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Abstract

Preterm birth (PTB) is a leading cause of infant mortality and long-term morbidity. Preterm
infants are more likely to develop respiratory problems, have neurological and cognitive
conditions, and develop long-term health issues compared to full-term infants. PTB
disproportionately affects African American women in the United States. The risks for PTB have
been primarily identified either among women of European ancestry or from a comparison
between women of European ancestry and women of African ancestry. The purpose of this study
is to identify novel genetic and non-genetic risk factors associated with risk of preterm birth in
African American women.

We analyzed data from 2,000 participants of the All of Us Research Program recruited
between 2018 to the present. To identify non-genetic risk factors for PTB, we examined data from
surveys, lab measurements, and electronic health records from participants that self-identify as
African American and over the age of 18 years. In addition, a systematic literature review of
genetic risk factors for PTB was conducted to identify potential genetic risks. We found that
marital status, health insurance, and clinical labs measuring blood pressure, blood cells, and kidney
function were significantly associated with risk of PTB in cases compared to controls. In the
literature review, we found that there are population-specific genetic risk factors more commonly

associated with African American women and risk of PTB, e.g., IL6R, MMPY, COL24A1.

v



The public health significance is that African America women have a disproportionately
higher risk of PTBs compared to European American women by identifying risk factors associated
with PTB in African American women, we can create and implement strategies to reduce those

risks thereby reducing the overall prevalence of PTB among African American women.
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1.0 Introduction

Preterm birth (PTB), defined as delivery before 37 completed gestational weeks,’ is
estimated to affect 10% of the population worldwide.!" It is one of the leading causes of infant
mortality and long-term morbidity in children 5 years old and younger.*’ Although PTB typically
has a higher incidence in low- and middle-income countries, a recent study noticed a rise in PTB
in well-developed and high-income countries, such as the United States (US).!* In the US, the
incidence of preterm birth has increased, and the current national incidence rate is approximately
12%.14

The cost associated with PTB, such as hospital stays and post-hospital care, is
approximately $26 billion, annually.* The consequences due to PTB have been well-established in
infants and contributes to approximately 1 million infants deaths annually.* Among the
complications that preterm infants suffer from include difficulty feeding, high risk of bacterial
infections, impaired hearing, impaired vision, and various neurodevelopmental disorders."* In
addition, pregnant women delivering prematurely suffer from complications including hemorrhage
or increased risk of cardiovascular diseases.®’

There is a significant disparity in the incidence of PTBs and mortality from PTBs in the
US. PTB occurs at an increased rate in African American women (14.1%) compared to European
American women (9.1%).!° Even more alarming, African American women are also more likely
to die from preterm labor complications than European American women.!! In 2019, the estimated
rate of maternal mortality due to pregnancy complications is 1,800 maternal deaths, or a mortality
rate of 55.3 per 100,000 live births.* Most research studies aimed at identifying risk factors and
causes of PTB have been primarily conducted in populations of European ancestry. Even when
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studies have included African American women, it has been done in the context of identifying
PTB risk factors by comparing African American women to European American women. The
overall goal of this study is to lessen the health disparity gap found in African American women
and risk of PTBs by conducting population-specific research that aims to identify risk factors for

PTB that will lead to therapeutics and interventions.

1.1 Specific aims

PTBs have long-term consequences affecting both the mother and infant’s health. African
American women have disproportionately higher rates of PTBs compared to European American
women. Our goal is to contribute to the knowledge of risk factors for PTB in African American
women in order to provide therapeutic targets, implement prevention strategies or policies, and
discover novel biological mechanisms underlying the condition. We did this through the following
aims:

1. To identify novel non-genetic risk factors associated with preterm births among African

American women.

2. To conduct a systematic literature review of genetic risk factors for PTB in African

American women.



2.0 Preterm birth (PTB)

PTB is defined as parturition before 37-gestational weeks.>’ It is well-established that each
year PTB affects 15 million infants and accounts for 50-70% of infant deaths worldwide, making
it one of the leading causes of long-term infant morbidity and mortality.572223

PTB is sub-categorized into different groups depending on the stage of pregnancy—
extremely preterm, born before 28 weeks (0.73%); very preterm, born between 28 and 32 weeks
(1.2%); moderate preterm, born between 32 and 34 weeks of pregnancy (1.52%); and late preterm,
born between 34 and 36 completed weeks of pregnancy (8.28%).5?>°% In contrast, full term birth
is delivery between 37 to 41 gestational weeks.?* Earlier delivery leads to more detrimental, long-
term health effects for the preterm baby.

PTB is a multifactorial condition with different classifications.” A pregnant person can
experience either a spontaneous PTB or a provider initiated PTB, where the physician induces
labor due to maternal medical condition or fetal distress.” The focus of our study is spontaneous
PTB. Furthermore, PTB is categorized into 3 subgroups: spontaneous PTB, indicated PTB, and
preterm premature rupture of membranes (PPROM).2* Spontaneous PTB is the most common type
and accounts for approximately 45% of all PTBs. Indicated PTB and PPROM account for the
remaining types of PTB at approximately 30% and 25%, respectively.>> PPROM is frequently
linked with spontaneous PTB and typically occurs due to intrauterine infections.?*? Pregnant
women whose membrane ruptures are more likely to begin labor and premature ruptures are likely
to have a PTB.*? While the specific causes of PTB are unknown, current research postulates that
PTB can occur through multiple mechanisms including inflammation or uterine hemhorrage.>>

Studies have also shown that PTB can be a heritable condition. 2*?° For example, women who were
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premature are more likely to deliver a premature baby themselves, and women who gave birth to

a premature baby are at an increased risk of delivering prematurely in their next pregnancy.?>*>

2.1.1 Consequences and treatment of PTB

In addition to being a leading cause of death in children under the age of 5 years, many
adverse medical conditions in infants due to PTB have been well-established. Earlier delivery (e.g.,
extreme PTB) increases the risk of mortality and morbidity in the infant.® Preterm infants are more
likely to be admitted into the neonatal intensive care unit or die from complications.®® The earlier
a premature baby is born, the more severe the consequences and number of long-term health
conditions that the baby will have. Preterm infants are more likely to return home on oxygen.°®
There is also an incidence rate of 4-7% for necrotizing enterocolitis in preterm infants.® Necrotizing
enterocolitis is a disease that causes inflammation in the gut and can lead to high rates of mortality
and is associated with long-term morbidity in preterm infants.*® The causes of necrotizing
enterocolitis are unknown but it is associated with bacterial colonization and inflammation of the
gut.*® Preterm infants with necrotizing enterocolitis display neurodevelopmental delay, abdominal
distension, and bloody stool.*#+°

Preterm children are also more likely to develop respiratory issues, such as
bronchopulmonary dysplasia, respiratory distress syndrome, underdeveloped lungs, and
asthma.®’?? Hospital read-admission due to infections are more common in preterm infants.??
Preterm infants are also more likely to develop retinopathy, possibly leading to blindness; neonatal
jaundice; hypoxic-ischemic encephalopathy; various neurodevelopmental conditions; or cognitive

impairment and are more likely to suffer from cerebral palsy or epilepsy.?®® Current research



includes understanding the association between PTB and neurodevelopmental disorders such as
autism spectrum disorder (ASD) or attention deficit hyperactivity disorder (ADHD).?

Pregnant women who deliver prematurely are also more likely to suffer from one or more
complications compared to women who deliver at full term. They can suffer from antepartum
hemorrhage or placental abruption. Retained placenta is also more common in women who
delivered prematurely, this is a condition where the placenta remains in the uterus and needs to be
removed.®!! They may need to have their cervix repaired, and it's possible the women need to be
admitted into the intensive care unit due to these complications.®

While the medical conditions that premature infants and mothers face is daunting, one also
needs to take into account the high medical costs for treatment and future medical expenditures as
premature babies have an increased chance of returning to the hospital within a couple of weeks or
months compared to full-term babies.>® For many pregnancies in the US, the costs are paid for by
Medicaid and these costs tends to be higher than commercial insurance.®’ The hospitalization and
medical costs for infants born extremely and very preterm is approximately $11 billion.>’

There is currently no treatment for PTB. While there used to be FDA-approved medication
for slowing down the progression of PTB, it was taken off the market due to it causing severe
maternal side effects.” There are, however, methods to prevent PTB in pregnant persons. For
example, studies have shown that increasing intake of folic acid decreases the risk of PTB.?2%
Accessing appropriate prenatal care, understanding the risk factors, and warning signs associated
with PTB, and eating healthy are all appropriate measures in preventing PTB.?? Other prevention
measures include checking for bacterial vaginosis, measuring cervix length, and getting treatment

for those medical conditions reduces the risk.??



