of 20 weeks of gestation or more per 1,000 live births i
FDs of 20 weeks or more, NHAhdPR

# FDs of 20 weeks of gestation or more per 1000 live births a

FD, NHWandPR

# FDs of 20 weeks of gestation or more per 1,000 live births i
FDs at 20 weeks or more, NH#hdPR
# FDs of 20 weeks of gestation or more per 1,000 live births i
FDs at 20 weeks or more, NH#dPR

# FDs per 1000 total births, U-Born NHWandforeign-born

Mexican American

# FDs per 1,000 live births and FDs, NHAWdMexican

# FDs of 20 weeks of gestation or more per 1,000 live births i
FDs of 20 weeks or more, WhdMexican

# FDs of 20 weeks of gestation or more per 1,000 live births i
FDs of 20 weeks or more, NH@hdMexican

# FDs of 20 weeks of gestation or more per 1000 live births a
FD, NHW andMexican

# FDs of 20 weeks of gestation or more per 1,000 live births i
FDs at 20 weeks or more, NH#&hdMexican

# FDs of 20 weeks of gestation or more per 1,000 live births i
FDs at 20 weeks or more, NH#&hdMexican

# FDs per 1,000 live births and FDs, NHAWdCuban

# FDs of 20 weeks of gestation or more per 1,000 live births i
FDs of 20 weeks or more, AhdCuban

# FDs of 20 weeks of gestation or more per 1,000 live births i
FDs of 20 weeks or more, NH@hdCuban

# FDs of 20 weeks of gestation or more per 1000 live births a
FD, NHWandCuban

# FDs of 20 weeks of gestation or more per 1,000 live births i
FDs at 20 weeks or more, NH#hdCuban

Adjusted for
unadjusted

unadjusted

marital status, age, education, parity, PN@pking, diabetes,
hypertension, birthweight

n/a

marital status, age, parity, diabetes, hypertensive disorders

year, age, diabetes, hypertensive disorders

preconception mental health, age, marital status, education, insura
income, number of children in the household

age, state, year, length of inpatient hospital stage@ion

n/a
n/a

n/a
n/a
n/a

n/a

n/a

n/a
n/a

n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a

n/a

SDR (95% Cl)

0.98
1.2

0.49 (0.47, 0.52)
1.33 (1.30, 1.37)
1.57
1.09 (1.07, 1.11)

0.60 (0.42, 0.86)
0.86 (0.81, 0.92)

0.98 (0.81, 1.19)
1.27 (1.15, 1.41)
1.26 (1.13, 1.39)
1.3
1.27 (1.15, 1.40)
1.23 (1.111.36)
1.15 (1.08, 1.23)
1.05 (1.00, 1.10)
1.09 (1.05, 1.14)
1.02 (0.98, 1.06)
1.09
1.01 (0.97, 1.05)
1.05 (1.00, 1.09)
1.15 (0.90, 1.47)
0.87 (0.68, 1.10)
1.10 (0.88, 1.36)
0.9

1.14 (0.93, 1.39)
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Report
MacDorman 2015

Central/South American
Hoyert 1996

MacDormanandKirmeyer 2009b

MacDormanandMunson 2007
MacDorman 2011
MacDorman2012
MacDorman 2015

Other Hispanic
Hoyert 1996
MacDorman 2015

Asian (no subgroup identified)
Cai, Hoff andArcher 2007
Carmichael 2019

Larkin 2018
Lorch 2012
Reddy 2010
Rosenstein 2014

Asian or Pacific Islander
Barfield 2004
MacDormanandHoyert 2007

MacDormanandKirmeyer 2009b

MacDormanandMunson 2007
MacDorman 2011
MacDorman 2012
MacDorman 2015

Schummers 2019
Scott 1997

Singh 2018
Tanner 2018

Estimate (exposure, if any)
# FDs of 20 weeks of gestation or more per 1,000 live births i
FDs at 20 weeks or more, NH#hdCuban

# FDs per 1,000 live births and FDs, NHAldCentral/S Am

# FDs of 20 weeks of gestation or more per 1,000 live births i
FDs of 20 weeks or more, WhdCentral/S Am

# FDs of 20 weeks of gestation or more per 1,000 live births i
FDs of 20 weeks or more, NH@hdCentral/S Am

# FDs of 20 weeks of gestation or more per 1000 live births a
FD, NHWandCentral/S Am

# FDs of 20 weeks of gestation or more per 1,000 live births i
FDs at 20 weeks or more, NH#hdCentral/S Am

# FDs of 20 weeks of gestation or more per 1,000 live births i
FDs at 20 weeks or more, NH&hdCentral/S Am

# FDs per 1,000 live births and FDs, NHARdOther H
# FDs of 20 weeks of gestation or more per 1,000 live births i
FDs at 20 weeks or more, NH&hdO/unknown H

Asian

# FDs over FDs and live births per 1000aadW

OR for SB at 225 weeks (A v NHW singleton livebirth full
term)

# intrauterine FDs per 1000, #WhdNH A

OR for FD (A v NHW)

HR for antepartum singleton SB (A v NHW)

# SBs at given GA per 10,000 ongoing pregnancies minus he
the births in the given week, NHAhdA

# FDs per 1000 total births, 2000, AARIdNHW

# FDs of 20 weeks of gestation or more per 1,000 live births i
FDs of 20 weeks or more, NHANdAPI

# FDs of 20 weeks of gestation or more per 1,000 live births i
FDs of 20 weeks or more, MAhdAPI

# FDs of 20 weeks of gestation or more per 1,000 live births i
FDs of 20 weeks or more, NHANdAPI

# FDs of 20 weeks of gestation or more per 1000 live births a
FD, NHWandAPI

# FDs of 20 weeks of gestation or more per 1,000 live births i
FDs at 20 weeks or more, NH#hdAPI

# FDs of 20 weks of gestation or more per 1,000 live births ai
FDs at 20 weeks or more, NH#WdAPI

% births that were SBs, WhdAPI

% hospitalizations for severe complications of pregnancy thai
were for spontaneous abortions aMdAPI

% deliveries with antepartum FD (SB), NH&dAPI

# SBs per total births, NH\&ndA including PI/O

Adjusted for
n/a

n/a
n/a
n/a
n/a
n/a
n/a

n/a
n/a

n/a

education, payer, country of birth, BMI, smoking, ypregnancy
diabetes and hypertensigrarity, IPI, prior SB or PTB

n/a

unadjusted

unclear

n/a

n/a
n/a
n/a
n/a
n/a
n/a
n/a

n/a
n/a

n/a
n/a

SDR (95% Cl)
0.95 0.77, 1.17)
0.90 (0.79, 1.02)
0.94 (0.87, 1.01)
0.92 (0.85, 0.99)
0.9
0.99 (0.92, 1.06)
0.93 (0.86, 1.01)
1.93 (1.75, 2.14)

1.23 (1.15, 1.32)

2.64 (1.15, 6.05)
1.30 (1.13, 1.49)
0.88 (0.84, 0.92)
1.18 (1.09, 1.28)
0.50(0.30, 0.90)
1.02
0.98
1.01
1.00 (0.941.06)
0.96 (0.90, 1.02)
1
1.02 (0.96, 1.08)

0.96 (0.90, 1.02)
0.86 (0.84, 0.88)

05
0.67 (0.38, 1.17)
3.73 (2.57, 5.40)
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Report Estimate (exposure, if any) Adjusted for SDR (95% Cl)

Indian
Gould 2003 # FDs per 1000 total births, srn NHWandforeign-born n/a
Asian Indian 1.69 (1.36, 2.10)
American Indian/Alaska Native
Barfield 2004 # FDs per 1000 total births, 2000, AlAAdNHW n/a 1.04
Buck 1995 # FDs per 1000 births (live births plus FDs 20 weeks or more n/a
Al andwW 0.97 (0.67, 1.41)
Larkin 2018 # intrauterine FDs per 1000, NH#hdNH AN n/a 1.22 (1.13,1.32)
MacDormanandHoyert 2007 # FDs of 20 weeks of gestation or more per 1,000 live births ¢ n/a
FDs of 20 weeks or more, NHAhdAIAN 1.23
MacDormanandKirmeyer 2009b  # FDs of 20 weeks of gestation or more per 1,000 live births i n/a
FDs of 20 weeks or more, WhdAIAN 1.29 (1.14, 1.45)
MacDormanandMunson 2007  # FDs of 20 weeks of gestation or more per 1,000 live births i n/a
FDs of 20 weeks or more, NHAhdAIAN 1.17 (1.04, 1.33)
MacDorman 2011 # FDs of 20 weeks of gestation or more per 1000 live births a n/a
FD, NHW andAIAN 1.29
MacDorman 2012 # FDs of 20 weeks of gestation or more per 1,000 live births ¢ n/a
FDs at 20 weeks or more, NH&@dAIAN 1.26 (1.12,1.41)
MacDorman 2015 # FDs of 20 weeks of gestation or more per 1,000 live births ¢ n/a
FDs at 20 weeks or more, NH#WdAIAN 1.27 (113, 1.43)
Schummers 2019 % births that were SBs, \WhdAIAN n/a 1.00 (0.94, 1.06)
Scott 1997 % hospitalizations for severe complications of pregnancy tha: n/a
were for spontaneous abortions, avdNA 0.5
Wingate 2015 OR for fetal mortality (2002008 vs 19981998), AIAN v NHW  marital status, age, parity, diabetes, hypertensive disorders 0.89
Wingate 2017 prevalence rate ratio for FD (AIAN v NHW) year, age, diabetes, hypertensive disorders 1.29 (1.21,1.37)
Other
Getahun 2005 relative risk for SB (BW v WW) age, education, paternal age, PNC, parity, marital status, smoking 1.37 (1.211.54)
Getahun 2005 relative risk for SB (WB v WW) age, education, paternal age, PNC, parity, marital status, smoking 1.17 (1.10, 1.26)
Gold 2010 OR for SB (BW v WW) birthweight, GA, demographic factors, social, biological, and
genetic/congenital risk factors, procedures 1.38 (0.76, 2.50)
Gold 2010 OR for SB (WB v WW) birthweight, GA, demographic factors, social, biological, and
genetic/congenital risk factors, procedures 1.35(0.92, 1.98)
Tan 2004 rate ratio for FD (BW WW) unadjusted 0.87 (0.56, 1.36)
Tan 2004 rate ratio for FD (WB v WW) unadjusted 1.17 (0.93, 1.48)
Cai, Hoff andArcher 2007 # FDs over FDs and live births per 1000a@W n/a 0.73 (0.18, 2.96)
Creanga 2017 % pregnancyrelated deaths, @hdNHW n/a 0.92 (0.42, 2.00)
Faiz 2012 HR for SB (O v NHW) maternal characteristics, pregnancy complications 0.80 (0.70, 1.00)
Gregory 2003 relative risk for intrauterine fetal distress (35+ v <35, O v W) unadjusted 1.06
Healy 2006 OR for fetal demise 24+ weeks (O v W) age, education, marital status, BMI, smoking, drug use, alcohol ust
medication during pregnancy, pregestational diabetes, obstetric his
(prior live birth, miscarriage, PTB), ART, antipgrtensive medication
use prior to pregnancy, site 1.70 (0.80, 3.80)
Hsieh 1997 # FDs per 1000 total births (FDs and live births), 29890, W  n/a
andO 0.92
Koonin 1997 % pregnancyelated maternal deaths with SB,akdO n/a 0.91
(0.05, 15.95)
NCHS 1966 # FDs per 1,000 live births and FDs,akidnonW n/a 1.95 (1.92, 1.98)

Reddy 2010 HR for antepartum singleton SB (O v NHW) unclear 2.40 (1.80, 3.00)
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Report Estimate (exposure, if any) Adjusted for SDR (95% Cl)

Shapiro 1965 # deaths of 20+ weeks and unknown GA per 1000 live births, n/a

andnonW 1.92 (1.89, 1.95)
Singh 2018 % deliveries with antepartum FD (SB), NH&dO/multiracial n/a 2.33(1.57,3.48)
Soffer 2018 % pregnancy outcomes that were IUFD andnonW n/a 0
Tanner 2018 # SBs per total births, NH\&ndO n/a 3.93(2.14,7.22)
U.S. Dept of Commerce 1936  # SBs per 100@ve births, Wando c ol or ed o n/a 2.06 (2.10, 2.16)
Witt 2012 OR for nonlive birth (excluding abortions) (O v NHW) preconception mental health, age, marital status, education, insura

income, number of children in the household 1.42 (0.81, 2.50)

Abbreviations: A, Asian, Al, American Indian, AIAN, American Indian/Alaska Native, API, Asian/Pacific Islander, ART, ragsistiedtive technology, BMI,
body mass index, BW, Black mother/white father, CH, cumulative hazard, FD, fetal death, GAngésigeioGEE, generalized estimating equations, H,
Hispanic, HR, hazard ratio, IDD, intellectual or developmental disability, IPI, ipregnancy interval, IQR, interquartile range, IUFD, intrauterine fetal death,
NA, Native American, NH, nddispanic, NHWV, nonHispanic white, O, other racial/ethnic group, OR, odds ratio, PI, Pacific Islander, PNC, prenatal care, PR,
Puerto Rican, PTB, preterm birth, S Am, South American, SB, stillbirth, SLE, systemic lupus erythematosus, W, white,éB)extBtackather, WW, white
mother/white father.
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Table A 12 Summary of domains of analysis and explanation for 84 reports providing
Black-white Stillbirth Disparity Ratios

Domain Analysis Explanation
#reports %  #reports %
Fetal 39 46% 35 42%
Gestational age 25 30% 22 26%
Year of birth 17 20% 0 -
Birthweight 10 12% 7 8%
Plurality 7 8% 4 5%
Sex 6 7% 0 -
Parity 6 7% 4 5%
Cause of death 3 4% 3 4%
Small forgestational age 3 4% 4 5%
Maternal 30 36% 47 56%
Age 15 18% 7 8%
Marital status 8 10% 1 1%
Adverse pregnancy outcomes 6 7% 2 2%
Pregnancyrelated conditions 6 7% 11 13%
Maternal conditions 6 7% 23 27%
Weight 4 5% 8 10%
Education 3 4% 7 8%
Prenatal care 3 4% 13 15%
Health behaviors 3 4% 13 15%
Insurance 2 2% 4 5%
Nativity 2 2% 5 6%
Pregnancyrelated knowledge, attitudes and practic 0 - 4 5%
Genetics 0 - 8 10%
General health 0 - 15 18%
Stress 0 - 21 25%
Family/community 3 4% 17 20%
Community 3 4% 10 12%
Families 0 - 5 6%
Socioeconomic status 0 - 7 8%
Healthcare 0 - 32 38%
Physicians 0 - 5 6%
Interventions 0 - 11 13%
Quality 0 - 19 23%
Access 0 - 19 23%
Structural 4 5% 31 37%
Racism 2 2% 17 20%
Other 2 2% 24 29%
Poverty 0 - 4 5%
Race? 37 44% 4 5%
None n/a n/a 27 32%

2 Race noted as a domain of analysis if used as an exposure in regression analyses; all other reports by definition
used race as either a stratification factor or effect modifier.
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Table A13: Details of d omains of analysis and explanation for 84 reports with data for Black -white Stillbirth Disparity

Akobirshoev 2019
analysis
explanatior
Allen 2005
analysis
explanatior
Ananth 2005
analysis
explanatior
August 2011
analysis
explanatior
Barfield 1996
analysis
explanatior
Barfield 2004
analysis
explanatior
Brisendine 2020
analysis
explanatior
Brown 2007
analysis
explanatior
Brown 2012
analysis
explanatior
Buck 1995
analysis
explanatior
Cai, Hoff andArcher 2007
analysi¢
explanatior
Cai, Hoff andOkah 2007
analysis
explanatior
Carmichael 2015
analysis
explanatior

Carmichael 2019
analysis

Ratios (SDRs)

Maternal Fetal Fam/Com  Healthcare Structural
RaceGer Age Ed Mar Wgt StrNatHeeMat PrgAPO InsPNCKAP BehGA BW SGA CODPalPluSexYr Far SESComQualAcc Int Dr RemPovOthNone

X
X X X X X X X
X
X X X X X X
X X
X
X X
X
X X
X
X X
X
X X X
X X X X X X X X
X
X X
X X
X X
X X X X X
X X X X
X X
X
X X X
X X X
X X X
X X X
X X
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Clowse 2016

Creanga 2017

Demissie 2001

Dryfhout 2010

Dumas 2020

Faiz 2012

Getahun 2005

Getahun 2007

Gold 2010

Gould 2003

Grant 2017

Gregory 2003

Gregory 2014

Guendelman 1994

Healy 2006

explanatior

analysis
explanatior

analysis
explanatior

analysis
explanatior

analysis
explanatior

analysis
explanatior

analysis
explanatior

analysi¢
explanatior

analysi¢
explanatior

analysis
explanatior

analysis
explanatior

analysi¢
explanatior

analysis
explanatior

analysis
explanatior

analysis
explanatior

analysis
explanatior

Maternal
RaceGer Age Ed Mar Wgt StrNatHeeMat PrgAPO InsPNCKAP BehGA BW SGA CODPalPluSex Yr Far SESComQualAcc Int Dr RemPovOthNone

X X X X

X

Fetal Fam/Com  Healthcare Structural

X
X
X
X
X
X X X X X
X
X
X X
X X X
X X X
X X X X
X X X X
X
X
X
X
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Hoyert 1996
analysis
explanatior
Hsieh 1997
analysis
explanatior
Kallan 2001
analysis
explanatior
Koonin 1997
analysis
explanatior
Kramer 2002
analysis
explanatior
Larkin 2018
analysis
explanatior
Lemon 2016
analysis
explanatior
Lorch 2012
analysis
explanatior
MacDormanandHoyert 2007
analysis
explanatior
MacDormanandMunson 2007
analysis
explanatior
MacDormanandKirmeyer 2009i
analysi¢
explanatior
MacDormanandKirmeyer 2009I
analysis
explanatior
MacDorman 2011
analysis
explanatior
MacDorman 2012
analysis
explanatior
MacDorman 2015
analysis
explanatior
Meyer 1999

Maternal

Fetal

Fam/Com

Healthcare  Structural

RaceGer Age Ed Mar Wgt StrNatHeeMat PrgAPO InsPNCKAP BehGA BW SGA CODPalPluSex Yr Far SESComQualAcc Int Dr RemPovOthNone

X X X
X

X X

X X

X X

X X

X X

X

X

X

X

(e}
q—
N
X X X
X X X
X X X
X
X X X
X X
X X X
X X X



Maternal Fetal Fam/Com  Healthcare Structural
RaceGer Age Ed Mar Wgt StrNatHeeMat PrgAPO InsPNCKAP BehGA BW SGA CODPalPluSex Yr Far SESComQualAcc Int Dr RemPovOthNone

analysis X X
explanatior X
Nabukera 2009
analysic X X
explanatior X X X X X X
PoweltGriner 1989
analysis X
explanatior X
Pruitt 2020
analysis X X X X
explanatior X X X X X X X
Rammah 2019
analysis X
explanatior X
Reddy 2010
analysis X X
explanatior X
Rosenstein 2014
analysi¢ X
explanatior X X X X X X X X
Rush 1972 _ o
analysis X <t
explanatior X X N
SalihuandKinniburgh 2004
analysis X X X X
explanatior X X
SalihuandWilliams 2004
analysis X
explanatior X
Salihu 2005
analysis X
explanatior X X X X
Salihu 2006
analysi¢ X X
explanatior X X X X X X X X
Salihu 2007
analysis X X
explanatior X X X X
Salihu 2009
analysis X X
explanatior X X X X X
Sapra2017
analysis X X X X X
explanatior X
Schlenker 2009

analysis X



Maternal Fetal Fam/Com  Healthcare Structural
RaceGer Age Ed Mar Wgt StrNatHeeMat PrgAPO InsPNCKAP BehGA BW SGA CODPalPluSex Yr Far SESComQualAcc Int Dr RemPovOthNone

explanatior X
Schummers 2019
analysis X
explanatior X X X X
Scott 1997
analysis
explanatior X X X X X X X X X X X
Shahul 2015
analysic X
explanatior X X X X X X X
Sharma 2006
analysis X
explanatior X
Singh2018
analysis
explanatior X X X
Tan 2004
analysic X X
explanatior X X X X X X X
Tanner 2018
analysi¢
explanatior X
Timofeev 2014
analysis X
explanatior X
Tolcher 2020
analysis X
explanatior X
Tyler 2012
analysis X X
explanatior X X X
Vintzileos 2002
analysi¢ X X X X X X X
explanatior X X X X X
Williams 2018
analysis X
explanatior X X X X X
Willinger 2009
analysis X X X X X
explanatior X X X X X X X X X X X X
Wingate 2006
analysis X
explanatior X X
Wingate 2011
analysis X X

explanatior X X X X X X X X
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Maternal Fetal Fam/Com  Healthcare Structural
RaceGer Age Ed Mar Wgt StrNatHeeMat PrgAPO InsPNCKAP BehGA BW SGA CODPalPluSex Yr Far SESComQualAcc Int Dr RemPovOthNone

Wingate 2012

analysis X X X X
explanatior X X X X X
Wingate 2015
analysis X X
explanatior X X X X X X
Wingate 2017
analysis X X
explanatior X X X X
Witt 2012
analysic X
explanatior X
Xu 2009
analysis X
explanatior X
Yankauer 1950
analysis X
explanatior X X X X
Yankauer 1958
analysis X
explanatior X —
Yuan 2005 N
analysis X X X X N
explanatior X X
Zhang 2013
analysis X
explanatior X X X X X X XX X X X
Domains are:

A race;

A genetics (gen);

A maternal, including age, education (ed), maritadar), weight (wgt), stress (str), nativity (nat), general health (hea), maternal conditions (mat),
pregnancyrelated conditions (prg), prior adverse pregnancy outcomes (APO), health insurance (ins), prenatal care (PNC), pretatadcy
knowledge, attitdes and practices (KAP), other health behaviors (beh);

A fetal, including gestational age (GA), birthweight (BW), small for gestational age (SGA), cause of death (COD), panthu(gits),(plu), sex, birth
year (yr);

A family and community, including falypicharacteristics (fam), socioeconomic characteristics (SES), community characteristics (com);

A healthcare, including quality (qual), access (acc), interventions (int), physielated characteristics (dr);

A structural, including racism (rcm), poverty (9o other structural characteristics (oth)

ANoneo indicates that no comment s o nTable/ foraddhailsdfiwksapeach domgin andcategory includes. r t h

rate
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Stillbirth Disparity Ratio

Figure A 1. Stillbirth Disparity Ratios (SDRs) for racial/ethnic groups other than
Black, 112 SDRs from 51 reports

Top tobottom O, Other (adjusted, unadjusted); N, Native American (adjusted, unadjusted); H, Hispanic (adjusted,
unadjusted); A, Asian (adjusted, unadjusted).
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post-term
full-term
28+

late PTB
late PTB
early FTB
early PTB
early PTB
early FTB
early PTB
early PTB
early FTB
post-term
fulk-term
full-term
28+

28+

28+

28+

28+

28+

28+

late PTB
late PTB
early FTB
early PTB
early PTB
early PTB
early PTB
early PTB
early PTB
early FTB
early PTB
early PTB
early FTB

0 0.5 1 1.5 2 2.5 3 3.5 4 45

Figure A 2: 445 Blackwhite SDRs that used gestational age as a category of analysis,
ordered by gestational age at birth: (top) n=150 SDRs without 95% ClIs from 8 reports;
(bottom) n=295 SDRs with 95% Cls from 13 reports

Abbreviations: Cl, confidence interval; SDR, Stillbirth Disparity Ratio.
Red line indicates nullalue of 1. SDRs whose 95% CI bars are entirely to the left of the red line, or blue bars

ending to the left of the red line (for SDRs without 95% ClIs) indicate greater risk of stillbirth in white than Black

births; those with 95% CI bars entirely to thghi of the red line, or blue bars ending to the right of the red line

(for SDRs without 95% CIs), indicate greater risk of stillbirth in Black than white births; those with 95% CI bars
still

crossing the red line indicate no evidence of significant differenBeilmc k and whi t e
Subcategories for gestational age were:

1 Early preterm (including 2@7, 2529, 2832 weeks)

1 Late preterm (including 336, 2836, 3034, 3233, 3235, 3236, 3539, 3637 weeks)

1 Full term (including 3738,39-40, 41, 3839, 3741, 3739, 4041 weeks)

1 Postterm (including 42+ weeks)

1 28+ weeks

birth

24 SDRs using gestational age as a domain of analysis were not included here due to gestational ages that aligned

poorly with our categorie20-41, early, late, 24+, 35, 37+, 4043 weeks, as these overlap with other categpries

e.g., 24+ weeks overlaps with early and late PTB as well atefufi and posterm).
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average
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teen
teen
teen
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Figure A 3: 269 Blackwhite SDRs that used maternal age as a category of analysis,
ordered by maternal age at birth: (top) n=32 SDRs without 95% ClIs from 5 reports; (bottom)
n=237 SDRs with 95% Cls from 11 reports

Abbreviations: Cl, confidence interval; SDR, Stillbirth Disparity Ratio.
Red line indicates null value of 1. SDRs whes# Cl bars are entirely to the left of the red line, or blue bars
ending to the left of the red line (for SDRs without 95% ClIs) indicate greater risk of stillbirth in white than Black
births; those with 95% CI bars entirely to the right of the red limégloe bars ending to the right of the red line
(for SDRs without 95% CIs), indicate greater risk of stillbirth in Black than white births; those with 95% CI bars
crossing the red line indicate no evidence of significant difference in Black and wHité stilt h  ri sk at U=5%
Subcategories for maternal age were:

1 Teen (including <20 years)

1 Average (including 2@4, 2529, 3034, 2029, 2034 years)

1 Older (including 3539, 35+, 40+ years)
4 SDRs using maternal age as a domain of analysis wefaatatied here due to maternal age category that
aligned poorly with our categories (<35 which overlaps with teen and aveagged mothers).
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none
tri 3
tri 3
tri 2
tri 2
tri 2
tril
tril
tril
none
none
none
any
any
any

0 0.5

Figure A 4. 150 Blackwhite SDRs with 95% Cls that used prenatal care as a category of
analysis, ordered by trimester when care started and any/no prenatal care: (top) n=15 SDRs
without 95% Cls from one report; (bottom) n=135 SDRs with 95% Cls from one report

Abbreviations: Cl, confidence interval; SDR, Stillbirth Disparity Ratio; tri, aster.
Red line indicates null value of 1. SDRs whose 95% CI bars are entirely to the left of the red line, or blue bars
ending to the left of the red line (for SDRs without 95% CIs) indicate greater risk of stillbirth in white than Black
births; those wh 95% CI bars entirely to the right of the red line, or blue bars ending to the right of the red line
(for SDRs without 95% Cls), indicate greater risk of stillbirth in Black than white births; those with 95% CI bars
crossing the red line indicate noegicthc e of signi ficant difference in Bl ack
Subcategories for PNC were:

1 Trimester 1 start

1 Trimester 2 start

1 Trimester 3 start

1 AnyPNC

1 NoPNC
4 SDRs using PNC as a domain of analysis were not included here chtedory that aligned poorly with our
categories (late/no PNC which overlaps with tri 3 start and no PNC).
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Figure A 5: 146 Blackwhite SDRs that used maternal education as a category of
analysis, ordered by number of years of education completed: (top) n=5 SDRs without 95%
Cls from 2 reports; (bottom) n=141 SDRs with 95% Cls from 3 reports

Abbreviations: ClI, confidence interval; SDR, Stillbirth Disparity Ratio.
Red line indicates null value of 1. SDRs whose 95% 3l dr@ entirely to the left of the red line, or blue bars
ending to the left of the red line (for SDRs without 95% CIs) indicate greater risk of stillbirth in white than Black
births; those with 95% CI bars entirely to the right of the red line, or blue dading to the right of the red line
(for SDRs without 95% Cls), indicate greater risk of stillbirth in Black than white births; those with 95% CI bars
crossing the red line indicate no evidence of significant difference in Black and white stilldirth st U =5 %.
Subcategories for education were:

