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Abstract

The U.S. is one of the few countries in the world in which maternal and infant morbidity and
mortality continues to increase, with the greatest disparities observed among non-Hispanic Black
women and their infants. Traditional explanations for disparate outcomes, such as personal health
behaviors, socioeconomic status, health literacy, and access to healthcare do not sufficiently
explain why non-Hispanic Black women continue to die at three to four times the rate of White
women during pregnancy, childbirth, or postpartum. One theory gaining prominence to explain the
magnitude of this disparity is allostatic load, or the cumulative physiological effects of stress over
the life-course. People of color disproportionally experience social, structural, and environmental
stressors that are frequently the product of historic and present-day racism. In this essay we
present the growing body of evidence implicating the role of elevated allostatic load in adverse
pregnancy outcomes among women of color. We argue that there is a moral imperative to assign
additional resources to reduce the effects of elevated allostatic load before, during, and after
pregnancy to improve the health of women and their children.
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Introduction

The United States has the undesirable distinction of being the only nation in the
Organization for Economic Cooperation and Development in which maternal and infant
morbidity and mortality have not only failed to decline but are actively rising. These deaths
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are disparately seen among women and infants of color. Non-Hispanic Black women
experience three to four times the maternal mortality rate of non-Hispanic White women and
are more than twice as likely as non-Hispanic White women to experience severe maternal
morbidity that may contribute to mortality later in life [1-3]. American Native and
Indigenous women also experience markedly elevated risk levels for maternal mortality and
morbidity while Hispanic women experience elevated rates, although less significant. In
addition to increased maternal mortality and morbidity, ethnic minority populations
experience higher rates of adverse fetal and neonatal outcomes. These outcomes include
preterm birth, fetal growth restriction, congenital abnormalities, and fetal demise [4]. While
overall rates of infant mortality have fallen steadily in the past few decades, infants born to
non-Hispanic Black women continue to die at more than twice the rate of non-Hispanic
White infants [5, 6]. By one estimate, complications arising from preterm birth/low
birthweight account for approximately 80% of this disparity in neonatal mortality [7].

Traditional Factors in Maternal-Fetal Outcomes

Historic understandings of disparities in maternal-fetal outcomes focused primarily on
health behaviors and access to quality medical care. Public health officials frequently cited
socioeconomic status, single parenthood, and health conditions such as obesity,
hypertension, poor nutrition, and controlled substance use as causes of disparate outcomes.
States also focused on factors related to access to care, such as Medicaid coverage, during
pregnancy. Expanded income eligibility for Medicaid during pregnancy is now policy in 37
states [8]. However, as monitoring of maternal-fetal outcomes improved and expanded to
cover populations other than Medicaid patients, it became increasingly clear that these
traditional explanations failed to account for the magnitude of the disparities. For example, a
recent statistical analysis found that socioeconomic status accounted for only 21.4% of the
racial gap in low birthweight and 19% of the difference in preterm birth [9]. In populations
with equal access to quality healthcare, such as members of the U.S. military, racial
disparities in pregnancy outcomes are reduced but not eliminated. Non-Hispanic Black
women receiving military medical care are still at increased risk for low birthweight,
preterm birth, and placental abruption, implicating the role of additional factors in poor
maternal-fetal outcomes among women of color [10-14]. Even now, as the scope of the
disparity is increasingly clear, many states do not have systematic registries that may
elucidate such factors and explain increasing maternal morbidity and mortality.

At every education and income level, non-Hispanic Blacks encounter higher morbidity and
mortality than any other ethnic group [15]. Indeed, non-Hispanic Black women with
graduate degrees have higher rates of severe maternal morbidity than non-Hispanic White
women who never graduated from high school [16]. Moreover, while non-Hispanic White
women experience a protective benefit against adverse birth outcomes with increased
socioeconomic status, this advantage is not observed among non-Hispanic Black women
[17, 18]. More favorable birth outcomes are also observed among foreign-born Black and
less acculturated women, despite the fact that these groups typically have lower
socioeconomic status [19-23]. This suggests that neither health literacy, access to health
insurance, nor standards of health care account for existing disparities.
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Other individual risk factors, such as increased prevalence of hypertensive disease, obesity,
and diabetes in minority women prior to pregnancy, also do not explain the magnitude of
disparities [24—-26], nor do they explain why women of color are more likely to die than non-
Hispanic White women with the same pregnancy risk-factors [27]. Similarly, alcohol
consumption during pregnancy is very slightly elevated in non-Hispanic Black women when
compared to non-Hispanic White women [28] and smoking during pregnancy is markedly
lower in Hispanic women compared to non-Hispanic White women [29]. Yet these health
behaviors do not correspond with increased morbidity among non-Hispanic White women.
Individual genetics also do not account for the significantly increased risk of preterm birth
among non-Hispanic Black women; while certain genetic polymorphisms have been
identified, their cumulative effect is small [30, 31]. Additionally, while one study found that
35.2% of variation in gestational age at birth in European Americans could be explained by
fetal genetic factors, this was true for only 3.7% of African-Americans. In contrast, variance
in gestational age at birth for African-American was twice that of European Americans, and
82.5% of this variance was attributed to environmental factors [32].

Allostatic Load as an Explanation for Maternal-Fetal Disparities

It appears, therefore, that traditional risk factors related to individual behavior and
socioeconomic status do not fully explain racial differences in reproductive outcomes [15,
33]. Alternative explanations, including potential psychosocial and environmental
mechanisms are the subject of ongoing research. This research focuses on structural factors
that impact not only individual behaviors or access — i.e. whether one individual mother
complies with folic acid supplementation or attends multiple prenatal clinic visits — but the
systemic forces that may affect outcomes on a population level. One theory gaining
increasing attention is the idea of allostatic load, or the cumulative psychological and
physiological impact of stress over the life-course. Allostatic load provides a plausible
biological mechanism that may explain how even wealth and “proper” health behaviors fail
to insulate certain groups of women against risk in pregnancy and childbirth. llustrating
this, a recent study used hierarchical clustering to analyze stressful life events preceding
delivery in a population of pregnant women, resulting in three different stressor landscape
groups: a protected stressor landscape, isolated stressor landscape, and toxic stressor
landscape. The stressor landscapes have differential impact depending on race and income.
A high income was found to be protective for White women, but not for Black and Hispanic
women. Indeed, the greatest racial disparities were observed among upper middle-class
women [34]. According to the model of allostatic load, the constant and omnipresent stress
of experiencing and combatting discrimination and inequality tied to gender and race
contributes to metabolic conditions that exacerbate existing pregnancy-related risks,
including preterm birth and other factors that contribute to infant health [35]. In contrast to
models relying on traditional factors, allostatic load explains the paradoxical findings that
pregnancy outcomes worsen with increasing education and socioeconomic status among
women of color, especially since upward mobility is associated with increased exposure to
acute and chronic discrimination [36]. Differential exposure to stress across the lifetime may
thus explain why minority populations suffer from poorer longitudinal health and higher
mortality rates, including increased adverse maternal and neonatal outcomes [35].
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Allostasis is the process of maintaining homeostasis in response to environmental stressors,
including dynamic changes in neuroendocrine and immune system activity. Physiological
responses to stress include intensifying the activity of the hypothalamic-pituitary-adrenal
(HPA) axis to increase heart rate, blood pressure, and glucose production and altering
immune system activity to prepare the body for a “fight or flight” response. Once the
stressor is removed, these systems return to baseline. These changes are intended to protect
the body from immediate harm, but when repeated or sustained inflict long-term damage
[37, 38]. Allostatic load, as coined by McEwen and Stellar in 1993 [39], describes the
cumulative “wear and tear” inflicted on the body in response to external stressors [40].
Elevated and sustained HPA activity disrupts the balance of the immune system and leads to
inflammation, the common culprit in stress-related diseases [41]. Repeated stress burden
may also lead to a reduced ability to physiologically adapt or shut down allostatic responses,
preventing the ability to withstand future stressors [37].

Allostatic load is measured by several neuroendocrine, metabolic, cardiovascular, and
inflammatory biomarkers that shift in response to a dysregulated stress response [38]. This
results in several clinical outcomes, including hypertension, cardiovascular disease, and
metabolic syndrome, all of which complicate pregnancy. Several studies have identified
correlations between elevated allostatic load and risk of preterm birth, low birthweight, and
pre-eclampsia[42-46]. As parturition is marked by a shift from anti-inflammatory to pro-
inflammatory pathways to initiate uterine contractility, membrane rupture, and placental
detachment, this suggests elevated inflammation during pregnancy due to high allostatic load
may increase risk of preterm birth [47, 48]. Allostatic load may also be inherited; animal
studies have demonstrated the transgenerational inheritance of epigenetic changes resulting
from stress exposure [49]. One study found the length of gestation was progressively
reduced in subsequent generations following maternal exposure to prenatal stress [50].
Assuming these models translate to humans, women of color may have a unique
vulnerability to pregnancy complications due to epigenetic predisposition of the racial
discrimination experienced by prior generations, as well as a dysregulated stress response
from chronic exposure to environmental stressors.