2.1.2 Pathophysiology of PTB

The specific mechanisms leading to PTB are not known.>* PTB can be caused by several
pathologies, and it appears to be affected by many factors, such as age, disease status, etc.?® Some
consider PTB to be a syndrome caused by various risk factors such as infection, inflammation,
uterine over-distension, hemorrhage, and other processes mediated by the immune system.2® One
potential mechanism through to initiate PTB is activation of the immune system because many of
the known risk factors involve release of cytokines and chemokines.>

The immune system is activated by Toll-like receptors, which recognizes specific antigens,
and it recruits chemokines and cytokines to trigger neutrophil activity, increases prostaglandin
production and release, and expression of matrix metalloproteinases. The prostaglandin stimulates
the uterus to contract and the metalloproteinases degrades the fetal membrane’s extracellular
matrix. In the maternal membrane, the extracellular matrix in the cervix is remodeled and broken
down thereby causing labor and membrane rupture.?>

Another potential initiator to preterm labor is maternal progesterone and oxytocin
concentration.>* In the myometrium, progesterone keeps the cells in a quiescent state by
suppressing procontractile genes, such as Connexin-43.% It also produces an anti-inflammatory
effect by reducing the production of cytokines and chemokines.* Progesterone also modulates the
release of prostaglandins controlling level of uterine contraction and extending the fetal membrane
thereby reducing inflammation-mediated membrane rupture.>* Oxytocin is involved in the
frequency and intensity of uterine contraction so increased oxytocin increases the likelihood of

preterm labor.>



2.1.3 Risk factors associated with PTB

Due to the unknown etiology surrounding PTB, many scientists are looking to identify the
risk factors correlated with PTB. There are several well-established risk factors correlated with
PTB such as uteroplacental ischemia, a previous PTB, shortened cervical length, pre-eclampsia,
smoking, and severe hyperdistension.?*? Uterine and gastrointestinal infections are also common

precursors to PTB.2

2.1.3.1 Environmental risk factors

There are many environmental risk factors associated with PTB due to the fact that PTB
appears to be multifactorial and can happen through many different pathways.>*?¢ Pregnant women
with a medical condition such as severe hypertension, pre-eclampsia, gestational diabetes, uterine
overdistention, or eclampsia are more likely to deliver prematurely; this is known as indicated
PTB.?”? Other risk factors known to induce PTB include smoking, vaginal or gastro-intestinal
infections, inflammation, alcohol and illegal substance use, and urinary tract infections.>* Some
risk factors are associated with an increased risk of PTB such as maternal age, delivering
prematurely in a previous pregnancy, multiple pregnancy, poor nutrition, air pollution, stress, and
neighborhood safety.?’

It is estimated that 25- 40% of PTBs are due to intra-uterine infections or infections in the
gastro-intestinal tract in the pregnant women. Since many of these infections are microbial in
nature, this triggers the immune system to recruit cytokines and chemokines and initiate labor. It
can also trigger a response in the placenta where the fetus releases corticotropin and cortisol.
Infections can occur in the amnion, placenta, amniotic fluid, umbilical cord, or in the fetus. The
most well-known pathogens involved in PTB include Ureaplasma spp. and Mycoplasma because
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it is isolated from the placenta or amniotic fluid. Viruses, such as human papilloma virus (HPV),
herpes virus, and influenza virus, can also lead to PTB via placenta dysfunction.?

The vaginal microbiome has been associated with PPROM and risk of PTB. Increased
diversity of the vaginal microbiome is associated with increased infection, such as bacterial
vaginosis.’® However, a vaginal microbiome made up of Lactobacillus spp. is associated with a
healthy reproductive tract and decreased risk of PTB.>® This decrease in risk is seen in pregnant

women of European and African descent.*

However, those of African descent are less likely to
only have Lactobacillus spp. and typically have a more diverse vaginal microbiome.®® The diverse
vaginal microbiome triggers proinflammatory cytokines and induces preterm labor.*

More recently, exposures to toxicants—chemical and non-chemical—have been found to
be associated with increased risk of PTB. Through a systematic review, Bekkar et al. found an
association between air quality, heat and PTB. There is a positive correlation between PTB and
increased exposure to ozone and particulate matter 2.5 (PM2.5) but it was dependent on timing of
exposure.’!*%! In terms of air pollution, PM2.5 are particles that have a diameter of <2.5um.®!
Exposure to PM2.5 during the early stages pregnancy increased the odds PTB depending on the
month of exposure and temperature.’® When adjusting for temperature, one study found that PM2.5
exposure during month 4 increased the risk of PTB, but unadjusted analysis found an increased
risk in the third month.>® This difference could be due to how air quality was measured. A study in
China found that an increase of PM2.5 concentration (10ug/m’ or higher) during each trimester
increased the risks of delivery prematurely.’? Studies has also found an increased risk of PTB in
pregnant women with asthma.’!>! Extreme heat is associated with an increased risk of PTB, but

extreme heat can cause other harmful conditions.’'3>* Increases of 5-6°C were associated with

elevated risk of PTB.>>**



Another environmental factor is exposure to phthalates. Phthalates are known as endocrine
disrupting chemicals and tend to disrupt thyroid hormone levels, increase oxidative stress and
inflammation. * It is also linked to endometriosis and breast cancer. Pregnant women are frequently
exposed to phthalates through personal care products. >* Exposure to phthalates at any time during
pregnancy increases the odds of delivering prematurely. **> Exposure in the third trimester greatly
increases the odds of PTB. The possible trigger for PTB may be through hormone disruption or
inflammation cascade.®

Social determinants of health, such as neighborhood deprivation or socioeconomic status,
have been associated with increased risk of PTB.?’ Neighborhood deprivation was categorized
based on the socioeconomic status of each neighborhood and into different quantiles: 1) mean
income; 2) percentage of household with low income; 3) percentage with a paid job; 4) percentage
of household with low education.?’ Possible pathways that neighborhood deprivation can increase
the risk of PTB include poor prenatal care, more risks at the personal-level (e.g., domestic violence

or medical condition), or exposure to environmental stressors, such as crime or air pollution.?’

2.1.3.2 Genetic risk factors

While the underlying genetics of PTB is not well-understood, studies have shown that the
genetics of PTB represent a complex interplay between maternal, fetal, and environmental factors.
Current studies are showing PTB to be heritable and that genetics accounts for 17-36% of risk in
PTB.>> Mothers with a history of PTB are more likely to deliver premature infants at earlier
gestation weeks than the previous pregnancy.>> Women born premature themselves are also more
likely to have PTB (20%).%>> There is an 80% increased risk for sisters of premature infants deliver
PTB as adults.”® However, the genetics between the pregnant women and the fetus plays a role in

PTB.** Twin studies have shown that maternal genetics are a stronger contributor to early labor
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and delivery compared to the fetus’s genetics, 25% and 13% respectively.’® In a study determining
the genetic susceptibility between smoking and adverse birth outcomes (e.g., preterm or low-birth
weight) researchers found two genetic polymorphisms in maternal metabolic genes, CYPIAI and
GSTT1, leading to an increased risk of PTB in the context of smoking.'?