1 Some college (including 16+, 115, and 13+ years)

1 Less than high school (including8) <8, <12, 911, and 811 years)

1 High school (including 12 years)

1 High school or higher (including 12+ years)
4 SDRs usingducation as a domain of analysis were not included here due to category that aligned poorly with our
categories (012 which overlaps with high school and
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Additional tables and figures for Chapter 3

Table A 14 Four structural racism measures: Formulas and data sources

Use Formula Variable definitions Rangeand interpretation Coding ACS data sources
Index of Dissimilarity
Main 5 wi is the number of white and the number of | Assesses whether populations| Tertiles (tertile 3 | Table B03002,
analyse$§* 22 p 0 Black individuals in the®l of n census tracts; | minority and majority groups | = greatest AiHi spani c
419421 C o 6 Wr and Br are the totals of these individuals | are evenly distributed across | segregatiordf Origin by
all census tracts of one PUMA neighborhoods; range 0 (not vintages 2013 and

Sensitivity B o0sf 0s ti is the number of total individuals in the i segregated) to 1 (completely 2018
analyseg!? 227 <Yop 0 census tract and,ps the proportion who are | segregated)

Black individuals; T is the number of total
individuals in all census tracts in the PUMA,
and P is the proportion of T comprised of
Black individuals

Index of Isolation

Main . Xi, ti are numbers of Black and total (Black ai Assesses the likelihood that Tertiles (tertile 3 | Table B03002,
analyseg!? W white) individuals in the't of n census tracts; | individuals of a given race will | = greatest AHIi spani c
@ o X is the total number of Black individuals in | encounter only individals of segregatiorf} Origin by
all n census tracts of one PUMA that same race within a vintages 2013 and
S : neighborhood; range 0 (not 2018
Sensitivity As above, except thati$ total number of segregated) to 1 (completely
analyses individuals in the? census tract segregated)
B Index of Concentration at the Extremes

Main 0 0 Ai, B, Ti are numbers of most privileged, leay Ranges from1, indicating that | Quintiles (quintie | Table B19001,

analyseg'® "Y privileged, and all individuals in th& PUMA. | a neighborhood is entirely 5 = greatest fiHousehol
Most privileged were defined as nétispanic | composed of those with the leg concentration of | in the past 12
white households earning $100,000+ annua  privilege, to +1, for privilege e 222 months by
ard least privileged as Black households neighborhoods entirely race/ et hn
earning <$25,000 annuathf 221223 composed of those with the vintages 2013 and

Sensitivity As above, except that most privileged were | most privilege 2018 (income in

analyses defined as notispanic white $200,000+; inflation-adjusted
least privileged as Black <$35,000 dollars)

Educational Inequity Ratio

Main W bi, wi, Bi, Wi are numbers of Black and non | Values between 0 and 1 indical Tertiles (reverse | Tabl e C15

analyseg®0 201 0 Hispanic white individuals aged 25 years or | Black individuals have a coded so that by educational

208 v o older with a Bachel or | proportionately lower tertile 3 = greatest attairment for the
total numbers of Black and nédfispanic educational attainmettan inequityy°° population 25 years
white individuals aged 25 years or older, int white individuals in a and overo
i" PUMA, respectively neighborhoogdwhile values >1 vintages 2013 and

indicate the reverse. For 2018
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Use

Formula

Variable definitions

Rangeand interpretation

Coding

ACS data sources

regression, values >1 were
truncated to 1

Abbreviations: ACS, American Community Survey; PUMA, Public Use Microdata Area.
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Table A 15: Structural racism measures and other PUMA -level characteristics stratified by PUMA, with stillbirth rates and
numbers, NYC 2009-2018

PUMA | Dissimilarity @ Isolation 2 ICE P Ed Inequity © Poverty ¢ Ed Attainment ¢, Prop NHB '  Stillbirths, n|All births, n| SBR
20139 | 20189 | 20139 | 20189 | 20139 | 20189 | 20139 | 20189 | 20139 | 20189 | 20139 | 20189 | 20139 | 2018°¢ 8,177 1,077,041 7.6
Bronx
3701 0.60 0.56 0.56 0.54 0.11 | 0.12 | 0.50 | 0.55 0.16 0.19 | 0.82 0.82 0.13 0.12 70 10,889 6.4
3702 0.61 0.61 0.96 0.96 | -0.16 | -0.13 | 0.76 | 0.70 0.21 0.22 | 0.80 0.80 0.68 0.65 204 17,493 11.7
3703 0.82 0.78 0.82 0.83 0.03 | 0.04 | 095 094 0.17 0.14 | 0.82 0.85 0.26 0.28 88 9,698 9.1
3704 0.55 0.53 0.67 0.68 | -0.01 | 0.00 | 0.89 | 0.90 0.20 0.20 | 0.75 0.78 0.21 0.21 81 13,268 6.1
3705 0.70 0.68 0.93 0.94 | -0.19 | -0.18 | 0.57 | 0.58 0.32 0.31  0.61 0.64 0.31 0.31 324 27,381 11.8
3706 0.44 0.36 0.77 0.76 | -0.08 | -0.06 | 0.69 | 0.59 0.30 0.31 | 0.67 0.70 0.18 0.15 165 21,996 7.5
3707 0.39 0.31 0.95 0.96 | -0.16 | -0.16 | 0.54 | 0.71 0.34 0.37 | 0.64 0.65 0.27 0.27 169 22,302 7.6
3708 0.41 0.35 0.96 0.94 | -0.17 | -0.14 | 0.66 | 0.47 0.32 0.35 | 0.62 0.66 0.32 0.29 210 25,126 8.4
3709 0.43 0.36 0.93 0.92 | -0.12 | -0.10 | 0.93 | 0.96 0.25 0.30 | 0.70 0.72 0.30 0.29 229 24,100 9.5
3710 0.37 0.37 0.93 094 | -0.18 | -0.16 | 0.49 | 0.51 0.29 0.32 | 0.55 0.61 0.27 0.29 250 24,495 10.2
Manhattan
3801 0.54 0.51 0.55 0.48 0.02 | 0.06  0.36 A 0.40 0.19 0.20 | 0.69 0.72 0.08 0.08 123 22,833 54
3802 0.58 0.45 0.67 0.59 0.00 | 0.05 | 0.31 | 0.35 0.23 0.20 | 0.79 0.81 0.22 0.22 70 11,255 6.2
3803 0.34 0.30 0.85 0.81 | -0.22 | -0.14 | 0.33 | 0.34 0.22 0.21 @ 0.81 0.82 0.60 0.55 144 15,646 9.2
3804 0.45 0.45 0.77 0.78 | -0.11 | -0.09 | 0.32 | 0.31 0.22 0.24 @ 0.72 0.74 0.30 0.31 111 15,240 7.3
3805 0.51 0.55 0.13 0.11 0.43 | 0.46 | 0.53  0.49 0.07 0.06 @ 0.97 0.98 0.03 0.02 93 24,988 3.7
3806 0.46 0.48 0.22 0.19 0.38 | 0.43 | 0.31 | 0.40 0.10 0.09  0.94 0.95 0.07 0.05 98 24,486 4.0
3807 0.36 0.28 0.14 0.14 0.33 | 0.36 | 0.48 @ 0.47 0.11 0.12 | 0.94 0.94 0.06 0.05 69 14,745 4.7
3808 0.33 0.42 0.08 0.11 0.39 | 0.43 | 0.59 @ 0.66 0.10 0.09 @ 0.97 0.97 0.03 0.03 58 12,192 4.8
3809 0.53 0.54 0.43 0.47 0.12 | 0.13 | 0.27 A 0.32 0.21 0.22 @ 0.72 0.74 0.07 0.08 77 14,989 5.1
3810 0.30 0.28 0.05 0.05 0.44 | 0.50 | 0.78 | 0.67 0.09 0.08 | 0.95 0.96 0.02 0.02 50 17,940 2.8
Staten Island
3901 0.65 0.60 0.07 0.05 0.37 | 0.40 | 0.91 @ 0.70 0.10 0.22 | 0.91 0.93 0.01 0.01 59 14,606 4.0
3902 0.41 0.50 0.13 0.15 0.26 | 0.30 | 0.712 | 0.64 0.15 0.12 ' 0.89 0.88 0.03 0.04 85 13,815 6.2
3903 0.59 0.60 0.63 0.63 0.09 | 0.09 0.71 0.67 0.21 0.12  0.84 0.84 0.23 0.21 200 23,133 8.7
Brooklyn
4001 0.56 0.42 0.26 0.19 0.16 | 0.25 | 0.38 | 0.39 0.22 0.15  0.81 0.84 0.03 0.04 223 34,812 6.4
4002 0.59 0.42 0.77 0.62 | -0.07 | 0.00 | 0.20 | 0.28 0.28 0.25 | 0.58 0.73 0.18 0.18 117 15,121 7.7
4003 0.65 0.48 0.90 0.78 | -0.22 | -0.10 | 0.47 | 0.42 0.27 0.22 | 0.76 0.82 0.58 0.49 258 22,902 11.3
4004 0.53 0.47 0.59 0.55 0.16 4 0.24  0.36 @ 0.40 0.13 0.12 @ 0.88 0.90 0.27 0.25 89 15,672 5.7
4005 0.48 0.52 0.41 0.47 0.35 | 0.43 | 0.39 | 0.40 0.09 0.10 | 0.91 0.93 0.07 0.07 91 16,899 5.4
4006 0.54 0.47 0.85 0.79 | -0.18 | -0.09 | 0.25 | 0.31 0.25 0.21 @ 0.81 0.84 0.64 0.58 137 12,975 10.6
4007 0.40 0.48 0.98 0.97 | -0.36 | -0.34 | 0.59 | 0.34 0.32 0.30 | 0.73 0.77 0.76 0.72 203 13,432 15.1
4008 0.61 0.48 0.93 0.94 | -0.22 | -0.20 | 0.63 | 0.74 0.34 0.29 | 0.75 0.80 0.52 0.52 298 26,685 11.2
4009 0.74 0.74 0.89 0.90 | -0.01/ 0.00  0.73 | 0.77 0.14 0.14 @ 0.87 0.88 0.62 0.62 241 22,561 10.7
4010 0.40 0.40 0.98 0.97 | -0.24 | -0.20 | 0.54 | 0.53 0.22 0.17 | 0.84 0.86 0.90 0.87 272 19,610 13.9

259



PUMA | Dissimilarity @ Isolation @ ICE P Ed Inequity © Poverty ¢ Ed Attainment ¢, Prop NHB®  Stillbirths, n|All births, n| SBR
20139 | 20189 | 20139 | 20189 | 20139 | 20189 | 20139 | 20189 | 20139 | 20189 | 20139 | 20189 | 20139 | 2018°¢ 8,177 1,077,041 7.6

4011 0.45 | 0.40 0.86 0.79 | -0.21| -0.11| 0.33 | 0.33 | 0.25 | 0.21 | 0.82 | 0.86 0.70 0.64 143 15,126 9.5
4012 0.39 | 0.47 0.25 0.26 | 0.09 | 0.13 | 0.48 | 0.43 | 0.30 | 0.24 | 0.59 | 0.62 0.03 0.03 151 26,719 5.7
4013 0.48 | 0.45 0.05 0.15 | 0.18 | 0.23 | 0.83 | 0.96 | 0.20 | 0.18 | 0.80 | 0.82 0.01 0.02 108 17,554 6.2
4014 0.71 | 0.56 0.14 0.09 | 012 | 0.17 | 2.00 | 1.00 | 0.32 | 0.26 | 0.76 | 0.77 0.02 0.02 329 52,375 6.3
4015 0.75 | 0.71 0.80 0.74 | 0.00 | 0.06 | 0.45 | 043 | 0.26 | 0.20 | 0.83 | 0.83 0.34 0.31 231 25,496 9.1
4016 0.62 | 0.58 0.38 0.33 | 0.18 | 0.21 | 0.42 | 0.65 | 0.20 | 0.17 | 0.86 | 0.85 0.03 0.04 116 20,978 5.5
4017 0.47 | 0.44 0.05 005 | 011 | 0.12 | 1.00 | 1.00 | 0.22 | 0.23 | 0.71 | 0.74 0.01 0.01 103 24,698 4.2
4018 0.82 | 081 0.64 063 | 0.05| 007 | 029 | 0.40 | 0.24 | 0.25 | 0.81 | 0.82 0.12 0.11 77 11,805 6.5
Queens

4101 0.71 | 0.67 0.61 059 | 0.10 | 0.17 | 0.40 | 0.48 | 0.20 | 0.17 | 0.82 | 0.86 0.07 0.07 102 19,353 5.3
4102 0.74 | 0.70 0.73 0.68 | 0.02 | 0.04 | 047 | 041 | 026 | 0.22 | 0.70 | 0.71 0.05 0.05 132 25,524 5.2
4103 0.63 | 0.68 0.30 039 | 0.11 | 0.10 | 0.76 | 0.57 | 0.23 | 0.23 | 0.80 | 0.77 0.02 0.02 145 27,041 5.4
4104 0.54 | 0.52 0.17 019 | 019 | 0.20 | 1.00 | 0.93 | 0.14 | 0.12 | 0.89 | 0.88 0.02 0.02 27 6,503 4.2
4105 0.80 | 0.81 0.94 094 | 0.00 | 000 | 0.87 | 0.85 | 0.12 | 0.11 | 0.87 | 0.88 0.56 0.56 151 16,154 9.4
4106 0.53 | 0.50 0.48 049 | 0.07 | 008 | 0.72 | 0.68 | 0.21 | 0.19 | 0.85 | 0.86 0.12 0.12 97 17,341 5.6
4107 0.53 | 0.58 0.65 0.70 | -0.01| 0.00 | 0.70 | 0.93 | 0.28 | 0.23 | 0.67 | 0.73 0.07 0.06 132 25,894 5.1
4108 0.40 | 0.31 0.10 0.10 H 0.18 | 0.18 | 0.85 | 0.99 | 0.14 | 0.14 | 092 | 0.92 0.03 0.03 47 12,954 3.6
4109 0.39 | 0.33 0.18 0.11 | 0.11 | 0.16 | 0.42 | 0.74 | 0.21 | 0.15 | 0.80 | 0.82 0.01 0.01 62 15,712 4.0
4110 0.48 | 0.47 0.09 0.07 | 0.16 | 0.22 | 0.87 | 0.98 | 0.20 | 0.16 | 0.80 | 0.85 0.01 0.01 110 19,234 5.7 o
4111 0.44 | 0.49 0.45 0.44 | 0.06 | 0.07 | 0.77 | 0.65 | 0.20 | 0.20 | 0.77 | 0.78 0.07 0.06 134 18,472 7.3 8
4112 0.60 | 0.53 0.98 098 | -0.14| -0.12 | 1.00 | 1.00 | 0.23 | 0.17 | 0.79 | 0.81 0.64 0.62 301 28,979 104
4113 0.77 | 0.77 0.79 0.79 | 0.06 | 0.09 | 0.72 | 0.72 | 0.18 | 0.17 | 0.78 | 0.77 0.16 0.14 98 12,709 7.7
4114 0.64 | 0.64 0.75 0.76 | 0.00 | 0.04 05 0.46 | 0.22 | 0.17 | 0.78 | 0.80 0.37 0.36 107 12,801 8.4

Abbreviations: ICE, Index of Concentration at the Extremes; NHB;Hispanic Black; PUMA, Public Use Microdata Area; SBR, stillbirth rate (hnumber of

stillbirths per 1000 total births).

@ Indices of Dissimilarity and Isolation range from 0, less segregated, to 1, most segregated.

b |CE ranges from1, population concentration of least privileged, to +1, population concentration of most privileged.

¢ Educational inequity ranges from 0, Black proportion of college graduates is lower than white proportion, to 1, compieteabapsi greater than 1

(indicating Black proportion of college graduates is higher than white proportion) were truncated to 1, and tertiles emrsecoxled so that tertile 1

represents least inequity and tertile 3 represents greatest inequity.

‘A Poverpteydx eing of the PUMA popul ation under the poverty t hr emsyusitg® as set
year averages.

*AEd attainmentod is proportion of the PUMAMapopul ation 25 or older with a°
fiProp NHBO is percent of t h-BispénldBlack psdents| ati on consisting of non

92013 data are averages over 20PQ13. 2018 data are averages over 2QDA8.



Table A16: Structural racism measures and other PUMA -level characteristics: Ranges
for each level of categorical versions of covariates, NYC 2009 -2018

2013 vintage? | 2018 vintage?

ICE®

Quintile 1 -0.36,-0.16 -0.34,-0.11

Quintile 2 -0.16,0.00 -0.10, 0.04

Quintile 3 0.00, 0.09 0.04, 0.10

Quintile 4 0.10, 0.18 0.12,0.22

Quintile 5 0.18, 0.44 0.23, 0.50
Isolation @

Tertile 1 0.05, 0.41 0.05, 0.44

Tertile 2 0.43,0.79 0.47,0.78

Tertile 3 0.80, 0.98 0.79, 0.98
Dissimilarity @

Tertile 1 0.30, 0.46 0.28, 0.45

Tertile 2 0.47, 0.60 0.47, 0.55

Tertile 3 0.60, 0.82 0.56, 0.81
Educational Inequity ©

Tertile 1 0.72,1.00 0.70, 1.00

Tertile 2 0.48, 0.72 0.47,0.70

Tertile 3 0.20, 0.47 0.28, 0.46
PUMA % poverty ¢

<median 0.07,0.21 0.06, 0.20

median+ 0.21, 0.34 0.20, 0.37
PUMA % Black

<median 0.01, 0.13 0.01,0.12

median+ 0.16, 0.90 0.14, 0.87
PUMA % HS ©

<median 0.55, 0.80 0.61, 0.82

median+ 0.80, 0.97 0.82, 0.98

Abbreviations: HS, high school; ICE, Index of Concentration at the Extremes; PUMA, Public Use Microdata Area.
@ Indices of Dissimilarity and Isolation range from 0, less segregated, to 1, most segregated. Tertile 1 indicates low
isolation or dissimilarity tertile 3 indicates high isolation or dissimilarity.

b |CE ranges from1, population concentration of least privileged, to +1, population concentration of most
privileged. Quintile 1 indicates high concentration of disadvantage, Quintile 5 indicatesdmgentration of

privilege.

¢ Educational inequity ranges from 0, Black proportion of college graduates is lower than white proportion, to 1,
complete equity; values greater than 1 (indicating Black proportion of college graduates is higher than white
proportion) were truncated to 1, and tertiles were reversged so that tertile 1 represents least inequity and tertile

3 represents greatest inequity.

4 PUMA % poverty is percent of the PUMA population under the poverty threshold as set by the NY& thffice
Mayor 6s Center for Ecyeanaverages. Opportunity wusing 5

¢ PUMA % HS is proportion of the PUMA population 25 or older with at least a high school diploma.

fPUMA % Black is percent of the PUMA population consisting oftiispanic Black reslents.

92013 data are averages over 20PQ13. 2018 data are averages over 2@DA8.
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Table A 17: Stillbirths and livebirths stratified by selected PUMA

race, NYC 2009-2018

-level covariates and

Black births <Median PUMA % Black (n=22210) Median+ PUMA % Black (n=199715)
Stillbirths, n Livebirths, n Stillbirths, n Livebirths, n

<Median PUMA % 209 14711 788 59936

poverty (n56449

Median+ PUMA % 108 7182 1841 137150

poverty (n14628)

White births <Median PUMA % Black (n=253332) Median+ PUMA % Black (n=71726)
Stillbirths, n Livebirths, n Stillbirths, n Livebirths, n

<Median PUMA % 638 168196 130 27826

poverty (n96790

Median+ PUMA % 426 84072 267 43503

poverty (128269

Abbreviations: PUMA, Public Use Microdata Area.
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Table A 18 Comparison of births with and without PUMA
Area) data, NYC (20092018)

Livebirths, n (column %)

(Public Use Microdata

Stillbirths, n (column %)

PUMA No PUMA PUMA No PUMA
n 1,068,848 16 7,859 318
Birth characteristics
Sex
Female 521,086 (49%) 4 (25%) | 3,003 (38%) 116 (36%)
Male 547,762 (51%) 12 (75%) | 3,545 (45%) 139 (44%)
Missing 0 (0%) 0 (0%) 1,311 (17%)| 63 (20%)
Gestational agesompleted weeks
20-27 5,323 (0%) 0 (0%) | 4,747 (60%)| 236 (74%)
28-36 71,726 (7%) | 2 (13%) | 1,898 (24%) 56 (18%)
37-47 991,799 (93%) 14 (88%) | 1,214 (15%)| 26 (8%)
Year of birth
2009 112,508 (11%) 3 (19%) 895 (11%) | 44 (14%)
2010 110,609 (10%) 0 (0%) 856 (11%) | 41 (13%)
2011 109,319 (10%) 2 (13%) 821 (10%) | 90 (28%)
2012 109,403 (10%) 0 (0%) 760 (10%) | 70 (22%)
2013 106,509 (10%) 0 (0%) 751 (10%) 23 (7%)
2014 107,545 (10%) 0 (0%) 806 (10%) | 38 (12%)
2015 106,954 (10%) 0 (0%) 746 (9%) 9 (3%)
2016 105,181 (10%) 5 (31%) 755 (10%) 3 (1%)
2017 101,833 (10%) 1 (6%) 731 (9%) 0 (0%)
2018 98,987 (9%) | 5 (31%) 738 (9%) 0 (0%)
Maternal characteristics
Maternal age, years
10-19 48,297 (5%) 0 (0%) 444 (6%) 25 (8%)
20-34 778,417 (73%) 13 (81%) | 5,300 (67%)| 215 (68%)
3563 242,134 (23%) 3 (19%) | 2,110 (27%)| 78 (25%)
Missing 0 (0%) 0 (0%) 5 (0%) 0 (0%)
Borough of maternal residence
Bronx 194,067 (18%) 3 (19%) | 1,781 (23%)| 89 (28%)
Brooklyn 392,238(37%) | 3 (19%) | 3,194 (41%)| 76 (24%)
Manhattan 174,303 (16%) 4 (25%) 906 (12%) | 60 (19%)
Queens 257,029 (24%) 2 (13%) | 1,634 (21%)| 82 (26%)
Staten Island 51,211 (5%) | 4 (25%) 344 (4%) 11 (3%)
Maternal education
High school or less 477,108 (45%) 7 (44%) | 2,431 (31%)| 105 (33%)
Any college 434,888 (41%) 8 (50%) | 1,194 (15%) 45 (14%)
More than college 153,382 (14%) 0 (0%) 268 (3%) 10 (3%)
Missing 3,470 (0%) 1(6%) | 3,966 (50%) 158 (50%)
Maternal race/ethnicity
Non-Hispanic Black 218,979 (20%) 5 (31%) | 2,946 (37%)| 117 (37%)
Non-Hispanic white 323,597 (30%) 4 (25%) | 1,461 (19%)| 51 (16%)
Hispanic 333,964 (31%) 5 (31%) | 2,004 (25%)| 87 (27%)
Non-Hispanic Asian 175,619 (16%) 1 (6%) 762 (10%) 21 7%)
Non-Hispanic Native Americar, 513 (0%) 0 (0%) 4 (0%) 0 (0%)
Other 13,189 (1%) 1 (6%) 54 (1%) 2 (1%)
Missing 2,987 (0%) 0 (0%) 628 (8%) 40 (13%)
Medical risk factors
Yes 537,354 (50%) 8 (50%) | 3,605 (46%)| 125 (39%)
No 531,494 (50%) 8 (50%) | 4,217 (54%) 192 (60%)
Missing 0 (0%) 0 (0%) 37 (0%) 1 (0%)
Prenatal car@NC)visits
<median 482,784 (45%) 10 (63%) | 6,145 (78%)| 266 (84%)
median+ 586,064 (55%) 6 (38%) | 1,714 (22%)| 52 (16%)
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Table A 19 Pearson correlation coefficients for correlation ¢ between PUMA -level
characteristics, 2013 and 2018

Isolation | Dissimilarity | ICE | Ed Inequity | PUMA % Black ¢ PUMA % HSP®

2013¢

Dissimilarity 0.28

ICE -0.86 -0.09

Ed Inequity -0.19 0.09 0.11

PUMA % Black® 0.79 0.07 -0.77 -0.10

PUMA % HSP -0.47 0.00 0.64 0.12 -0.11

PUMA Poverty? 0.53 0.06 -0.77 -0.10 0.31 -0.83
2018¢

Dissimilarity 0.23

ICE -0.86 -0.02

Ed Inequity -0.19 0.08 0.08

PUMA % Black® 0.79 0.04 -0.74 -0.16

PUMA % HSP -0.46 0.03 0.65 0.07 -0.07

PUMA Poverty? 0.52 -0.13 -0.72 -0.09 0.23 -0.84

Abbreviations: ICE, Index of Concentration at the Extremes; NH;Hispanic; PUMA, Public Use Microdata

Area.

a PUMA Poverty is percent of the PUMA population under the poverty threshold as set by the NYC Office of the
Mayor 6s Cent er fnityusirlf &yearn avenrages. Oppor t u

b PUMA % HS is proportion of the PUMA population 25 or older with at least a high school diploma.

¢ PUMA % Black is percent of the PUMA population consisting oftiiepanic Black residents.

42013: correlation of 2013 datavhich were averages over 26@913); 2018: correlation of 2018 data (which

were averages over 2042018).

€ Correlations were calculated at the PUMA rather than individual level.

264



Table A 20 Odds ratios for associations between four structural racism measures and
stillbirth, comparing models with and without terms for interaction between structural
racism and race, in 546,983 nonHispanic Black and white births, NYC (2009 -2018)

No interaction, | Interaction €,
OR (95% CI) 2 | OR (95% CI) 2 | P valuef

Dissimilarity

Continuous’
Dissimilarity 1.06 (1.00, 1.12 1.04 (0.96, 1.13
white ref ref
Black 1.94 (1.76, 2.15 1.93 (1.74, 2.15

Black*Dissimilarity 1.02 (0.93,1.12 <0.64
CategoricaP

Tertile 1 ref ref

Tertile 2 1.09 (0.97, 1.23 0.98 (0.83, 1.15

Tertile 3 1.16 (1.03, 1.311.07 (0.89, 1.29

white ref ref

Black 1.95(1.76, 2.16 1.72 (1.44, 2.04

Black*Tertile 2 1.24 (1.00, 1.53 <0.05

Black*Tertile 3 1.15(0.93, 1.44 <0.20
Isolation
Continuous’

Isolation 0.98(0.87,1.111.04 (0.92, 1.18

white ref ref

Black 1.96 (1.76, 2.18 2.07 (1.86, 2.30

Black*Isolation 0.77 (0.69, 0.86 <0.01
CategoricaP

Tertile 1 ref ref

Tertile 2 0.90 (0.75, 1.08 1.00 (0.82, 1.23

Tertile 3 0.93(0.70, 1.23 1.16 (0.86, 1.58

white ref ref

Black 1.98 (1.78, 2.20 3.14 (2.58, 3.83

Black*Tertile 2 0.58 (0.45, 0.75 <0.01

Black*Tertile 3 0.51(0.39, 0.65) <0.01
Educational Inequity
Continuous’

Educational Inequity 1.04 (0.98, 1.10 1.00 (0.92, 1.08

white ref ref

Black 1.95(1.76, 2.171.98 (1.78, 2.19

Black* Ed Inequity 1.07 (0.98, 1.18 <0.15
Categorical

Tertile 1 ref ref

Tertile 2 0.92 (0.81, 1.04 1.05 (0.86, 1.27

Tertile 3 0.90 (0.78, 1.03 1.01 (0.83, 1.22

white ref ref

Black 1.95(1.76, 2.16 2.27 (1.89, 2.73

Black*Tertile 2 0.80 (0.63, 1.01 <0.06

Black*Tertile 3 0.82(0.66, 1.03] <0.08
ICE
Continuoud’

ICE 1.10(0.93, 1.30 1.05 (0.89, 1.24

white ref ref

Black 1.97 (1.78,2.19 2.01 (1.81, 2.22

Black*ICE 1.23(1.11,1.36 <0.01
Categoricaf

Quintile 1 ref ref

Quintile 2 1.11(0.95, 1.29) 0.90 (0.66, 1.22

Quintile 3 1.27 (0.99, 1.64 0.98 (0.70, 1.39
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No interaction, | Interaction &,
OR (95% CI) @ | OR (95% ClI) @ | P value'

Quintile 4 1.37 (1.01, 1.85 0.97 (0.67, 1.39
Quintile 5 1.44(1.01, 2.06 1.03 (0.69, 1.55

white ref ref

Black 1.99(1.79, 2.21 1.45(1.16, 1.81
Black*Quintile 2 1.26(0.93,1.71 <0.14
Black*Quintile 3 1.31(0.97, 1.76 <0.08
Black*Quintile 4 1.80(1.29, 2.49 <0.01
Black*Quintile 5 1.90(1.36, 2.64 <0.01

Abbreviations: Cl, confidence interval; ICE, Index of Concentration at the Extremes; Nifjisppanic; OR, odds

ratio; ref, reference level.

a Adjusted for year, maternal age, education, and race, proportion of the PUMA population under the poverty line,
and proportion of PUMA residents who are rdispanic Black.

b Tertile 1 indicates low isolation, dissimilarity, or educational inequity; tertile 3 indicates high isolation;
dissimilarity, or educational inequity.