Given the scientific evidence for the effects of elevated allostatic load on pregnancy
outcomes, and thus directly on patient well-being, we argue that there is a moral imperative
to assign significant resources towards reducing allostatic load on patients and society in
general, and in the healthcare setting specifically. This is especially the case since the
evidence thus far suggests addressing traditional factors, such as individual health behaviors,
will not meaningfully reduce racial disparities in health outcomes. Focusing only on patient
rather than systemic factors also fails to take sufficient accountability for past and present
injustices including differential treatment and discrimination based on race. Here, we will
first expand on the evidence for the explanatory factor of allostatic load in prenatal and
perinatal outcomes and argue that a commitment to principles of social justice calls for
greater attention to the role of racism and elevated allostatic load in adverse pregnancy
outcomes.
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Allostatic Load and Race

Various social, structural, and environmental stressors disproportionately burden people of
color. Several studies have described the unique race-related stress experienced by African
Americans living in a predominantly White, racially stratified society [51-55]. This includes
experiences of explicit and implicit interpersonal racism and structural racism, including
racist remarks, negative interactions with law enforcement, unfair treatment by service
industry employees, and lower pay than White coworkers [56-63]. In addition, women of
color experience the impact of gender discrimination, sexual harassment, and sexism as well
as race-related discrimination, suggesting the accumulation of stress over the life-course is
intersectional. Out of all demographic groups, black women have the highest documented
allostatic load scores [64-67].

Structural racism results in inequalities in power, access, treatment quality, and
opportunities. Many American cities remain geographically segregated despite increasing
racial and ethnic population diversity [68]. These conditions are a legacy of Jim Crow laws
such as the National Housing Act of 1934 that institutionalized the redlining of minority
neighborhoods. The lack of financial investment in certain neighborhoods based on racial/
ethnic demographics prevented minority home ownership and accelerated the decline of
property values and housing deterioration and abandonment, leading to present day racial
residential segregation, economic inequality, and reduced upward mobility in cities where
redlining was practiced [69]. This has resulted in differential daily exposure to
environmental stressors associated with fewer resources, poorer infrastructure, and higher
rates of poverty, crime, and violence than exist in majority White neighborhoods [70, 71].
Residential segregation also negatively impacts health-related behaviors that may mitigate
the effects of stress, such as access to healthy food and exercise as a result of urban food
deserts and lack of neighborhood amenities, green spaces, and safety [72-78].

Black communities are also impacted by the mass incarceration of African American men,
which further contributes to disproportionate stress [79]. Having been incarcerated or having
an intimate partner who has been or is incarcerated is shown to increase a woman’s risk of
stress-related disease [80]. Mass incarceration may affect women uniquely by eliminating
their social and financial support, as incarcerated men are unlikely or unable to contribute
financially to their families [81]. Furthermore, there is a growing trend of women of color
becoming incarcerated for short periods of time during pregnancy for minor civil or criminal
infractions, a practice which disrupts access to healthcare, drains financial resources, and
disrupts family relationships [75, 82-84]. Parent incarceration, parent death, food/housing
insecurity, neighborhood violence, and racial discrimination are also known adverse
childhood experiences (ACE). ACEs are more prevalent among non-Hispanic Black and
Hispanic children and are associated with increased risk of poor health outcomes, including
pregnancy loss and preterm birth [85-93].

Allostatic Load and Pregnancy Outcome Disparities

Allostatic load provides a framework for understanding the role of differential lifetime stress
in maternal-fetal health disparities [44, 94-96]. The concept of “weathering,” first proposed
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by Geronimus in 1992, has guided exploration of how chronic stress before pregnancy may
contribute to birth outcome disparities. This hypothesis proposes that the cumulative effects
of racism, economic disadvantage, and associated stress over a Black woman’s lifetime
erodes her health and puts her at higher risk for poor obstetric outcomes with increasing age
[97]. While initially rooted in sociological observation, subsequent biological evidence
supports the cumulative effects of racial stress over the life-course; Black women are
biologically seven and a half years older than White women of the same chronological age
as measured by telomere length, with perceived stress and poverty accounting for 27% of
this difference [98].

Research into the role of chronic stress in preterm delivery supports the weathering
hypothesis, demonstrating racial disparities in preterm birth and low birthweight that
increase with maternal age, particularly for women who live in impoverished areas [99—
103]. Specifically, the association between maternal stress associated with racism and
socioeconomic disadvantage and a higher incidence of preterm birth/low birthweight in
Black women has been repeatedly demonstrated [17, 45, 104-110]. Living in segregated and
under-resourced neighborhoods is also a known factor in adverse birth outcomes [111-119].
Violent crime is the primary source of stress in many urban neighborhoods; it is also one of
the most robust neighborhood-related predictors of birthweight and pregnancy complications
[71, 120].

In addition to studies establishing a correlation between chronic stress during pregnancy and
adverse pregnancy outcomes [121-126], a growing body of research has examined the
association of allostatic load biomarkers with pregnancy outcomes. This is admittedly
challenging since normal pregnancy-related physiological changes likely prevent accurate
measurement of a woman’s true allostatic load during pregnancy [127, 128]. Consequently,
many studies must rely on allostatic load measured pre-conception or post-delivery. Timing
of allostatic load measurement may be critical; one study that did not find an association
between allostatic load and pregnancy outcomes relied on measurements collected on an
average of 6.8 years prior to pregnancy at a mean age of 13 years [129, 130]. However, a
recent study measuring allostatic load biomarkers at four months prior to pregnancy found
that a unit increase in allostatic load was associated with increased odds of preeclampsia
(62%), preterm birth (44%), and low birthweight (39%) [46]. A matched control study also
found that in early pregnancy, higher allostatic load is associated with increasing odds of
preeclampsia [131]. Using postpartum measurements, a study using National Health and
Nutrition Examination Survey data found that women with a history of low birthweight or
preterm birth had higher allostatic load compared to women with normal weight deliveries
[132]. A second study examining allostatic load at 45 weeks postpartum found a significant
association between elevated allostatic load and a composite of low birthweight,
preeclampsia, preterm birth, and gestational diabetes [133]. Measurement postpartum may
also not be indicative of its true value during pregnancy, as compromised maternal-fetal
health and parenting stress may contribute to elevated allostatic load following delivery.
Nevertheless, the data thus far indicates elevated allostatic load during pregnancy contributes
to poor maternal-fetal outcomes.
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Allostatic Load in Health Care and Unconscious Bias

Another major source of stress reported by women of color is in interacting with the health
care system and medical personnel [134-137]. Extensive research has shown that the
frequency of accessing prenatal care is significantly correlated with better birth outcomes in
both mothers and infants. However, there is significant evidence that women of color access
care during the prenatal period less than other women and that, when they do, they report
worse experience of care, contributing to additional stress and reinforcing avoidance of care
settings. These findings hold even when controlling for physical and financial barriers to
care. Women of color report negative experiences of medical care across the spectrum, but
particularly in reproductive and women’s health-specific care. Black women are more likely
to have an inappropriate hysterectomy for uterine fibroids [138]; are recommended long-
acting hormonal birth control methods despite patient preferences and symptoms [139, 140];
are more likely to report mistreatment during childbirth [141]; report that their providers
frequently used language or tones that suggest a devaluation of Black reproduction [140];
were less likely to be provided education and encouragement around breast feeding [142];
and providers were less likely to comply with birth plans or solicit consent to initiate
cesarean births [143].