Candidate gene studies have identified genes in the immune system, inflammation, tissue
remodeling, and metabolic pathways as potential markers of PTB.> Various single nucleotide
polymorphisms (SNP) encoding anti-inflammatory cytokines, such as interleukin 10 (/L70) and
interleukin 13 (/L13), have been associated with an increased risk of PTB, possibly through
activation of the immune system or through cell migration and proliferation.”> SNPs involved in
tissue remodeling genes are associated with PTB by disrupting the normal function of the tissues
and proteins in the uterus potentially activating preterm labor.> However, many of these studies
consisted of individuals of European ancestry and studies that included individuals of African
ancestry were underpowered.>¢

In a meta-analysis examining maternal loci and PTB, researchers found variations in WNT4,
EBFI1, AGTR2, KCNABI can affect the timing of pregnancy in the pregnant women.** Two genes
found to be associated with length of gestation and spontaneous PTB were, EBFI and EESFEC 33
Additional loci associated with length of gestation were found in DNAH2, WNT4, ZBTB3S,
HAND?2, TET3, and RAP2C.>* These results were replicated findings except for DNAH2.3
Researchers also discovered novel loci—WNT3A, ADCYS5, GNAQ, KCNN3, GC, COL27A1, and
KCNABI—that may play a role in regulating labor in reproductive tissue.** Higher expressions of
ZBTB38 lead to longer length of gestation and variations in KCNABI were associated with length
of gestation in reproductive tissue.*® Variations in HAND?2 (expressed in uterine tissue) may have

arole in the release of progesterone and in the immune system.>* COL27A41 is associated with slow
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growth, abnormal placental development, and abnormal placental blood vessel development.®* It
is expressed in the endometrium, and it may have a protective role in preventing oxidative stress.
Researchers postulated that WNT3A4 may play a role in the regulation between maternal and fetal
tissues.>* More research needs to happen to understand how these genes are associated with PTB
and the biological mechanism of action.

Another study looking at whole genome sequencing, RNA-sequencing, and methylation
found alleles in RAB21 and RBPJ to be significantly associated with PTB.** RAB31 is involved in
the RAS signaling pathway, and RBPJ is involved in the Notch pathway.>*** Their research also
found EBFI and EEFSEC to be associated with PTB.** These genes are more common in
individuals of European descent. Many of the genes found to have an association with PTB are
involved in the immune response, inflammation, coagulation, and connective tissue remodeling.>*

Some studies have examined gene-environment interactions associated with risk of PTB.
Many environmental factors, such as social, cultural, and other external exposures, can interact
with maternal and fetal genes. Researchers looked at variations in specific molecules involved in
immune response, such as IL6, IL1B.>> When controlling for smoking, IL1B and IL6 are
significantly associated with risk of PTB.?> When controlling for PPROM, genetic variation within
TLR4 is significantly associated with severe PTB.*> Further research needs to be done to understand

how maternal and fetal genetic variations or epigenetic changes are associated with risk of PTB.?

2.1.4 Preterm birth in African American women

Unfortunately, pregnant African American women consistently have higher rates of PTB
compared to other populations, even after accounting for known risk factors such as
socioeconomic status and education level.!%3¢ The rates of PTB in pregnant African American
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women also differs based on geographical location of delivery and whether delivery occurred in
the US or outside of the US.?” Pregnant African American women who delivered outside of the
US had lower rates of PTB compared to women who gave birth in the US.!%*¢ One study found
higher rates of PTB in African American women in the District of Columbia, Michigan, Illinois,
Wisconsin, and Louisiana (rates ranged from 67-59%).3® On the other hand, lower rates of PTB
occurred in Minnesota, Oregon, Washington, Nevada, and Kentucky (5-29%).® However, all
states showed some disparity towards higher rates of PTB in African American women.>® Possible
reasons for this includes structural racism and racial discrimination, especially between health care
providers and African American patients.>®

There are many environmental, social health determinants, and clinical risk factors
associated with high rates of PTB in pregnant African American women. Many studies are looking
at various acute and chronic stressors associated with increased risk of PTB as well as age of the
pregnant woman. One study found that there was no association with PTB in African American
women less than 18 years old compared to non-African American women.*® On the other hand,
researchers found that African American women aged 35 years or old tended to have higher rates
of PTB compared to other women.*® Perceived risk factors from African American women include
a lack of social and financial support, outside pressures and judgement, no emotional support,
racial discrimination, lack of prenatal care, dangerous neighborhoods, drug use, increased violence
and crime, mental illness, and chronic medical conditions such as gestation hypertension or
ecclampsia.'®” Other potential risk factors more commonly associated in African American
women and PTB include different types of stressor exposures and inflammation markers.!! One

study found that African American women with increased plasma levels of IL-6 during their third
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trimester were more likely to have delivered prematurely compared to European American
women.!!

Preterm birth can occur through various pathways and is affected by an intricate
combination of environmental, clinical, and genetic risk factors. In order to understand the

biological mechanism leading to PTB, one must conduct population-specific research.

2.2 Public health significance

Preterm birth occurs in approximately 12% of the population the US and predominantly
affects those who self-identify as African American (14.5%).":!° Premature infants have high rates
of infant mortality and long-term health problems.* Although more research is emerging on
understanding the risk factors and biological mechanisms associated with PTB, pregnant women
who self-identify as African American still have higher rates of PTB compared to other
populations.*®3” Specifically more research needs to be done to understand the population-specific
risk factors associated with PTB in the African American population. These non-genetic risk

factors include environmental, social determinants of health, and maternal medical conditions.
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3.0 Materials and methods

3.1 All of Us Research Program

This study was conducted using data from the All of Us Research Program, a biomedical
data resource that allows researchers to conduct studies into various health conditions using
multiple datasets, such as demographics, genomic data, or survey data. The goal of the research
program is to make research and its results accessible to participants and to develop new methods
to generate and access data that will be available to approved researchers. The All of Us Research
Program plans to enroll at least a million participants across the United States. The University of
Pittsburgh has a Data Use and Registration Agreement with the All of Us Research program. Due
to the use of secondary, de-identified data, an Institutional Review Board (IRB) was not necessary
to conduct this research (Appendix A.1). Nonetheless, researchers in this study received training
on the ethics of human research and analysis on All of Us data as well as CITI training on
responsible conduct of research; privacy and information security; and PHS regulated course. In
addition, results reported in this study are in compliance with All of Us Data and Statistics
Dissemination Policy disallowing disclosure of group counts under 20.3%

There are three tiers in which the public or researchers can access data. The public tier
contains aggregated data that is de-identified and available for everyone. The registered tier
contains individual-level data from the electronic health records (EHRs), demographics, surveys,
labs and physical measurements, and wearables (e.g., Fitbit), which have been altered to protect
participant privacy. The controlled tier includes genomic data as well as the available data from

the registered tier. For this study, we utilized controlled tier data from participants enrolled
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between May 2018 to March 2024 that self-identified as African American women over the age
of 18 years.*?

The All of Us Researcher Workbench is a cloud-based platform where approved
researchers can access and analyze All of Us data. Through the workbench, researchers can build
cohorts, create concept sets containing data one is interested in, and collect all statistical analysis.
The workbench also contains the Jupyter notebook allowing the researcher to analyze their data

using R or Python or through their new R Studio platform.*

3.2 Identification of cases

Cases were defined as women who had a PTB(s). Preterm birth has been defined as delivery
before 37 gestational weeks, specifically 17 weeks of gestation to 36 weeks of gestation and in
accordance to previous studies.*'*> The cases were chosen if individuals were classified as African
American (according to self-reported demographic survey) AND if any of the following ICD-10
codes were present: 060.1 (preterm labor with preterm delivery) OR 0O42.01 (preterm premature
rupture of the membrane, onset of labor within 24 hours, trimester specified or unspecified) OR
042.11 (preterm premature rupture of the membrane, onset of labor more than 24 hours, trimester
specified or unspecified) O42.91 (preterm premature rupture of the membrane, onset of labor
unspecified, trimester specified or unspecified) OR Z3A17 OR Z3A18 OR Z3A19 (weeks of
gestation of pregnancy, weeks 17 to 19) OR Z3A.2 (weeks of gestation of pregnancy, weeks 20 to
29) OR Z3A.3 OR Z3A.31 OR Z3A.32 OR Z3A.33 OR Z3A.34 OR Z3A.35 OR Z3A.36 (weeks

of gestation of pregnancy, weeks 30 to 36).
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Individuals with ICD-10 codes: Z3A.37 OR Z3A.37 OR A.39 (weeks of gestation, weeks
37 to 39) OR Z3A.4 (weeks of gestation, weeks 40 and greater) were excluded. Also, individuals
with sickle cell disease (SCD), or sickle cell trait, were excluded from the study population due to
the known complications SCD can cause in pregnant women, such as miscarriage, PTB, in uterine
growth restriction, in utero fetal death, and various other crises.** The excluded individuals with

sickle cell disorder was selected based on whether their EHR had the ICD10 code: D57.