¢ Quintile 1 indicates high concentratiaf disadvantage, Quintile 5 indicates high concentration of privilege.

9 ORs for continuous measures represent change in odds of stillbirth with a 1 standard deviation increase in the
structural racism measure.

€ Interaction models included terms for interaction between the structural racism measure and race (NH Black, NH
white).

P values for crosproduct terms from the Wald test.
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Table A 21 Odds ratios (95% CI) for associations between two structural racism
measures (Isolation and ICE) and stillbirth in non  -Hispanic Black and non-Hispanic white
births, NYC (2009-2018) Continuous versions of exposures

NH Black NH white
(n=221,925f (n=325,058)
Isolation® 0.80(0.67, 0.95) 1.05 (0.88, 1.25)

PUMA % poverty| 1.06(0.97 1.16 | 1.06(0.96 1.18
PUMA % Black | 1.07(0.94 1.21) | 1.03(0.86 1.23

ICE® 1.31(1.03, 1.65) 1.08 (0.85, 1.36)
PUMA % poverty| 1.14(0.99 1.31) | 1.11(0.95 1.30
PUMA % Black | 1.10(0.95 1.29 | 1.12(0.93 1.35

Abbreviations: CI, confidence interval; NH, nétispanic; OR, odds ratidPUMA, Public Use Microdata Area; ref,

reference level.

aAdjusted for year, mater nal age, proportion of the PUI
proportion of PUMA residents whoarenbhi spani ¢ Bl ack (APUMA utatdl acko), and
® ORs represent change in odds of stillbirth with a 1 standard deviation increase in the exposure or covariate.
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Table A 22 Summary of results of sensitivity analyses

Main results i non-Hispanic Black
births

Main results T non-Hispanic white
births

Evidence of
interaction
beyondICE
Sensitivity and
analysis Isolation?
1. Model No
specifications
2. Extreme No
versions of
exposures
3. Alternative Dissimilarity
formulas for | (Table A25)
exposures
4, Different No
definitions of
the
population
5. Data sources | Educational
Inequity
(Table A28)
6. Sibling No
clusters

Increasing isolation was associated witl
reduced odds of stillbirth in all model
specifications Table A23). ICE quintiles
4 and 5 vs 1 were associdteith
increased odds of stillbirth in all model
specifications.

Residing in a PUMA in the 25th centile
for ICE values (concentration of
privilege) was associated with 36%
greater odds of stillbirth (95% CI 1.01,
1.82) (Table A24). Residing in a PUMA
in the 25th centile for Isolation values
(greater vs less isolation) was not
associated with stillbirth.

Associations between Isolation and
stillbirth were no longer protectivd éble
A26). ICE quintiles 4 and 5 remained
associated with stillbirth. Dissimilarity
tertile 2 vs 1 was associated with
increased odds of stillbirth.

In populations excluding births in
PUMAs with fewer than 5 and fewer
than 10 stillbirths, ICE quintiles 4 vs 1
and 5 vs 1 remained associated with
increaseadds of stillbirth, and increase
Isolation remained associated with
reduced odds of stillbirthiTable A27).
ICE quintiles 4 and 5 remained
associated with increased odds of
stillbirth and increased Isolation
remained protectiveT@ble A29). Greater
educational inequity was associated wil
24% lower odds of stillbirth in vintage
2013 births (95% CI 0.59, 0.98).
Larger ICE quintiles were associated
with increased odds of stillbirth in 2009,
2016, and 2018, bubh2011 Table
A30). Increased Isolation was associate
with reduced odds of stillbirth only in
2011.

Increasing isolation was associated with
increased odds of stillbirth in the model
that adjusted only for individudével
covariates; otherwise there was no
evidence of an association. ICEsvnot
associated with stillbirth in any model.
There was no association betwesttreme
ICE or Isolation values and stillbirth.

Associations between Isolation and
stillbirth and ICE and stillbirth remained
nonsignificant. There was no evidenct
associations between Dissimilarity and
stillbirth.

Associations between ICE and stillbirth
and between Isolation and stillbirth
remained nossignificant.

ICE quintile 5 vs 1 was associated with
increased odds of stillbirth in vintage 201
births (OR 4.11, 95% CI 1.02, 16.58).
There was no evidence of associations
between Isolation or Educational Inequity
and stillbirth.

Increased ICE was associated with
increased odds of stillbirth in 2011 only.
There was no evidence of associations
between Isolation and stillbirth.

Abbreviations: Cl, confidence interval; ICE, Index of Concentration at the Extremes; Nfisipanic; OR, odds
ratio; PUMA, Public Use Mimdata Area.
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Table A23: Sensitivity analysis 1 : Different model specifications: Odds ratios (95% CIs) for associations between two

structural racism measures and stillbirth in

Change from main model:

Unadjusted

Main model 4

Maternal education
removed

PUMA-level covariates
removed

non-Hispanic Black and non -Hispanic white births, NYC (2009 -2018)

Additional adjustment for
PUMA % HS

Adjusted for:

Isolation

Continuous

Categorical
Tertile 12
Tertile 2
Tertile 32

ICE

Continuous

Categorical
Quintile 1°
Quintile 2
Quintile 3
Quintile 4
Quintile 5°

NH Black,
n=221,925

0.93
(0.86, 1.00)

ref

0.67
(0.56, 0.81)

0.74
(0.62, 0.88)

1.02
(0.96, 1.10)

ref
0.87
(0.78, 0.98)
0.93
(0.79, 1.08)
1.10
(0.89, 1.35)
1.23
(1.00, 1.52)

NH white,
n=325,057

1.22
(1.10, 1.35)

ref

1.00
(0.80, 1.24)

1.60
(1.26, 2.05)

0.78
(0.71, 0.85)

ref
0.79
(0.58, 1.06)
0.61
(0.45, 0.84)
0.55
(0.41, 0.73)
0.51
(0.38, 0.68)

Year of birth, maternal age
PUMA % poverty, PUMA
% NHB, maternal educatic

NH Black, NH white,
n=221,925 n=325,057
0.80 1.05
(0.67, 0.95) (0.88, 1.25)
ref ref
0.61 1.04
(0.47, 0.80) (0.81, 1.35)
0.60 1.28
(0.42,0.86) (0.77,2.14)
1.31 1.08
(1.03, 1.65) (0.85, 1.36)
ref ref
1.12 0.99
(0.95, 1.33) (0.68, 1.45)
1.27 1.10
(0.95, 1.70) (0.66, 1.85)
1.70 1.13
(1.16,2.49) | (0.62, 2.05)
1.90 1.27
(1.20, 2.99) (0.65, 2.49)

Year of birth, maternal
age, PUMA % poverty,
PUMA % NHB

Year of birth, maternal age
maternal education

NH Black, NH white, NH Black, | NH white,
n=221,925| n=325,057 | n=221,925 n=325,057
0.88 1.10 0.79 1.02
(0.79, 0.97)| (1.00, 1.21) | (0.69, 0.89) (0.87, 1.21)
ref ref ref ref
0.64 1.05 0.61 0.89
(0.51, 0.81) (0.86, 1.30) | (0.50, 0.74) (0.71, 1.12)
0.67 1.28 0.57 1.21
(0.54, 0.83)| (1.01, 1.61) | (0.43, 0.70) (0.78, 1.90)
1.09 0.92 1.21 0.85
(1.00, 1.19)| (0.83, 1.01) | (0.99, 1.47) (0.69, 1.05)
ref ref ref ref
1.03 0.85 0.95 0.91
(0.89, 1.19) (0.61, 1.19) | (0.83, 1.09) (0.65, 1.27)
1.06 0.83 1.16 0.73
(0.86, 1.30)| (0.59, 1.16) | (0.92, 1.45) (0.46, 1.15)
1.34 0.78 1.46 0.68
(1.03, 1.75), (0.58, 1.06) | (1.08, 1.97) (0.40, 1.16)
1.36 0.78 1.76 0.75
(1.04, 1.78)| (0.58, 1.06) | (1.23, 2.52) (0.41, 1.37)

Abbreviations: Cl, confidence interval; NH, néfispanic; OR, odds ratio; ref, reference level.
2 Tertile 1 indicates low isolation, tertile 3 indicates high isolation.
® Quintile 1 indicates high concentration of disadvantage, Quintile 5 indicates high concentration of privilege.
¢ ORs for continuous measures represent change in odds of stillbirth with a 1 standard deviation increase in the strisnurabesure.
4 Main model fronirable5 repeated here for convenience.

Year of birth, maternal age
PUMA % poverty, PUMA
% NHB, maternal
education, PUMA % HS
NH Black, | NH white,
n=221,925 | n=325,057

0.77 1.09
(0.63, 0.95)| (0.90, 1.31)

ref

1.08
(0.83, 1.40)

1.32
(0.79, 2.21)

ref

0.61
(0.46, 0.80)

0.59
(0.41, 0.87)

1.40
(1.02, 1.92)

1.01
(0.74, 1.38)

ref
0.98
(0.67, 1.44)
1.07
(0.63, 1.82)
1.07
(0.56, 2.03)
1.18
(0.56, 2.47)

ref
1.15
(0.96, 1.36)
1.35
(0.98, 1.87)
1.85
(2.20, 2.87)
2.15
(1.24, 3.70)
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Table A24: Sensitivity analysis 2 : Extreme versions of exposures: Odds ratios for
associations between two structural racism measures and stillbirth in non  -Hispanic Black
and non -Hispanic white births, NYC (2009 -2018)

OR((95% Cl)2 | OR(95% CI) 2
NH Black NH white
(n=221,925) (n=325,057)

Index of Isolation

<75" centile ref ref

75" centile 1.07 (0.89, 1.28) 1.12 (0.82, 1.54)
Index of Concentration at the Extrem

<75" centile ref ref

75" centile 1.36 (1.01, 1.82) 1.08(0.84, 1.38)

Abbreviations: OR, odds ratio; Cl, confidence interval.
a Adjusted for year, maternal age, education, proportion of the PUMA population under the poverty line, and
proportion of PUMA residents who are nétispanic Black.
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Table A 25 Sensitivity analysis 3 : Interaction assessment for alternative ¢versions of
exposures: Odds ratios for associations between three structural racism measures and
stillbirth, comparing models with and without terms for interaction between structural
racism and race, in 546,983 nonHispanic Black and white b irths, NYC (2009-2018)

No interaction, OR (95% Cl) 2 | Interaction, OR (95% CI) ¢ | P valuef

Index of Dissimilarity ©

Continuous’ <0.03
Dissimilarity 1.05(0.99, 1.12) 0.98 (0.89, 1.07)
white ref ref
Black 1.96 (1.77, 2.17) 1.92 (1.742.13)
Black*Dissimilarity 1.12(1.01, 1.23) <0.03
Categorical <0.01
Tertile 1P ref ref
Tertile 2 1.12 (0.97, 1.30) 0.87(0.71, 1.07)
Tertile 3° 1.10(0.95, 1.28) 0.89 (0.72, 1.09)
white ref ref
Black 1.96 (1.77, 2.18) 1.50(1.24, 1.80)
Black*Tertile 2 1.51(1.20, 1.90) <0.01
Black*Tertile 3P 1.37(1.08, 1.74) <0.01
Index of Isolation ©
Continuous’ <0.01
Isolation 1.16 (0.94, 1.43) 1.19(0.96, 1.48)
white ref ref
Black 1.94 (1.75, 2.15) 2.01(1.812.23)
Black*Isolation 0.88 (0.80, 0.97) <0.01
Categorical <0.01
Tertile 1° ref ref
Tertile 2 1.03 (0.86, 1.23) 1.14 (0.93, 1.40)
Tertile 3° 1.05(0.82, 1.33) 1.18(0.91, 1.52)
white ref ref
Black 1.95(1.75, 2.16) 2.83 (2.303.49)
Black*Tertile 2 0.63 (0.48, 0.83) <0.01
Black*Tertile 3° 0.61 (0.48, 0.79) <0.01
Index of Concentration at the Extremes®
Continuous’ <0.01
ICE 1.03(0.86, 1.24) 0.97 (0.81, 1.17)
white ref ref
Black 1.96 (1.76, 2.17) 2.00(1.81, 2.22)
Black*ICE 1.20 (1.09, 1.33) <0.01
Categorical <0.01
Quintile 1¢ ref ref
Quintile 2 1.15 (0.94, 1.40) 1.31(0.95, 1.79)
Quintile 3 1.21(0.90, 1.63) 1.03(0.71, 1.50)
Quintile 4 1.27 (0.90, 1.79) 1.04 (0.71, 1.52)
Quintile 5¢ 1.40 (0.94, 2.10) 1.17 (0.76, 1.81)
white ref ref
Black 1.97 (1.77, 2.19) 1.66 (1.35, 2.03)
Black*Quintile 2 0.86 (0.65, 1.15) <0.31
Black*Quintile 3 1.24 (0.92, 1.68) <0.15
Black*Quintile 4 1.66 (1.20, 2.29) <0.01
Black*Quintile 5°¢ 1.78 (1.28, 2.47) <0.01

Abbreviations: Cl, confidence interval; ICE, Index of Concentration at the Extremes; NHfisppanic; OR, odds

ratio; ref, reference level.

@ Adjusted for year, maternal age, education, and race, proportion of the PUMA population under the poverty line,
and proportion of PUMA residents who are Adispanic Black.
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® Tertile 1 indicates low isolation, tertile 3 indicates high isolation.

¢ Quintile 1 indicates high concentration of disadvantage, Quintile 5 indicates high concentration of privilege.

4 ORs for continuous measures represent change in odds of stillbirth with a 1 standard deviation increase in the
structural racism measure.

€ Interaction models included terms for interaction between the structural racism measure and race (NH Black, NH
white).

P values for crosproduct terms from the Wald test.

€ For definitions of alternative versions of exposures,Tsdde Al4.
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Table A 26: Sensitivity analysis 3 : For alternative ¢ versions of exposures showing
evidence of interaction with race: Odds ratios for associations between three structural
racism measures and stillbirth in non -Hispanic Black and non -Hispanic white births, NYC

(20092018)

OR(95% Cl)@ | OR (95% CI) @
NH Black NH white
(n=221,925) (n=325,057)

Index of Isolation ©

Continuoug' 1.42 (0.45, 4.51)
Categorical
Tertile 1° ref
Tertle2 | 0.78(0.59, 1.02)
Tertile 3° | 0.80(0.57, 1.11)

Index of Concentration at the Extremes®

1.28 (0.36, 4.59)

ref
1.14 (0.90, 1.45)
1.07 (0.72, 1.59)

Continuoug' 2.04 (0.39, 10.57] 0.92 (0.17, 5.04)
Categorical
Quintile 1¢ ref ref
Quintile2 | 1.16 (0.93, 1.44)| 1.29(0.84, 1.98)
Quintile 3 | 1.35(0.96, 1.90)| 0.88(0.48, 1.65)
Quintile 4 | 1.79(1.17, 2.73) | 0.91 (0.46, 1.82)
Quintile 5¢ | 2.20(1.30, 3.72)| 1.04(0.48, 2.28)
Index of Dissimilarity ©
Continuous’ 1.58 (0.90, 2.76), 1.07 (0.54, 2.13)
Categorical
Tertile 1° ref ref
Tertile 2 1.24(1.01, 1.52)| 0.90(0.72, 1.12)
Tertile 3° 1.17 (0.94, 1.45)| 0.96 (0.76, 1.20)

Abbreviations: Cl, confidence interval; NH, nétispanic; OR, odds ratio; ref, reference level.

a Adjusted for year, maternal age and education, and PtUé#al poverty and proportion of residents who are-non
Hispanic Black.

b Tertile 1 indicates low structural racism, tertile 3 indicates high structural racism.

¢ Quintile 1 indicates high concentration of disadvantage, Quintile 5 high concentration of privilege.

9 ORs for continuous measures represent change in odds loiftstillvith a 1 standard deviation increase in the
structural racism measure.

¢ For definitions of alternative versions of exposures,Tsdie Al4.
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Table A 27: Sensitivity analysis 4 : Excluding PUMAs with fewer than 5 and fewer than

10 stillbirths and stillbirths with reported birthweight <150 grams: Odds ratios for
associations between two structural racism measures and sti llbirth in restricted populations
of non -Hispanic Black and white births, NYC (2009 -2018)

A: Excluding PUMAs with fewer than 5
stillbirths and stillbirths <150 g,
OR (95% CI) @

B: Excluding PUMAs with fewer than

10 stillbirths and stillbirths <150 g,
OR (95% CI) @

n
Index of Isolation
Continuous’
Categorical
Tertile 1P
Tertile 2
Tertile 3°

NH Black
219,694°

0.75(0.61, 0.91)
ref

0.55 (0.41, 0.73)
0.54 (0.37, 0.79)

Index of Concentration at the Extremes

Continuous’

Categorical
Quintile 1¢
Quintile 2
Quintile 3
Quintile 4
Quintile 5°

Abbreviations: Cl, confidence interval; g, grams; NH, fidispanic; OR, odds ratio; PUMA, Public Use Microdata

Area,; ref, reference level.

a Adjusted for year, maternal age and education, and PtUé#al poverty and proportion of residents who are-non

Hispanic Black.

1.35(1.05, 1.75)

ref
1.12 (0.94, 1.33)
1.29(0.95, 1.75)
1.83(1.21, 2.77)
1.87 (1.14, 3.04)

NH white
318,801f

1.03 (0.85, 1.26)

ref
1.02 (0.76, 1.35)
1.51(0.80, 2.84)

1.01 (0.79, 1.30)

ref
0.94 (0.62, 1.43)
0.95 (0.53, 1.70)
0.93(0.47, 1.83)
1.09 (0.51, 2.33)

NH Black
214,496°

0.73(0.59, 0.90)

ref
0.53(0.39, 0.72)
0.53(0.36, 0.79)

1.39 (1.06, 1.82)

ref
1.11(0.93, 1.33)
1.28(0.93, 1.75)
1.95(1.26, 3.02)
1.90(1.15, 3.15)

b Tertile 1 indicates low structural racism, tertile 3 indicates high structural racism.
¢ Quintile 1 indicates high concentiah of disadvantage, Quintile 5 high concentration of privilege.

4 ORs for continuous measures represent change in odds of stillbirth with a 1 standard deviation increase in the

structural racism measure.

¢ Excluded 7 PUMAS: 3810, 3901, 4017, 4103, 44048, and 4109 with 1,945 births, and another 286 stillbirths

with reported birthweight <150g.

fExcluded 8 PUMAS: 3708, 3709, 3710, 4007, 4010, 4105, 4107, and 4113 with 5,992 hirths, and another 265

stillbirths with reported birthweight <150g.

9 Excluded 14 PUMAs: 3801, 3805, 3808, 3809, 3810, 3901, 4017, 4102, 4103, 4104, 4107, 4108, 4109, and 4110

with 7,147 births, and another 282 stillbirths with reported birthweight <150g.

NH white
307,161"

1.06 (0.85, 1.33)

ref
1.04 (0.77, 1.42)
1.47 (0.74, 2.93)

0.99 (0.76, 1.28)

ref
1.14(0.70, 1.84)
1.07 (0.53, 2.18)
1.02 (0.44, 2.35)
1.21 (0.49, 2.98)

h Excluded 18 PUMAs: 3702, 3704, 3705, 3707, 3708, 3709, 3710, 3802480024008, 4010, 4102, 4104, 4105,
4107, 4112, and 4113 with 17,640 births, and another 257 stillbirths with reported birthweight <150g.
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Table A 28: Sensitivity analysis 5 : Interaction assessment for stratification by vintage:

Odds ratios for associations between four structural racism measures and stillbirth,

comparing models with and without terms for interaction between structural racism and

race, in non-Hispanic Black and white births, 2009 -2013 (vintage 2013) and 20132018 (vintage

2018), NYC

ACS Vintage 2013 (n=278,240)

No interaction, Interaction,

ACS Vintage 2018 (n=268,743)

No interaction, Interaction,

OR (95% CI}? |OR (95% CI)* P valuef| OR (95% CI} | OR (95% CI}* ¢ P value'

Index of Dissimilarity
Continuous’

Dissimilarity

white

Black

Black*Dissimilarity
Categorical

Tertile 1P

Tertile 2

Tertile 3°

white

Black

Black*Tertile 2

Black*Tertile 3°
Index of Isolation
Continuous’

Isolation

white

Black

Black*Isolation
Categorical

Tertile 1°

Tertile 2

Tertile 3°

white

Black

Black*Tertile 2

Black*Tertile 3°
Educational Inequity Ratio
Continuoud!

Educational Inequity

white
Black

Black* Educational Inequit

Categorical
Tertile 1P
Tertile 2
Tertile 3P
white
Black
Black*Tertile 2
Black*Tertile 3P

1.08 (0.99, 1.1€1.06 (0.93, 1.2(
ref ref

1.79 (1.54, 2.0€1.77 (1.51, 2.07

1.04 (0.90, 1.2C

ref ref
1.06 (0.84, 1.320.96 (0.71, 1.2¢
1.24(1.00, 1.521.11(0.82, 1.51
ref ref
1.80 (1.55, 2.0¢1.58 (1.20, 2.0¢
1.20(0.84, 1.71
1.18(0.84, 1.6

0.94 (0.78, 1.130.98 (0.81, 1.1¢
ref ref

1.83 (1.56, 2.141.90(1.62, 2.22

0.81 (0.69, 0.9¢

ref ref
0.86 (0.64, 1.140.88 (0.64, 1.2Z
0.96 (0.60, 1.531.23 (0.75, 2.02
ref ref
1.83 (1.56, 2.142.63 (1.97, 3.5¢
0.71 (0.48, 1.04
0.54 (0.37, 0.7¢

1.10 (1.00, 1.201.04 (0.92, 1.17

ref ref
1.80 (1.55, 2.101.83 (1.57, 2.1/
1.10 (0.95, 1.27

ref ref

0.87 (0.69, 1.0¢0.95 (0.69, 1.31
0.81 (0.65, 1.000.98 (0.74, 1.31
ref ref
1.80 (1.54, 2.0¢2.27 (1.71, 3.0Z
0.82 (0.56, 1.21
0.69 (0.49, 0.97

Index of Concentration at the Extremes

Continuoud!
ICE
white
Black
Black*ICE

1.23(0.89, 1.6€1.19 (0.86, 1.6

ref
1.83(1.57, 2.171.85 (1.59, 2.1¢
1.20(1.03, 1.3¢
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<0.61

<0.33
<0.35

<0.02

<0.08
<0.01

<0.19

<0.32
<0.03

<0.02

1.05(1.00, 1.111.05(0.95, 1.1%
ref ref

2.04 (1.79, 2.342.04 (1.79, 2.32

1.01 (0.89, 1.13

ref ref
1.07 (0.95, 1.210.99 (0.81, 1.21
1.16 (1.03, 1.3(1.10(0.92, 1.32
ref ref
2.06(1.81, 2.341.92 (1.57, 2.3¢
1.13(0.88, 1.4¢
1.08 (0.84, 1.3¢

1.01 (0.91, 1.141.08 (0.96, 1.2¢

ref ref
2.05(1.77, 2.3€2.19 (1.90, 2.51
0.76 (0.66, 0.87

ref ref

1.00 (0.84, 1.1¢1.14 (0.931.40)
0.94 (0.72,1.231.12 (0.83, 1.52
ref ref
2.07 (1.80, 2.3¢3.54 (2.72, 4.61
0.51(0.36, 0.72
0.49 (0.35, 0.6¢

1.03(0.98, 1.061.02 (0.95, 1.1
ref ref

2.06 (1.81, 2.352.06 (1.81, 2.3

1.02(0.92, 1.12

ref ref
1.02 (0.9, 1.1£1.10 (0.90, 1.3¢
0.95 (0.84, 1.0€0.94 (0.78, 1.1%
ref ref
2.04 (1.79, 2.332.09 (1.72, 2.54
0.89(0.69, 1.1%
1.01(0.79, 1.2¢

1.04 (0.88,1.23)1.00 (0.85, 1.1¢
ref

2.08 (1.82, 2.372.13(1.87, 2.42

1.24 (1.09, 1.4C

<0.93

<0.35
<0.54

<0.01

<0.01
<0.01

<0.76

<0.39
<0.93

<0.01



ACS Vintage 2013 (n=278,240)

No interaction, Interaction,

ACS Vintage 2018 (n=268,743)

No interaction, Interaction,

OR (95% CI} |OR (95% CIy*©¢P valuef| OR (95% CIy | OR (95% CI}* ¢ P value'

Categorical
Quintile 1¢
Quintile 2
Quintile 3
Quintile 4
Quintile 5¢
white
Black
Black*Quintile 2
Black*Quintile 3
Black*Quintile 4
Black*Quintile 5°

Abbreviations: ACS, American Community Survey; Cl, confidence interval; ICE, Index of Concentration at the

ref ref
1.43(1.03, 2.001.05 (0.59, 1.84
1.80 (1.15, 2.811.61 (0.92, 2.8(
1.93(1.15, 3.2£1.57 (0.87, 2.82
2.51(1.24, 5.061.96 (0.92, 4.1¢
ref ref
1.85(1.58, 2.1€1.50 (1.09, 2.0%
1.42 (0.86, 2.3¢
1.08 (0.70, 1.6
1.31(0.82, 2.0¢
1.80 (1.09, 2.97

Extremes; OR, odds ratio; ref, reference level.
a Adjusted for year, maternal age, education, and race, proportion of the PUMA population unpleveity line,
and proportion of PUMA residents who are ridispanic Black.
b Tertile 1 indicates low isolation, tertile 3 indicates high isolation.
¢ Quintile 1 indicates high concentration of disadvantage, Quintile 5 indicates high concentratiorilegeriv

9 ORs for continuous measures represent change in odds of stillbirth with a 1 standard deviation increase in the
structural racism measure.
€ Interaction models included terms for interaction between the structural racism measure and race (NH Black, NH

white).