The subjective experience of care can often differ from the actual content of care offered,
and in an era where there is increasing pressure to serve more patients with fewer resources,
many providers are frustrated that they are denied the ability to build deeper relationships
with patients. Nevertheless, there is considerable evidence to suggest that some forms of
differential practice based on patient race are ongoing throughout American medicine [144,
145]. Black patients are less likely to receive certain cardiac procedures[146], laparoscopic
surgical approaches [147], optimal and timely cancer care [148-151], and kidney transplant
[152, 153]. The 2018 National Healthcare Quality Report from the Agency for Healthcare
Research and Quality found that Blacks, American Indians and Alaska Natives, received
worse care for 40% of quality measures and for Hispanics, worse care for 35% of quality
measures[154]. Moreover, research shows that the higher the level of unconscious bias in
providers, the less likely they are to offer treatment to Black patients. This is reflective of a
not-inconsiderable body of research on medical students, trainees, and providers that
consistently show a bias towards White patients when considering accuracy of symptom
reporting, experience of pain versus drug seeking behavior, trust in care compliance, and
willingness to prioritize longer-term, more costly, less invasive treatment plans [134, 155—
157]. Female providers show lower levels of bias, although both female and male White
providers displayed more bias than Black providers, who test as neutral [158]. Bias and
differential treatment has a tangible impact on the health outcomes of patients. While the
evidence is mixed for positive health outcomes more generally[159], several studies indicate
that gender and race concordant care is associated with increased utilization of healthcare
and preventative screening, improved provider-patient communication, and patient
compliance with treatment plans [160-165]. Together, this data suggests that the act of
seeking medical care may be an additional stressor for women of color, potentially
contributing to rather than mitigating negative health outcomes.
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Addressing Allostatic Load in Pregnancy Care

There is thus ample evidence that women of color arrive at prenatal care at increased risk of
pregnancy complications due to factors that are not linked directly to income and education
level. These systemic factors must be addressed in concert with efforts to improve technical
aspects of medical practice and data collection [166, 167]. Accumulating evidence suggests
our approach to remediating racial health disparities must include addressing
disproportionate allostatic load as a result of racism and socioeconomic disadvantage.

Social justice frameworks are increasingly recognizing the importance of not only equal
access to quality healthcare, but an individual human right to the highest achievable physical
and mental health. The magnitude of maternal-fetal health disparities, as well as the
pervasive and systemic nature of interpersonal and structural racism, suggests the promotion
of healthy behaviors among women of color as a resilience-building strategy is not enough
to compensate for the cumulative physiological effects of increased stress prior to pregnancy.
As evidence suggests these stressors are largely beyond individual control, but are rather the
products of living in a society which places women of color at a significant disadvantage, the
remedy must be broader than placing responsibility for improved health behaviors on
individuals. This is especially the case since at-risk women may lack the psychosocial and
economic means for self-improvement. Instead, collective action is needed to address
elevated allostatic load and its underlying causes by individual medical professionals,
institutions, and by society and its legislative bodies.

Ideally, such measures would include substantive investment in public health, social
programs, and the economic advancement of the most at-risk populations. This additional
investment is consistent with principles of distributive justice and is a particularly salient
consideration given the under-resourced nature of many minority communities. It also is
likely to result in significant societal benefits, including reduction of medical costs and
increased productivity and economic contributions through advancing the health of women
and their children. Adverse pregnancy outcomes impact the health care system as a whole.
Maternal and neonatal complications are resource-intensive and result in significant
healthcare costs. Caring for mothers with preeclampsia alone costs $2.18 billion per year;
these costs are disproportionately generated by preterm births [168]. Severe maternal
morbidity more than doubles the cost of a delivery hospitalization, raising it from $4,300 to
$11,000 on average [169]. While only accounting for 8% of infant hospital stays, costs for
preterm birth and low birthweight infant admissions account for almost half of all infant
hospitalization costs and one quarter of pediatric costs in the US [170]. Stillbirths are also
associated with significant hospital costs compared to live births, requiring diagnostic tests,
additional treatments for maternal complications, and longer lengths of stay.[171]
Furthermore, women may be unable to work for a period of time after experiencing
pregnancy-related complications, imposing a financial burden on their family. The true cost
of maternal mortality is perhaps incalculable, disrupting the functioning of entire families
and communities and carrying the consequent loss of productivity [172]. Moreover, preterm
birth is associated with long-term morbidity, placing future generations at increased risk of
poor health and its related psychosocial and economic effects. From birth to early childhood
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alone, the adverse clinical sequelae associated with preterm birth is estimated to cost the
U.S. a minimum of $26.2 billion annually [173].

Failure to redress disproportionate elevated allostatic load perpetuates historic and present-
day injustices towards people of color and continues to prevent equitable health. The
evidence indicating that allostatic load may have a significant epigenetic component
suggests we are still bearing the costs of slavery and systemic discrimination. The
ramifications of these injustices will only continue to perpetuate through generations unless
we take intervening action. However, the accretion of decades of social inertia on race and
present trends suggests there is unlikely to be sufficient momentum at the legislative level.
Thus, we turn to the role of providers and their institutions in addressing racial disparities in
pregnhancy outcomes, including doing more to recognize and counter the impacts of elevated
allostatic load on pregnancy outcomes. This includes proactive attempts to reduce implicit
bias and discrimination and the courage to examine and address institutional factors that
may contribute to racial- and gender-based stress.

Elevated allostatic load is conceptualized as a chronic, lifelong condition. It is not triggered
episodically or even semi-episodically such as via low-quality care during a single
pregnancy. Nevertheless, the data are compelling that the physiological results of elevated
allostatic load may exacerbate existing pregnancy risks. The psychological and subjective
experiences of care during pregnancy may both contribute to allostatic load and provide a
disincentive to access and utilize the care necessary to compensate for it. This suggests that
pregnancy care providers need to be increasingly conscious of their role in contributing to
allostatic load during pregnancy and birth. Based on what is known about the physical
impact of race-related stressors such as interpersonal discrimination, biased encounters with
care providers may contribute to the long-term effects of allostatic load. One-third of
African Americans report that they have been discriminated against when going to a doctor
or health clinic, and one-fifth of African Americans have avoided seeking health care due to
concerns of discrimination or poor treatment [174]. In the prenatal setting, Black women
have reported perceptions that their provider made negative stereotypical assumptions about
their status regarding insurance, marriage, and substance abuse, resulting in unfair treatment
[140]. These kinds of incidents alienate women from their providers and impede the delivery
of high-quality care, which is critical to reducing outcome disparities. Explicitly biased
interactions also affect quality of care. Microaggressions by White doctors serve as a source
of race-related stress in the clinical setting, harming the patient-physician relationship and
discouraging patients from seeking medical help [175]. Bias and discrimination in the
healthcare setting violate the principle of non-maleficence, generating feelings of distrust
and animosity instead of facilitating healthy outcomes.

A current focus should also be on implementing measures to mitigate the effects of chronic
stress before, during, and after pregnancy. Improving access to social resources and fostering
community engagement may be among the most effective resilience-building strategies for
overcoming stress [71]. Historically, political willingness to invest in low-income, majority-
minority neighborhoods has been minimal due to a lack of capital and of the perceived lack
of political power in these populations [70]. We are seeing the results. Resources should be
devoted to community-based initiatives to improve access to quality healthcare. Such efforts
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should be enacted in concert and with continual feedback from the communities they serve,
so that they are not only effective, but so women and their families are treated as equal
partners in promoting the health and flourishing of their community. Specifically, the use of
community health workers, doulas, and/or community-based support groups during
pregnancy may help reduce maternal and infant morbidity and mortality [176, 177]. These
services would improve patient empowerment, access to healthcare providers, social
support, and patient education, providing tools for coping with stress and supporting
healthier pregnancies [178]. Pilot studies have demonstrated that doula support for low-
income Latina and Black women results in lower rates of preterm birth, low birthweight, and
cesarean delivery, as well as increased breastfeeding initiation and duration [179-181].
Doulas can educate patients, address issues of health literacy, and lower women’s stress
during pregnancy, labor, and delivery [182, 183]. In situations in which patients reported
trust in their prenatal provider and believed that they had a meaningful relationship,
differences in outcomes and accessing care significantly decreased, suggesting the
facilitation of continuous trusted care may lead to greater adherence and compensate for
stress accumulation prior to the clinical encounter [184, 185].

Maternal-fetal morbidity and mortality results in significant harms to women, children,
communities and society through increasing healthcare costs, decreasing productivity, and
threatening autonomy and self-determination. Devoting resources to supporting minority
women and working to counter the effects of chronic stress before, during, and after
pregnancy could greatly improve birth outcomes, narrowing the racial gap in adverse
pregnhancy outcomes. Greater understanding of allostatic load and its role in pregnancy
outcomes is needed among healthcare providers and other stakeholders, including the effects
of implicit and explicit racism on individual health. Furthermore, it is essential to prioritize
the investigation of why these disparities persist through improved data collection on
maternal and infant morbidity and mortality. This may help resist the easy narrative that
patient factors alone are the source for outcome gaps that exist on a outcomes, there are
strong moral and material incentives for countering the effects of chronic racial stress.