3.3 Identification of controls

Controls are African American women that did not have a PTB and contained any of the
following ICD-10 codes: 3A.37 OR Z3A.38 OR A.39 (weeks of gestation, weeks 37 to 39) OR
Z3A.4 (weeks of gestation, weeks 40 and greater).

Also, individuals with sickle cell disease (SCD), or sickle cell trait, were excluded from
the study population due to the known complications SCD can cause in pregnant women, such as

miscarriages, PTB, in uterine growth restriction, in utero fetal death, and various other crises.**

3.4 Study population

The cohort consisted of 529 PTB cases and 1,409 controls (Figure 1). All study participants
were selected from the All of Us Research Program. Individuals were sampled from a cohort of
African American women. A case-control study design was used to assess the risks associated with

PTB. This study design allowed us to analyze the risks of various exposures and discover novel
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risk factors in individuals who had a preterm, or premature, delivery compared to individuals who

delivered at full term.

3.4.1 Data collection

The All of Us data repository contains data from participant’s EHRs, including their
clinical labs and measurements. We also gathered self-reported information on marital status,
income, education level, smoking status, alcohol status, substance use, health insurance status and
type, and age at consent.

The clinical lab measurements were selected based on whether 50% or more participants
had clinical lab results (n = 65 [Table 1 Appendix A.2]). The clinical lab measurements were
queried after going to ‘Labs & Measurement’ section in All of Us Data Browser then top 43 labs
and measurements were selected for analysis. Labs and measurements collecting information on
antibody count was also queried due to the immune system having a partial role in PTB. The
clinical labs with no measurements were excluded and removed thereby reducing the clinical lab
measurements by 26 variables (Table 2 in Appendix A.2). The final list of clinical lab
measurements resulted in 39 variables (Table 3 in Appendix A.2). These variables were chosen to

help elucidate other biological mechanisms that increases the risk of PTB.

3.5 Systematic literature review

We performed a systematic search using the PubMed database to identify studies looking

into the association between genetics and risk of preterm birth in African American women.
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PubMed search terms included ‘preterm birth or delivery,” ‘African American, ‘risk factor,” and
‘genetics or genome-wide.’

Eligibility criteria included studies looking at maternal (or fetal) genetics and risk of PTB
and studies looking at PTB in African American women or stratified race in which a comparison
with the African American population was analyzed. Studies that did not look at maternal or fetal
genetics and its association with risk of PTB, studies looking into outcomes other than PTB, review
articles, and epigenetic studies were excluded from the literature review.

The search resulted in 106 articles and of those articles only 35 articles mentioned PTB as
an outcome. Inclusion and exclusion criteria reduced those result to 11 articles on risk of PTB in
African American women (Appendix A.6). The extracted data includes information on the authors,
title, publication date, methods, and significant results. The data extracted from these studies was
used to identify potential gene candidates associated with risk of PTB in the African American

population.

3.6 Statistical analysis

The analysis was completed on a R Studio platform on the All of Us Research Workbench.
Missing and/or incomplete data was removed and accounted for. Descriptive statistics was
collected for the lifestyle factors and analyzed using Fisher’s exact test. For each factor, individuals
that skipped or preferred not to answer were excluded in the analysis. The descriptive analysis on
‘age at consent’ allowed us to determine the age ranges of the study population in the All of Us

Research Program. Prevalence rate was calculated by dividing the preterm cases by the total female
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population in the All of Us data repository. The female population was counted based on whether
the participants answered the self-reported ‘sex at birth’ demographics survey.

Continuous variables from the clinical lab measurements were summarized by average
mean (£SD). To determine the significance of the model and whether a Welch t-test was necessary,
an F-test was performed. If the values from the F-test was below 0.05 then a Welch t-test was
deemed to be unnecessary. F-test analysis showed the variables to be greater than 0.05 (Appendix
A.4), so a Welch t-test was used to analyze the clinical lab measurement variables. The clinical
lab measurements were analyzed using an unadjusted Welch t-test. Variables were considered

significant when the p-value <0.05.
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4.0 Results

The prevalence rate of PTB among All of Us participants in different racial groups is
provided in Table 1. Participants who chose ‘More than one race’ or did not specify a race were
not included. In addition, racial/ethnic groups containing less than 20 participants were not
included in the analysis (i.e. Middle Eastern and Native Hawaiian/Other Pacific Islander). We
found that African American women have higher rates of PTB compared to the White women
(1.20% and 0.87%, respectively; Figure 2). These rates are much lower compared to the national
rates and may be due to several factors including non-response bias from participants.

Age of consent was also selected to determine the age ranges of the participants (Table 2).
Due to the low sample population in most of the racial groups, ages were grouped together as ‘18-
44 years’ or “>45 years.” The age of consent was primarily composed of ages ranging between 18-

44 years old (Figure 3 and Table 3).

4.1 Association between lifestyle factors and PTB

To determine the environmental risk factors in African American women, we looked at the
annual income, smoking frequency, health insurance status, educational level, alcohol intake,
marital status, and recreational drug use between cases and controls. Our analysis showed that
marital status and health insurance status is associated with risk of PTB (P = 0.01 [Table 3]; P =
0.03 [Table 4]; respectively). Cases were more likely to have never been married compared to

controls. In addition, cases were less likely to have had health insurance coverage. Annual income,
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smoking frequency, educational level, alcohol intake, and recreational drug use were not
significantly associated with risk of PTB (P = 0.24; P = 0.56; P = 0.63; P = 0.75; P = 0.072;

respectively) between cases and controls (Appendix A.3).

4.2 Association between clinical lab measurements and PTB

We analyzed 39 clinical lab measurement variables (Appendix A.2). We identified 11
clinical lab variables to be statistically significantly associated with risk of PTB in African
American women (Table 5). Blood pressure was found to be statistically significant to risk of PTB
in our cohort, replicating previous findings (Table 5).2”?® Cases had higher systolic blood pressure
compared to controls (122.36 and 119.53, respectively; P = 3.11E-05; 95% CI, -4.15 to -1.50
[Table 5]). Diastolic blood pressure was also higher in cases than controls (75.55 and 74.00,
respectively; P = 1.94E-03; 95% CI, -2.53 to -0.57 [Table 5]). Similar to current studies on heat
and PTB, we found that body temperature was higher in cases compared to controls (48.05 and
44.17, respectively; P=0.01; 95% CI, -6.47 to -1.01); it was significantly associated with PTB.>*-*

Cases had higher levels of urea nitrogen in plasma than controls (10.17 and 8.90,
respectively; P = 3.44E-06; 95% ClI, -1.80 to -0.74) and was found to be associated with increased
risk of PTB in this population. Cases versus controls also had higher concentration of basophils in
blood (2.52 and 1.09, respectively; P = 4.97E-05; 95% Cl, -2.42 to -0.43), creatinine in plasma
(0.80 and0.69, respectively; P = 2.28E-03; 95% CI, -0.17 to -0.04), and MCHC (32.86 and 32.67,
respectively; P = 3.45E-03; 95% CI, -0.31 to -0.06). These clinical lab measurements were found
to be statistically significant in risk of PTB. In a comparison between cases and controls, alkaline

phosphatase (82.87 and 88.90, respectively; P=0.01; 95% CI, 1.66 to 10.39), lymphocytes (123.04

21



and 68.04, respectively; P = 0.03; 95% CI, -105.73 to -4.27), monocytes (36.93 and 17.51,
respectively; P = 0.01; 95% CI, -34.90 to -3.95), and potassium in plasma (3.94 and 3.89,
respectively; P =0.01; 95% CI, -0.09 to -0.01) were statistically significant risk factors associated
with PTB in cases rather than controls. The other 28 clinical lab variables were not statistically

significant in the risk of PTB between cases and controls among our study population (Appendix

A.5).