TP values for crosproduct terms from the Wald test.
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<0.17
<0.74
<0.26
<0.02

ref ref
1.04 (0.88, 1.250.86 (0.59, 1.2°%
1.21(0.93, 1.5€0.82 (0.54, 1.2°
1.24 (0.90, 1.70(0.81(0.54, 1.22
1.21(0.83, 1.7€0.81 (0.52, 1.2¢
ref ref
2.12(1.84, 2.431.43 (1.06, 1.93
1.20 (0.81, 1.7¢
1.56 (1.04, 2.34
2.29 (1.46, 3.6(
2.00 (1.30, 3.0¢

<0.37
<0.03
<0.01
<0.01



Table A 29 Sensitivity analysis 5 : Stratification b y vintage for exposures showing
evidence of interaction with race: Odds ratios for associations between three structural
racism measures and stillbirth in non -Hispanic Black and white births in NYC in 2009 -2013
(vintage 2013) and 20132018 (vintage 2018)

ACS Vintage 2013, OR (95% CIf | ACS Vintage 2018, OR (95% CIY

NH Black NH white NH Black NH white
n 119,487 158,753 124,586 198,906
Index of Isolation
Continuous 0.85(0.68, 1.08) 0.90 (0.67, 1.23)| 0.72 (0.60, 0.88) 1.07 (0.92, 1.25)
Categorical
Tertile 12 ref ref ref ref

Tertile 2 0.66 (0.45, 0.96) 0.90 (0.58, 1.40)| 0.57 (0.43, 0.75) 1.06 (0.83, 1.34)
Tertile 32 | 0.70(0.42, 1.16) 1.52(0.59, 3.92)| 0.56 (0.38, 0.82) 0.87 (0.49, 1.53)
Index of Concentration at theExtremes

Continuous 1.39(0.96, 2.03) 1.35(0.82, 2.23)| 1.41(1.08, 1.86) 1.01(0.82, 1.24)
Categorical
Quintile 1° ref ref ref ref

Quintile 2 | 1.38 (0.99, 1.91) 1.34 (0.61, 2.94)| 1.05(0.86, 1.28

Quintile 3 | 1.58(1.01, 2.47)| 2.35(0.92, 5.99) 1.32(0.95, 1.83

Quintile 4 | 1.79 (1.00, 3.18) 2.91 (0.97, 8.74)| 2.07 (1.34, 3.20

Quintile 5° | 2.88 (1.31, 6.36) 4.11 (1.02, 16.58) 1.80 (1.09, 2.96
Educational Inequity Ratio

0.84 (0.58, 1.23)
0.83 (0.50, 1.38)
0.80 (0.44, 1.44)
0.77 (0.41, 1.48)

SN NN

Continuoust 1.10(0.99, 1.22) 1.09 (0.93, 1.27)| 1.04 (0.95, 1.14) 1.04 (0.96, 1.13)
Categorical
Tertile 12 ref ref ref ref

Tertle 2 | 0.86 (0.65, 1.13) 0.89 (0.59, 1.33) 0.90 (0.74, 1.11) 1.14 (0.93, 1.41)
Tertile 32 | 0.76 (0.59, 0.98) 0.90 (0.62, 1.31). 0.91(0.74, 1.11) 0.92 (0.76, 1.11)

Abbreviations: ACS, American Community Survey; Cl, confidence interval; NHHispanic; OR, odds ratio; ref,
reference level.

a Tertile 1 indicates low isolation, tertile 3 indicates high isolation.

b Quintile 1 indicates high concentration of disadizye, Quintile 5 indicates high concentration of privilege.

¢ ORs for continuous measures represent change in odds of stillbirth with a 1 standard deviation increase in the
structural racism measure.

4 Adjusted for year, maternal age, education, progortdf the PUMA population under the poverty line, and
proportion of PUMA residents who are nbtispanic Black.
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Table A 30 Sensitivity analysis 6 : Single year assessment: Odds ratios for associations
between two structural racism measures and stillbirth in non -Hispanic Black and white
births in NYC in four years: 2009, 2016, 2011, 2018

20009, 2016, 2011, 2018,
OR (95% CI) ¢ OR (95% CI) ¢ OR (95% CI) ¢ OR (95% CI) ¢
NH Black | NH white | NH Black | NH white | NH Black | NH white | NH Black | NH white
n 25,493 31,271 20,424 33,397 24,043 31,735 19,101 33,105
Index of Isolation
Continuous 1.83 0.81 0.88 1.00 0.77 0.97 0.81 1.19
(0.85, 3.92) (0.39, 1.68) (0.58, 1.34) (0.65, 1.53) (0.56, 1.07) (0.64, 1.46) (0.54, 1.22)(0.78, 1.81
Categorical
Tertile 12 ref ref ref ref ref ref ref ref
Tertile 2 1.39 1.09 0.91 1.07 0.48 0.91 0.93 1.20
(0.39, 4.97) (0.37, 3.23) (0.45, 1.87) (0.56, 2.03) (0.27, 0.83) (0.49, 1.69) (0.45, 1.93)(0.63, 2.29
Tertile 32 2.34 6.01 0.70 1.05 0.41 1.02 0.91 0.88

(0.42, 12.96 (0.42, 85.50 (0.28, 1.75) (0.21, 5.35) (0.21, 0.80) (0.26, 4.10) (0.37, 2.23)(0.20, 3.88
Index of Concentration at the Extremes
Continuous 0.80 1.15 1.41 0.86 1.64 2.17 1.63 0.97
(0.22,2.93)| (0.34, 3.91) (0.78, 2.55) (0.51, 1.46) (0.97, 2.77) (1.16, 4.05) (0.90, 2.97)(0.56, 1.67

Categorical

Quint1® ref ref ref ref ref ref ref ref

Quint2 4.20 1.00 0.98 0.86 1.02 1.49 1.64 0.76
(1.49, 11.81 (0.11,9.01)| (0.64, 1.51) (0.26, 2.79) (0.70, 1.50) (0.48, 4.57) (1.03, 2.61)(0.30, 1.92

Quint3 3.38 2.43 2.06 0.86 1.02 2.83 1.86 0.37
(0.89, 12.92(0.22, 26.76 (1.06, 4.00) (0.19, 3.96) (0.59, 1.79)(0.76, 10.53 (0.85, 4.08)(0.10, 1.31

Quint4 2.60 291 1.42 1.14 0.84 4.90 3.04 0.26
(0.46, 14.83(0.17, 49.44 (0.49, 4.12) (0.20, 6.47) (0.36, 1.97)(1.01, 23.66 (1.00, 9.24)(0.06, 1.11

Quint5® 2.70 1.75 1.31 0.86 2.70 6.38 4.74 0.21

(0.21, 34.31(0.05,61.66) (0.43, 3.99) (0.13, 5.43) (0.98, 7.45)(0.96, 42.31(1.51, 14.92(0.04, 1.01

Abbreviations: Cl, confidence interval; NH, nétispanic; OR, odds ratioQuint, quintile;ref, reference level.

a Tertile 1 indicates low isolation, tertile 3 indicates high isolation.

b Quintile 1 indicates high concentration of disadvantage, Quibtiledicates high concentration of privilege.

¢ ORs for continuous measures represent change in odds of stillbirth with a 1 standard deviation increase in the
structural racism measure.

4 Adjusted for maternal age, education, proportion of the PUMA pdtipnlainder the poverty line, and proportion

of PUMA residents who are ndtispanic Black.
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Table A 31: Odds ratios for associations between two structural racism measures and

stillbirth, comparing models with and without

terms for interaction between structural

racism and maternal age, 221,925 nonHispanic Black births, NYC (2009 -2018)

No interaction,
OR (95% CI) ©

Interaction, 9
OR (95% CI) ©

P value®

Isolation
Tertile 12
Tertile 2
Tertile 32
age
age squared
age*Tertile 2
age*Tertile 3
age squared*Tertile 2
age squared*Tertile B
ICE
Quintile 1°
Quintile 2
Quintile 3
Quintile 4
Quintile 5°
age
age squared
age*Quintile 2
age*Quintile 3
age*Quintile 4
age*Quintile 5°
age squared*Quintile 2
age squared*Quintile 3
age squared*Quintile 4
age squared*Quintile s

Abbreviations: Cl, confidence interval; ICE, Index of Concentration at the Extremes; OR, odds ratio; ref, reference

level.

ref

0.61(0.47, 0.80) 0.56 (0.41, 0.76
1 0.60 (0.41, 0.87
| 1.26 (1.07, 1.48
1 1.01(0.89, 1.14
0.96 (0.80, 1.15
0.89 (0.75, 1.05
1.08 (0.94, 1.24
1.01(0.89, 1.14

0.60 (0.42, 0.86
1.14(1.10, 1.19
1.03 (1.00, 1.06

ref
1.12(0.95, 1.33
1.27(0.95, 1.70
1.70 (1.162.49)
1.90 (1.20, 2.99
1.14(1.10, 1.19
1.03(1.00, 1.06

ref

ref

| 1.16 (0.96, 1.40
| 1.13(0.83, 1.54
2.07 (1.36, 3.16
| 1.80 (1.10, 2.92
' 1.11 (1.05, 1.17
| 1.02(0.98, 1.07
1.04 (0.95, 1.14
1.10 (0.98, 1.24
0.99 (0.80, 1.23
1.14 (0.95, 1.38
0.98 (0.91, 1.05
1.10 (1.01, 1.21
0.83(0.69, 1.00
1.05 (0.91, 1.20

<0.14

<0.07

a Tertile 1 indicates low isolation, tertile 3 indicates high isolation.

b Quintile 1 indicates high concentration of disadvantage, Quintile 5 indicates high concentration of privilege.
¢ Adjusted for year, proportion of the PUMA population under the ippliee, proportion of PUMA residents who

are nonHispanic Black, and maternal education.

4 Model with interaction includes interaction terms between structural racism measure and age (both Z score and

age squared).

¢ P values for the ¥test for compason of models with and without interaction terms.
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Table A 32 Sensitivity analysis: Odds ratios (95% CI) for associations between ICE

and stillbirth stratified by maternal age in non
births, NYC (2009-2018)

Main model, OR (95% CI) ©

-Hispanic Black and non -Hispanic White

Additionally adjusted for PUMA % HS, OR (95% CI) ¢

NH Black NH white NH Black NH white
(n=221,925) (n=325,057) (n=221,925) (n=325,057)

Maternal age 149 years

n 14,389 3,843 14,389 3,843
Quintile 1P ref ref ref ref
Quintile 2 | 1.14 (0.67, 1.94) 1.08 (0.06, 18.22) 1.08 (0.63, 1.88) 1.11 (0.06, 19.51)
Quintile 3 | 1.42 (0.63, 3.22) 0.63 (0.02, 24.80) 1.15(0.44, 3.04) 0.69 (0.01, 34.36)
Quintile 4 | 1.07 (0.32, 3.57) 0.73(0.0143.12) 0.80 (0.20, 3.27) 0.84 (0.01, 90.47)
Quintile 5° | 1.42 (0.34, 5.90) 0.93 (0.01, 107.42 0.98 (0.18, 5.38) 1.09 (0.00, 246.87)

Maternal age 234 years

n 160,753 226,235 160,753 226,235
Quintile 1° ref ref ref ref
Quintile 2 | 1.07(0.88, 1.30)| 1.07 (0.67, 1.71) 1.07 (0.88, 1.31) 1.06 (0.66, 1.70)
Quintile 3 | 1.12(0.82, 1.55) 1.18(0.63, 2.22) 1.14 (0.79, 1.64) 1.14 (0.59, 2.21)
Quintile 4 | 1.78 (1.17, 2.72) 1.09 (0.52, 2.29) 1.82(1.12, 2.97) 1.03 (0.46, 2.30)
Quintile 5° | 1.67 (1.00, 2.80) 1.30 (0.56, 2.99) 1.72(0.93, 3.20) 1.21 (0.48, 3.03)

Maternal age 3%3 years

n 46,783 94,979 46,783 94,979
Quintile 1° ref ref ref ref
Quintile2 | 1.30(0.98, 1.72) 0.86 (0.47, 1.57) 1.40 (1.05, 1.86) 0.85(0.47, 1.56)
Quintile 3 | 1.73(1.13, 2.60) 0.95 (0.43, 2.08) 2.20 (1.36, 3.57) 0.92 (0.41, 2.04)
Quintile 4 | 1.51(0.79, 2.88) 1.24 (0.51, 3.01) 2.06 (1.01, 4.20) 1.16 (0.46, 2.94)
Quintile 5° | 2.70 (1.32, 5.48) 1.30 (0.48, 3.55) 4.21(1.83, 9.67) 1.20(0.41, 3.46)

Abbreviations: Cl, confidence interval; NH, nétispanic; OR, odds ratio; ref, reference level.
a Tertile 1 indicates low isolation, tertile 3 indicates high isolation.
b Quintile 1 indicates high concentration of disadvantage, Qeistindicates high concentration of privilege.

¢ Main model; adjusted for year, proportion of the PUMA population under the poverty line, proportion of PUMA

residents who are neHispanic Black, and maternal education. Repeated here Tiavte 6 for convenience.

4 Additionally adjusted for proportion of PUMA residents who are 25 years or older with at least a GED or high

school diploma.
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Table A 33 Post-hoc analysis 1a: Stratification by median PUMA % poverty:
ratios for associations between two structural racism measures and stillbirth in non
Black and non -Hispanic white births, NYC (2009 -2018)

OR (95% Cl) @

OR (95% ClI) 2

NH Black NH white
(n=221,925) (n=325,058)

Index of Isolation

< Median, PUMA % poverty ¢ n=75,644 n=196,790
Tertile 1° ref ref
Tertile 2 0.67 (0.50, 0.91) 1.05(0.77, 1.42)
Tertile 3° 0.81(0.50, 1.32) 1.06 (0.45, 2.50)

Median +, PUMA % poverty ¢ n=146,281 n=128,268
Tertile 1° ref ref
Tertile 2 0.63 (0.42, 0.95) 1.17 (0.76, 1.81)
Tertile 3° 0.61 (0.39, 0.96) 1.78 (0.92, 3.45)

Index of Concentration at the Extremes

< Median, PUMA % poverty ¢ n=75,644 n=196,790
Quintile 1¢ ref ref
Quintile 2 1.21(0.82, 1.76) 0.99(0.31, 3.16)
Quintile 3 1.24 (0.68, 2.27) 1.03 (0.26, 4.08)
Quintile 4 1.49 (0.73, 3.05) 1.20(0.27, 5.28)
Quintile 5¢ 1.60 (0.78, 3.29) 1.11 (0.25, 4.90)

Median +, PUMA % poverty ¢ n=146,281 n=128,268
Quintile 1¢ ref ref
Quintile 2 0.95(0.77, 1.15) 0.81 (0.53, 1.25)
Quintile 3 1.13(0.81, 1.57) 0.84 (0.47, 1.50)
Quintile 4 1.51(0.94, 2.43) 0.70 (0.36, 1.38)
Quintile 5¢ 1.83 (0.32, 10.62) 0.70(0.28, 1.77)

Abbreviations: Cl, confidence interval; NH, nétispanic; OR, odds ratio; ref, reference level.

Odds
-Hispanic

a Adjusted for year, maternal age and education, and Pt@#al proportion of residents who are nblispanic

Black.

b Tertile 1 indicates low isolation, tertile 3 indicates high isolation.
¢ Quintile 1 indicates high concentration of disadvantage, Quibtiledicates high concentration of privilege.

d < Median: 32 PUMAS; Median+: 33 PUMAS
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Table A 34: Post-hoc analysis 1b: Stratification by median PUMA % Black:

Odds ratios

for associations between two structural racism measures and stillbirth in non -Hispanic Black
and non -Hispanic white births, NYC (2009 -2018)

OR (95% Cl) @

OR (95% ClI) 2

NH Black NH white
(n=221,925) (n=325,058)
Index of Isolation
< Median, PUMA % Black ¢ n=22,210 n=253,332
Tertile 1P ref ref
Tertile 2 0.56 (0.38, 0.84) 0.96 (0.73, 1.26)
Tertile 3° n/a n/a
Median +, PUMA % Black ¢ n=199,715 n=71,726
Tertile 1P ref ref
Tertile 2 n/a n/a
Tertile 3° 1.06 (0.89, 1.25) 1.11 (0.83, 1.49)

Index of Concentration at the Extremes

< Median, PUMA % Black ¢
Quintile 1¢
Quintile 2
Quintile 3
Quintile 4
Quintile 5°
Median +, PUMA % Black ¢
Quintile 1¢
Quintile 2
Quintile 3
Quintile 4
Quintile 5¢

n=22,210
ref
n/a
1.71 (0.56, 5.19)
2.29 (0.76, 6.92)
4.98 (1.40, 17.66)
n=199,715
ref
1.04 (0.90, 1.21)
1.06 (0.84, 1.33)
1.35(0.72, 2.55)
0.87(0.42, 1.78)

n=253,332
ref
n/a
4.16 (0.49, 35.20)
4.37 (0.52, 36.47)
5.32 (0.63, 45.16)
n=71,726
ref
0.91 (0.64, 1.28)
1.00 (0.66, 1.50)
1.65 (0.74, 3.68)
0.88(0.38, 2.00)

Abbreviations: Cl, confidence interval; NH, nétispanic; OR, odds ratio; ref, reference level.

a Adjusted for year, maternal age and education, and PU&al percent poverty.

b Tertile 1 indicates low isolation, tertile 3 indicates high isolation.

¢ Quintile 1 indicates high concentration of disadvantage, Quintile 5 indicates high concentratidrilefe.
d < Median: 28 PUMAs; Median +: 27 PUMAs
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Table A 35: Post-hoc analysis 1c: Stratification by median PUMA % Educational
Attainment: Odds ratios for associations between two structural racism measures and
stillbirth i n non-Hispanic Black and non -Hispanic white births, NYC (2009 -2018)

OR (95% Cl) 2

OR (95% Cl) 2

NH Black NH white
(n=221,925) (n=325,058)

Index of Isolation

< Median, PUMA % Educational attainment ¢ n=128,392 n=103,846
Tertile 1P ref ref
Tertile 2 0.37(0.25, 0.57) 0.73(0.47, 1.13)
Tertile 3° 0.37 (0.22, 0.63) 0.49 (0.20, 1.22)

Median +, PUMA % Educational attainment ¢ n=93,533 n=221,212
Tertile 1P ref ref
Tertile 2 0.85 (0.65, 1.11) 1.38 (1.01, 1.89)
Tertile 3° 0.85(0.59, 1.21) 2.20(1.15, 4.21)

Index of Concentration at the Extremes

< Median, PUMA % Educational attainment ¢ n=128,392 n=103,846
Quintile 1¢ ref ref
Quintile 2 1.22(0.97, 1.52) 1.04 (0.56, 1.94)
Quintile 3 1.27 (0.86, 1.89) 0.86 (0.39,1.92)
Quintile 4 2.24(1.30, 3.87) 1.04 (0.46, 2.37)
Quintile 5° 9.07 (3.84, 21.42) 1.88 (0.70, 5.05)

Median +, PUMA % Educational attainment ¢ n=93,533 n=221,212
Quintile 1¢ ref ref
Quintile 2 1.01(0.79, 1.30) 0.92 (0.54, 1.57)
Quintile 3 1.20(0.79, 1.80) 1.68 (0.75, 3.75)
Quintile 4 1.25(0.72, 2.17) 1.46 (0.53, 4.07)
Quintile 5¢ 1.23(0.67, 2.25) 1.36 (0.47, 3.93)

Abbreviations: Cl, confidence interval; NH, nétispanic; OR, odds ratio; ref, reference level.

a Adjusted for year, maternal age and education, and PU&al proportion norHispanic Black and percent
poverty.

b Tertile 1 indicates low isolation, tertile 3 indicates high isolation.

¢ Quintile 1 indicates high concentration of disadvantage, Quibtiledicates high concentration of privilege.
d < Median: 30 PUMASs; Median +: 29 PUMAs
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Table A 36: Post-hoc analysis 1d: Stratification by sex: Odds ratios for associations
between two structural racism measures and stillbirth i n non-Hispanic Black and non -
Hispanic white births, NYC (2009 -2018)

OR(95% Cl)2 | OR(95% CI)2 | OR(95% CI) ¢ | OR (95% CI) ¢
NH Black NH white NH Black NH white
(n=221,925) (n=325,058) (n=221,925) (n=325,058)

Index of Isolation

Male n=112,680 n=167,562 n=112,680 n=167,562
Tertile 1P ref ref ref ref
Tertile 2 0.71(0.51, 1.00) 1.16 (0.82, 1.65) 0.66 (0.46, 0.93) 1.23(0.84, 1.78)
Tertile 3° | 0.79(0.51, 1.21) 2.01 (0.95, 4.22) 0.68 (0.43, 1.07) 2.41 (1.10, 5.31)

Female n=108,792 n=157,186 n=108,792 n=157,186
Tertile 1P ref ref ref ref
Tertile 2 0.67 (0.45, 0.99) 0.93 (0.64, 1.36) 0.61 (0.40, 0.92) 0.95 (0.64, 1.40)
Tertile 3° | 0.67 (0.40, 1.11) 0.86 (0.38, 1.95) 0.56 (0.32, 0.96) 0.99 (0.43, 2.32)

Index of Concentration at the Extremes

Male n=112,680 n=167,562 n=112,680 n=167,562
Quintile 1¢ ref ref ref ref
Quintile 2 | 1.12(0.90, 1.38) 0.84 (0.47, 1.50) 1.02 (0.81, 1.28) 0.77 (0.42, 1.44)
Quintile 3 | 1.27 (0.91, 1.77) 0.95(0.45, 2.01) 1.16(0.80, 1.67) 1.07 (0.49, 2.35)
Quintile 4 | 1.71 (1.08, 2.71) 0.95 (0.40, 2.26) 1.57 (0.96, 2.57) 1.01 (0.40, 2.52)
Quintile 5¢ | 2.08 (1.20, 3.58) 0.99 (0.37, 2.63) 1.84 (1.02, 3.31) 0.97 (0.35, 2.75)

Female n=108,792 n=157,186 n=108,792 n=157,186
Quintile 1¢ ref ref ref ref
Quintile 2 | 1.09(0.85, 1.41) 0.95 (0.54, 1.68) 1.03(0.78, 1.35) 1.13(0.63, 2.04)
Quintile 3 | 1.35(0.89, 2.05) 1.16 (0.54, 2.49) 1.22(0.78, 1.91) 1.35 (0.61, 2.99)
Quintile 4 | 1.61(0.91, 2.83) 1.02(0.42, 2.48)| 1.53(0.83, 2.80) 1.18 (0.47, 2.97)
Quintile 5¢ | 1.37 (0.68, 2.76) 1.24 (0.45, 3.38) 1.37 (0.65, 2.87) 1.43 (0.50, 4.05)

SO NT .
SO NT S N

Abbreviations: Cl, confidence interval; NH, nétispanic; OR, odds ratio; ref, reference level.

a Adjusted for year, maternal age and education, and PU&al proportion norHispanic Black and percent
poverty.

b Tertile 1 indicates low isolation, tertile 3 indicates high isolation.

¢ Quintile 1 indicates high concentration of disadvantage, Quintile 5 indicates high concentration of privilege.
4 Additionally adjusted for maternal medical conditions, number ehatal care visits, and insurance status.
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Table A 37: Post-hoc analysis 1e: Stratification by gestational age:

associations between two structural racism measures and stillbirth in non
and non-His panic white births, NYC (2009 -2018)

OR (95% Cl) @

OR (95% Cl) 2

Odds ratios for
-Hispanic Black

NH Black NH white
(n=221,925) (n=325,058)
Index of Isolation
Preterm (20-36 weeks) n=25,997 n=16,420
Tertile 1° ref ref
Tertile 2 0.54 (0.41, 0.72) 1.00 (0.74, 1.36)
Tertile 3° 0.57 (0.39, 0.83) 1.00 (0.55, 1.83)
Term (37+ weeks) n=195,928 n=308,638
Tertile 1° ref ref
Tertile 2 1.11 (0.62, 1.99) 0.76 (0.50, 1.17)
Tertile 3° 1.13(0.55, 2.29) 1.37 (0.52, 3.64)
Index of Concentration at the Extremes
Preterm (20-36 weeks) n=25,997 n=16,420
Quintile 1¢ ref ref
Quintile 2 1.08 (0.89, 1.32) 1.20(0.77, 1.88)
Quintile 3 1.14 (0.82, 1.59) 1.36 (0.76, 2.42)
Quintile 4 1.67 (1.08, 2.60) 1.80 (0.92, 3.55)
Quintile 5° 1.92 (1.14, 3.23) 1.97(0.91, 4.26)
Term (37+ weeks) n=195,928 n=308,638
Quintile 1¢ ref ref
Quintile 2 1.16 (0.81, 1.66) 1.01 (0.50, 2.04)
Quintile 3 1.26 (0.73, 2.17) 1.13(0.45, 2.82)
Quintile 4 1.43 (0.66, 3.09) 1.30(0.46, 3.71)
Quintile 5° 0.86 (0.312.33) 1.90 (0.59, 6.09)

Abbreviations: Cl, confidence interval; NH, nétispanic; OR, odds ratio; ref, reference level.

a Adjusted for year, maternal age and education, and PU&al proportion norHispanic Black and percent
poverty.

b Tertile 1 indicates low isolation, tertile 3 indicates high isolation.

¢ Quintile 1 indicates high concentration of disadvantage, Quibtiledicates high concentration of privilege.
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Table A 38 Post-hoc analysis 2: Additional adjustment for individual

Hispanic Black and non

OR (95% Cl) @

OR (95% Cl) 2

NH Black NH white
(n=221,925) (n=325,058)

Index of Isolation

Tertile 1P ref ref

Tertile 2 0.57(0.44, 0.75) 1.05 (0.80, 1.38)

Tertile 3° 0.52 (0.36, 0.76) 1.41 (0.82, 2.43)
Index of Concentration at the Extremes

Quintile 1¢ ref ref

Quintile 2 1.03 (0.86, 1.23) 1.03 (0.69, 1.54)

Quintile 3 1.11(0.82, 1.52) 1.24 (0.72, 2.13)

Quintile 4 1.48 (0.98, 2.24) 1.24 (0.66, 2.33)

Quintile 5° 1.68 (1.03, 2.73) 1.37 (0.67, 2.78)

-level covariates:
Odds ratios for associations between two structural racism measures and stillbirth in non
-Hispanic white births, NYC (2009 -2018)

Abbreviations: Cl, confidence interval; NH, nétispanic; OR, odds ratio; ref, reference level.

a Adjusted for year, maternal age and education, and PU&#al proportion norHispanic Black and percent
poverty, and maternal medical conditions, numberrefatal care visits, and insurance status.

® Tertile 1 indicates low isolation, tertile 3 indicates high isolation.

¢ Quintile 1 indicates high concentration of disadvantage, Quintile 5 indicates high concentration of privilege.
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Table A 39 Post-hoc analysis 3a: ICE for poverty only °: Odds ratios for associations

with stillbirth in non -Hispanic Black and non -Hispanic white births, NYC (2009 -2018)

OR (95% Cl) @

OR (95% Cl) 2

NH Black NH white
(n=221,925) (n=325,058)
Quintile 1¢ ref ref
Quintile 2 1.19(0.94, 1.52) 0.79 (0.58, 1.08)
Quintile 3 1.30(0.98, 1.72) 0.92 (0.64, 1.32)
Quintile 4 1.48 (1.04, 2.12) 1.33(0.89, 1.98)
Quintile 5¢ 1.40(0.87, 2.27) 1.26 (0.77, 2.08)

Abbreviations: Cl, confidence interval; NH, nétispanic; OR, odds ratio; ref, reference level.

a Adjusted for year, maternal age and education, and PU&#al proportion norHispanic Black and percent

poverty.

b Source of data for this exposure: ACS Table B19101: Family income in the past 12 months, in-adjatted

dol | ar s,
Vintages 2013 and 2018.

Uni ver se:

Families

(vs

I CE original

whi ch

¢ Quirtile 1 indicates high concentration of disadvantage, Quintile 5 indicates high concentration of privilege.