This work was supported by National Human Genome Research Institute grant KO1 HG009642.

References

1. Admon LK, Winkelman TNA, Zivin K, Terplan M, Mhyre JM, Dalton VK. Racial and Ethnic
Disparities in the Incidence of Severe Maternal Morbidity in the United States, 2012—-2015. Obstet
Gynecol. 2018;132:1158-1166. [PubMed: 30303912]

2. Creanga AA, Bateman BT, Kuklina EV, Callaghan WM. Racial and ethnic disparities in severe
maternal morbidity: a multistate analysis, 2008—-2010. Am J Obstet Gynecol. 2014;210:435.e1-8.
[PubMed: 24295922]

3. Petersen EE, Davis NL, Goodman D, Cox S, Mayes M J E Syverson C, Seed K et al. Vital Signs:
Pregnancy-Related Deaths, United States, 2011-2015, and Strategies for Prevention, 13 States,
2013-2017. MMWR Morb Mortal Wkly Rep. 2019;68

4. Bryant AS, Worjoloh A, Caughey AB, Washington AE. Racial/ethnic disparities in obstetric
outcomes and care: prevalence and determinants. Am J Obstet Gynecol. 2010;202:335-343.
[PubMed: 20060513]

J Racial Ethn Health Disparities. Author manuscript; available in PMC 2022 February 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Riggan et al.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Page 11

. MacDorman MF, Gregory EC. Fetal and Perinatal Mortality: United States, 2013. Natl Vital Stat

Rep. 2015;64:1-24.

. Riddell CA, Harper S, Kaufman JS. Trends in Differences in US Mortality Rates Between Black and

White Infants. JAMA Pediatr. 2017;171:911-913. [PubMed: 28672288]

. Schempf AH, Branum AM, Lukacs SL, Schoendorf KC. The contribution of preterm birth to the

Black-White infant mortality gap, 1990 and 2000. Am J Public Health. 2007;97:1255-1260.
[PubMed: 17538050]

8. Foundation KF. Status of State Medicaid Expansion Decisions: Interactive Map. 2019
. Lhila A, Long S. What is driving the black-white difference in low birthweight in the US. Health

Econ. 2012;21:301-315. [PubMed: 21294220]
Barfield WD, Wise PH, Rust FP, Rust KJ, Gould JB, Gortmaker SL. Racial disparities in outcomes
of military and civilian births in California. Arch Pediatr Adolesc Med. 1996;150:1062—1067.
[PubMed: 8859139]
Eubanks AA, Walz S, Thiel LM. Maternal risk factors and neonatal outcomes in placental
abruption among patients with equal access to health care. J Matern Fetal Neonatal Med. 20191-6.

Engelhardt KA, Hisle-Gorman E, Gorman GH, Dobson NR. Lower Preterm Birth Rates but
Persistent Racial Disparities in an Open-Access Health Care System. Mil Med. 2018;183:e570—
e575. [PubMed: 29547967]

Hatch M, Berkowitz G, Janevic T, Sloan R, Lapinski R, James T et al. Race, cardiovascular
reactivity, and preterm delivery among active-duty military women. Epidemiology. 2006;17:178—
182. [PubMed: 16477258]

Alexander GR, Baruffi G, Mor JM, Kieffer EC, Hulsey TC. Multiethnic variations in the pregnancy
outcomes of military dependents. Am J Public Health. 1993;83:1721-1725. [PubMed: 8259802]

Goffman D, Madden RC, Harrison EA, Merkatz IR, Chazotte C. Predictors of maternal mortality
and near-miss maternal morbidity. J Perinatol. 2007;27:597-601. [PubMed: 17703181]

New York City Department of Health and Mental Hygiene Bureau of Maternal IARH. Severe
Maternal Morbidity in New York City, 2008-2012. 2016

Braveman PA, Heck K, Egerter S, Marchi KS, Dominguez TP, Cubbin C et al. The role of
socioeconomic factors in Black-White disparities in preterm birth. Am J Public Health.
2015;105:694-702. [PubMed: 25211759]

Ross KM, Dunkel Schetter C, McLemore MR, Chambers BD, Paynter RA, Baer R et al.
Socioeconomic Status, Preeclampsia Risk and Gestational Length in Black and White Women. J
Racial Ethn Health Disparities. 2019;6:1182-1191. [PubMed: 31368002]

Acevedo-Garcia D, Soobader MJ, Berkman LF. The differential effect of foreign-born status on
low birth weight by race/ethnicity and education. Pediatrics. 2005;115:e20-30. [PubMed:
15629963]

Kramer MS, Ananth CV, Platt RW, Joseph KS. US Black vs White disparities in foetal growth:
physiological or pathological. Int J Epidemiol. 2006;35:1187-1195. [PubMed: 16847026]

Singh GK, Yu SM. Adverse pregnancy outcomes: differences between US- and foreign-born
women in major US racial and ethnic groups. Am J Public Health. 1996;86:837-843. [PubMed:
8659659]

David RJ, Collins JW. Differing birth weight among infants of U.S.-born blacks, African-born
blacks, and U.S.-born whites. N Engl J Med. 1997;337:1209-1214. [PubMed: 9337381]

Howard DL, Marshall SS, Kaufman JS, Savitz DA. Variations in low birth weight and preterm
delivery among blacks in relation to ancestry and nativity: New York City, 1998-2002. Pediatrics.
2006;118:€1399-405. [PubMed: 17079541]

Tanaka M, Jaamaa G, Kaiser M, Hills E, Soim A, Zhu M et al. Racial disparity in hypertensive
disorders of pregnancy in New York State: a 10-year longitudinal population-based study. Am J
Public Health. 2007;97:163-170. [PubMed: 17138931]

Bryant AS, Seely EW, Cohen A, Lieberman E. Patterns of pregnancy-related hypertension in black
and white women. Hypertens Pregnancy. 2005;24:281-290. [PubMed: 16263600]

Salihu HM, Alio AP, Wilson RE, Sharma PP, Kirby RS, Alexander GR. Obesity and extreme
obesity: new insights into the black-white disparity in neonatal mortality. Obstet Gynecol.
2008;111:1410-1416. [PubMed: 18515526]

J Racial Ethn Health Disparities. Author manuscript; available in PMC 2022 February 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Riggan et al.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

Page 12

Tucker MJ, Berg CJ, Callaghan WM, Hsia J. The Black-White disparity in pregnancy-related
mortality from 5 conditions: differences in prevalence and case-fatality rates. Am J Public Health.
2007;97:247-251. [PubMed: 17194867]

Denny CH, Acero CS, Naimi TS, Kim SY. Consumption of Alcohol Beverages and Binge Drinking
Among Pregnant Women Aged 18-44 Years - United States, 2015-2017. MMWR Morb Mortal
WKIy Rep. 2019;68:365-368. [PubMed: 31022164]

Drake P, Driscoll AK, Mathews TJ. Cigarette Smoking During Pregnancy: United States, 2016.
NCHS Data Brief. 20181-8.

Zhang G, Srivastava A, Bacelis J, Juodakis J, Jacobsson B, Muglia LJ. Genetic studies of
gestational duration and preterm birth. Best Pract Res Clin Obstet Gynaecol. 2018;52:33-47.
[PubMed: 30007778]

Anum EA, Springel EH, Shriver MD, Strauss JF. Genetic contributions to disparities in preterm
birth. Pediatr Res. 2009;65:1-9. [PubMed: 18787421]

York TP, Strauss JF, Neale MC, Eaves LJ. Racial differences in genetic and environmental risk to
preterm birth. PLoS One. 2010;5:€12391. [PubMed: 20811627]

Hummer RA. Racial differentials in infant mortality in the US: An examination of social and
health determinants. Social Forces. 1993;72:529-554.

Koning SM, Ehrenthal DB. Stressor landscapes, birth weight, and prematurity at the intersection of
race and income: Elucidating birth contexts through patterned life events. SSM Popul Health.
2019;8:100460. [PubMed: 31384659]

Beckie TM. A systematic review of allostatic load, health, and health disparities. Biol Res Nurs.
2012;14:311-346. [PubMed: 23007870]

Colen CG, Ramey DM, Cooksey EC, Williams DR. Racial disparities in health among nonpoor
African Americans and Hispanics: The role of acute and chronic discrimination. Soc Sci Med.
2018;199:167-180. [PubMed: 28571900]

McEwen BS. Protective and damaging effects of stress mediators. N Engl J Med. 1998;338:171—
179. [PubMed: 9428819]

Juster RP, McEwen BS, Lupien SJ. Allostatic load biomarkers of chronic stress and impact on
health and cognition. Neurosci Biobehav Rev. 2010;35:2-16. [PubMed: 19822172]

McEwen BS, Stellar E. Stress and the individual. Mechanisms leading to disease. Arch Intern Med.
1993;153:2093-2101. [PubMed: 8379800]

Sterling PE J Allostasis: A new paradigm to explain arousal pathology Handbook of life stress,
cognition and health. Oxford, England: John Wiley & Sons; 1988 p. 629-649.