4.3 Genetics associated with risk of PTB in African American women

We identified 11 articles researching how maternal, or fetal, genetics are associated with
risk of PTB in the African American population. Of those, 5 articles compared the genetics
between White, or European American, women and African American women, and there were 6
articles looking at the genetic risk factors of PTB in African American women. Some studies
looked only at maternal genetics while others looked at both maternal and fetal genetics. For the
purpose of this literature review, we focused on the statistically significant results in African
American subjects.

Four studies identified polymorphisms involved in IL6R, IL6RAP, TNFRSFIB, TNFR2 to
be associated with an increased risk of PTB in African American mothers.”>’*7® In infants, the
genes associated with increased risk of PTB include /IL/RAP, IL6R, TNFRSF1B, SERPINHI which
were identified in two studies.”’¢
One study identified a PTPRD polymorphism that is associated with a 2-fold higher risk

of PTB; in particular, the variant rs35331017-11 has a higher risk compared to the variant

1rs35331017-ID/DD.”! Another study trying to understand the gene-environment interaction
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between obesity and risk of PTB in African American women found that the COL24A41 variant
(rs11161721-CC) in obese and normal weight women has a 2-fold increased risk of spontaneous
PTB.” On the other hand, COL24A41 variant (rs11161721-AA) in obese women confers a
protective phenotype and decreases the risk of spontaneous PTB by more than 50%° Others genes
specific to risk of PTB in African American mothers include /IL12A4, CSF3, PRKCA, FLTI1, MMP?2,

TIMP2, IL16, MMPI, LIFR-AS1, TNF and LTA. 6668
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5.0 Discussion

In the US, the incidence of preterm birth has increased to approximately 12% making it a
significant public health burden. Most research studies aimed at identifying risk factors and causes
of PTB have been primarily conducted in populations of European ancestry. Our study was
conducted exclusively in African American women and replicated known risk factors and
identified novel risk factors associated with increased risk of PTB in African American women.
The prevalence rate of PTB in African American women in our study (1.2%) is less than the
national rate in the US (14%). This could be due to the sample population in the All of Us Research
Program and our selection criteria which included exclusion of participants with sickle cell disease.
In addition, there were participants that were not included because of missing information.
Nonetheless, when comparing it to the prevalence rate of the White women participants from the
All of Us data, African American women were still more likely to have had a PTB.

We found that marital status and health insurance were associated with an increased risk
of PTB in cases compared to controls. Cases were more likely to have never been married
compared to controls (56.49% and 54.92%, respectively; P = 0.01 [Table 3]). There are no studies
looking into how marital status affects birth outcome in African American women specifically.
However, studies conducted in the UK and Canada, have found that single mothers are more at
risk of adverse birth outcomes, such as PTB, compared to married mothers.%>%* Due to the
changing perception on marriage couples today are having child(ren) without getting married but
are still in a relationship. Researchers have found not found any differences between married
mothers and cohabiting mothers.®® Researchers believe this is due to the support from their partner,
stable economics, and health benefits from their partner.%® It is possible that being single, or
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without a permanent partner, decreases the social support one needs to manage their pregnancy or
to get the help they need.?” Giurgescu et al. found that African American women believe that a
lack of social support and interpersonal conflicts increases the likelihood of delivering
prematurely.?” Another study looking at the effect singlehood has on birth outcome found that
single mothers have poor diets, such as having lower fruit, fiber and vegetable intake but higher
sugar intake.®> Also, unemployment can have an adverse effect on birth outcome in single
mothers.** Our finding shows marital status plays a role in the risk of preterm birth, but further
research needs to be done to understand how.

Cases were less likely to have health insurance coverage compared to controls (91.05%
and 93.65%, respectively; P = 0.03 [Table 4]). The disparities in healthcare access are well-
established in the United States.!! If an individual does not have health insurance, it is more
difficult for them to get the necessary treatments or medications for their condition. A lack of
health insurance may impact a pregnant woman’s ability to get prenatal care. Tanz et al., found
that receiving and going to prenatal care appointments to be protective factors in decreasing risk
of PTB.!"” Our finding shows that the environment during pregnancy and interpersonal
relationships may play a significant role of PTB risk in African American women.>’

Another statistically significant finding associated with PTB was blood pressure; cases had
higher levels of systolic and diastolic blood pressure compared to controls (Table 5). In addition,
we identified novel clinical risk factors for PTB in African American women. We found
statistically higher basophil, lymphocyte, and monocyte levels among cases than controls (Table
5). Vaginal or gastro-intestinal infections and inflammation are known to increase the likelihood
of PTB in pregnant women.>> The leading hypothesis is that activation of the immune system

initiates preterm labor. These results suggest that immune cells are important risk factors in PTB

25



risk in African American women. Cases also had higher levels of creatinine, MCHC, urea nitrogen
levels compared to controls (Table 5). These clinical lab measurements are associated with kidney
function. However, more work needs to be done to determine if risk of kidney disease is a
confounding factor. Nonetheless, this finding presents a new research pathway to investigate if
kidney function is related to PTB risk and if so, how.

Our study did not find a statistical significance between smoking, income, education level,
alcohol intake, or recreational drug use, and risk of PTB (Appendix A.3). These factors have been
previously associated with risk of PTB.?*%>-¢ However, those studies were primarily composed of
European American women. This highlights the need to conduct more research to understand how
these risk factors affect African American women and PTB.

Many of the studies of the literature review investigating the association between genetic
risk factors and risk of PTB identified many genes involved in the immune system, such as /L6,
IL6R, IL16, IL12A, TNF, etc.%7>76 This makes sense because many incidences of spontaneous
PTB is associated with inflammation and infection in the mother.>”> Many cytokine are associated
with various signaling pathways, such as MAPK signaling or JAK-STAT signaling, and are
involved in cell proliferation, differentiation, or cell growth.”® In the case of IL16, higher
concentrations of this cytokine in the amniotic fluid can lead to increased rates of PTB although
the mechanism of action is not known.®® Matrix metallopeptidase (MMP) genes and SERPINH1
appear to increase risk of PTB by destabilizing the collagen and tensile strength of the amnion.*%7¢
It appears that many of the genes associated with risk of PTB are also associated with initiation of
PTB or cell growth which could have adverse effects on infant growth thereby initiating premature

labor.
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Genetic risk factors identified in one population may not be informative in other
populations. Therefore, more genetic research in African Americans is needed to identify
population-specific genetic risk factors that will help elucidate the biological pathways causing
PTB and possibly developing therapeutics to prevent the high rate of PTB in African Americans.

A limitation in our study is the collected information is self-reported, leading to recall bias,
and due to the ongoing nature of recruiting participants, the survey answers may not be current for
the participant. There were other known risk factors, such as pre-eclampsia and age, that we could
not adjust for due to the inability to exclude the provider initiated PTB from spontaneous PTB.
Another limitation includes not obtaining the age of the participant when they were pregnant;
instead, we used age at consent. Also, the mean clinical lab results were taken at different
timepoints in the participants medical journey and not just when they were pregnant. Nonetheless,
by utilizing the All of Us Research Program, we were able tailor our cohort specifically to African

American women to identify population-specific risk factors for PTB.

5.1 Conclusions

In summary, our study has identified novel, non-genetic risk factors for PTB in African
American women. Our results suggest that the immune system, inflammation, and kidney function
may play significant roles in the risk for PTB in African American women. These results
demonstrate the need for more research into population-specific risk factors for PTB in African
American women. They have the highest rates of PTB (14%) and environmental and clinical risk
factors do not fully explain why African American women are disproportionately affected. The

identification of these population-specific genetic and non-genetic risk factors will help us
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elucidate the underlying causes of PTB and develop prevention strategies for African American

women.
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All African

American women
(n=45,280)

Preterm Controls
(n=1784) (nh=1528)

Exclusion: Exclusion:
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(Traits & Disease) Disease)

Preterm Controls
(n=529) (n =1409)

Figure 1 Flow chart of study participants from the All of Us Research Program.

Table 1 Distribution of PTB prevalence rate among racial groups.

Race Preterm Cases (Percent)
African American 533 (1.20%)
White 1210 (0.87%)
Asian 98 (1.15%)
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Figure 2 Distribution of PTB prevalence rate among racial groups.
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Table 2 Distribution of 'Age at Consent' among cases.