287

use



Table A 40 Post-hoc analysis 3b: ICE for race only P: Odds ratios for associations with
stillbirth in non -Hispanic Blac k and non -Hispanic white births, NYC (2009 -2018)

OR (95% CI) @ OR (95% CI) @
NH Black NH white
(n=221,925) (n=325,058)
Quintile 1¢ ref ref
Quintile 2 0.94 (0.73, 1.22) 1.23(0.77, 1.99)
Quintile 3 1.11(0.77, 1.60) 1.37 (0.74, 2.54)
Quintile 4 1.53 (0.95, 2.46) 1.34 (0.62, 2.88)
Quintile 5¢ 1.45(0.87, 2.41) 1.44 (0.66, 3.14)

Abbreviations: Cl, confidence interval; NH, nétispanic; OR, odds ratio; ref, reference level.

a Adjusted for year, maternal age and education, and PU&#al proportion norHispanic Black and percent

poverty.

® Source of data for this exposure: ACS Table B03002: Hispanic or Latino Origin by Race, Universe: Total

population (vs ICE original which usetnHispanic whiteand Back[ s i ¢ ] househol ds with i ncc
Including onlynon-Hispanic white and neflispanic Black Vintages 2013 and 2018.

¢ Quintile 1 indicates high concentration of disadvantage, Quintile 5 indicates high concentration of privilege.
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Table A41: Masseyand#1 OUOOz Uwi PYI wEOOEPOUWOI wUl

Domain Answers the question:

1. Evenness How evenly distributed are the individuals of one race across neighborhoods?

2. Exposure How likely is it that individuals of different races will encounter each other?

3. Centralization | Towhatdegreedondi vi dual s of one race |live in th
4. Concentration | How much land area do individuals of one race occupy relative to their population?

5. Clustering How closely located are neighborhoods that are mostly populated by indiviflagbarticular race?
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Domain

Table A 42 Recommended measures of segregation

Masseyand
Denton
recommended
(MD)? Used by
U.S. Census
Measure (USC)?

Formula

Definitions of variables

Evenness

Exposure

Centralization

Concentration

Clustering

D, MD, USC
Dissimilarity

I ndex (
version)

xP*y,
Interaction
Index

MD

xP*x, Isolation USC
Index

ACE, Absolute MD, USC
Centralization

Index

RCO, Relative MD
Concentration

Index

Delta Index |USC

SP, Spatial
Proximity
Index

MD, USC

él[ti‘(pi B P)H
[2TP(1— P)]

)
)

m

z (Xi—1A1 )_ z (Xi"‘\i-l )
i=1 i=1

1

>

i=1

n

>

1=1

here P = 2 (glgjcl_]
where A z T
1
ik

and {g.G}: {x._X {yY} {t. T}

>

> > > D>>> > >

> >

>

n, number of areas (census
tracts) in the metropolitan are
ranked smallest to largest by
land area

m, number of areas (census
tracts) in the metropolitan are
ranked by increasing distance
from the Central Business
District (m=n)

Xi, the minority population of
area i

yi, the majority population of
area i (norHispanic white for
the U.S. Census report)

Vi, the majority population of
area j

ti, the total population of area
tj, the total population of area
X, the sum of all (the total
minority population)

Y, the sum of all y(the total
majority population)

T, the sum of alli{(the total
population)

pi, the ratio of xto t;
(proportion o
population that is minority)

a, the land area of area i

A, the sum of alk (the total
land area)

nl, rank of area where the sui
of all i from area 1 (smallest il
size) up to area nl is equal tg
Ty, the sum of allitin area 1 up
toarean

n2, rank of area where the su
of all i from area n (largest in
size) down to area? is equal
to X

T2, the sum of alliin area n2
uptoarean

di, the distance between area
and area j centroids, wherg=l
(0.6a)°5

cij, the exponential transform |

dij [= exp¢di)]

These are Masse@ndD e n t fivarécemmended measures of segregation along with the indices selected by the
U.S. Census for its study of segregation 19800712227
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Table A 43 Indices used to measure residential segregation in selected studies of
adverse pregnancy outcomes

Outcome Domain Measure Level
SINGLE MEASURE USED
SB*! Evenness Dissimilarity Index (formula not given)| County (from census tracts)
IM 422 Evenness Dissimilarity Index (older version) Metropolitan area (from census
tracts)
MULTIPLE MEASURES USED
PTB*° Evenness Dissimilarity Index (older version) Metropolitan area (from census
Exposure Interaction Index tracts)
LBW, Evenness Dissimilarity Index (neweversion) County (from census tracts)
pTBZ37
Exposure Isolation Index
LBW?23t Evenness Dissimilarity Index (newer version) Metropolitan area (from census
Centralization Relative Centriization Index tracts)
SB Evenness (currerind Dissimilarity Index(older version) Hospital reference region (from zi
persistent) code)
Exposure (currerand Isolation IndeX
persistent)
BW, PTB, | Exposure Isolation Index Metropolitan area (from census
FGR® tracts)
Clustering Spatial Proximity Index
GA, BW*® | Evenness Dissimilarity Index (older version) County (from census tracts)
Exposure Isolation Index
Concentration Delta Index
PTB?® Evenness Dissimilarity Index (formula not given) | Unclear; only census tract is
Exposure Isolation Index mentioned
Exposure Interaction Index
COMPOSITE USED
M, Evenness Dissimilarity Index (newer version) Metropolitan area (from census
LBW?240 tracts)
Exposure Isolation Index
Concentration RelativeConcentration Index
Centralization Absolute Centralization Index
Clustering Spatial Proximity Index
Composite Equally-weighted average of
standardized-acores of these 5
measures
PTB?: Composite Hypersegregation (index value >0.60 i Metropolitan area (from census
at least 4 of 5 domains) tracts)
Evennes$ Dissimilarity Index(formula not given)
Exposurée Isolation Index
Concentratiorf Relative Concentration Index
Centralization® Absolute Centralization Index
Clustering® Spatial Proximity Index

Abbreviations BW, birthweight; FGR, fetal growth restriction; GA, gestational age; IM, infant mortality; LBW, low
birthweight; PTB, preterm birth; SB, stillbirth.

@ Mislabeled as Isolation Index.

® |solation Index in this paper has an errors Bhould be p

¢ Data for individual indices not reported, only used to construct composite.
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Table A 44 Lack of 1-to-1 mapping between segregation indices and dimensions, and
differential mapping by race/ethnicity

Factor 1 Factor 2 Factor 3 Factor 4 Factor 5
Black Americans Exposure Concentration Evenness Clustering Centralization
Clustering Centralization
Hispanic Evenness Exposure Concentration Centralization none
Americans Exposure Concentration Centralization
Clustering Clustering
Asian Americans Exposure Evenness Centralization Centralization Clustering
Concentration Clustering
Clustering

Dimension is mentioned if oblique rotation factor loading@brindex in that domain wa@.50 (data from Tables
6-8 in“4??),
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Table A 45: Algorithm for coding of maternal risk factors covariates

DOHMH datasets for

DOHMH datasets for

DOHMH datasets for

From the

available data, we

stillbirths 2009-2010 stillbirths 2011-2018 livebirths 2009-2018 created these 8
included: included: included: covariates:

. . . . 1. Chronic
chronic hypertension pre-pregnancy hypertension pre-pregnancyhypertension hypertension
pregnancyassociated . L .
hypertension gestational hypertensmn (include gestational hypertension 2. Gestatlongl

. pre-eclampsia) hypertension
preeclampsia
chronic diabetes diabeted pre-pregnancy diabeted pre-pregnancy 8. C_hronic
diabetes
gestational diabetes gestational diabetes gestational diabetes 4. G_estatlonal
diabetes
genital herpes HSV HSV
gonorrhoea gonorrhoea
other STD syphilis syphilis S STD
chlamydia chlamydia

. hepatitis B hepatitis B -
hepatitis hepatitis C hepatitis C 6. Hepatitis
cardiac disease cardiac diseasstructural defect | cardiac diseasstructural defect | 7. Cardiac

cardiac diseastinctional defect | cardiac diseaskinctional defect disease
other other riskfactor n/a
anemia (Hct less than 30/Hgl .
less than 10) n/a anemia
acute or chronic lung disease n/a 3§thma/acute or chronic lung
isease

. . . | nla oligohydramnios
hydramnios/oligohydramnios n/a polyhydramnios
hemoglobinopathy n/a hemoglobinopathy
eclampsia n/a eclampsia
Rh sensitization n/a Rh sensitization
uterine bleeding trimester n/a
uterine bleeding trimest& n/a other vaginal bleeding
uterine bleeding trimest& n/a
previousinfant 4000+ grams | n/a n/a
previous preterm or small for n/a n/a
gestationakge infant
incompetent cervix n/a n/a )
renal disease n/a n/a 8. Other risk

factor

n/a

n/a

n/a

n/a

n/a
n/a
n/a

n/a

n/a

other previous poor pregnancy
outcome (spontaneous or induce
termination, ectopic pregnancy)
notincluding index pregnancy
other serious chronic illness
abruptio placenta (but only
recorded if an initiating or
contributing factor in cause of
death)

fertility drug
treatment/artificial/intrauterine
insemination

B

rubella

bacterial vaginosis

n/a

n/a
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other previous poor pregnancy
outcome (loss <20 weeks, loss
20+ weeks, induced terminatior

other serious chronic illness

abruptio placenta

fertility drug
treatment/artificial/intrauterine
insemination

B

rubella

bacterial vaginosis

prelabor referral for highrisk
care

fetal reduction



From the

DOHMH datasets for DOHMH datasets for DOHMH datasets for available data, we
stillbirths 2009-2010 stillbirths 2011-2018 livebirths 2009-2018 created these 8
included: included: included: covariates:

n/a listeria n/a

n/a group B strep n/a

n/a CMV n/a

n/a parvovirus n/a

n/a toxoplasmosis n/a

n/a other infection in pregnancy n/a

Abbreviations: DOHMH, Department of Health and Mental Hygiene; STD, sexually transmitted disease; TB,

tuberculosis.

DOHMH provided 10 datasets for livebirths and 10 datasets for stillbirths, one for each yea2@D®9Data on

maternal medical conditionsere different for (a) livebirths, (b) stillbirths in 202910, and (c) stillbirths in 2011

2018. In order to construct a merged dataset, it was necessary to align these data. We created 8 maternal medical
condition covariates from the available data,lirding: (1) chronic hypertension, (2) gestational hypertension, (3)

chronic diabetes, (4) gestational diabetes, (5) STDs, (6) hepatitis, (7) cardiac disease, and (8) other medical risk

factors. This table shows which covariates from the original DOHMHsg#$avere mapped to each of these 8 new
covariates. On/abd6 indicates that the covariate (row) w
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Figure A 6: Theoretical diagram of associations between structural racism measures and stillbirth

Abbreviation: PUMA, Public Use Microdata Area.
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Brooklyn Queens Bronx Manhattan Staten
Island

stillbirth rate
o0

Figure A70 w2 UPOOEDPUUT wUEUT Uwb Owl -POrg sualifiediby 8 " 7z Uwk k w/
borough (n=7,859 stillbirths)

Abbreviation: PUMA, Public Use Microdata Area.
Stillbirth rates calculated as # of stillbirths per 1000 total births.
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Additional tables and figures for Chapter 4

Table A 46: Distribution of DNA samples from 63 stillbirths and 126 livebirths by site

and plate
Plate 1 Plate 22 Total
Site livebirths | stillbirths | Total | livebirths | stillbirths | Total | livebirths | stillbirths | Total
Brown 18 9 27 18 9 27 36 18 54
Emory 4 2 6 4 2 6 8 4 12
UTMB 8 4 12 8 4 12 16 8 24
UTHSC 12 6 18 12 6 18 24 12 36
Utah 22 11 33 20 10 30 42 21 63
total 64 32 96 62 31 93 126 63 189

Abbreviations: UTHSC, University of Texas Health Sciences Center at San Antonio; UTMB, University of Texas
Medical Branch at Galveston.
@ Three wells on Plate 2 were empty (as they were not needed).
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Table A47. Predicted proportions of six cell types, 2 n=189samples

All Stillbirths | Livebirths
mean| SD | mean, SD | mean| SD
Syncytiotrophoblasi 58.8 | 9.2 | 55.3 | 12.0| 60.6 | 6.8

Stromal 147 | 47| 146 | 6.9 | 14.8 | 3.2
Endothelial 10.7 | 3.7 9.0 | 40| 115 3.2
Trophoblasts 77 48 95 56 6.8 | 4.0
Hofbauer 45 |36 64 54| 36 |15
nRBC 26 (42 44 69| 18 1.2

Abbreviations: nRBC, nucleated red blood cells; SD, standard deviation.
a Predicted after the method of Yuan etZl.
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Table A 48 Results of literature search for candidate genes

Date Search terms Limits # reports found?
4-1519 | Stress, differential methylation Title/abstract 14
4-30-19 | Microarray, bisulfite sequencing, | Title/abstract 114
methylation,stress, placenta
4-30-19 | GWAS, stress Title/abstract 316
5-7-19 | Microarray, bisulfite sequencing, | none 13
methylation, placenta, stillbirth
5-7-19 | GWAS, stillbirth none 5
5-29-21 | Methylation, stress, stillbirth Title/abstract, English, human, 201 867, of which 80 relevartndnew
onward
5-29-21 | Stillbirth, methylation Humans, English 66, none new
5-29-21 | Maternal stress, methylation Humans, English 43, none new
5-29-21 | Stillbirth, epigenetic Humans, English 19, none new

Abbreviation: GWAS, genonwdde association study.
a Searches conducted in PubMed.
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Table A 49 Details of the five candidate genes: BDNF, FKBP5, HSD11B2 IGF2, NR3C1

BDNF

CpGs Location Placental expression Functions (paraphrased from sources as indicated)
93 interrogated by | 11p14.1; moderate; also positive i c odes -dedved nburoaophic factor, a growth factor involved in neural development, cell differentiation, and syn
850k microarray 12 exons evidence fron#7; but very | plasticity. Present in both the brain and periphBENF plays critical roles throughout the body an@ssential for placental
low per Genecards and fetal developmené Dur i ng t h e BpPNFpoentia®d plagestal devebpmenand facilitates
cytotrophoblast differentiation, proliferation, migration, and survivalreaes y f or 4°et al gr owt ho
fistress induced neuroplasticity associ antemcionwletwhenal t er
glucocorticoids and braiderived neurotrophic factoBDNF)&**°
Tissue Site Exposure Outcome | Sample Results (paraphrased from sources as indicated)
cord blood, 67 CpGs chronic stress and war - 24 motherbaby | maternal experiences of war trauma and chronic stress were significantly associated with
placental tissue, and trauma dyads, Dem BDNF methylation in all 3 tissues; results varied by CpG; for placental tissue, cg1625709
maternal venous Rep of the cg10635145, cg26840770, cg105584&415313332, cg25962210, cg27193031, and
blood Congo €g27193031 were associated with war trauma, and ¢g26949694, cg25962210, and cg09
were associated with chronic str&8s
blood neighborhood - 1226 US adults | fi f weighborhood socioeconomic disadvantage and neighborhood social environment, [t
socioeconomic aged 5594 was] é at |l east one methylati®®n site in t
disadvantage
blood Everyday Discrimination - 147 Latina ASignificant negative associati omBONFwver e
Scale (EDS) womenduring  promoter (RR = 0.86, 0.929 p = 0.004, O.
preg and post
partum
blood exon VI maternal care subscale of | - 89 Swissadults | igreater DNA methyl ation in the BDNFtargete r ¢
the Parental Bonding sequence [®; p=0.035]0

Instrument (PBI) (low vs

high)
Also of interest(verwy nusual to have any dat 8ONFaexptebbbonthh: hiiman tkrebeildy oblftex of é 45
months, including 29 victims of sudden fetal and infant death and 16atphed subjdas who died of known causes (Controls).. [there was] in sudden death groups compared with Controls
significantly higher incidence of defectiBDNF expression in granule layers of the cerebellar cortex, which was particularly evident in the postgleoraloegion that participates in respiratory
control. These results were related to maternal smoking, allowing to speculate that nicotine, in addition tektimwuedlamages, can exert adverse effects during cerebellar cortex developm
particular in hindering th@DNF expression in the posterior lobule. This implies modifications of synaptic transmission in the respiratory circuits,iaith dedeterious consequences on
sur v¥®val o
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FKBP5

CpGs

53 interrogated
by 850k
microarray
Tissue
placenta, cord,
maternal
venous

placenta

blood

blood

blood

maternaknd
infant saliva

Location
6p21.31;
13 exons

Site

Intron 7

Placental expression
Low to medium
[Genecards]

Exposure
chronic stress and war
trauma

Prenatal Distress
Questionnaire and
Perceived Stress Scale

neighborhood
socioeconomic
disadvantage

child andadult SESand
social mobility based on
education

Everyday
Discrimination Scale
(EDS)

adverse childhood
experiences (Chdhood
Trauma Questionnaire

(CTQ)

Functions (paraphrased from sources as indicated)
A encodes glucocorticoideceptor (GR) cochaperone protein FKBP51)
A fné undergoes rapid i nduc tFKBFPHlisthdughnto interrupt thesfemdback loop bywiading te GFE

reducing affinity to cortisol &hd impeding GR transloc
Outcome Sample Results (paraphrased from sources as indicated)
birthweight 24 mother AiWar Tmaulmpl ati on associ at iFEBPScg08®46163 al s o
babydyadsin | (surviving FP®PR correction). o
Dem Rep of
the Congo
fetal movement | 61 pregnant Afhi gher Per cei vwabcoSsisterglysassoctatedvitle greater ®NAemethylati
and heart rate women (r=027%0. 41; all p values <0.05); ébirth we
(Acoupl i| (CUMC) associated witFKkBP5SDNA met hyl ati on (bl ock B) (r=1
Stress Scalewass soci ated with greater DNA methy
was associated with | ower fetal coupling
significant (#=10.27, p<0.05).n
- 1226 US adults iwor se social environment was associated
aged 5594 neighborhood socioeconomic disadvantage and neighborhood social environment, methy
sites inFKBP5¢é a | | had at |l east one methyl @i on
- 1,231 US ilow childhood SES was a D8Amethgdtial i sheoie/tshelf i
adultsaged55 sites (P = 0.03, g = 0.13) but was not a
94 with social mobility°>
- 147 Latina fisignificant negati vEKBRSwaacC i ateindn fat@UdCH E

women during
preg and post
partum
- 114 mothers Aiin mothers carryialelg (CTdne TTygenotyssy mateeRHIBPE t | Vv
and107 infants | methylation negatively correlated with thrdata s e d  AnGrifast® homozygous for the C
in the USA allele (CC genotype), infaKBP5 methylation positively correlated with maternal threat
based ACEs [adverse®childhood experience
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HSD11B2

CpGs Location
23 interrogated| 16q22.1;
by 850k 5 exons
microarray
Tissue CpG
placenta 4 CpGsin
promoter
region
placenta 4 CpGsin
promoter
region
placenta four CpGs
placenta promoter
placenta promoter
region (3
CpGs)
placenta

Placental expression
Highly expressed in at least
cell type in the placenta
[Genecards]

Exposure

prenatal socioeconomic
adversity: maternal
education, poverty, dwelling
crowding, tobacco use and
cumulative risk

depression or anxietyuding
pregnancy

Prenatal Distress

Stress Scale

Functions (paraphrased fromsources as indicated)

A A Pl a cHSD1tBRi$ responsible for converting cortisol into inactive cortisone, thereby protecting the developing fet
from overexposure to glucocorticoids during development. However, this protective mechanism has NRBE 1fs
dysregulated potentially from siditiant prenatal stressors, the protective effect of placét@8l11B2may be diminished,
thereby allowing elevated | ev &¥®soma Studgihvastigatioginteractiorobetaesn
methylation status of these 2 genes]

A fia key gene involved in gl uceoaemng ttiac ob e meltatbeod #tsan, f e

Outcome Sample Results (paraphrased from sources as indicat®

- 444 healthy | ii nf ants whose mothers experienced tH
full-term during pregnancy had the lowest extent of placd#®&D11B2methylation, particularly

newborns for males. Associations were maintained for maternal education when adjusting fo
confonders (*%<0.05) 0

birthweight, GA, 185 AiControl | i ng HE@LiB2wethylatiom extedt & greatest in infants with
ponderal index, lerty, | newborns the | owest birt Mederatg $idtistically Bignificar@ ne@ativg, é
IUGR correlations were observed between infant birthweight, and poridde (ratio of

weight for length) antHSD11B2me t hy |l ati onél UGR i nf ant
significantly greater extent ##SD11B2met hy | ati o (P =0. 00

NICU Network 482 dyads fiinfants whose mothers reported anxi e
Neurobehavioral Scale from Rhode | met hy |l at i on -dSD-2ppGaweeembraHypotbriicicompared with infan
(NNNS) Island ofmothersvmio did not report nxiety durin
IUGR, birthweight, 44 newborns imet hyl ation | evels of all studi ed Cg
ponderal index in China newborns than those in controls. Further, methylation levels of the first and the thil

CpGsites were inversely associated with measures of fetal growth (birth weight an
ponder a?® i ndex) o
infant neurobehavior | 372infants | A Th o s e NWR3Clmethylation but higtHSD11B2methylation had lower

(NICU Network in Rhode excitability scores; those with highR3C1methylation but lonHSD11B2methylation
Neurobehavioral Island had moreasymmetrical reflexes; those with high DNA methylation across the entire
Scales) pat hway had high®r habituation scores
fetal movement and 6lpregnant Ahi gher Perceived Stress Scale score
Questionnaire and Perceive( heartrateff ¢ o u p | | women methylation (r=0.2v0 . 4 1 ; al | p GreateriDRAsmethyatiod 6f) ; é
(CumC) HSD11B2was associated with | e[meadiator Repéivied
Stress Scale was associated with gree
turn was associated with | ower fetal

(Perceived Stress Scale to fetal coupling through DNA metbplawas statistically
significant (**=10.24, p<0.01)And
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IGF2

CpGs

47 interrogated
by 850k
microarray

Tissue
maternal
venous, cord
blood and
placental
placenta

placentalind
fetal tissue

cord blood

cord blood

Location
11p15.5;
9 exons

Site

Imprinting
control
region (ICR)

two promoter
regions, PO
and P3

4 CpGs

Placental expression
Highly expressed in at least 1 cell type
in the placenta [Genecards]

Exposure
war trauma and chronic stress

Perceived stress scale (R$$ (during
past month)sStatetrait anxiety
inventory (STAI), Life Experience
Interview (measured the occurrence of
stressful events; only for relationships
and health)

maternal depressed mood (Edinburgh
Depression Scale; EDS), pregnancy
related anxiety questionnaire (PRAQ)

Functions (paraphrased from sources as indicated)

A AThe insulin growth GFtanddGF24dsvell Bs)sevsrgl stheegenes related 1ot
binding proteins. Though they are each expressed in various parts of théGietgndIGF2 are also both
synthesized by the placenta, where they are involved in the regulation of fetal, placental and neonata
gr owt ho

A fdimplicated, inmpeimatli ggoswsgyimdr omes, Wil ms®Tumou

A AReciprocally i mpri nt d@F2aneodessmembpeads therinsuir famjly ot x p r
polypeptide growth factors, which are involved in growth and development; maternally expressed H19 ¢
a noncoding RNA, and functions as a tumor suppressor. Imprinting status has been correlated with var
environmental exposures®e.g. bisphenol A and s

A fi No r midlb DMR,is methylated on the paternal allele preventing the binding of the zinc finger protei
CTCF, which in turn allows #access of thk5F2 promoter to the enhancers located downstreahil®f and
consequently, paternBBF2 is expressed. On the other hand, in the maternal allele this -BiFdkg site is
unmethylated, which allows the binding of CTCF and the interacfitimedd19 promoter to the enhancers. In
thiscase,théGF2i s si |l enced and the H19 is expressed?ég
studied, was shown to result in a noticeable placental phenotype, with most deletions affecting the size
pl ac?ntabo

A finvolved in specific gene netwo?ks that contr

Outcome Sample Results (paraphrased from sources as indicated)

birthweight 24 mothesbaby dyads| ist r ong association was foun
in Dem Rep of the IGF2PC2 met hyl ati on i n mo twarand/(
Congo rape stress associated Wi@F2me t hy | at i on 2/

- 50 NYC mothers fibot h -andhetltredated stress life events were associat

with ICR hypermethylatioo?®?