Liu YZ, Wang YX, Jiang CL. Inflammation: The Common Pathway of Stress-Related Diseases.
Front Hum Neurosci. 2017;11:316. [PubMed: 28676747]

Burris HH, Lorch SA, Kirpalani H, Pursley DM, Elovitz MA, Clougherty JE. Racial disparities in
preterm birth in USA: a biosensor of physical and social environmental exposures. Arch Dis Child.
2019;104:931-935. [PubMed: 30850379]

Leimert KB, Olson DM. Racial Disparities in Pregnancy Outcomes: Genetics, Epigenetics, and
Allostatic Load. Current Opinion in Physiology. 2019

Olson DM, Severson EM, Verstraeten BS, Ng JW, McCreary JK, Metz GA. Allostatic Load and
Preterm Birth. Int J Mol Sci. 2015;16:29856-29874. [PubMed: 26694355]

Collins JW, David RJ, Handler A, Wall S, Andes S. Very low birthweight in African American
infants: the role of maternal exposure to interpersonal racial discrimination. Am J Public Health.
2004;94:2132-2138. [PubMed: 15569965]

Barrett ES, Vitek W, Mbowe O, Thurston SW, Legro RS, Alvero R et al. Allostatic load, a measure
of chronic physiological stress, is associated with pregnancy outcomes, but not fertility, among
women with unexplained infertility. Hum Reprod. 2018;33:1757-1766. [PubMed: 30085177]
Romero R, Dey SK, Fisher SJ. Preterm labor: one syndrome, many causes. Science.
2014,345:760-765. [PubMed: 25124429]

Shynlova O, Lee YH, Srikhajon K, Lye SJ. Physiologic uterine inflammation and labor onset:
integration of endocrine and mechanical signals. Reprod Sci. 2013;20:154-167. [PubMed:
22614625]

J Racial Ethn Health Disparities. Author manuscript; available in PMC 2022 February 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Riggan et al.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

Page 13

Scorza P, Duarte CS, Hipwell AE, Posner J, Ortin A, Canino G et al. Research Review:
Intergenerational transmission of disadvantage: epigenetics and parents’ childhoods as the first
exposure. J Child Psychol Psychiatry. 2019;60:119-132. [PubMed: 29473646]

Yao Y, Robinson AM, Zucchi FC, Robbins JC, Babenko O, Kovalchuk O et al. Ancestral exposure
to stress epigenetically programs preterm birth risk and adverse maternal and newborn outcomes.
BMC Med. 2014;12:121. [PubMed: 25286408]

Carroll G Mundane extreme environmental stress and African American families: A case for
recognizing different realities. Journal of Comparative Family Studies. 1998;29:271-284.

Griffith DM, Ellis KR, Allen JO. An intersectional approach to social determinants of stress for
African American men: men’s and women’s perspectives. Am J Mens Health. 2013;7:19S-30S.
[PubMed: 23462019]

Simons RL, Lei MK, Beach SRH, Barr AB, Simons LG, Gibbons FX et al. Discrimination,
segregation, and chronic inflammation: Testing the weathering explanation for the poor health of
Black Americans. Dev Psychol. 2018;54:1993-2006. [PubMed: 30234347]

Brody GH, Yu T, Miller GE, Chen E. Discrimination, racial identity, and cytokine levels among
African-American adolescents. J Adolesc Health. 2015;56:496-501. [PubMed: 25907649]
Beatty DL, Matthews KA, Bromberger JT, Brown C. Everyday Discrimination Prospectively
Predicts Inflammation Across 7-Years in Racially Diverse Midlife Women: Study of Women’s
Health Across the Nation. J Soc Issues. 2014;70:298-314. [PubMed: 25342861]

Bleich SN, Findling MG, Casey LS, Blendon RJ, Benson JM, SteelFisher GK et al. Discrimination
in the United States: Experiences of black Americans. Health Serv Res. 2019;54 Suppl 2:1399-
1408. [PubMed: 31663124]

Jones SCT, Anderson RE, Gaskin-Wasson AL, Sawyer BA, Applewhite K, Metzger IW. From
“crib to coffin”: Navigating coping from racism-related stress throughout the lifespan of Black
Americans. Am J Orthopsychiatry. 2020;90:267-282. [PubMed: 32105125]

Utsey SO, Ponterotto JG. Development and validation of the Index of Race-Related Stress (IRRS).
Journal of Counseling Psychology. 1996;43:490.

Merritt MM, Bennett GG, Williams RB, Edwards CL, Sollers JJ. Perceived racism and
cardiovascular reactivity and recovery to personally relevant stress. Health Psychol. 2006;25:364—
369. [PubMed: 16719608]

Richman LS, Jonassaint C. The effects of race-related stress on cortisol reactivity in the laboratory:
implications of the Duke lacrosse scandal. Annals of Behavioral Medicine. 2008;35:105-110.
[PubMed: 18347910]

Sawyer PJ, Major B, Casad BJ, Townsend SS, Mendes WB. Discrimination and the stress
response: psychological and physiological consequences of anticipating prejudice in interethnic
interactions. Am J Public Health. 2012;102:1020-1026. [PubMed: 22420818]

Lee AK, Corneille MA, Hall NM, Yancu CN, Myers M. The stressors of being young and Black:
Cardiovascular health and Black young adults. Psychol Health. 2016;31:578-591. [PubMed:
26654702]

Gooshy BJ, Malone S, Richardson EA, Cheadle JE, Williams DT. Perceived discrimination and
markers of cardiovascular risk among low-income African American youth. Am J Hum Biol.
2015;27:546-552. [PubMed: 25753652]

Geronimus AT, Hicken M, Keene D, Bound J. “Weathering” and age patterns of allostatic load
scores among blacks and whites in the United States. Am J Public Health. 2006;96:826-833.
[PubMed: 16380565]

Chyu L, Upchurch DM. Racial and ethnic patterns of allostatic load among adult women in the
United States: findings from the National Health and Nutrition Examination Survey 1999-2004. J
Womens Health (Larchmt). 2011;20:575-583. [PubMed: 21428732]

Deuster PA, Kim-Dorner SJ, Remaley AT, Poth M. Allostatic load and health status of African
Americans and whites. Am J Health Behav. 2011;35:641-653. [PubMed: 22251756]

Upchurch DM, Stein J, Greendale GA, Chyu L, Tseng CH, Huang MH et al. A Longitudinal
Investigation of Race, Socioeconomic Status, and Psychosocial Mediators of Allostatic Load in
Midlife Women: Findings From the Study of Women’s Health Across the Nation. Psychosom
Med. 2015;77:402-412. [PubMed: 25886828]

J Racial Ethn Health Disparities. Author manuscript; available in PMC 2022 February 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Riggan et al.

68.
69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

9L

Page 14

A W AE America is more diverse than ever — but still segregated. 2018

Mitchell B, Franco J. HOLC “Redlining” Maps: The persistent structure of segregation and
economic inequality. 2018

Williams DR, Collins C. Racial residential segregation: a fundamental cause of racial disparities in
health. Public Health Rep. 2001;116:404-416. [PubMed: 12042604]

Morenoff JD. Neighborhood mechanisms and the spatial dynamics of birth weight. AJS.
2003;108:976-1017. [PubMed: 14560732]

Eisenhauer E In poor health: Supermarket redlining and urban nutrition. GeoJournal. 2001;53:125-
133.

Wilson DK, Kirtland KA, Ainsworth BE, Addy CL. Socioeconomic status and perceptions of
access and safety for physical activity. Annals of Behavioral Medicine. 2004;28:20-28. [PubMed:
15249256]

Crowe J, Lacy C, Columbus Y. Barriers to food security and community stress in an urban food
desert. Urban Science. 2018;2:46.