Age at Consent

Race
18 - 44 years > 45 years
African American 504 (3%) 25 (0.09%)
White 1132 (2.5%) 77 (0.09%)
Asian 85 (1.6%) <20 (<0.5%)
100%
90%
80%
70%
S 0%
1))
T4]
8 50%
S m > 45 years
E 40% m 18 - 44 years
(=18
30%
20%
10%
0%
African American White Asian
Race

Figure 3 Distribution of 'Age of Consent' for cases.
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Table 3 Association between marital status and risk of PTB in African American women.

Current Marital Status Cases Controls P-value

Never Married 283 (56.49%) 726 (54.92%)  0.01

Married / Living with a Partner 172 (34.33%) 514 (38.88%)

Divorced / Separated / Widowed 46 (9.18%) 82 (6.20%)

Table 4 Prevalence of health insurance coverage and risk of PTB in African American women.

Health Insurance Cases Controls P-value
Yes 468 (91.05%) 1284 (93.65%) 0.03
No 46 (8.95%) 87 (6.35%)
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Table 5 Clinical characteristics associated with risk of PTB in African American women.

Variable (ncjfsezsg) (S":“;;‘(’)';) P-Value 95% CI

Mean lower Upper

Alkaline phosphatase [ Enzymatic 82.87 88.90 0.01 1.66 10.39

activity/volume] in Serum or Plasma

Basophils [#/volume] in Blood by 2.52 1.09 4.97E-03 -2.42 -0.43

Automated count

Body temperature 48.05 44.17 0.01 -6.74 -1.01

Creatinine [Mass/volume] in Serum or 0.80 0.69 2.28E-03 -0.17 -0.04

Plasma

Diastolic blood pressure 75.55 74.00 1.94E-03 -2.53 -0.57

Lymphocytes [#/volume] in Blood by 123.04 68.04 0.03 -105.73 -4.27

Automated count

MCHC [Mass/volume] by Automated 32.86 32.67 3.45E-03 -0.31 -0.06

count

Monocytes [#/volume] in Blood by 36.93 17.51 0.01 -34.90 -3.95

Automated count

Potassium [Moles/volume] in Serum 3.94 3.89 0.01 -0.09 -0.01

or Plasma

Systolic blood pressure 122.36 119.53 3.11E-05 -4.15 -1.50

Urea nitrogen [Mass/volume] in 10.17 8.90 3.44E-06 -1.80 -0.74

Serum or Plasma
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Appendix A Supplemental Content

Appendix A.1 IRB documentation

Due to the use of secondary data, an IRB was not necessary. An email from IRB support

is attached to this document (Email - IRB documentation).

34


http://d-scholarship.pitt.edu/46353/7/Email%20on%20IRB%20status%20-%20not%20necessary.pdf

Appendix A.2 Clinical characteristics

Supplementary Table 1 Initial list of clinical characteristics.

Variables

3-epi-25-Hydroxyvitamin D2 [Mass/volume] in Serum or Plasma
Alanine aminotransferase [Enzymatic activity/volume] in Serum or Plasma
Albumin [Mass/volume] in Serum or Plasma

Alkaline phosphatase [Enzymatic activity/volume] in Serum or Plasma
Ascorbate [Mass/volume] in Urine by Test strip

Aspartate aminotransferase [Enzymatic activity/volume] in Serum or Plasma
Basophils [#/volume] in Blood by Automated count

Bile acid [Moles/volume] in Serum --fasting

Bilirubin [Presence] in Urine by Confirmatory method

Bilirubin.total [Mass/volume] in Serum or Plasma

Bilirubin.total [Mass/volume] in Urine

Bilirubin.total [Mass/volume] in Urine by Automated test strip
Bilirubin.total [Mass/volume] in Urine by Test strip

Bilirubin.total [Moles/volume] in Urine

Bilirubin.total [Moles/volume] in Urine by Test strip

Blood pressure panel

Body height

Body mass index (BMI) [Ratio]

Body temperature

Body weight

Calcium [Mass/volume] in Serum or Plasma

Carbon dioxide, total [Moles/volume] in Serum or Plasma
Choriogonadotropin [Units/volume] in Urine

Choriogonadotropin.beta subunit (pregnancy test) [Presence] in Serum or Plasma
Choriogonadotropin.beta subunit (pregnancy test) [Presence] in Urine
Choriogonadotropin.beta subunit [Moles/volume] in Serum or Plasma
Choriogonadotropin.intact [Units/volume] in Serum or Plasma
Creatinine [Mass/volume] in Serum or Plasma

Diastolic blood pressure

Eosinophils [#/volume] in Blood by Automated count

Eosinophils/100 leukocytes in Blood by Automated count

Erythrocyte distribution width [Ratio] by Automated count
Erythrocytes [#/volume] in Blood by Automated count

Fibrosis stage

Glucose [Mass/volume] in Serum or Plasma

Heart rate
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Hematocrit [Volume Fraction] of Blood by Automated count
Hemoglobin [Mass/volume] in Blood

Intrinsic factor blocking Ab [Presence] in Serum

Leukocytes [#/volume] in Blood by Automated count

Liver fibrosis interpretation in Serum Qualitative
Lymphocytes [#/volume] in Blood by Automated count
Lymphocytes/100 leukocytes in Blood by Automated count
MCH [Entitic mass] by Automated count

MCHC [Mass/volume] by Automated count

MCV [Entitic volume] by Automated count

Metanephrine Free [Moles/volume] in Serum or Plasma
Monocytes [#/volume] in Blood by Automated count
Monocytes/100 leukocytes in Blood by Automated count
Necroinflammatory activity grade

Necroinflammatory activity interpretation in Serum Qualitative
Necroinflammatory activity score

Neutrophils [#/volume] in Blood by Automated count
Nitrite [Mass/volume] in Blood

Nitrite [Mass/volume] in Urine

Nitrite [Presence] in Urine

Platelet mean volume [Entitic volume] in Blood by Automated count
Platelets [#/volume] in Blood by Automated count
Potassium [Moles/volume] in Serum or Plasma

Protein [Mass/volume] in Serum or Plasma

Respiratory rate

Smudge cells [Presence] in Blood by Light microscopy
Sodium [Moles/volume] in Serum or Plasma

Systolic blood pressure

Urea nitrogen [Mass/volume] in Serum or Plasma
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Supplementary Table 2 Excluded clinical characteristics.

Variable

3-epi-25-Hydroxyvitamin D2 [Mass/volume] in Serum or Plasma
Ascorbate [Mass/volume] in Urine by Test strip

Bile acid [Moles/volume] in Serum --fasting

Bilirubin [Presence] in Urine by Confirmatory method
Bilirubin.total [Mass/volume] in Urine

Bilirubin.total [Mass/volume] in Urine by Automated test strip
Bilirubin.total [Mass/volume] in Urine by Test strip
Bilirubin.total [Moles/volume] in Urine

Bilirubin.total [Moles/volume] in Urine by Test strip

Blood pressure panel

Choriogonadotropin [Units/volume] in Urine
Choriogonadotropin.beta subunit (pregnancy test) [Presence] in Serum or

Plasma
Choriogonadotropin.beta subunit (pregnancy test) [Presence] in Urine

Choriogonadotropin.beta subunit [Moles/volume] in Serum or Plasma
Choriogonadotropin.intact [Units/volume] in Serum or Plasma
Fibrosis stage

Intrinsic factor blocking Ab [Presence] in Serum

Liver fibrosis interpretation in Serum Qualitative
Metanephrine Free [Moles/volume] in Serum or Plasma
Necroinflammatory activity grade

Necroinflammatory activity interpretation in Serum Qualitative
Necroinflammatory activity score

Nitrite [Mass/volume] in Blood

Nitrite [Mass/volume] in Urine

Nitrite [Presence] in Urine

Smudge cells [Presence] in Blood by Light microscopy

—
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Supplementary Table 3 Final clinical characteristics.