2 trimester fetal 35 2dtrimesterlosses) idi d not observe significant
loss (16 due to infection, | state was noted in both promoters (P3 mean methylation

19 idiopathic) percentage 3,9% in idiopathic SA [spontaneous abortions] vs i

incontrol s## p > 0,05) 0

placental size, 1,236 mothers and APl acental si 2&2wms0.r@0 h) ede
birthweight, 1,073 newborns in Birth wei ght I|GF2methylaiondatenty attpo
neonatal treatment | Scotland 0. 0%20
- 80 Belgian dyads i We f ound -speciffic agsdCiptiGr) of PRAQ subscales

withIGF2ZD MRO ( Cp G5, IBR2AS wadadsdciptéd
with maternal EDS sc®res (Cp

303



NR3C1

CpGs Location

89 interrogated | 5931.3;

by 850k 16 exons

microarray

Tissue Site

placenta exon 1F, 13
CpGs

placenta promoter 1F
region

placenta

placenta 13 CpGs in the
exon
1F promoter
region

placenta, cord, €g15910486,
maternal venous| cg18019515, and

€g27122725
varied (cord, 5 analyzed CpGs
placenta, buccal, (35 to 39) at the
saliva, whole promoter of exon

blood) 1F

Placental expression Functions (paraphrased from sources as indicated)

Highly expressed in most cell A

encodes glucocorticoid receptor

types in the placenta A i NR 3i€the GC receptor and is involved in cell proliferation and differentiation and specifically implicated |
[Genecards] newborn birth weight, thus providing a biological mechanism by wNiRBClexpression may influence birth
wei ghto
A fié exon 1F mypeémmeteHyaltdtoin to é [early I|life adver
including cord blood, white blood cells and whol
axis negative feedback¥®®were it occurring in the
A A Pl a cHSD11B2i$ responsible for converting cortisol into inactive cortisone, thereby protecting the develc
fetus from overexposure to glucocorticoids during development. However, this protective mechanism has lin
NR3Cl1lis dysregulated potentially from sidicant prenatal stressors, the protective effect of placetg8&l11B2
may be diminished, thereby all owing el?[frantastddy!| ev
investigating interaction between methylation status of these 2 genes]
Exposure Outcome Sample Results (paraphrased fromsources as indicated)
- infant neurobehavior | 372 infants in i Those MNR3CImethylation but highiSD11B2methylation had
(NICU Network Rhode Island lower excitability scores; those with higdR3C1methylation but low
Neurobehavioral HSD11B2methylation had more asymmetrical reflexes; those with high
Scales) DNA methyl ation across the ent i®
- birthweight 480 full-term isignificant association (p < 0.
placentas in GR gene and |l arge for 3estationa
Rhode Island
Prenatal Dis&ss fetal movement and | 61 pregnant Aihi gher Perceived Stress Scale s
Questionnaire and Perceived heart rate women DNA methylation (r=0.2v0 . 4 1 ; al | prvalues <0
Stress Scale (Acoupl i ng (CUMC)
depression or anxiety during | NICU Network 482 dyadsfrom| ii nf ants whose mothers reported
pregnancy Neurobehavioral Rhode Island greater methylation of placentdR3C1cpG2 had poorer setegulation,
Scale (NNNS) more hypotonia, and more lethargy than infants whose mothers did not r
depre¥®siono
chronic stress and war traum| birthweight 24 mothetbaby | A Chr oni ¢ Str ess pr BHRBClartdexplaimed i625% I
dyadsin Dem | ofthevaranc e, é War Trauma predicted
Rep of the 13135 %) ér educedNRBEIJ1IF910486,icgld019815, and
Congo €g27122725 was significantly associated with War Trauma after FDR
correction; ... met KRBClagl5910486, asciatedi

maternal chronic psychosocig -
stress (during pregnancy)
(varied)

with Chronic Stress and War Trauma in placenta and located at 7 TFBs
including the consensus NGRAIbinding site NR3C1cg18019515,
associated with War Trauma in placenta and located at 6 known TFBs,
NR3C1cg24026230, associated with Chronic Sti@sd FDRcorrected) in
cord blood and situated at a POL
in CRH] accounted for 55% o&® the

977 subjects Aisignificant correlation between

across 7 studies =0.14, 95% CI: 0.080.23,pr=0 . 0 8°2 é)

(metaanalysis)
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whole blood exon 1F Childhood Trauma - 67 casesind Aisignificant positive assoc abage[nat
Questionnaire (CTQ) controls other types] experienced during childhood and the degree of DNA
covering abusandneglect (depressednd | methylation aNR3Clexon 1F CG37 (r=0.53, p=0.01) and CG38 (r=0.43,
not) p=0.04) é This finding was only
reported ELA [early life adversitylandnotn t he ov &% al |
blood, saliva 1F exon early life stress (ELS) - 36lindividuals  iepi genomic modul ation associate
from 4studies | observed, CES [combined or common effect size] = 23.2%, 95%CI;, 8.0C
(metaanalysis) | 38. 480 (Quantitative Evi dence Sy
cord blood CpGrrich State Trait Aniety Inventory | - 83womemand ' filn a multivariable model the pr
mononuclear sequences for the (STAI), Pregnancy Related babies in F9 explained (PVEpy pregnancy related anxiety was 7.8% (p = 0.023)
cells promoter regions | Anxiety Questionnaire Belgium during T1 ¢é -ubisfodated atthetnen@ grGwth factor
B,Dand F (PRAQ), Maternal Fetal inducible protein A (NGFA) binding sites of 1F were associated with
Attachment Scale (MFAS) at maternalP®? anxi etyo
each trimester
cord blood 47 CpGs Perceived Stress Scale (PSS - 480 mother APSS scores positively corrllratly
mononuclear including 1F baby dyads p= .02) and CpG 3.4.5 (r = .12,
cells exon from Australia | remained significant after taking into account the multiple comparisons a
the Bonferroni correct®¥d p value
maternal venous| 39 CpGs in material deprivation intended| birthweight 25 mother Althere was] correlation between
blood and upstream to reflect availability of newborndyads| anal yzed as the first principal
umbilical cord promoter financial resources, mundane in Dem Rep of | Furthermore, newborn methylati#tC1 is strongly correlated with newborn

stressors to reflect daily the Congo birth wei ght mateia deprivalion @rzl Mdindane stress are
psychosocial stress, and war also correlated with newborn methylati&®nC 1 €ord methylation (PC1 of
stress 39 CpG sites in the promoter region) is negatively associated with
birthweight2®> NOTE: LGA is a risk factor for stillbirti2° 42°A possible
mechanism is a relatively small placenta for $ife.
blood Everyday Discrimination - 147 Latina fisignificant negative associatio
Scale (EDS) womenduring | 1and2oNR3Cl( RR = 0.85, 0.84 and p¥=
preg and post
partum
blood neighborhood socioeconomic - 1226 USadults| Af or nei ghborhood socioeconomic
disadvantage aged 5594 environmentmet hyl ati on sites é had at

Also of interest:

5% of

E WA B

resultso
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1 Placental methylation dR3C1affects infant neurobehavior (promoter regi¢fi)Similar results found heré®. Former study found greater mean methylation associated with reduced
expression oNR3CImMRNA

1  Allthe above: 13 CpGs in exon 1F of the promoter region

1 Lower buccal methylation of CpG1 (promoter region) for infants in the-tigtvs lowrisk group of preterninfants#28 infants with highrisk vs lowrisk neurobehavioral profile showed mor
methylation at CpG%°

AbbreviationsBW, birthweight; CUMC, Columbia University Medical Center; Dem Rep of the Congo, Dem&zatiblic of the Congo; DMR, differentially
methylated region; EWAS, epigenemiele association study; FDR, false discovery rate; GA, gestational age; GC, glucocorticoid; HPA, hypothalamus
pituitary-adrenal axis; ICR, imprinting control region; IUGR, intrerine growth restriction; LGA, large for gestational age; NICU, neonatal intensive care
unit; PC1 and PC2, principal component 1 and 2; preg, pregnant; RR, relative risk; SES, socioeconomic status; TFB,itrafiactiptbinding



Table A50: Characteristics of 1,191 CpGs on the five candidate genes: BDNF, FKBP5, HSD11B2, IGF2, NR3C1

BDNF FKBP5 | HSD11B2 IGF2 NR3C1 Total

CpGsin Total #promoters/enhancers from Genecards 90 65 77 34 257 523
promoters/ Of which, identified by both ENCODEndEnsembl 31 23 40 21 79 194
enhancers # CpGs in these promoters/enhancers and interrogated on the microal 119 141 327 330 213 1130
# CpGs only in gene body 28 21 3 11 24 87
# CpGs only in enhancer 22 8 43 66 129 268
CpGs of interest # CpGs only in promoter/enhancer 44 105 270 164 23 606
that are # CpGs in both gene body and enharicer 4 3 0 0 16 23
interrogated by # CpGs in both gene body and promoter/enhahcer 49 25 14 100 45 233
the microarray Total # CpGs in gene body 81 49 17 111 85 343
Total # CpGs in enhancer or promoter/enhancer 119 141 327 330 213 1130
Total # CpGs of interest 147 162 330 341 237 1217
# CpGs in gene body 80 49 17 111 85 342
Of these, CpGs for |, oG in enhancer 23 11 42 64 143 283

which beta values

were available # CpGs in promoter/enhancer 93 124 277 259 68 821

Total # CpGs of interest 144 156 322 334 235 1191

©O
@ Enhancer and promoter/enhancer regions can be on gene bodies or upstream/downstream of gene bodies; hence a single rop€ai msypbmg on a gene%
body as well as one of these other regions.



Table A51 Odds ratios (95% ClIs) relating stressors (SLE and Disadvantage) and
stillbirth in the study sample (n=183) and SCRN (n=1,479): Continuous versions of exposures

Study SCRN
OR (95% CI) aOR?(95% CI) OR (95% CI) aOR?2(95% ClI)
Disadvantage | 1.54(1.07,2.27 | 1.80(1.18,2.74) | 1.34(1.081.67) | 1.48(1.171.88)
SLE 1.15(0.97,1.36 | 1.11(0.921.33) | 1.08(0.981.20) 1.03 (0.931.15)

Abbreviations: aORadjusted odds ratio; Cl, confidence interval; OR, odds ratio; ref, reference level; SCRN,
Stillbirth Collaborative Research Network; SLE, Significant Life Events.
a Adjusted for maternal age, site, and race. SLE aORs also adjusted for Disadvantagedtheastinuously).
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Table A 52 Sensitivity analyses for associations between maternal stressors, measured

by SLE and Disadvantage, and stillbirth in the study sample

Primary analysis ®
(n=183)

Sensitivity analysis A°
(n=180

Sensitivity analysis B
(n=183)

aOR (95% CI) @
Disadvantage

continuous 1.80(1.18, 2.74)
categorical
0 items ref
1item 1.65 (0.76, 3.56)
2+ items 4.53 (1.58, 12.93)
SLE
continuous 1.11(0.92, 1.33)
categorical
0 events ref
1 event 1.15(0.41, 3.17)
2 events 1.71(0.61, 4.83)
3 events 1.20 (0.36, 4.05)
4+ events 1.54 (0.55, 4.28)

aOR (95% CI) @
1.89 (1.23, 2.91)

ref
1.78(0.80, 3.96)
5.04 (1.73, 14.66)

1.13 (0.94, 1.36)

ref
1.18 (0.413.42)
1.95 (0.67, 5.69)
1.35 (0.39, 4.65)
1.71(0.60, 4.88)

aOR (95% CI) 2
2.07 (1.23, 3.50)
ref

2.16 (1.00, 4.67)
7.16 (1.57, 32.64)

Abbreviations: aORodds ratio; Cl, confidence interval; OR, odds ratio; ref, reference level; SCRN, Stillbirth
Collaborative Research Network; SLE, Significant Life Events.

a Adjusted for maternal age, site, and race. SLE aORs also adjusted for Disadvantage (measimanlisbt

b Primary analysis replicated frofable9 for convenience.

¢ Sensitivity analysis A: tested associations between stress and stillbirth in a subset of the study sample (n=180)
excluding three stillbirths: two outliers and one santpigt had received multiple quality control flags during
bisulfite conversion (see Appendik

d Sensitivity analysis Bested associations between Disadvantage and stillbirth using a modified version of
Disadvantage that excludes partnership status.
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Table A53: Differentially methylated CpGs with respect to stillbirth or Disadvantage: n=35 of 1,191 CpGs examined,
ordered by genomic location

Probe Promoter © Me a nf Stillbirth ¢ Index of Disadvantage?

ID™ |Chr Gene Start*® | Reg® D¢ Location? SB |LB| OR(95%CIl) | P! 1v0 (95% CIY' | b* | P' | 2+v0 (95% CIy | b* | P' |eaitem (95% CIj| b* | P!
cgl17140497 5 |INR3C1 | 143,183,611E GHO05J14318 143181202143184399 68.470.3| 1.15 (0.91, 1.47) 0.238 -0.01 ¢0.06, 0.04) 0.11/0.732/-0.03 ¢0.09, 0.04/ 0.35/0.430/-0.01 ¢0.03, 0.02/0.12/0.502
cg04090712 5 |INR3C1 | 143,244,226 E GHO05J14324 143241504143246872 23.1/20.2| 1.38(1.01, 1.91) 0.050/ 0.02 ¢0.02, 0.07) | 0.32/0.311/-0.01 ¢0.08, 0.05/0.15/0.724/ 0.00 ¢0.03, 0.02) 0.02/0.893
cg15115787 5 |INR3C1 | 143,351,135B NA NA-NA 60.5/62.2] 1.22(1,1.51) 0.062 -0.04 ¢0.09, 0.01) 0.32/0.144/ 0.01 ¢0.06, 0.07) 0.05/0.856/ 0.00 ¢0.03,0.03)| 0.01/0.931
cg2502650( 6 FKBP5 | 34,888,109 P/E |GH06J03488 3488640034892632 | 7.5 | 7.4 | 1.67 (1.08, 2.69)0.027 0.04 ¢0.03, 0.12)|0.23/0.270 0.05 ¢0.05, 0.16) 0.28/0.304 0.03 ¢(0.01, 0.07) 0.17/0.119
cg0006559¢ 6 [FKBP5 | 35,342,218 P/E  |GH06J03534 3534166435345401 | 4.7 | 4.1 1.99 (1.23, 3.38) 0.007 -0.01 ¢0.14, 0.11)| 0.08/0.818/-0.02 ¢0.19, 0.15/0.11/0.812-0.02 ¢0.08, 0.05/0.09/0.612
cg2532404¢ 6 FKBP5 | 35,921,281 P/E |GH06J03591 3591800635923105 | 7.5 | 7.1 1.67 (1.112.68) |0.022 0.00 ¢0.09, 0.08) | 0.05/0.912 0.05 ¢0.06, 0.17) 0.51/0.367 0.01 ¢0.04, 0.05) 0.10/0.670
cg05096964 11 |IGF2 1,694,061 E GH11J00169  16896011694740 | 10.1| 9.3 | 1.58(1.11, 2.4) 0.021] -0.04 ¢0.12, 0.04) 0.35/0.325/ 0.09 ¢0.01, 0.20) 0.86/0.084/ 0.02 ¢0.02, 0.07) 0.23/0.259
912283397 11 |IGF2 1,853,214 P/E |GH11J00184  18496561855952 | 78.1/82.5 0.81 (0.68,0.97) 0.021 0.03 ¢0.09, 0.14) 0.12 0.643-0.15 ¢0.31, 0.00, 0.67,0.047-0.05 ¢0.11, 0.01/0.19/0.128
cg0377677% 11 |IGF2 1,950,271 P/E |GH11J00194  19460011959440 | 73.6 72.6 1.53(1.22,1.99)0.001 0.05 ¢0.06, 0.16) 0.90 0.340 0.03 ¢(0.12,0.17) 0.42/0.739 0.03 ¢0.03, 0.09) 0.53/0.286
cg1915091¢ 11 |IGF2 1,952,485 P/IE /i A 71.4/70.4/ 1.34 (1.05, 1.75) 0.024| 0.03 ¢0.02, 0.08) | 0.47/0.262 0.01 ¢0.05, 0.08) 0.24/0.669 0.01 ¢0.01, 0.04) 0.23/0.298
cg14681637 11 |IGF2 1,953,049 P/IE /i A 75.6|74.7) 1.42 (1.15, 1.81) 0.002] 0.05 (0.00, 0.11) 0.91/0.067| 0.03 ¢0.05, 0.11) 0.52/0.435/ 0.03 (0.00, 0.06) 0.45/0.090
cg1011319] 11 |IGF2 1,953,101 P/E /i A 61.7/61.2| 1.48 (1.14, 1.96) 0.005/ 0.01 ¢0.03, 0.05) | 0.09/0.798 0.01 ¢0.04, 0.07) 0.25/0.592 0.01 ¢0.01, 0.04) 0.25/0.164
cg1929093¢ 11 |IGF2 1,967,527 E GH11J00196  19623711972699 | 31.0|27.2| 1.24 (1.06, 1.47) 0.009 0.00 ¢0.07, 0.08) | 0.02/0.916/ 0.03 ¢0.08, 0.13) 0.14/0.624/ 0.01 ¢0.03, 0.05) 0.06/0.603
924465597 11 |IGF2 1,967,955 E A A 26.4/21.8/ 1.26 (1.03, 1.56) 0.030 -0.04 ¢0.12, 0.03) 0.31/0.235/-0.05 ¢0.14, 0.05/0.32/0.367/-0.03 ¢0.07, 0.01/ 0.20/0.146
cg1942529¢ 11 |IGF2 1,968,002 E A A 22.2/17.2| 1.4(1.14,1.75) 0.002| 0.01 ¢0.09, 0.10) | 0.05/0.878 0.03 ¢0.09, 0.16) 0.20/0.607| 0.00 ¢0.05, 0.05) 0.02/0.921
cg0589471¢ 11 |IGF2 1,968,668 E A A 22.8/18.9/ 1.25(1.07, 1.49) 0.007| 0.03 ¢0.07,0.13) | 0.39/0.539 0.08 ¢0.05, 0.21) 1.02/0.222/ 0.02 ¢0.03, 0.07) 0.21/0.518
903982897 11 IGF2 1,968,877 |E A A 14.1/11.4 1.76 (1.26, 2.58) 0.002| -0.03 ¢0.12, 0.05)| 0.52/0.458 0.08(-0.03, 0.20) 1.33/0.165 0.02 (0.03, 0.06) 0.29/0.446
916574797 11 IGF2 2,001,093 P/E  |GH11J00198  19852572003509 | 61.4/58.8 1.17 (1.08, 1.28) 0.000| 0.02 ¢0.12, 0.17) |0.19/0.744 0.09 ¢0.10, 0.28) 0.69 0.370 0.03 ¢0.04, 0.11) 0.24/0.426
€g0209779: 11 IGF2 2,036,815 [E GH11J00203  20341472040284 | 27.3|26.3/ 1.34 (1.11, 1.67) 0.005 0.05 ¢0.02, 0.12) 0.63/0.134| 0.10 (0.00, 0.19) 1.16/0.044| 0.04 (0.01, 0.08)0.51/0.024 o
cg0166731¢ 11 IGF2 2,139,897 P/E, B |GH11J00213  213155%2152660 | 12.7/11.8 1.24 (1.09, 1.43)0.002| 0.02 ¢0.14, 0.19) |0.03/0.779 0.01 ¢0.21, 0.23) 0.01/0.935/-0.01 ¢0.10, 0.07/ 0.02|0.781 o
910037494 11 IGF2 2,139,904 P/E,B i A 6.7 | 6.1 1.2(1.07,1.36) 0.002 0.07 ¢0.24,0.37)|0.02/0.657 0.06 ¢0.35, 0.47) 0.01/0.775 0.00 ¢0.16, 0.16) 0.00/0.985
cg2516347¢ 11 IGF2 2,140,355 P/E, B i A 13.8/12.0 1.13(1.04, 1.23) 0.003| 0.10 ¢0.13, 0.34) | 0.90/0.392 0.03 ¢0.29, 0.35) 0.27/0.846/ 0.00 ¢0.13, 0.12) 0.00/0.993
€g0836273¢ 11 BDNF 27,701,088 |P/E, B /GH11J02769 2769621627702539 | 3.9 | 3.5 | 2.05 (1.09, 3.99) 0.029/ 0.03 ¢0.08, 0.13) |0.28/0.618 0.14 (0.00, 0.29) 1.530.048 0.05 (0.00, 0.11) 0.60/0.057,
cg0467235] 11 BDNF 27,701,341 P/E, B |ii A 8.0 | 7.6 2.03(1.28, 3.44)0.005 -0.04 ¢0.11, 0.03)|0.31/0.247 0.09 (0.00, 0.18) 0.70/0.058 0.02 ¢0.01, 0.06) 0.18/0.233
927309677 11 BDNF 28,108,257 |P/E |GH11J02810 2810553328111801 | 6.5 | 6.1  1.49 (1.04,2.23)0.039 -0.03 ¢0.13, 0.07)|0.16/0.593/0.02 ¢0.12, 0.15) 0.11/0.789 0.00 ¢0.05, 0.05) 0.00/0.990
919372497 11 BDNF 28,108,422 PIE i A 6.8 | 6.4 1.93(1.29,3.03)0.002 -0.03 ¢0.13, 0.06)| 0.16/0.496 0.00 ¢0.13, 0.13) 0.00/0.990 0.00 ¢0.05, 0.06) 0.02/0.876
€g0108771( 16 HSD11B: 67,110,271 P/E  |GH16J06710 6710892167111835 | 6.0 | 5.6 | 1.65 (1.14, 2.51)0.012 -0.13 ¢0.23,-0.02)|0.78/0.019-0.03 ¢0.18, 0.11/ 0.20/0.655/-0.03 £0.08, 0.03/0.18/0.339
cg05477467 16 HSD11B: 67,184,151 P/E  |GH16J06718 6718260067188059 | 6.6 | 6.1 1.56 (1.12.34) |0.022 -0.01 ¢0.12, 0.09)0.07/0.810 0.06 ¢0.08, 0.20) 0.31/0.413 0.02 ¢0.04, 0.07) 0.09/0.564
cg0541319¢ 16 HSD11B: 67,396,550 P/E  |GH16J06738 6738921667400723 | 21.3|17.5 1.36 (1.07,1.76) 0.015 -0.04 ¢0.12, 0.03)|0.31/0.239-0.02(-0.12, 0.08/0.13/0.706/-0.02 £0.06, 0.02/0.11/0.413
cg1043488¢ 16 HSD11B: 67,481,109 P/E  |GH16J06747 6747900067484532 | 8.6 | 7.5 1.24 (1.07,1.45)0.005 -0.07 ¢0.27,0.12)|1.27/0.450-0.01 ¢0.27, 0.25/0.21/0.927/-0.02 £0.12, 0.08/ 0.32/0.720
cg03498304 16 HSD11B: 67,842,237 P/E  |GH16J06784 6784120067848801 | 3.1 | 2.4 1.51 (1.11,2.18)0.014 -0.13 ¢0.36, 0.10)| 0.25/0.269 0.28 ¢0.02, 0.59) 0.63/0.069 0.08 ¢0.04, 0.20) 0.21/0.201
€g0563235. 16 HSD11B: 67,847,657 P/E i A 5.0 | 44 1.67(1.16,2.53)0.010 -0.17 ¢0.32,-0.01)|1.50/0.035/-0.07 ¢0.28, 0.14/0.63/0.516/-0.06 £0.14, 0.02/ 0.58/0.145
€g1941329. 16 HSD11B: 67,884,391 P/E  |GH16J06788 6787980167886800 | 79.8|78.9 1.29 (1.09, 1.54)0.004 0.05 ¢0.03, 0.13) |0.89/0.215| 0.14 (0.03, 0.25) 2.36/0.014 0.06 (0.02, 0.10) 1.05/0.005
cg00511334 16 HSD11B: 67,884,936 P/E i A 41.5/38.8 1.28 (1.07,1.55)0.010 0.03 ¢0.02, 0.09) 0.48 0.198-0.03 £0.10, 0.04/0.38/0.459 0.00 ¢0.03, 0.02) 0.04/0.838
cg2144523( 16 HSD11B: 67,935,463 |P/E  |GH16J06793 679342557938278 | 13.7 |11.9 1.29 (0.92, 1.82)0.142 -0.02 ¢0.09, 0.05)|0.31/0.630 0.03 ¢0.07, 0.13) 0.56/0.515 0.01 ¢0.03, 0.05) 0.17/0.602
Abbreviations: Chr, chromosome; Cl, confidence interval; LB, livebirth; OR, odds ratio; Reg, region; SB, stillbirth.
aBuild 38 used.

b Start is genomic location of first CpG base pair.

¢ P, E, B indicate whether CpG is in promoter or enhancer or oe gedy, respectively.

4Region type and Promoter ID from GeneCards.

€Single promoter regions are highlightedlight grey.

fMeanb i s the mean percent methylation for stillbirths (SB) and | ivebirths

9 All associations adjusted for cell tyeophoblast, stromal, endothelial, NRBC, and syncytiotrophoblastjernal age and race, site, and plate. Associations



with stillbirth additionally adjusted for seXORs from logistic regression usibg/alues * 100; interpretable as the adjusted odds ratio for stillbirth with a one
percentage point increase in methylation. Estimates of associations between methylation and Disadeamtmgafregression using M values.

_hﬁ 1vO00 i s me a nvalues forfl asrcampareal to nanitend in the Index of Disadvantage.
'i2+v00 i s me a:ivaludsifdr 2+e@s cempared toinaiterkk in the Index of Disadvantage.
'Aea it emdifferéense innvizalues for every additional item in the Index of Disadvantage.

kb i s mean diff er ebnatues for the re¥pectiee iediingalte ausing tha method of Kruppé&ét al.

"' All p-values unadjusted.

™ CpGs for which p<0.05 fordith Disadvantage and stillbirth are highlighteddark grey cg12283393, cg02097792, cg08362738, cg01087710, cg05632351,
and cg19413291. CpGs for which directions of association with respect to stillbirth and Disadvantage are the same ame¢d@afocandidates:

€g12283393, cg02097792, cg08362738, and cg19413291.
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Table A 54 Differentially methylated regions with respect to stillbirth or Disadvantage: n=6 from 1,191 CpGs examined

Stillbirth ° Index of Disadvantage’
ID Chr| Gene| Start® |Length(bp) me an B |constituent CpG{ OR (95% Cl) | P" 1v0 (95% CIy¢ by | PP 2+v0 (95% CIy¥ b9 | P" | eaitem(95%Cly | b9 | P"

DMR_1 1|11 IGF2 | 1,989,186 48 21.1(5.9) €g24465592 |1.43(1.14,1.85 0.004/-0.021 ¢0.096, 0.053/0.001/0.573/-0.011 ¢0.111, 0.089/0.001/ 0.824 -0.017 ¢0.056, 0.022/ 0.001 0.386

€g19425295

DMR_1 2| 11 | IGF2 | 1,989,850 259 18.6 (4.6) €g03982897 |1.34 (1.07,1.69 0.012/0.020 ¢0.062, 0.101) 0.003 0.636/0.071 ¢0.038, 0.181)0.010/0.200 0.016 ¢0.027, 0.059) 0.002 0.458

905894719

€g27617775

DMR_1 3| 11 | IGF2 | 2,022,324 63 58.8 (4.7) €g09452478 |1.2 (1.09, 1.35)| 0.001/0.018 ¢0.087, 0.124) 0.002 0.733/0.046(-0.096, 0.188)| 0.006/ 0.523 0.018 ¢0.038, 0.074) 0.002 0.523

€g16574793

DMR_1 4/ 11 | IGF2 | 1,974,132 201 68.1 (3.7) €g10113191 |1.79 (1.32, 2.52 <0.001/0.016 ¢0.023, 0.055) 0.003 0.427/-0.004 ¢0.057, 0.049/0.001/ 0.875/ 0.009(-0.012, 0.030) 0.002 0.403

€g14681632

€g19273253

€g19837124

€g23266869

DMR_1 5/ 11 | IGF2 | 2,161,079 508 13.3(2.7) €g01667319 |1.35(1.14,1.63 0.001 0.000 ¢0.121, 0.121) 0.000/0.997 -0.112 ¢0.275, 0.050, 0.008| 0.174 -0.059 ¢0.123, 0.004/ 0.004 0.066

€g05859777

€g17434309

€g05452899

€g10037494

€g26517849

€g09694722

€g19371526

€g15393937

€g23905216

€g19443075
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€g22287492

€g10659464

€g13756879

€g14188639

€g25163476

DMR_1 6/ 11 | BDNF|28,129,67¢ 343 6.0(1.2) €g06544937 |1.59 (1.06, 2.58 0.037 -0.077 ¢0.160, 0.006 0.003| 0.067 0.041 ¢0.070, 0.152) 0.002| 0.466 0.002 ¢0.042, 0.046) 0.000 0.936

€g19372491

€g14927277

€g21118186

920566942

€g21046078

€g23490773

€g08967200

cg14744160

916497921

€g27309677

Abbreviations: bp, basgairs; Chr, chromosomeCl, confidence intervalPMR, differentially methylated regio®@R, odds ratipSD, standard deviation.
@Meanb i s the mean percent methylation for the DMR.

b All associations adjusted faell type (trophoblast, stromal, endothelial, NRBC, and syncytiotrophohtaatgrnal age and race, site, and pladssociations
with stillbirth additionally adjusted for seXORs from logistic regression usifigrzalues * 100; interpretable as the adjedtodds ratio for stillbirth with a one
percentage point increase in average methylation across all constituent CpGs in the DMR. Estimates of associations tigtiaten amel Disadvantage
from linear regression using M values.



¢ Start genomic locationsre from Build 37 (DMRcate output).

“51vO00 i s me a nvalues forfl asrcempares to nanitend in the Index of Disadvantage.
fi2+v 00 1 s me aivaludsifdr 2+eas cenmpared toi no iterlk in the Index of Disadvantage.
fAiea i t emdfferénse innvizahues for every additional item in the Index of Disadvantage.