Walker RE, Keane CR, Burke JG. Disparities and access to healthy food in the United States: A
review of food deserts literature. Health Place. 2010;16:876—884. [PubMed: 20462784]

Powell LM, Slater S, Chaloupka FJ. The relationship between community physical activity settings
and race, ethnicity and socioeconomic status. Evidence-Based Preventive Medicine. 2004;1:135-
144,

Heinrich KM, Lee RE, Regan GR, Reese-Smith JY, Howard HH, Haddock CK et al. How does the
built environment relate to body mass index and obesity prevalence among public housing
residents. American Journal of Health Promotion. 2008;22:187-194. [PubMed: 18251120]
Hannon 111 L, Sawyer P, Allman RM. Housing, the neighborhood environment, and physical
activity among older African Americans. Journal of health disparities research and practice.
2012;5:27. [PubMed: 23745172]

Wildeman C Imprisonment and infant mortality. Social Problems. 2012;59:228-257.

Massoglia M Incarceration as exposure: the prison, infectious disease, and other stress-related
illnesses. J Health Soc Behav. 2008;49:56-71. [PubMed: 18418985]

Geller A, Garfinkel I, Western B. Paternal incarceration and support for children in fragile families.
Demography. 2011;48:25-47. [PubMed: 21318455]

Watch HR. US: Devastating Impact of Jailing Mothers. 2018

Sufrin C, Kolbi-Molinas A, Roth R. Reproductive justice, health disparities and incarcerated
women in the United States. Perspectives on Sexual and Reproductive Health. 2015;47:213-219.
[PubMed: 26098183]

Health disparities and incarcerated women: a population ignored. [editorial]. Am J Public Health
2005;95(10):1679. [PubMed: 16186446]

Sacks V, Murphey D. The prevalence of adverse childhood experiences, nationally, by state, and by
race or ethnicity. 2018

Slopen N, Shonkoff JP, Albert MA, Yoshikawa H, Jacobs A, Stoltz R et al. Racial Disparities in
Child Adversity in the U.S.: Interactions With Family Immigration History and Income. Am J Prev
Med. 2016;50:47-56. [PubMed: 26342634]

Braveman P, Barclay C. Health disparities beginning in childhood: a life-course perspective.
Pediatrics. 2009;124 Suppl 3:5163-75. [PubMed: 19861467]

Mersky JP, Lee CP. Adverse childhood experiences and poor birth outcomes in a diverse, low-
income sample. BMC pregnancy and childbirth. 2019;19:387. [PubMed: 31660899]

Christiaens I, Hegadoren K, Olson DM. Adverse childhood experiences are associated with
spontaneous preterm birth: a case-control study. BMC Med. 2015;13:124. [PubMed: 26063042]
Freedman AA, Cammack AL, Temple JR, Silver RM, Dudley DJ, Stoll BJ et al. Maternal exposure
to childhood maltreatment and risk of stillbirth. Annals of epidemiology. 2017;27:459-465. e2.
[PubMed: 28755869]

Leeners B, Rath W, Block E, Gérres G. Risk factors for unfavorable pregnancy outcome in women
with adverse childhood experiences. Journal of perinatal .... 2014

J Racial Ethn Health Disparities. Author manuscript; available in PMC 2022 February 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Riggan et al.

92.

93.

94.

95.

96.

97.

98.

99.

Page 15

Hillis SD, Anda RF, Dube SR, Felitti VVJ, Marchbanks PA, Marks JS. The association between
adverse childhood experiences and adolescent pregnancy, long-term psychosocial consequences,
and fetal death. Pediatrics. 2004;113:320-327. [PubMed: 14754944]

Smith MV, Gotman N, Yonkers KA. Early Childhood Adversity and Pregnancy Outcomes. Matern
Child Health J. 2016;20:790-798. [PubMed: 26762511]

Latendresse G The interaction between chronic stress and pregnancy: preterm birth from a
biobehavioral perspective. J Midwifery Womens Health. 2009;54:8-17. [PubMed: 19114234]

Lu MC, Halfon N. Racial and ethnic disparities in birth outcomes: a life-course perspective.
Matern Child Health J. 2003;7:13-30. [PubMed: 12710797]

Shannon M, King TL, Kennedy HP. Allostasis: a theoretical framework for understanding and
evaluating perinatal health outcomes. J Obstet Gynecol Neonatal Nurs. 2007;36:125-134.
Geronimus AT. The weathering hypothesis and the health of African-American women and infants:
evidence and speculations. Ethn Dis. 1992;2:207-221. [PubMed: 1467758]

Geronimus AT, Hicken MT, Pearson JA, Seashols SJ, Brown KL, Cruz TD. Do US Black Women
Experience Stress-Related Accelerated Biological Aging?: A Novel Theory and First Population-
Based Test of Black-White Differences in Telomere Length. Hum Nat. 2010;21:19-38. [PubMed:
20436780]

Buescher PA, Mittal M. Racial disparities in birth outcomes increase with maternal age: recent data
from North Carolina. N C Med J. 2006;67:16-20. [PubMed: 16550987]

100. Geronimus AT. Black/white differences in the relationship of maternal age to birthweight: a

101.

102.

103.

104.

105.

population-based test of the weathering hypothesis. Soc Sci Med. 1996;42:589-597. [PubMed:
8643983]

Holzman C, Eyster J, Kleyn M, Messer LC, Kaufman JS, Laraia BA et al. Maternal weathering
and risk of preterm delivery. Am J Public Health. 2009;99:1864-1871. [PubMed: 19696383]
Love C, David RJ, Rankin KM, Collins JW. Exploring weathering: effects of lifelong economic
environment and maternal age on low birth weight, small for gestational age, and preterm birth in
African-American and white women. Am J Epidemiol. 2010;172:127-134. [PubMed: 20576757]
Rich-Edwards JW, Buka SL, Brennan RT, Earls F. Diverging associations of maternal age with
low birthweight for black and white mothers. Int J Epidemiol. 2003;32:83-90. [PubMed:
12690015]

Dole N, Savitz DA, Siega-Riz AM, Hertz-Picciotto I, McMahon MJ, Buekens P. Psychosocial
factors and preterm birth among African American and White women in central North Carolina.
Am J Public Health. 2004;94:1358-1365. [PubMed: 15284044]

Hogue CJ, Bremner JD. Stress model for research into preterm delivery among black women. Am
J Obstet Gynecol. 2005;192:S47-55. [PubMed: 15891712]

106. Rosenberg L, Palmer JR, Wise LA, Horton NJ, Corwin MJ. Perceptions of racial discrimination

and the risk of preterm birth. Epidemiology. 2002;13:646—652. [PubMed: 12410005]

107. Slaughter-Acey JC, Sealy-Jefferson S, Helmkamp L, Caldwell CH, Osypuk TL, Platt RW et al.

Racism in the form of micro aggressions and the risk of preterm birth among black women. Ann
Epidemiol. 2016;26:7-13.e1. [PubMed: 26549132]

108. Mustillo S, Krieger N, Gunderson EP, Sidney S, McCreath H, Kiefe CI. Self-reported experiences

of racial discrimination and Black-White differences in preterm and low-birthweight deliveries:
the CARDIA Study. Am J Public Health. 2004;94:2125-2131. [PubMed: 15569964]

109. Braveman P, Heck K, Egerter S, Dominguez TP, Rinki C, Marchi KS et al. Worry about racial

discrimination: A missing piece of the puzzle of Black-White disparities in preterm birth. PLoS
One. 2017;12:e0186151. [PubMed: 29020025]

110. Slaughter-Acey JC, Talley LM, Stevenson HC, Misra DP. Personal Versus Group Experiences of

Racism and Risk of Delivering a Small-for-Gestational Age Infant in African American Women:
a Life Course Perspective. J Urban Health. 2019;96:181-192. [PubMed: 30027428]

111. Bell JF, Zimmerman FJ, Almgren GR, Mayer JD, Huebner CE. Birth outcomes among urban

African-American women: a multilevel analysis of the role of racial residential segregation. Soc
Sci Med. 2006;63:3030-3045. [PubMed: 16997438]

J Racial Ethn Health Disparities. Author manuscript; available in PMC 2022 February 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Riggan et al.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125

126.

127.

128.

129.

130.

131.