Variable

Alanine aminotransferase [Enzymatic activity/volume] in Serum or Plasma
Albumin [Mass/volume] in Serum or Plasma

Alkaline phosphatase [Enzymatic activity/volume] in Serum or Plasma
Aspartate aminotransferase [Enzymatic activity/volume] in Serum or Plasma
Basophils [#/volume] in Blood by Automated count

Bilirubin.total [Mass/volume] in Serum or Plasma

Body height

Body mass index (BMI) [Ratio]

Body temperature

Body weight

Calcium [Mass/volume] in Serum or Plasma

Carbon dioxide, total [Moles/volume] in Serum or Plasma
Creatinine [Mass/volume] in Serum or Plasma

Diastolic blood pressure

Eosinophils [#/volume] in Blood by Automated count
Eosinophils/100 leukocytes in Blood by Automated count
Erythrocyte distribution width [Ratio] by Automated count
Erythrocytes [#/volume] in Blood by Automated count

Glucose [Mass/volume] in Serum or Plasma

Heart rate

Hematocrit [Volume Fraction] of Blood by Automated count
Hemoglobin [Mass/volume] in Blood

Leukocytes [#/volume] in Blood by Automated count

Lymphocytes [#/volume] in Blood by Automated count
Lymphocytes/100 leukocytes in Blood by Automated count

MCH [Entitic mass] by Automated count

MCHC [Mass/volume] by Automated count

MCYV [Entitic volume] by Automated count

Monocytes [#/volume] in Blood by Automated count
Monocytes/100 leukocytes in Blood by Automated count
Neutrophils [#/volume] in Blood by Automated count

Platelet mean volume [Entitic volume] in Blood by Automated count
Platelets [#/volume] in Blood by Automated count

Potassium [Moles/volume] in Serum or Plasma

Protein [Mass/volume] in Serum or Plasma

Respiratory rate

Sodium [Moles/volume] in Serum or Plasma

Systolic blood pressure

Urea nitrogen [Mass/volume] in Serum or Plasma
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Appendix A.3 Results for lifestyle factors and risk of PTB

Table 6 Association between marital status and risk of PTB in African American women.

Current Marital Status Cases (%)  Controls (%) P-value
Never Married 283 (56.49%) 726 (54.92%) 0.01
Married / Living with a

172 (34.339 14 (38.889
Partner 72 (34.33%) 514 (38.88%)

Divorced / Separated /

(V) o
Widowad 46 (9.18%) 82 (6.20%)
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Table 7 Prevalence of health insurance coverage and risk of PTB in African American women.

Health Insurance  Cases (%) Controls (%) P-value

Yes 468 (91.05%) 1284 (93.65%)  0.03
No 46 (8.95%) 87 (6.35%)
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Table 8 Association between income and risk of PTB in African American women.

Annual Income  Cases (%) Controls (%) P-value
<$10K 186 (46.62%) 438 (41.99%) 0.24
$10 - $25K 79 (18.80%) 208 (19.94%)

$25K - $35K 53 (13.28%) 137 (13.14%)

$35K - $50K 33 (8.27%) 98 (9.40%)

$50K - $100K 30 (7.52%) 111 (10.64%)

>$100K 18 (4.51%) 51 (4.89%)
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Table 9 Prevalence of smoking and risk of PTB in African American women.

Smoking Frequency Cases (%) Controls (%) P-Value

Nat at all / NA 424 (80.92%) 1178 (84.14%) 0.56
Some days 30 (5.73%) 78 (5.57%)
Every day 70 (13.36%) 144 (10.29%)
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Table 10 Association between education level and risk of PTB in African American women.

Education Level: Highest Grade  Cases (%) Controls (%) P-Value

11th grade or less 65 (12.62%) 146 (10.63%) 0.64
12th grade or GED 195 (37.86%) 555 (40.39%)
College: 1-3 years 166 (32.23%) 423 (30.79%)

College Graduate 63 (12.23%) 161 (11.72%)
Advanced degree 26 (5.05%) 89 (6.48%)
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Table 11 Prevalence of alcohol intake and risk of PTB in African American women.

Alcohol: Drink Frequency Past Year  Cases (%)  Controls (%) P-Value

Never / NA 197 (38.10%) 547 (39.93%) 0.75
2 — 3 per week 27 (5.22%) 82 (5.99%)

4+ per week 14 (2.71%) 38 (2.77%)

2 — 4 per month 89 (12.21%) 221 (16.13%)
Monthly or less 190 (36.75%) 482 (35.18%)
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Table 12 Association between drug use and risk of PTB in African American women.

Recreational Drug Use Cases Controls P-Value

Marijuana use 190 (46.57%) 536 (46.21%) 0.07
None of these drugs 218 (53.43%) 624 (53.79%)
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Appendix A.4 Clinical characteristics for F-test analysis

Supplementary Table 4
Variable P-value 5% C1
lower upper
Alanine aminotransferase [Enzymatic activity/volume] in =~ 2.67E-18 0.37 0.53
Serum or Plasma
Albumin [Mass/volume] in Serum or Plasma 1.35E-03 0.63 0.89
Alkaline phosphatase [Enzymatic activity/volume] in 1.73E-04 0.62 0.86
Serum or Plasma
Aspartate aminotransferase [Enzymatic activity/volume] 5.91E-03 1.06 1.46
in Serum or Plasma
Basophils [#/volume] in Blood by Automated count 0.00 2.60 3.74
Bilirubin.total [Mass/volume] in Serum or Plasma 0.00 3.20E+11 4.45E+11
Body height 6.49E-04 1.11 1.46
Body mass index (BMI) [Ratio] 7.89E-05 1.15 1.52
Body temperature 4.68E-03 1.08 1.51
Body weight 3.96E-02 1.01 1.33
Calcium [Mass/volume] in Serum or Plasma 8.48E-05 1.16 1.58
Carbon dioxide, total [Moles/volume] in Serum or Plasma  7.33E-01 0.87 1.22
Creatinine [Mass/volume] in Serum or Plasma 0.00 23.75 32.23
Diastolic blood pressure 5.18E-10 1.34 1.76
Eosinophils [#/volume] in Blood by Automated count 3.15E-23 0.31 0.44
Eosinophils/100 leukocytes in Blood by Automated count  1.70E-20 0.37 0.51
Erythrocyte distribution width [Ratio] by Automated 6.37E-05 1.18 1.63
count
Erythrocytes [#/volume] in Blood by Automated count 9.22E-66 0.20 0.27
Glucose [Mass/volume] in Serum or Plasma 0.00 3.98E+06 5.42E+06
Heart rate 9.17E-01 0.87 1.14
Hematocrit [Volume Fraction] of Blood by Automated 1.84E-08 1.31 1.76
count
Hemoglobin [Mass/volume] in Blood 6.60E-01 0.84 1.12
Leukocytes [#/volume] in Blood by Automated count 0.00 8.54E+04 1.14E+05
Lymphocytes [#/volume] in Blood by Automated count 0.00 1.97 2.81
Lymphocytes/100 leukocytes in Blood by Automated 3.41E-71 0.15 0.21
count
MCH [Entitic mass] by Automated count 4 43E-01 0.81 1.10
MCHC [Mass/volume] by Automated count 7.93E-01 0.85 1.14
MCYV [Entitic volume] by Automated count 5.32E-01 0.83 1.11
Monocytes [#/volume] in Blood by Automated count 0.00 2.46 3.52
Monocytes/100 leukocytes in Blood by Automated count ~ 1.22E-95 0.11 0.15
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Neutrophils [#/volume] in Blood by Automated count 0.00 1.97 2.73

Platelet mean volume [Entitic volume] in Blood by 0.00 2.99E+09 4.11E+09
Automated count

Platelets [#/volume] in Blood by Automated count 1.58E-01 0.96 1.29
Potassium [Moles/volume] in Serum or Plasma 5.02E-04 1.13 1.54
Protein [Mass/volume] in Serum or Plasma 0.00 1.85 2.56
Respiratory rate 1.10E-01 0.97 1.34
Sodium [Moles/volume] in Serum or Plasma 2.55E-04 1.14 1.55
Systolic blood pressure 1.34E-11 1.41 1.88
Urea nitrogen [Mass/volume] in Serum or Plasma 0.00 3.53 4.80
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Appendix A.S Clinical characteristics for Welch t-test analysis

Supplementary Table 5 Welch t-test for clinical characteristics in African American women.