% is mean difference in % methylation in beta % alues for the respective
" All p-values unadjusted.
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Table A 55: Pearson correlation coefficients for methylation beta values of constituent CpGs of n=6 DMRs

D2
1 | cg2446559: cg24465597
€g1942529¢ 0.94
2 |cg03982897cg03982897 cg0589471¢
€g0589471¢ 0.85
cg2761777¢ 0.85 0.86
3 €g0945247¢ cg0945247¢
€g1657479: 0.76
4  |cg101131971¢g1011319]cgl468163Zcgl9273253cgl9837124
€g1468163: 0.86
€g1927325% 0.81 0.79
€g1983712¢ 0.80 0.83 0.73
€g2326686¢ 0.78 0.77 0.75 0.70
5 |cg0166731¢cg0166731¢ cg05859771cgl1743430¢ cg0545289¢ cg1003749/ cg2651784¢ cg0969472; cg1937152€¢ cg15393937 cg2390521¢ cg1944307% cg2228749Z 910659464 cg1375687¢ cg1418863¢
cg05859771 0.40
cg1743430¢ 0.17 0.32
€g0545289¢ 0.60 0.34 0.13
€g1003749/ 0.67 0.34 0.12 0.84
€g2651784¢ 0.45 0.47 0.12 0.53 0.56
cg0969472: 0.13 0.09 -0.06 0.07 -0.02 0.18
cg1937152¢ 0.29 0.21 0.09 0.11 0.12 0.20 0.25
€g1539393] 0.33 0.35 0.23 0.14 0.18 0.21 -0.01 0.40
€g2390521¢ 0.34 0.37 0.23 0.12 0.14 0.19 0.01 0.32 0.84
€g1944307¢ 0.29 0.33 0.24 0.20 0.21 0.25 0.00 0.31 0.80 0.70
€g2228749: 0.21 0.24 0.29 0.08 0.10 0.15 -0.03 0.14 0.62 0.48 0.68
cg1065946¢ 0.17 0.12 0.13 0.12 0.11 0.09 0.04 0.30 0.37 0.36 0.40 0.25
cg1375687¢ 0.24 0.14 0.15 0.23 0.19 0.31 0.18 0.32 0.19 0.21 0.18 0.13 0.33
cg1418863¢ 0.18 0.10 0.10 0.17 0.15 0.16 -0.01 0.02 0.22 0.16 0.16 0.11 0.03 0.03
€g2516347¢ 0.27 0.28 0.18 0.19 0.20 0.19 0.07 0.16 0.38 0.33 0.39 0.28 0.17 0.10 0.12
6 | cg06544937cg06544937cg19372497 cg14927277cg2111818¢€ cg2056694: cg2104607¢ cg2349077: cg0896720( cg1474416( cg1649792]
€g1937249: 0.09
cgl14927277 -0.02 0.38
€cg2111818¢  -0.12 0.36 0.50
€g2056694: 0.04 0.24 0.36 0.62
€g2104607¢  -0.10 0.44 0.45 0.70 0.52
€g2349077;  -0.10 0.32 0.43 0.81 0.66 0.65
cg0896720(  -0.11 0.32 0.36 0.77 0.62 0.61 0.86
cgl474416( -0.11 0.39 0.42 0.80 0.60 0.67 0.87 0.89
cg1649792] -0.08 0.45 0.40 0.67 0.52 0.66 0.72 0.72 0.71
cg27309677 -0.11 0.35 0.51 0.75 0.60 0.67 0.77 0.75 0.77 0.70

Abbreviation: DMR, differentially methylated region.
2aID1isDMR_1_1,2is DMR_1_2, etc.
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Table A 56: Pearson correlation for methylation beta values of the four mediator
candidates

€g12283393 ¢g02097792 cg08362738 919413291

€g12283393

€g02097792 -0.31

€g08362738 -0.26 0.16

€g19413291 -0.23 0.16 -0.06
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Table A57: Results of assessing evidence for whether methylation of 4 CpGs mediates
associations between Disadvantage and stillbirth: Average causal mediation effect (ACME)
p-values and average proportions of the effect mediated (PME) in 63 stillbirths and 120
live births : Continuous version of exposure

Mediation effect®° Mean methylation beta values SD (# births)

ID Chr| Gene ACME PP PME PME PP" Stillbirths Livebirths
cg0209779] 11| IGF2 0.012 21.2% 0.031 27.3, 2.7 (63) 26.2, 2.8 (120)
cg1228339, 11| IGF2 | 0.093 12.3% 0.115 | 78.1, 7.5 (63) 82.6, 3.3 (120)
€cg1941329, 16 |HSD11BZ 0.051 |23.9% 0.105 79.8, 2.8 (63) 78.8, 2.8 (120)
cg0836273i 11| BDNF | 0.112 13.7% 0.131 3.9, 0.8 (63) 3.5, 0.7 (120)

Abbreviations: ACME p,{value for the average causal mediation effect; Chr, chromosome; Cl, confidence

interval; OR, odds ratio; PME p,-palue for the average proportion of the effect mediated; SD, standard deviation.

a Mediation models (one per CpG) used logistic regression and M values, and adjusted for site, maternal age, race,
plate, cell type (trophoblast, stromal, endothelial, NnRBC, and syncytiotrophoblast), and sex.

® p-values uncorrected.

¢ ACME and PME for continuous version of Disadvantage estimated from contrasting 1 vs 0 items in the Index.
Estimates were produced for all other contrasts; for 2 vs 1 and 4 vs 3 contrasts, the results were similar to 1 vs 0;
but for 3 vs 2 contrast, 0 calbunts for site=Emory produced an error so estimates were unavailable.
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Figure A 8: Theoretical diagram for associations between stressors and stillbirth

Abbreviations: SLE, Significahife Events.
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Figure A 9: Missingness for 21 covariates in study sample (n=189)

Each row represents a unigue missingness pattern. Red cells indicate that valonéssarg for this pattern (row)

and covariate (column). Numbers in lefthand margin add up to 189 (total number of births in the study sample).
There are 21 columns, one for each covariate whose missingness is represented in this table.

Two examples to helpith interpretation of this table:

top row lefthand number, 91, indicates that 91 of the 189 births had this missingness pattern; righthand number, O,
indicates that 0 of 21 covariates included in this table had missing values for this missingness patter

bottom row lefthand number, 1, indicates that one of 189 births had this missingness pattern; righthand number, 4,
indicates that 4 of 21 covariates included in this table had missing values for this missingness pattern.
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Appendix B: Additional details of methods

Additional details of methods for Chapter 2

Abstract/title screening First phase In the first phase, two reviewers (SHL and EL)

carried out doublabstract/title screening of the 1,924 unique reports that were found through
database searching. In this phase, the reviewers first piloted esmubbning, and proceeded
only after achieving 90% agreement. The inclusion criterion was:

1 Report that includestillbirth rates stratified by race/ethnicity from a cohort, -easgrol,
crosssectional, ecological or other study type (including both single studies and multiple
studies reported through literature reviews).

Literature reviews with potentially yant included studies were siphoned to our
snowball review (see below), where we carried out title/abstract review of the potentially
relevant included studies and then obtained full texts for any that passed this step of screening. In
no case did we ussgudy data reported within literature reviews. Exclusion criteria were:

1 Nonhuman;

91 Does not include pregnancy outcomes;

1 Includes pregnancy outcomes but only live births;

1 Only a discussion or overview, or otherwise does not report results of a studyies;stud
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T Only includes one racial/ethnic group (if
included in case there was further stratification into Hispanic andHgpanic Black).

For reports with no abstract, the title was generally used for screeningyéoan a few
occasions the full text was briefly examined at this stage if there was any question about its
possible relevance. To pilot this phase, the
alphabetically) were screened. There was 80% agreementridn@aavere revised and clarified
and the next 15 reports were screened, yielding 73% agreement. The criteria were further revised
and piloted on a further 30 repor@ith 90% agreement at this stage, screening of the remainder
of the reports proceededll conflicts were then settled through discussion between the two
reviewers. In the event of remaining disagreement, the report was included.

Second phaseThe first screening yielded 934 included reportsreducethis number
further,asinglereviewer(SHL) carriedout a seconditle/abstracteviewwith thefollowing
additionalexclusioncriteria:

1 New exclusioncriteria:

o0 Abstractsonly available Rationalelimited roomfor authorsto commenton
racial disparitiesafocusof this review.

0 Assistedreproductivetechnology(ART) focus.Rationaleto reducenumberof
reportsfor full textreview;this wasoneof thefew sizeablecategorie®f report
left thatcouldbe clearlyidentifiedandreasonablye excluded.

o Datasourcelf datasourcewasspecifiedasNationalCenterfor Health Statistics
(NCHS) birth certificatedata,NCHS linked birth-infant deathfile, Pregnancy
Risk Assessmentlonitoring System(PRAMS) or natalityfile, unlessfetal death

files werespecificallyalsoincluded.
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1 Tightenedor clarified criteria:
0 Any documenthatwasnota studyor review,includingcommentariesgditorials,
newsarticles,overviewsof diseasesandprotocols;
o0 Reportswith thefollowing outcomes were includedyen if mentionedustin
passingandnotreportedn theresultssectionof abstract
A stillbirth, fetal/perinatatleath,infant mortality (andabortionif it was
unclearwhetherabortionmeantelective)
A pregnancy/birth/fetal/perinatal/neonadaitcomes
A preermbirth/gestationahge
A low birthweight/SGA/IUGR/FGR/macrosomia
Third phase The second screening yieldédl included reports. To reduce this number
further, a single reviewer (SHL) carried out a third title/abstract review with the following
additional exclusion criteria:
1 nonU.S. studies;
1 literature reviews (these were saved separately for snowball review).

Full text review: Doublefull textreviewwascarriedout for 456reports,includingall

417reportsscreenedrom phase3 of title/abgractreviewaswell asall 39 reportsidentified
throughsnowballreview. Full text review was piloted for ten reports; there Wwé% agreement
so another ten reports were piloted, with 90% agreement. Thereafter the remainder of the full
text review was arried out, with the following process:
1 Methods section:
o Isit clear that only live births were included and/or stillbirth was excluded?

Exclude.
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Results section:

o Tables and figures: Is stillbirth rate presented and stratifiedd®/ethnicity?

Include.

0 Results text: Is stillbirth rate stated and stratified by race/ethnicity? Include.
If still uncertain, check whether there is a supplement/appendix (search for these terms:
supple, annex, appendix):

o If yes, check contents of saneedee if there may be a table, figure or text that

includes stillbirth rate presented and stratified by race/ethnicity.

o If found, include.
I f still wuncertain, search text for the fo

o |If stillbirth rates aredund and stratified by race/ethnicity, include.

o Otherwise, exclude.
Exclude if stillbirth rates are only presented as part of a composite outcome, or if
uncl ear/unknown whether stillbirth data ar
defined anywheréo clearly include stillbirth).
AStillbirth rateo above includes stillbirt
guantities presented in text, tables or figures.
Exclusion criteria were:
Live birth only. It was not enoughto specityi nf ant deat ho as the ou
death is sometimes used to refer to stillbirflig8?
Stillbirth not mentioned (whether because they were excluded, or included botindt f
or included and found but not reported);

Stillbirth numbers or rates not reported separately from other outcomes;
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9 Stillbirth numbers or rates not stratified by race/ethnicity;

9 Stillbirth only mentioned as a confounder/covariate (e.g., prior pregnassy

1 Only deaths included (only stillbirths, only stillbirths and newborn deaths), or case
control study with stillbirths as cases;

1 Stillbirth included but none found;

1 Grey literature (e.g., dissertations);

1 NonU.S,

1 Review (systematic, narrative, gtc.

Snowball review A single reviewer (SHL) reviewed titles/abstracts of (1) reports

mentioned in editorials and other nstudies that were excluded during phas&sot
title/abstract screening, (2) all relevant reports included in reviews that wéneexkcluring
phases B of title/abstract screening, and (3) reference lists of reports included via full text
review.

Review of reviews The following process was followed to review included papers of

systematic and other literature reviews:
1 Full text obtained
1 For reviews which provided tables of included studies (such as systematic and scoping
reviews), only those studies were reviewed.
o If such areview stated that it had separated studies on stillbirth or fetal death from
studies on other outcome or i f fAstill birtho was | is
i ncluded study outcomes, the reviewbs c
0 Metaanalyses were searched for stillbirth stratified by race/ethnicity

1 For reviews with no identifying information on included papers,fdtlowing terms were

322



searched to identify any relevant studies referenced: stillb, still b, miscarriage, abortion,
termination, fetal, perinatal, demise, death.

1 For reviews that were specifically on stillbirth, the following terms were searched: race,
racial, ethnic*, minorit*, disparit*, inequit*, equity.

Title/abstract review of snowball citations Reference lists of reports included via full

text review were reviewed for additional reports for possible inclusion via-atepoiteration:
reference lits of reports that were included after full text review were checked; 30 reports were
identified in this way for inclusion; their reference lists were also checked, yielding an additional
four reports for full text review.

Data extraction: SHL drafted a dta extraction tool and piloted it with EL on three

studies, revised and then piloted on three more. It was then decided a third extractor was needed
in the interest of time. SHL, EL and AC tripéxtracted two studies.

For extraction of data for seledt&DRs, in the case of multiple ratios being available, we
used the following rubric to select a single one:

1 Use estimate from the whole study sample, if available; otherwise, use estimate from the
largest subgroup (for example, an estimate intértin raher than preterm births was
preferred);

1 Where estimates from multiple years were available, we extracted from the most recent
year or period;

1 Where this rubric did not cover the specifics of the situation, we discussed and agreed on
a caseby-case basig/hich data to extract.

For studies that reported stillbirth estimates from regression analysis, if race was the

exposure, the SDR was considered to be equal to that estimate. If race was not the exposure, but
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the report provided ratios of racial/ethnicroiity stillbirth estimates to white stillbirth

estimates, or if regression was not performed but stillbirth rate ratios comparing minority to
white stillbirth rates were reported, then the SDRs was considered to be equal to these ratios.
Otherwise, we calilated the SDRs ourselves from the available estimates and rates. (We
reported not only the SDRs themselves, but also all data that we used to perform any required
calculations.) We did not approximate data from figures (figures were only used if precise
numbers were included).

We excluded 75 Blaclhite SDRs and three SDRs for other race group comparisons
from SDR analyses, as the data were duplicated, but retained them for review of domains of
analysis and explanation. These exclusions resulted infahe 84 reports with Blaclkvhite
SDRs being excluded from racial disparity analysé$hese SDRs were mainly for SBRs in
single years, e.g., 2006 national stillbirth data presented in several U.S. government reports.
For extraction of comments on racial disparity in stillbirths:

1 only comments that related explicitly to racial disparitgtifibirths, or to racial

disparity in composite outcomes that clearly included stillbirths, were included; e.qg.,
possible explanations for the observed disparity, mechanisms, etc.

1 no comments related to confounding, study limitations, reasons for posgibious

findings, etc. (e.qg., differential reporting of fetal deaths) were included.

1 no comments related to explanations from other studies were included, e.g., in

discussions of results in comparison with the literature, unless these explanations also

appeared to represent the viewpoint of
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Domains included:
Genetic:

o Including any references to genetic or other biological differences
Fetal:

o Including low birthweight, gestational age, birth year

Maternal:

o

Including behaviors sucis smoking
o Innate characteristics such as age

o Conditions such as peclampsia

o Prenatal care when it related to matern
only attended two prenatal sessionso)
Family:
0 Including paternal characteristics othertharerac( e . g. , fAf at her 6s e

o Any references to other family members

Community:

ol ncluding comments on the neighborhood

Health system:

o Prenat al care when it related to the sy
availablenear t he residenced or Apoor qualit:
Structural:

o Including comments about policies, racism, multiple sectors other than the health
system itself (e.g., Astructurlewdl raci sm

factors interactingwitheah ot her 0)
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SeeTable A2 for further details.

Analytical approach: To summarize domains of analysis and explanation, categories

were combined to ensueach had a count of at least 5 (Sable ALJ).

To calculate 95% Cls for SDRs for reports presenting stillbirth rates only (no regression
estimates)we needed numbers of stillbirths and numbers of total births separately for Black and
white births. In several cases, we had to calculate one of these quantities from published stillbirth
rates. In a few cases, our estimates for stillbirth rates in Bliadkvhite births based on numbers

of stillbirths and total births differed slightly from published estimates.
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Additional details of methods for Chapter 3

Study population and data sourcesNew York City was selected as the location for this

study because New York State has one of the highest stillbirth rates in the U.S. (8.3 per 1000
total births), and stillbirth rates in the counties of NYC are the highest in thé*8tatether,
NYC has high segregation as compared to other U.S. metropolits) ar&).S. Census Special
Report on segregation found that NYC was the®st segregated overall of 43 metropolitan
areas in 2000 for Black Americans, the most segregated using the Index of Isolation, &hd the 3
most segregated using the Index of Diskinty. Ranking cities by the percent change in
segregation indices between 1980 and 2000, NYC had the sexcosidperformance overall,
and was the worst performer according to the Index of Dissimilarity and"twerGt according
to the Index of Isolawn.??’

The study population excluded multiples; however, four births with unknown meultip
status were retained. A total of 334 stillbirths and livebirths were missing information on
mot her s residence, or motherds residence was
parks and airports).

The rationale for using ACS fivgear rather thanoneyear datasets was that data at
census tract level, which were required for the construction of the Indices of Dissimilarity and
Isolation, are only provided for fivgear estimates. Additionally, data reliability is greater in the
five-year estimate$!

We received from DOHMH, ahsubsequently merged, 10 datasets for livebirths and 10
datasets for stillbirths, one per year.

Exposures Segregation measurdésoverview Segregation is the geographic separation

of a population by group, e,dpy race or ethnicity, often into areaslafv resource and
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opportunity!®® There are different types of segregation, including school segregation (when
students are separated into different schools by race), workplace segregation (when workers are
separated into different workplaces by race), and residential segregation (divetuals are
separated into different residential areas by race). Segregation occurs in part by personal choice,
for example when individuals make residence choices based on proximity to people of the same
race. Segregation is also considered to be aydorxor manifestation of, structural racism (for
instance see this systematic review of measures used to study structuraffaetisich found
that segregation indices were the most commasBd measures of structural racism). Negative
effects of segregation on health have been studienvfar70 years (for instanée?). There is
substantial epidemiological evidence for associations between segregation and adverse health
outcoms (for instancé®’), and for different magnitudes and directions of associations according
to race (for instanc®®2°8 2%, For these reasons, we selected segregation as one of the structural
racism dimensions for the present study.

From the 1940s to the 198, segregation was commonly measured by the Dissimilarity
Index. In 1988, Massey and Denton analyzed 20 existing measures of segregation (although they
did not include an older formula for the Dissimilarity Index which they had published on in
1987)?*2They hypothesized that segregation can best be represented by five overlapping yet
distinct domainsTable A41). Using data from the 60 largest metropolitan areas in the U.S., they
carried out factor analysis on the 20 measures to assess (a) whether five domains in fact appeared
and were distinct, and (b) which measures most strongly correlated with each deinaiy,
they selected one measure for each of the five domains, confirming their selections with
principal components analysi§dble A42). (Of note, the measure they selected to represent the

domain of evenness was a newer version of the Dissimilarity Index. Both older and newer
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versions continue to be used, both are referred to as the Index of Dissimilarity, and both are
occasionally citd as being from MasseyndDenton 1988, though that paper does not mention
the older version.)

In 1996, Massey and Denton repeated their factor analysis using a larger dataset
including all 318 U.S. metropolitan areas, concluding that the data still sagpbe existence
of five distinct domains of segregation and t
domain??The influencof Massey and Dentonds original mod
strong; for instance, the U.S. Census 2000 Sp
United States 1982 0000 pr oduced segregation estimates
including the indices recommended by Massey and Denton in Te&8(A42).22” However,
few studies have used all five indices, and some studies of segregation and health continue to use
the traditional, single measure of segregatidine Index oDissimilarity. This includes one of
the two studies on segregation and stillbialfle A43).81 214

We found some differences between the results from the two Massey and Denton
analyses, including increases and decreases in factor loading for medshres of the five
domains, evidence that three of the five factors mapped to more than one domain, and different
factor mapping patterns for different racial/ethnic groUsb(e Ad4).

Indices of Dissimilarity and Isolation The present study included two measures of

segregation, the Isolation Index (for the exposure domain) and the Dissimilarity Index (for the
evenness domain). These domains and indices were selected for several reasons: they were found
in the U.S. Censugport to be strong indicators of segregation in NYC among Black Americans

in 2000; a 2016 study of residential segregation ancaalbe mortality in the U.S. found that

these indices were more strongly associated with mortality than indices from otkeesins;
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Kramer and Hogue found that under certain circumstances, all five segregation domains
collapsed to these twd?and finally, these were the only segregation measiges in the two
extant studies on segregation and stillbtfth.

The formula we selected for thredex of Dissimilarity for our main analysis was the
version used by Williams et al. and others; the other version of this Index was used in a
sensitivity analysis, with the expectation that results would nardiépending on the
formula® 221 41%21 popylation data for race/ethnicity were aggregated from the census tract level
to the level of the PUMA using the mapping provided at www1goxg.the official website of
the government of New York City, which maps census tracts to PUMASs using 2010
geographical borders. The minority population was defined as all individuals identified by the
ACS as norHispanic Black/AfricarAmerican, the whit@opulation as all nehlispanic white
individuals, and the total population as all individuals regardless of race/etlifhity.

For construction of thindex of Isolation, although the originatonception required that
itotal o be defined to incl ude??antthishasbeenvi dual s
followed by some (e.gthe Brookings Institution), researcher practice has been to anglistl
totals of Black and white individuals (including in theSUCensus study on segregatidf)2°®
227 237thjs definition was therefore used for the main analysis in the present study, and in a
sensitivity analysi s, Aitotal o was defined as

Index of Concentation at the Extremes (ICE)A critique of the segregation indices

reviewed and proposed by MasseydDe nt on was their fAaspatial 0 n:
t hat segregation measures must both define an
individual sé6 experiences differ across those

measures use poefined geographical areas such as census tracts to define the social
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environment, they do not sufficiently account for the spatial nafusegrvegatiorf'® They

proposed a new set of O6éspatialé indices of se
i ssues they identified as beingceckamad at ed wi
probl emd and the modifiable areal unit proble

The 6checkerboard problemd is that most se
distributions of individuals within neighborhoods, yet segregation can also manifest as uneven
distributionof the neighborhoods themselves. However, it is precisely this issue that is addressed
by indices for the clustering domain, such as the spatial proximity iffcdatg A42).

Meanwhile, the MAUP is not an issue unique to segregation studies. It is relevant for any
research that involves the study of individuals within groups (e.g., whenever algveup
exposue is chosen). The issue is that results depend on how the groups are defined. It could be
argued that this issue applies to all studies, since all studies are of a group (the study population),
and results necessarily depend on how that group was deffaarton et al. make the point that
using, for example, census tracts as the unit of measurement for a segregation index implies that
the experiences of individuals within one census tract yet at opposite ends of it will be more
similar than the experiens®f individuals in two census tracts who live on opposite sides of
their shared border. However, this is true any time data are allocated intodyinaipsling
when variables are categorized in any way.

Reardon et al . st at ation nheasure thdt usédmnformationnon i p | e,
the exact locations of individuals and their proximities to one another in residential space could
eliminate the checker boar d?sowever teepnacknowdedgel AU P i
that in practice, spatial segregation measures may still require researchers to choose arbitrarily

bounded ar eas, such as census tracts, since A0
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to approximate spatialdistare . 6 | ndeed, they point out that s

segregation are just special cases of ndAspatia
assumption of #fAaspatial 06 measures is articul a
isS]é¢ equi valent to the organizational wunit (e.c
indi vi¥®dual . 0

We were not able to identify any studies of adverse birth outcomes which used Reardon
et a ltial $egregatipnaneasur€$though other measures of spatial segregation have been
used (for instanc& used in***43%). The majority of studies of adverse birth outcomes continue
to use the measures recommended by Mamsépenton in 1988. However, in 2001 a new
measure was introduced by Massey, the Index of €uration at the Extremes (ICE). The index
was intended to address persistent limitations in sociology, including its focus on poverty rather
than the interplay between poverty and wealth, and its focus on individual neighborhoods rather
than interactionbetween neighborhood® Hence, ICE addresses some of the limitations of
more established indices which had driven the earlier push to create spatial segregation
measured and it does so using a formula tieeasy to calculate and intuitive to interpret. It has
been described as a measure of spatial social polariZation.

| CE all ows the user to define Amost privil
Aprivileged and Adi sadvantageo) wusing multipl
thereby modelling not only residential segation, but what has been termed racialized
economic segregaticd®and i ncor porating what Massey ter me
individual and neighborhood disadvantg§ftBecause any quantifiable characteristics of a
population can be incorporated into the measure, ICE can represent multiple domains (thus also

addressing potential problems related to collinearity of separate measures).
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The useof ICE has been gradually increasing in research on segregation and public
health, for instance in studies of-aluse mortalit§*®, cancef?° and assault’. ICE has been
recognized as a measure of structural racism (e.g., in this study of infant nfdftalitgl has
been used in studies of adverse health outcomes by the NYC DOHMH (ergardrmortality
and preterm birt#? and neonatal morbidity and mortafity), who provided the data for our
study.

For our study, | CE was constructed definin
Hispanicand high ncome, and Ol east pr tincome.édgueettddd as bot I
race/ethnicity is assigned by the ACS Iohea the race/ethnicity of the householder, with just
one householder per household. The ACS does not disaggregate household income data or
educational attainment data by ethnicity for Black individuals, hence Black rather than non
Hispanic Black was used construction of ICE (and the Educational Inequity Ratio).

Following recent use of ICE in MassachugétisChicagd'8, and NYC?3 we defined
high- and lowearning households as those eagri#i100,000 and <$25,000 per year,
respectively. In a sensitivity analysis, higind lowearning were defined &%$200,000 and
<$35,000. There has been variation in approaches to whether the ICE denominator includes all
individualg?! or just the sum of most anedst privileged individuaté? 2%in a given
neighborhood. For this study, the original definition, which includes all individuals in the
denominator, was used.

Choice of group level at which to measure segregatibhe main consideration for

choosing the group level at whichdstimate the association between structural racism and
stillbirth was availability of birth location data to allow mapping of births to gilewpl

exposures. Since stillbirth is a rare outcome, there are small numbers of stillbirths in each census
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tract.Hence, for confidentiality purposes, census tracts were not provided for the births used in
this study. Il nstead, each birth was identifie
by community district, which maps to PUMA). Therefore, exposureshald to be measured at

the PUMA level.

There have been critiques of measuring segregation at this level. Gee et al. questioned
whether segregation is usefully measured at any lower level than the city, given that reducing
structural racism requires sttucal interventiong?® while Krieger et al., who saw the dearth of
studieson segregation and health at witltity levels as an important research gap, stated that
the I ndex of Dissimilarity and other similar
of geography on account of ©ecadtottheadeof$CEOi al seg
overcome this probledt’Ho we v er , Ma s s ey a n[censisptradisoepresant g u e d
the best and closest practical approxi mati on
most common basic areal unit used in constructing segregation indices, so choosing census tracts
also helps to increase comparabitifydata across studié€ Moreover, they argued that
associations will be stronger at the local level since popukatend to be more homogenous the
more locally they are definéd®s o anal ysi s at higher |l evels ris
i mpact of s egrThau.g. Gensusoreporttassessetl segragation at the
metropolitanarea level. Metropolitan areas have a population of at least 50,000 and so are
comparable in size to PUMAs which have at least 100,000 people each. Finally, measuring the
exposures at the PUMA level could also possibly help address any bias associatedtketis
shifting residence between year of exposure measurement and year of delivery, since the larger
the geographic unit, the smaller the number of mothers moving out of it, all else equal.

Another potential issue with the choice of level for this study, which included 10 years of
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data but measured exposures as averages over twgehivgperiods, is changes over time in the
boundaries of the geographical areas used to construct the exposuFes r i nst ance, A [
t]racts are sometimes added, split, or combin
differential across race, with a tendency for newer tracts to be more racially homogfénous.

However, this was unlikely to be a concern, as the boundaries of ACS geographic areas for the

two five-year vintages are defined as thosgorted by the U.S. Census as of January 1 of 2013

and 2018, respectively, and for both of these vintages, the Census in question was the 2010

Census, hence the geographic boundaries used in both vintages were identical.

Operationalizing the exposure$ollowing the literature, ICE was split into quintiles and

the other exposures into tertiles. Two values of each exposure were calculated for each of the 55
PUMASs, one for each vintage. Structural racism exposures (as well as flAcovariates)
weremaped to individual births using PUMA of ma-
data were mapped to birthsin26@® 13 and H20180 data wel8e mappe
seeTable AL5).

Covariates Birth characteristics Sexwas coded as male, female, or missing (all

unknown and undetermined sex were conservatively recoded as mi€sstgtional agewas

recorded as thdinical estimate of gestational age in completed weBkthweight was

recorded in 100 gram increments, except for the lowest category which3@agrams, and

which was set to missing for our study. The next lowest category-d58@rams (coded as

A100 gramso) was plausible for 20 week stillbir
were recoded to missing birthweight as well.