J Racial

Page 16

Chae DH, Clouston S, Martz CD, Hatzenbuehler ML, Cooper HLF, Turpin R et al. Area racism
and birth outcomes among Blacks in the United States. Soc Sci Med. 2018;199:49-55. [PubMed:
28454665]

Chambers BD, Erausquin JT, Tanner AE, Nichols TR, Brown-Jeffy S. Testing the Association
Between Traditional and Novel Indicators of County-Level Structural Racism and Birth
Outcomes among Black and White Women. J Racial Ethn Health Disparities. 2018;5:966-977.
[PubMed: 29218496]

Kramer MR, Hogue CR. Place matters: variation in the black/white very preterm birth rate across
US metropolitan areas, 2002—-2004. Public Health Reports. 2008;123:576-585. [PubMed:
18828412]

Masi CM, Hawkley LC, Piotrowski ZH, Pickett KE. Neighborhood economic disadvantage,
violent crime, group density, and pregnancy outcomes in a diverse, urban population. Social
science & medicine. 2007;65:2440-2457. [PubMed: 17765371]

Mehra R, Boyd LM, Ickovics JR. Racial residential segregation and adverse birth outcomes: A
systematic review and meta-analysis. Soc Sci Med. 2017;191:237-250. [PubMed: 28942206]
Mendez DD, Hogan VK, Culhane JF. Institutional racism, neighborhood factors, stress, and
preterm birth. Ethn Health. 2014;19:479-499. [PubMed: 24134165]

Messer LC, Vinikoor LC, Laraia BA, Kaufman JS, Eyster J, Holzman C et al. Socioeconomic
domains and associations with preterm birth. Social science & medicine. 2008;67:1247-1257.
[PubMed: 18640759]

Osypuk TL, Acevedo-Garcia D. Are racial disparities in preterm birth larger in hypersegregated
areas. Am J Epidemiol. 2008;167:1295-1304. [PubMed: 18367470]

Zapata BC, Rebolledo A, Atalah E, Newman B, King MC. The influence of social and political
violence on the risk of pregnancy complications. Am J Public Health. 1992;82:685-690.
[PubMed: 1566947]

Hedegaard M, Henriksen TB, Secher NJ, Hatch MC, Sabroe S. Do stressful life events affect
duration of gestation and risk of preterm delivery. Epidemiology. 1996;7:339-345. [PubMed:
8793357]

Kim S, Im EO, Liu J, Ulrich C. Maternal Age Patterns of Preterm Birth: Exploring the
Moderating Roles of Chronic Stress and Race/Ethnicity. Ann Behav Med. 2020

Almeida J, Bécares L, Erbetta K, Bettegowda VR, Ahluwalia IB. Racial/Ethnic Inequities in Low
Birth Weight and Preterm Birth: The Role of Multiple Forms of Stress. Matern Child Health J.
2018;22:1154-1163. [PubMed: 29442278]

Hobel CJ, Goldstein A, Barrett ES. Psychosocial stress and pregnancy outcome. Clin Obstet
Gynecol. 2008;51:333-348. [PubMed: 18463464]

. Wadhwa PD, Entringer S, Buss C, Lu MC. The contribution of maternal stress to preterm birth:
issues and considerations. Clin Perinatol. 2011;38:351-384. [PubMed: 21890014]

Dominguez TP, Dunkel-Schetter C, Glynn LM, Hobel C, Sandman CA. Racial differences in birth
outcomes: the role of general, pregnancy, and racism stress. Health Psychol. 2008;27:194-203.
[PubMed: 18377138]

Morrison S, Shenassa ED, Mendola P, Wu T, Schoendorf K. Allostatic load may not be associated
with chronic stress in pregnant women, NHANES 1999-2006. Ann Epidemiol. 2013;23:294—
297. [PubMed: 23621995]

McKee KS, Seplaki C, Fisher S, Groth SW, Fernandez ID. Cumulative Physiologic Dysfunction
and Pregnancy: Characterization and Association with Birth Outcomes. Matern Child Health J.
2017;21:147-155. [PubMed: 27439420]

Wallace M, Harville E, Theall K, Webber L, Chen W, Berenson G. Neighborhood poverty,
allostatic load, and birth outcomes in African American and white women: findings from the
Bogalusa Heart Study. Health Place. 2013;24:260-266. [PubMed: 24184350]

Wallace M, Harville E, Theall K, Webber L, Chen W, Berenson G. Preconception biomarkers of
allostatic load and racial disparities in adverse birth outcomes: the Bogalusa Heart Study.
Paediatr Perinat Epidemiol. 2013;27:587-597. [PubMed: 24117472]

Hux VJ, Roberts JM. A potential role for allostatic load in preeclampsia. Matern Child Health J.
2015;19:591-597. [PubMed: 24939173]

Ethn Health Disparities. Author manuscript; available in PMC 2022 February 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Riggan et al.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

147

148

149

150

Page 17

Hux VJ, Catov JM, Roberts JM. Allostatic load in women with a history of low birth weight
infants: the national health and nutrition examination survey. J Womens Health (Larchmt).
2014;23:1039-1045. [PubMed: 25495368]

Accortt EE, Mirocha J, Dunkel Schetter C, Hobel CJ. Adverse Perinatal Outcomes and
Postpartum Multi-Systemic Dysregulation: Adding Vitamin D Deficiency to the Allostatic Load
Index. Matern Child Health J. 2017;21:398-406. [PubMed: 28120286]

Chapman EN, Kaatz A, Carnes M. Physicians and implicit bias: how doctors may unwittingly
perpetuate health care disparities. J Gen Intern Med. 2013;28:1504-1510. [PubMed: 23576243]

Dovidio JF, Fiske ST. Under the radar: how unexamined biases in decision-making processes in
clinical interactions can contribute to health care disparities. Am J Public Health. 2012;102:945—
952. [PubMed: 22420809]

Cooper LA, Roter DL, Carson KA, Beach MC, Sabin JA, Greenwald AG et al. The associations
of clinicians’ implicit attitudes about race with medical visit communication and patient ratings
of interpersonal care. Am J Public Health. 2012;102:979-987. [PubMed: 22420787]

Korenbrot CC, Wong ST, Stewart AL. Health promotion and psychosocial services and women’s
assessments of interpersonal prenatal care in Medicaid managed care. Matern Child Health J.
2005;9:135-149. [PubMed: 15965619]

Hakim RB, Benedict MB, Merrick NJ. Quality of care for women undergoing a hysterectomy:
effects of insurance and race/ethnicity. Am J Public Health. 2004;94:1399-1405. [PubMed:
15284050]

Thorburn S, Bogart LM. African American women and family planning services: perceptions of
discrimination. Women Health. 2005;42:23-39. [PubMed: 16418120]

Salm Ward TC, Mazul M, Ngui EM, Bridgewater FD, Harley AE. “You learn to go last”:
perceptions of prenatal care experiences among African-American women with limited incomes.
Matern Child Health J. 2013;17:1753-1759. [PubMed: 23180190]

Vedam S, Stoll K, Taiwo TK, Rubashkin N, Cheyney M, Strauss N et al. The Giving Voice to
Mothers study: inequity and mistreatment during pregnancy and childbirth in the United States.
Reprod Health. 2019;16:77. [PubMed: 31182118]

Johnson A, Kirk R, Rosenblum KL, Muzik M. Enhancing breastfeeding rates among African
American women: a systematic review of current psychosocial interventions. Breastfeed Med.
2015;10:45-62. [PubMed: 25423601]

Kogan MD, Kotelchuck M, Alexander GR, Johnson WE. Racial disparities in reported prenatal
care advice from health care providers. Am J Public Health. 1994,84:82-88. [PubMed: 8279618]

Williams DR, Wyatt R. Racial Bias in Health Care and Health: Challenges and Opportunities.
JAMA. 2015;314:555-556. [PubMed: 26262792]

Unequal treatment: confronting racial and ethnic disparities in health care. Washington, D.C.: The
National Academies Press; 2003

Kressin NR, Petersen LA. Racial differences in the use of invasive cardiovascular procedures:

review of the literature and prescription for future research. Ann Intern Med. 2001;135:352-366.

[PubMed: 11529699]

. Wood KL, Haider SF, Bui A, Leitman IM. Access to common laparoscopic general surgical
procedures: do racial disparities exist. Surg Endosc. 2020;34:1376-1386. [PubMed: 31209603]

. Nocon CC, Ajmani GS, Bhayani MK. A contemporary analysis of racial disparities in

recommended and received treatment for head and neck cancer. Cancer. 2020;126:381-389.

[PubMed: 31580491]

. Hoppe EJ, Hussain LR, Grannan KJ, Dunki-Jacobs EM, Lee DY, Wexelman BA. Racial
disparities in breast cancer persist despite early detection: analysis of treatment of stage 1 breast
cancer and effect of insurance status on disparities. Breast Cancer Res Treat. 2019;173:597-602.
[PubMed: 30390216]

. Wolf A, Alpert N, Tran BV, Liu B, Flores R, Taioli E. Persistence of racial disparities in early-
stage lung cancer treatment. J Thorac Cardiovasc Surg. 2019;157:1670-1679.e4. [PubMed:
30685165]

J Racial Ethn Health Disparities. Author manuscript; available in PMC 2022 February 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Riggan et al.