Cases  Controls o
Variable (n=529) (n=1409) P-value 5% Cl

Mean lower upper
Alanine aminotransferase [Enzymatic 22.03 22.58 0.69 -2.15 3.24
activity/volume] in Serum or Plasma
Albumin [Mass/volume] in Serum or 36.38 36.14 0.59 -1.07 0.61
Plasma
Alkaline phosphatase [Enzymatic 82.87 88.89 6.84E-03 1.66 10.39
activity/volume] in Serum or Plasma
Aspartate aminotransferase [Enzymatic ~ 25.14 23.11 0.12 -4.55 0.50
activity/volume] in Serum or Plasma
Basophils [#/volume] in Blood by 2.52 1.09 4.97E-03 -2.42 -0.43
Automated count
Bilirubin.total [Mass/volume] in Serum 8271.82 0.46 0.32 -2.45E+04  7989.04
or Plasma
Body height 163.44 164.14 0.07 -0.05 1.44
Body mass index (BMI) [Ratio] 33.24 33.23 0.98 -0.99 0.96
Body temperature 48.05 44.17 8.11E-03 -6.74 -1.01
Body weight 88.37 89.62 0.35 -1.37 3.87
Calcium [Mass/volume] in Serum or 9.03 9.07 0.18 -0.02 0.08
Plasma
Carbon dioxide, total [Moles/volume] 23.49 23.49 0.96 -0.27 0.26
in Serum or Plasma
Creatinine [Mass/volume] in Serum or 0.80 0.69 2.28E-03 -0.17 -0.04
Plasma
Diastolic blood pressure 75.55 74.00 1.94E-03 -2.53 -0.57
Eosinophils [#/volume] in Blood by 7.28 5.31 0.35 -6.10 2.15
Automated count
Eosinophils/100 leukocytes in Blood 1.67 1.57 0.31 -0.27 0.09
by Automated count
Erythrocyte distribution width [Ratio] 14.67 14.58 0.39 -0.29 0.11
by Automated count
Erythrocytes [#/volume] in Blood by 4.62 4.60 0.98 -1.14 1.11
Automated count
Glucose [Mass/volume] in Serum or 2525.41 95.01 0.32 -7.19E+03 2326.54
Plasma
Heart rate 84.28 84.41 0.77 -0.77 1.04
Hematocrit [Volume Fraction] of 34.16 34.28 0.55 -0.27 0.52
Blood by Automated count
Hemoglobin [Mass/volume] in Blood 110.66  109.01 0.07 -3.47 0.16
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Leukocytes [#/volume] in Blood by 1996.74
Automated count

Lymphocytes [#/volume] in Blood by 123.04
Automated count

Lymphocytes/100 leukocytes in Blood 24.99
by Automated count

MCH [Entitic mass] by Automated 28.24
count

MCHC [Mass/volume] by Automated 32.85
count

MCYV [Entitic volume] by Automated 85.51
count

Monocytes [#/volume] in Blood by 36.93
Automated count

Monocytes/100 leukocytes in Blood by 7.19
Automated count

Neutrophils [#/volume] in Blood by 270.87
Automated count

Platelet mean volume [Entitic volume]  3987.37
in Blood by Automated count

Platelets [#/volume] in Blood by 256.12
Automated count

Potassium [Moles/volume] in Serum or 3.94
Plasma

Protein [Mass/volume] in Serum or 7.04
Plasma

Respiratory rate 17.70
Sodium [Moles/volume] in Serum or 137.47
Plasma

Systolic blood pressure 122.35

Urea nitrogen [Mass/volume] in Serum 10.16
or Plasma
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18.17

68.04

25.66

28.05

32.67

85.44

17.50

7.53

158.39

9.85

250.86

3.89

7.04

17.61
137.53

119.53
8.89

0.32

0.03

0.39

0.18

3.45E-03

0.85

0.01

0.09

0.06

0.32

0.13

7.77E-03

0.97

0.36
0.60

3.11E-05
3.44E-06

-5.86E+03

-105.73

-0.85

-0.47

-0.31

-0.75

-34.90

-0.05

-228.99

-1.18E+04

-12.00

-0.09

-0.10

-0.28
-0.17

-4.15
-1.80

1904.19

-4.27

2.20

0.09

-0.06

0.62

-3.95

0.73

4.03

3841.31

1.47

-0.01

0.10

0.10
0.29

-1.50
-0.74



Appendix A.6 Systematic literature review

Supplementary Table 6

Article Study Population

Significant results

Engel et al. Comparison between African
(2005) American and White
participants
Nested case-control study

Erichsen et Nested case-control study

al. (2006)  African American and White
women (PTB or term) -
stratified

Frey etal.  Secondary analysis of
(2016) randomized trial
African American Women

Harmon et  Nested case-control strudy

al. (2013)  Pregnant study population of
European American and
African American women

Hongetal. Genome-wide G X E
(2017) analysis in African American
women

Predominantly found statistically significant
association between the variants of candidate
genes and risk of PTB in White subjects (TNF
[rs2800692] and LTA [rs746868])

In African American subjects, variant in /L6 is
associated with increased risk of PTB
(rs1800795)

Able to identify SNPs associated with risk of
PTB and SLC23A41/2 in White population

Not able to identify anything statistically
significant in African American population

ID's SNP related to 7 genes associated with
increased risk of PTB

PRKCA, FLTI1, MMP2, TIMP2, IL16, MMP1,
LIFR-AS1,

Most genes and their associated SNPs are
associated with risk of PTB in European
American women

2 genes appear to increase risk of PTB in both
ancestries: IL124 and CSF2

1 SNP in /L3 (rs31481) - slight increased risk of
PTB in both groups

2 genes appear to be protective for both groups:
IL124 (rs6441282, rs692890)

Identified maternal COL24A41 variant associated
with risk of PTB and obesity in AA women and
obesity (rs11161721)

Obese women carrying rs11161721-CC or
normal BMI women carrying rs11161721-AA
genotype have 2-fold increased risk of PTB

Obese women with rs11161721-AA
genotype have >50% decreased risk of PTB
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Hong et al.
(2021)

Jones et al.
(2012)

Robertson
et al. (2017)

Velez et al.
(2008)

Velez et al.
(2009)

Wang et al.
(2006)

Genome-wide G X E
analysis in African American
women from Boston Birth
cohort

Stratified comparison
between non-Hispanic White
and African American
women (mother-child pairs)

African ancestry (GWAS)

Stratified comparison
between non-Hispanic White
and African American
women (mother and fetal
DNA)

African American mother-
infant pair
Case control study

Case-control study
African American mothers
and infants

in PTPRD gene - rs35331017-11 genotype
(insertion/insertion polymorphism) = ~2=fold
increased risk of spontaneous PTB with high
stress levels in AA (replicated in other studies)

rs35331017-ID/DD genotype = decreased
risk of spontaneous PTB with high maternal
stress levels (ID/DD = insertion/deletion
polymorphism)
White subjects, /L1 and MMP9 polymorphism
associated with increased risk of sPT B
African American subjects, TNFR?2 associated
with risk of spontaneous PTB.
Focused on genes involved in the immune
system due to current pathophysiology of
PTTB.
No association between high-risk genetic
variants of APOLI

Conflicting with previous study in
NEPTUNE and CKD in Children Study who
found 4.6-fold increase of PTB in children with
high-risk variants of APOLI
Replicated previous studies that IL6 and IL6R
are associated with PTB
Look at 30 polymorphisms
No single SNPs are strongly associated with
increased risk of PTB in White mothers and
infants
in AA mothers rs4553185 for IL6R is
statistically significant with risk of PTB
Maternal genes associated with risk of PTB
(ILIRAP, IL6R, TNFRSFIB; ORs 1.69 to 2.04)
Fetal genes associated with risk of PTB (/L2RB,
MMP2, MMP9, PON2)

Infants with SERPINH1 - 656 minor T allele
have increased risk of PPROM
Due to reduced amnion leading to decrease
in tensile strength
Possibly mediated by the reduction in
Hsp47 protein - involved in collagen
stabilization of the triple helix
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