Maternal characteristicsMaternal race/ethnicity was coded as nedispanic Black,

non-Hispanic white, notHispanicAsian (including Native Hawaiians and Pacific Islanders),
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nonHispanic Native American (including Alaskan Natives), Hispanic, other (including those
with other single race and with two or more races), and missingH¥ganic racial/ethnic
groups includedhose with missing data on Hispanic ethnicaternal education was only
available as a categorical variable, coded as high school graduate or less, any college, and higher
than BA.Maternal agewas recorded both continuously and as a categorical etea%i20, 20
34, and 35+PNC visitswere recorded as a continuous covariate.

Eightmaternal conditions(chronic hypertension, gestational hypertension, chronic
diabetes, gestational diabetssxually transmitted disease®TD9, hepatitis, cardiac disse,
and other risk factors) were coded according to the algorithirabfe A45which shows how we
combined covariates from three different sets of data recording instruments (for livebirths 2009
2018, for stillbirths 20022010, and for stillbirths 2022018). There were separate binary
covariates for each of these eight conditiarsal livebirths 2002018 as well as stillbirths in
20112018, but for stillbirths in 2002011, maternal conditions were recorded in a set of six
covariates, each of which had the same list of 23 risk factor options (first columablan A45).
Hence, stillbirths in 2002010 could be reported as having a maximursixobf these 23 risk
factors Further, many maternal conditions were not reporteddrsame way in the threlata
recording instrument®r were present in one or two but not all thdla&a recording instruments
Maternal conditions in the final merged dataset for our study were recorded as No if (a) No for
the individual condition for liebirths 20022018 and stillbirths 2022018 or (b) No for all 6
summary covariates (meaning no maternal condition of any kind, rather than no to the specific
maternal condition in question) for stillbirths 260V 1 0. The Aot her ri sk fac
Yes if any of the conditions mentioned was present, and missing otherwise (as none of the

components of this covariate was available in all thisga recording instruments=inally, the
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eight maternal conditions were merged in®rggle composite covaie representing the
presence or absence of any of the eight separate conditions.

All unknown values for all birth and maternal characteristics were recoded to missing,
except for maternal age which was missing for only five births.

Group-level characteistics The NYC Center for Economic Opportunity (CEO) poverty

thresholds were used, as they are specific to the city. For 2013, the threshold was $31,156 and
for 2018 it was $35,044, both higher than the poverty thresholds used by the U.S.*€ed%us.
(Because the CE@lso uses a different definition of income from the U.S. Census, CEO poverty
thresholds were not used for construction of the ICE structural racism me&awerfy data

were mapped from community district to PUMA. For the greyel measure oéducatioral
attainment, we used ACS table B15003 for vintages 2013 and 2018. This table reports the
proportion of PUMA residents 25 years or older with at least a GED or high school diploma
(following Brown et af?). Theminority proportion of the PUMA population was calculated as
the number of noispanic Black residents divided by total number of residents in the PUMA,
also using ACS dat&? 232213

Analytical approach: Following Ward et al. and Williams et al., we established that the

prevalence of both stilirth and structural racism differs across race, and then explored whether
associations between structural racism and stillbirth differ acros§*r&€e.

Model specificationsAll regression models used the following specifications to reduce

processing time and assist with model convergence: nAG@nd control = glmerControl

(optimizer = "bobyqa") (sebttps://rdrr.io/cran/Imed4/man/glmer.htifidr more details)Z-scores

for all continuous covariates and exposures were based on popaladi¢tUMA means for
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individuatlevel and PUMAIlevel covariates, respectivelixge-squared terms were calculated by

squaring the age-gcore.

Sensitivity analysesAlternative versions of three of the exposures were used to assess

sensitivity of the resudtto the way each exposure was constructedligele AlL4 for formulas):

T

Index of Dissimilarity alternative version: The second of the two extant formulas was

used; bth formulas have been used in the literature and there is no consensus on the
preferred version;

Index of Isolation alternative version Total population was defined as total in the

census tract (regardless of race/ethnicity) rather than Black + whitealty@Black +
white has been used in similar studies, but the original definition of this Index suggests
total population was intended to be used;

ICE alternative version: Privilege was defined as néfispanic white households

earning $200,000+ and disathtage as Black households earning <$35,000; all relevant
studies that we know of use the <$25,000/$100,000+ distinction instead, including all the
studies using ICE in NYC and NY State; nonetheless, the <$35,000/$200,000+

distinction more closely reflectdYC poverty and wealth levels.
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Additional details of methods for Chapter 4

Data source and study sampleSCRN aimed to enroll a racially and ethnically diverse

group of mothers from both urban and rural areas of the U.S. that would be large enough to
ensure a sufficient sample size for raged gestational aggpecific analyses. SCRN staff

constructed analytical weights to account for differential sampling and participation using a
generalized exponential model which estimated the propensity toipateicthe weighted cohort

included 663 stillbirths and 1,439 livebirth8 Placentas were collected and stored at birth by

| abor and delivery staff in accord with SCRNSO®

pathologists conducted exams, aiming to clet@macroscopic examinations within three
working days. Four samples of approximately 2 grams each were collected for freezing from the
maternal side of the placental parenchyma using a random sampling method under the direction
of SCRN anatomic patholagls; one of these samples was frozei8@t Celsius for later studies
requiring DNA extractiort*° Alternate procedures were followed for multiples and fragmented
placentas.

While none of the 63 stillbirthsicluded in the study had an anomaly as reported within
the original SCRN dataset, a subsequent study of causes of death for 512 stillbirths in SCRN did
identify one of the stillbirths as having a
mosicism and small for gestational ag€JThis was also one of the two samples that were

flagged as outliers; we excluded it in a sensitivity analysis.

Outcomeand exposures Outcome Stillbirth was defined by SCRN as birth at 20 or
moregest ati onal weeks with an Apgar score of
|l ife by direct observationo, or iif born at

other criteria (Supplementary Materials, Tables?’§5
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Index of Significant Life Events The significant |ife events

Pregnancy Risk Assessment Monitoring System (PRANSA.description of PRAMS from the
C D C website follows:
fiThe Pregnancy Risk Assessment Monitoring System (PRAMS) was developed in 1987 to
reduce infant morbidity and mortality by influencing maternal behaviors before, during,
and immediately after pregnancy. It is the only surveillance sy$ignptovides data
about pregnancy and the first few months after birth. PRAMS is an ongoirgpediic,
populationbased surveillance system designed to identify groups of women and infants
at high risk for health problems, to monitor changes in hesthtus, and to measure
progress towards goals in improving the health of mothers and inf@atsessed 4 Feb
2022)
PRAMS participating sites represent over 80% 3. Uvebirths (stillbirths are not
included). The 13 significant life event questions have formed part of PRAMS questionnaires for
over 20 years (included in Phase 4, 22004, Phase 5, 202D08, Phase 6, 20011, and
with slight modification in Phase 20122015, and Phase 8, 202619). Numerous studies
have used these to measure maternal stress and pregnancy outcomes, often grouping them into
factors or constructs. While there are a variety of approaches to groegintf* 442 the most
common approach has been to model them as four factors, termed emotional, financial, partner
related, and traumatic, after Ahluwalia et al. who named them after identifying them through
principal components analysis in a study of stress and small for gestational age pregffancies.
Others have also used this appro#éh’’
For the categorical version of SLE, we deviated slightly from Hogue et al. who broke

SLE into 0, 1, 2, 3, 4, and 5+ events, instead breaking at the first, second and third quartiles
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based on the distribution in SCRN (n=2703, see Table inset), resultimg fiollowing

categories: 0, 1, 2, 3, or 4+ events. The distribution of SLE in our study sample (n=189) was 0
items, n=47 (25%); 1 item, n=46 (24%), 2 items, n=32 (17%); 3 items, n=19 (10%); 4 or more
items, n=35 (19%). Ten individuals in the study sanfpfc%) had no data for SLE (for any
item).

We compared our covariates for total Min = Q1  Median  Mean Q3 Max  NA
0 1 2 22 3 12 158

number of SLEs and presence/absence of each

factor to the SCRMreated covariates. Due to apparent errors in the SCRN summary covariates
(coding that did not align with SCRN explanations of coding decisions as stéféq we used

our versions of these covariates. Specifically, SCRN rules mhaaeda t Iamidble torithe i

number of SLE factors, SLEfsum, [be] set to missing if there was a missing response for one or
more of the 4 factors included in the sumo, vy
financialfactor, two records fothe emotional factor, and three records for the traumatic factor.
Moreover, the literature does not provide any justification for this approach to counting factors
(excluding records with missingness). There was also no justification in the literatthre fo
approach to the SCRN twastse o miSsingtif thete wana missingnt , wh
response for one or more of the 13 items included inthésumand i n any case th
very slight differences between it and our SLE crude item ¢ctlumiigh there was a possible

attenuation of estimates of association.

Index of DisadvantageThe range for the Index in the study sample (n=189) whs 0

with only three individuals scoring 3, and two individuals scoring 4. Following Miller et al., we
therefore collapsed Disadvantage to three categories: 0 items (n=117 individuals, 62%), 1 item

(n=50 individuals, 26%), and 2 or more items (n=22 individuals, #2%0).
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Maternal education was measured in yeat¥.***Housing statuswas recorded by
SCRN as rent; own; live with family, friends, orlaws; shelter; or homeless. A related
covariate captured, for individuals who rent or live with others, whether this was in public

housing. We combined these int~

. SLE_Trauma
a threelevel covariate: an

. . . . SLE_Partner0.16
public housing (including

. . SLE_Emotional.23 0.09
shelters) or homeless; living witk

. . . SLE_Financial0.2 0.36 013 10
family, friends, or inlaws other "

05

Prenatal_Pay0.25 0.16 0.22 -0.01 0.0

than in public housing; and rent
-0.5

income 049 024 018 021 003 kil |

(other than in public housing) or

6448 . . Maternal_Edb0.26 0.34 0.07 0.05 0.08 -0.05
own 446448 Eamily income

Marital 0.23 0.44 0.44 0.23 0.22 0.34 0.03
sourceover the last 12 months

Housingt 0.43 0.21 0.37 0.28 0.14 0.14 0.18 0.05
was coded by SCRN as only
public/private assistance; both assistance and personal income; and only personal itttemme. O
federal, state and local government assistance programs were considered to be public assistance;
private charities (e.ghospital/faithbased charities) and help from friends/family were
considered to be private assistance; and additional income frdathiee, disability for
maternity leave, and financial aid/scholarships were considered to be personal Pimatal
pay source was coded by SCRN as no insurance; any public/private assistance; and Veterans
Affairs/commercial health insurance/health nta@irance organizatio sCRN collected two
relevant variables fguartnership statuswhether married or not, and whether living with a

partner or not. We created a single covariate to indicate whetheolmaiting (including those

who are married but nabhabiting); cohabiting and not married; or cohabiting and maftfed.
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See Figure inset for Pearson correlation coefficients leetwemponents of the two
indices. Relatively low correlation suggests these are distinct constructs, supporting our additive
approach for building the indices.

Covariates Livebirth/stillbirth characteristics Sexwas male, female, or undetermined.

We usel the SCRN best estimates forthweight ( A f r om chart abstracti on,
stillbirth, the weight reported by the pathology lab was greater. In this case, the weight reported

by the pat ho)amgigestational aggweeks feoth donception to livebirth

delivery or stillbirth death, with portion of weeks expressed as a dé¢#frjl Prenatal care

timing was recorded as starting in trimester 1 (if first prenatal visit was in motgtes tveeks

1-13), starting in trimester-2 (trimester 2 was months&lor weeks 1427, rimester 3 was

months >6 or weeks >27) or no prenatal care, or missing data.

Maternal characteristics Ever smoking was yes if mothers reported any smoking or

tobacco use up to two years prior to maternal interview (smoking status prior to this period was
not available). Passive smoking was yes if cotinine concentration in maternal blood samples
taken at delivery exceeded the SCRBékignated threshold for passive or seebadd smoke
exposure (0.25 ng/mL or more). We combined these two covariates intamoermgsmoke
exposurethat was yes if either ever smoker or passive smoking was yes, no if both were no, and
missing otherwisePrior stillbirth was yes if there had been any prior pregnancy loss of 20 or
more gestational weeks or any prior pregnancy Vagh unknown gestational ageregnancy
complicationswas yes if any of 12 conditions had been noted in maternal charts as occurring
during the delivery hospital visit itself (premature rupture of membranes, preterm labor, cervical

incompetence, chorioamonitis, preeclampsia/gestational hypertension, placenta previa,
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placental abruption, nereassuring fetal heart rate tracing, endometritis, other systemic

infection, cord prolapse, or other unspecified condition), no if all of these were recorded as not
occurring, or if the finone of thesed box was
category included 1,111 free text responses with a wide range of cond#ierexisting

maternal conditonswas coded as yes i f teedpregnancywithe cor ds
di agnosis of diabetes (not gest aprégoancg!l ) 0 or
presence of any of 23 conditions (high blood pressure; asthma; seizure; diabetes;
hyperthyroidism; hypothyroidism; valvular heart disease; dtleart disease; coronary artery
disease/congestive heart failure; kidney disease; sickle cell anemia; thrombocytopenia; lupus;
antiphospholipid antibody syndrome; rheumatoid arthritis; colitis/Crohn's; cholestasis; cancer;

sexually transmitted diseasesngorhea, chlamydia, herpes, syphilis, HIV/AIDS, hepatitis B,

I

hepatitis C, other; mental health condition; urinary tract infe¢jon b1 ood c¢cl ot s/ st r ol

(up to 2 conditions)). (There weno data on medication use for these conditions.)

Maternal gestational Box: Maternal gestational conditions
Yes if any of the following (whether| 5. coronary artery diseage
conditionswas yes if any or not medicated for the condition): congestive heart failure
1. diabetes 6. cancer
. . 2. hypertension/high blood 7. cardiovascular conditions
of eight conditions had pressure 8. colitis/Crohn's disease
3. hypothyroidism or 9. connective tissue disorder
been recorded as present in hyperthyroidism 10. Gl / liver disease
4. sickle cellanemia 11. kidney disease
5. any STD (e.g.HIV/AIDS, 12. lupus
maternal charts (we chose syphilis, hepatitis B/C) 13. nephropathy
6. psychiatric disorder 14. other heart disease
these as they are well 7. cholestasis 15. renal failure
8. urinary tract infection 16. rheumatoid arthritis
; 17. seizure
known risk factors for Yes if medicated for any of the 18. thrombocytopenia
o aag . following: 19. ulcerative colitis
stillbirth** %9, or if any had 1. antiphospholipid antibody 20. valvular heart disease
syndrome 21. other condition
been reported during 2. asthma
3. blood clots/stroke

. . blood disease
maternal interview as
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present during pregnancy, regardless of whether the mother had been medicated for the
condition, or if any of 21 additional conditions were reported in charts or maieteraiew as

present during pregnancy and mother had been medicated for the condition(s) (see Box inset). If
all these conditions were reported as absent, or present but (in the case of the 21 additional
conditions) not medicated, this covariate was cadeNo; otherwise as missing. We cross

checked both maternal gestational conditions angkxyisting conditions against SCRN

constructed variables for specific conditions and found some errors which required recoding.

Production of methylation data: Overviev of the process of obtaining methylation

data First, DNA is extracted from biological samples. Since each cell has two copies of each
autosomal (noisex) chromosome, each cell also has two copies of a given gene, and hence two
copies of every CpG. A sitggsample from the placenta, with ~500 ng of genetic material, will
have tens of thousands of cells of different types. (For context, there is about 1 ng of DNA in 200
human cells.) Therefore, the sample will also have tens of thousands of copies gh@adh€
extracted DNA is tested for quantity and quality, and samples are normalized, so that
concentrations of DNA are the same.

Second bisulfite conversion is performed. DNA methylation occurs when a methyl
molecule binds to the cytosine base of a cytegimnine base pair (CpG). Bisulfite conversion
is a process whereby unmethylated cytosine bases are converted to uracil, whitGRfter
amplification get converted to thymine bases. Meanwhile, methylated cytosine bases remain
unchanged. The DNA is then denatured, meaning that it is converted to single strands, and
transferred onto chips (microarrays). Each chip is covered with mabggravhich are also

singlestranded fragments of DNA about 25 nucleotides long, each complementary to a specific

CpG.l I 'l umi nads Met hyl at i esadEoPthistudyihasmprobegthatare t h at
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complementary to about 850,000 CpGs, comprising3¥sof the 28 million CpGs in the human
genome, but covering many key regions including >95% of CpG islands, as well as CpGs on
gene bodies and in enhancers and promoters.

Third , the chips are loaded into a hybridization chamber. Overnight, the-sirayiel
sample DNA fragments bind to the singleand probes. The chips are then washed to remove
unbound DNA, stained with fluorescent red or green dye in a flow cell chamber, and dried for 24
hours.

Fourth, dye color and intensity are analyzed by a scaand translated into beta values.
A DNA sample from one individual has tens of thousands of cells, each with two copies of every
CpG. Hence, while the methylation status of a single CpG on a single chromosome is binary, an
i ndi vi dual 06s fonthat BpGlisadpresented asttha petcent of all probes for that
CpG that record methylated copies of that CpG. Beta values approximately equal the percent of
all copies of a CpG that are interpreted as being methylated; therefore beta values range from 0
to 1. Hence, ultimately, methylation assays identify, for the subset of CpGs for which the
microarray has complementary probes, what proportion of all the copies of a given CpG in a
single sample are methylated.

DNA extraction, bisulfite conversion and icroarray processing Accor di ng t o

standardized examination protocols, placentas were collected and stored at birth by labor and
delivery staff from all stillbirths and livebirths for whom consent had been obtained; SCRN
pathologists conducted exapmoting whether placentas were fresh or fixed, and aiming to
complete macroscopic examinations within three working days. Four samples of approximately 2
grams each were collected for freezing from the maternal side of the placental parenchyma using

a rardom sampling method, under the direction of SCRN anatomic pathologists according to
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standardized placental examination protocols; one of the four samples was fr&EnCelsius

for later studies requiring DNA extractidff. Alternate procedures were followed for multiples

and fragmented placentdor this study, th®NA Extraction Facility at the Clinical and

Translational Science Institute, University of Utelolated DNA from frozen placental samples
according to their lab protocols. Bisulfite conversion was performed using the Zymo EZ DNA
Methylation Kit (ZymoRes ar ch Cor p. , Il rvine, CA) according
array platformg>3 The recommended modification to the protocol was performed. The final

DNA elution was transferred to the lllumina EPIC microarray platform.

We specified the order of the samples across the plates in order to reduce the chance of
batch effectsWe randomly allocated half the stillbirth samples (cases) and half the livebirth
samples (controls) from each of thve sites to either Plate 1 or 2. Egallate has 96 wells
divided into 12 columns aneightr ows; each col umn i s | oaded ont .
Hence, each chip hasghtwells. Plate 1 was filled and Plate 2 ihceeempty wells. For Plate
1, we randomly selected 32 cases and 64 controls; we randomly allocated 24 of these cases and
60 of these controls to chips in groupswb cases anélve controls respectively; then the
remainingfour controls were allocated ranahy to one of the 12 chips and the remaining 8
cases were allocated randomly to one ofelightchips that still had an empty well. For Plate 2,
we performed the same process, except that there wereananigmaining controls which were
allocated randomglto one of the 12 chips, and the remairsegencases were then allocated
randomly to one of the 10 chips that still had an empty well.

We then randomly allocated the cases or controls to a specific well on the assigned chip.
Finally, we reran the engrallocation with a different seed to obtain a more balanced sex

distribution. Positions were labelled by Plate (2 plates, 1 or 2), Row (8 rott}, &nd Column
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(12 columns).

The Genomics Core Facility, University of Utah Health Sciences Center, processed
samples with lllumina's Infinium HD Methylation assay protdcatanual method using
lllumina MethylationEPIC v1.0 arrays. A test runkf samples (columns 11 and 12 of Plate 1)
showed good signal intensity and no quality control fl@gecessing and anoning occurred
between May 6 and 21, 20Zlhe raw.idat files were then made available to us via the
University of Utahdés UBox dropbox.

Methylation data preprocessing and quality contrétreprocessing and quality control

of methylation data includesumerous steps which are focused on (a) identification and flagging
or removal of failed probes (probe filtering), and (b) adjustment of beta values for several
sources of bias. Unless otherwise noted, the R package ewastools was used for these steps.

Detals follow:

1 Assessed sample gualityThe lllumina microarray comes with 17 quality control

summary metrics which are used to identify any samples for which microarray processing
failed; these samples would then be excluded. We verified that none of tearigles

failed.

1 Checked sample identity We checked sample identity by generating predicted sex

based on sample genotype and comparing it to recorded sex. Stillbirths/livebirths with X
chromosome intensities close to 1 and low Y chromosome intensitiegoveslicted to

be female, while those with lower levels of X and high Y chromosome intensities were
predicted to be male. We found éxanismatchesne recorded as male was predicted to
be female; the others were the reverse. One possible explanatiba fdentified sex

mismatches is that predicted sex was wrong, e.g., if something happened during sample
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processing (other than contamination), however, each of these six samples was on a
different chip, so this was unlikely. Another possible explanasidhat recorded sex was
wrong; however, University of Utah staff doublechecked these samples and verified that
they did not appear to bmislabelled we also checked with two researchers at the

University of Utah who have worked with some of the SCRNg#osnens to see

whether there were any overlaps on our sex mismatches that could shed light on the issue,
but there were not. We excluded the sex mismatches from all regression analyses.

Identified and removed failed probes There were 205,833 probes whasebability of

being detected was no different from background noise using the defallie cutoff

of 0.01 (probes for which both methylated and unmethylated intensity levels were
recorded as O%* These were set to missing for the affected samples, representing about
0.13% of all probes across all samples. This compares favorably with typical

performance, with failed probes commonly comprising up to 10%.

Adjusted for dye and probe type bias Methylation of each CpG is determined by one

of two different agpgeBTopeptrbbesCpBGIypert €0
probes have methylated and unmethylated levels determined by green and red dyes using

a single probe, wite CpGs interrogated by Type | probes have two probes that determine
methylated intensity and unmethylated intensity separately. The dyes and probe types

both have known differences that were normalized per standard prbfocol.

Identified and flagged outliers We flagge two samples with average log odds of

belonging to the outlier component across all SNP probes that excdeddiis could
indicate degraded or contaminated samples. These were subsequently excluded in a

sensitivity analysis.
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1 Assessed batch effect o check for batch effects, we removed XY chromosomes and

SNPs, and then performed principal components analysis on the remaining beta values
and assessed associations between theviiogbrincipal components and (a) plate and

(b) row using linear regressiomhere was modest evidence of an association with plate
so we adjusted for plate in all regression analyses involving methylation.

9 Identified and removed probes for CpGs with known SNPs and crodsybridizing

probes Using the R packages DMRcate and Metlm@NP, we identified and removed
probes for CpGs known or suspected to be influenced by single nucleotide

polymorphisms (SNPs), including 16,241 Skffated CpGs and 309 probes with SNP
like patterns. We also removed 44,514 known chydsidizing probesthose which bind
to more than one CpG), as they cannot reliably reflect methylation at a unique CpG

1 Obtained predicted cell type proportions Given that the placental samples contain a

mixture of cell types, each with a different methylation profile, it was necessary to enable
adjustment for cell type composition. Using a prediction model foitduth placentas

that includes six cell types@phoblast, stromal, Hofbauer, endothelial, nRBC, and
syncytiotrophoblast), the predicted cell composition of each of the 189 samples was

recordedf82 423 456

Selection of candidate genesnd CpGs.F ol | owi-sgstaemani c | iterat:

PubMed through which we identified 45 potent.
search of these genes to identify a subset fo
1 There was evidence of association with relevant exposures and/or outcomes in more than

one study (we excluded pesaumatic stress disorder, major depressive disorder, and

outcomes after the neonatal period);
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1 At least one of the relevant studies used platéstue; and

f The gene is known to be expressed in the pladénta.

We excluded 40 genes for the following reasons:

f  Two genes excludedH19 andMEST)?%° 285 293 p|acental results borderline;

1 10 genes excludedy{P, CCL1, CD1D, F8, KLRG1, NLRP12, OXTR,C6A4, SNRPN,
TLR3?293 204 30805 346 449 45860. releyant exposures/outcomes, >1 study, but none found in
placental tissue;

1 11 genes excludedNKFY1, CRH, CRHBP, EEF1B2, EPB41L#H5D11B1, IGF1,

INPP5E, KCNQ1, SMAP1, TM6S4* 269 287 289 343rg|evant exposures/outcomes, in

placental tissue, but just one study found;

1 17 genes exclude€RF, CYFIP1, DNMT1, DNMT3A, GABBR1, GNASERIN2B,

IL6, LIT1, MBD2, MEG3, MTHFRPEG3,PYDC1, SLAMF7, TET3, TLR3?8293294304

305 345 348 46185 relevant exposures/outcomes, but just one study found, placental tissue

not used.

We included all C@s that were either on the body of one of the five candidate genes
(between the genomic start and end points using build 38) or on promoters and enhancers for
these five genes as identified by GeneCards (selecting regions that had been mined from both
ENCODE*®® and Ensembt®” two prominent genomic librarie$®Pr o mot drise may t he
gene body or wupstream (toward the 506 end of t
enhancers may |ie upstream or downstream (tow
body) .

Analytical approach: Associations between maternsiressors and stillbirthIn this

casecontrol study design, the exposure odds ratio that is estimated is mathematically equivalent
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to the disease odds ratio; hence for convenience we refer throughout to the odds of the outcome,
stillbirth, with a changeni the exposure, stresséts PrenticeandPyke provide a proof of
equivalence of the prospective logistic model, specifying Pr(D=i|z), and the retrospective logistic
model, specifying Pr(z|D=i), whera pur case i=(stillbirth, livebirth), and z is the regressor
vector including the exposure and other covariates. For our purposes, the relevant portion of the
proof is its extension (in section 6, equations 13 and 14) to the situation in which cases and
controls are sampled from strata s=s(x), where auxiliary variable x defines the strata, in our case
just site. The prospective and induced retrospective logistic models are specified as Pr(D=i|z,s)
and Pr(z|D=i,s), respectively, and again, the estimatedsgign coefficients are shown to be
equivalent, proving that the prospective logistic regression model we specified estimates the
odds of stillbirth with a change in stressor.

Race was measured in the SCRN dataset by maternatgett (or chart abstrdon or
screening data if the interview was missing this information) which we collapsed into four
categories: noiispanic Black, nofHispanic white, Hispanic, and other.

Screening of 1,191 CpGOHMRcat e requires selection of

bound on the genomic length of possible DMRs, and c, a scaling factor that helps to determine
whether and how CpGs are incorporated into DI¥fiRSVe followed Mallik etal. who identified
500 and 5, respectively, as the bastformance setting$® Note that negative Malues indicate
that <50% of CpG copies are methylated and positiveaMes indicate that >50% of CpG
copies are methylated.

We screened out CpGs and DMRs for which directions of effect in assosiaetween
stress and methylation, and methylation and stillbirth, were opposingréasedstress were

associated witincreasedmethylation, andncreasedmethylation were in turn associated with
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increasedisk of stillbirth, then increased methtitan would be a plausible mechanism by which
increased stress may raise the risk of stillbirth (with the reverse also true; i.e. reduced stress
associated with reduced methylation, in turn associated with reduced risk of stillbirth). However,
if increasedstress were associated witltreasedmnethylation, butncreasedmethylation were
associated witlheducedrisk of stillbirth (negative association), then increased stress could not
increase the risk of stillbirth through a methylation pathway (thoughulti@o so through other
pathways).

Mediation analysesThe R Mediation package uses bootstrapping to estimate confidence

intervals; we set 3000 simulations and used a seed for reproducibility.

In causal
mediation analysis,
the effect of the

exposure onhte

outcome is broken

Index of
Disadvantage

Methylation stillbirth

down into its
natur al direct effect on the outcome via a pa
inset), and its natural indirect effect on the outcome via a pathway including the mediator (paths

a and b in the Figure).
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