151.

152.

153.

154.
155.

156.

157.

158.

159.

160.

161.

162.

163.

164.

165.

166.

167.

168.

169.

Page 18

Chornokur G, Dalton K, Borysova ME, Kumar NB. Disparities at presentation, diagnosis,
treatment, and survival in African American men, affected by prostate cancer. Prostate.
2011;71:985-997. [PubMed: 21541975]

Saunders MR, Lee H, Alexander GC, Tak HJ, Thistlethwaite JR, Ross LF. Racial disparities in
reaching the renal transplant waitlist: is geography as important as race. Clin Transplant.
2015;29:531-538. [PubMed: 25818547]

Zhang X, Melanson TA, Plantinga LC, Basu M, Pastan SO, Mohan S et al. Racial/ethnic
disparities in waitlisting for deceased donor kidney transplantation 1 year after implementation of
the new national kidney allocation system. Am J Transplant. 2018;18:1936-1946. [PubMed:
29603644]

Quality AFHRA. 2018 National Healthcare Quality and Disparities Report. 2019

Hoffman KM, Trawalter S, Axt JR, Oliver MN. Racial bias in pain assessment and treatment
recommendations, and false beliefs about biological differences between blacks and whites. Proc
Natl Acad Sci U S A. 2016;113:4296-4301. [PubMed: 27044069]

Cuevas AG, O’brien K, Saha S. African American experiences in healthcare:“I always feel like
I’m getting skipped over”. Health Psychology. 2016;35:987. [PubMed: 27175576]

Sorkin DH, Ngo-Metzger Q, De Alba I. Racial/ethnic discrimination in health care: impact on
perceived quality of care. J Gen Intern Med. 2010;25:390-396. [PubMed: 20146022]

Sabin J, Nosek BA, Greenwald A, Rivara FP. Physicians’ implicit and explicit attitudes about race
by MD race, ethnicity, and gender. J Health Care Poor Underserved. 2009;20:896-913. [PubMed:
19648715]

Meghani SH, Brooks JM, Gipson-Jones T, Waite R, Whitfield-Harris L, Deatrick JA. Patient-
provider race-concordance: does it matter in improving minority patients’ health outcomes. Ethn
Health. 2009;14:107-130. [PubMed: 19012091]

Shen MJ, Peterson EB, Costas-Muiiiz R, Hernandez MH, Jewell ST, Matsoukas K et al. The
Effects of Race and Racial Concordance on Patient-Physician Communication: A Systematic
Review of the Literature. J Racial Ethn Health Disparities. 2018;5:117-140. [PubMed:
28275996]

LaVeist TA, Nuru-Jeter A, Jones KE. The association of doctor-patient race concordance with
health services utilization. J Public Health Policy. 2003;24:312-323. [PubMed: 15015865]

Street RL, O’Malley KJ, Cooper LA, Haidet P. Understanding concordance in patient-physician
relationships: personal and ethnic dimensions of shared identity. Ann Fam Med. 2008;6:198-205.
[PubMed: 18474881]

Traylor AH, Schmittdiel JA, Uratsu CS, Mangione CM, Subramanian U. Adherence to
cardiovascular disease medications: does patient-provider race/ethnicity and language
concordance matter. J Gen Intern Med. 2010;25:1172-1177. [PubMed: 20571929]

Jerant A, Bertakis KD, Fenton JJ, Tancredi DJ, Franks P. Patient-provider sex and race/ethnicity
concordance: a national study of healthcare and outcomes. Med Care. 2011;49:1012-1020.
[PubMed: 22002644]

Ma A, Sanchez A, Ma M. The Impact of Patient-Provider Race/Ethnicity Concordance on
Provider Visits: Updated Evidence from the Medical Expenditure Panel Survey. J Racial Ethn
Health Disparities. 2019;6:1011-1020. [PubMed: 31236800]

Chuck E ‘An Amazing First Step’: Advocates hail Congress’s maternal mortality prevention bill.
2018

American COOAG. AIM Program Awarded Millions to Expand Efforts to Reduce Maternal
Mortality and Morbidity. 2018

Stevens W, Shih T, Incerti D, Ton TGN, Lee HC, Peneva D et al. Short-term costs of preeclampsia
to the United States health care system. Am J Obstet Gynecol. 2017;217:237-248.e16. [PubMed:
28708975]

Chen HY, Chauhan SP, Blackwell SC. Severe Maternal Morbidity and Hospital Cost among
Hospitalized Deliveries in the United States. Am J Perinatol. 2018;35:1287-1296. [PubMed:
29723900]

J Racial Ethn Health Disparities. Author manuscript; available in PMC 2022 February 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Riggan et al.

170.

171.

172.

173.
174.

175.

176.

177.

178.

179.

180.

181.

182.

183.

184.

185.

Page 19

Russell RB, Green NS, Steiner CA, Meikle S, Howse JL, Poschman K et al. Cost of
hospitalization for preterm and low birth weight infants in the United States. Pediatrics.
2007;120:e1-9. [PubMed: 17606536]

Gold KJ, Sen A, Xu X. Hospital costs associated with stillbirth delivery. Matern Child Health J.
2013;17:1835-1841. [PubMed: 23242573]

Miller S, Belizadn JM. The true cost of maternal death: individual tragedy impacts family,
community and nations. Reprod Health. 2015;12:56. [PubMed: 26081494]

Institute OMUSCOUPBAAHO. Preterm Birth: Causes, Consequences, and Prevention. 2007

National Public Radio TRWJF, and Harvard TH Chan School of Public Health. Discrimination in
America: Experiences and Views of African Americans. 2017

Constantine MG. Racial microaggressions against African American clients in cross-racial
counseling relationships. Journal of Counseling Psychology. 2007;54:1.

Black Mamas Matter Alliance PWG. Advancing Holistic Maternal Care for Black Women
through Policy. Atlanta, GA: 2018

Jain JA, Temming LA, D’Alton ME, Gyamfi-Bannerman C, Tuuli M, Louis JM et al. SMFM
Special Report: Putting the “M” back in MFM: Reducing racial and ethnic disparities in maternal
morbidity and mortality: A call to action. Am J Obstet Gynecol. 2018;218:B9-B17.

Kasthurirathne SN, Mamlin BW, Purkayastha S, Cullen T. Overcoming the Maternal Care Crisis:
How Can Lessons Learnt in Global Health Informatics Address US Maternal Health Outcomes.
AMIA Annu Symp Proc. 2017;2017:1034-1043. [PubMed: 29854171]

Thomas MP, Ammann G, Brazier E, Noyes P, Maybank A. Doula Services Within a Healthy Start
Program: Increasing Access for an Underserved Population. Matern Child Health J. 2017;21:59—
64. [PubMed: 29198051]

Kozhimannil KB, Hardeman RR, Alarid-Escudero F, Vogelsang CA, Blauer-Peterson C, Howell
EA. Modeling the Cost-Effectiveness of Doula Care Associated with Reductions in Preterm Birth
and Cesarean Delivery. Birth. 2016;43:20-27. [PubMed: 26762249]

Gruber KJ, Cupito SH, Dobson CF. Impact of doulas on healthy birth outcomes. J Perinat Educ.
2013;22:49-58. [PubMed: 24381478]

Pascali-Bonaro D Childbirth education and doula care during times of stress, trauma, and
grieving. J Perinat Educ. 2003;12:1-7.

Kozhimannil KB, Vogelsang CA, Hardeman RR, Prasad S. Disrupting the Pathways of Social
Determinants of Health: Doula Support during Pregnancy and Childbirth. J Am Board Fam Med.
2016;29:308-317. [PubMed: 27170788]

Dahlem CH, Villarruel AM, Ronis DL. African American women and prenatal care: perceptions
of patient-provider interaction. West J Nurs Res. 2015;37:217-235. [PubMed: 24838492]
Sheppard VB, Zambrana RE, O’Malley AS. Providing health care to low-income women: a
matter of trust. Fam Pract. 2004;21:484-491. [PubMed: 15367469]

J Racial Ethn Health Disparities. Author manuscript; available in PMC 2022 February 01.



	Abstract
	Introduction
	Traditional Factors in Maternal-Fetal Outcomes
	Allostatic Load as an Explanation for Maternal-Fetal Disparities
	Allostatic Load and Race
	Allostatic Load and Pregnancy Outcome Disparities
	Allostatic Load in Health Care and Unconscious Bias
	Addressing Allostatic Load in Pregnancy Care
	References

