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In the US, Black women are at disproportionate risk for pregnancy-related morbidity

and mortality (PRMM). Disparities in PRMM have been tied to elevated rates of obstetric

cardiometabolic complications for Black women. Research seeking to elucidate the

determinants of Black PRMM to date have focused predominantly on risk factors

occurring during pregnancy (e.g., health risk behaviors, quantity and quality of prenatal

care, provider behaviors, and attitudes). Meanwhile, other research investigating the

developmental origins of health and disease (DOHaD) model indicates that the origins

of adult cardiometabolic health can be traced back to stress exposures occurring during

the intrauterine and early life periods. Despite the relevancy of this work to Black PRMM,

the DOHaD model has never been applied to investigate the determinants of Black

PRMM. We argue that the DOHaD model represents a compelling theoretical framework

from which to conceptualize factors that drive racial disparities PRMM. Research and

intervention working from a developmental origins orientation may help address this

urgent public health crisis of Black PRMM.

Keywords: pregnancy-related morbidity and mortality, health disparities, Black women, women’s health, race,

intergenerational transmission, developmental origins of adult disease

INTRODUCTION

Although the vast majority of Black American women experience healthy pregnancies, Black
women continue to experience unacceptably high rates of pregnancy-related morbidity and
mortality [PRMM; (1)]. Black American women are 1.5–4 times more likely to die within a year
of birth compared to other racial/ethnic groups (2). Rates of PRMM represent the “tip of the
iceberg,” and are linked to even greater numbers of women suffering from related health concerns
with implications for longevity and wellbeing (3). Furthermore, elevated rates of Black PRMM
contribute to disparities in Black infant birth and health outcomes (4). Compared to their non-
Black counterparts, Black infants are 2–3 timesmore likely to be born preterm or low birthweight or
to die within a year of birth (4). The root causes of Black PRMM are unknown, yet cardiometabolic
complications (e.g., hypertension, cardiomyopathy, preeclampsia, gestational diabetes) are known
to play a role in a majority of cases (5). The fact that cardiometabolic complications represent
a key risk mechanism underlying disparities in PRMM is salient given that Black Americans
also experience disproportionate risk for developing cardiometabolic health conditions in mid-
to late-life more generally, and begs the consideration that health disparities in PRMM and
cardiometabolic health may share common origins.
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Nevertheless, efforts to identify the determinants of these
disparities to date have focused predominantly on risk factors
occurring during pregnancy, specifically at the patient (e.g.,
sociodemographic, health knowledge and behaviors, social
supports), provider (e.g., experience, cultural competence,
communication), and system (e.g., hospital quality, health policy)
levels (6). This work has afforded important insights about
contemporaneous factors that may exacerbate risk for PRMM,
and contributes importantly to conversations about possible
proximal targets for screening and intervention. However,
insights from other research suggest that the origins of
risk for PRMM likely far predate pregnancy. In particular,
research investigating the Developmental Origins of Health
and Disease (DOHaD) model has now yielded robust evidence
that the foundations of adult health and disease—including
cardiometabolic health—can be traced back to environmental
exposures occurring during the fetal and early life years. Despite
the relevancy of this work for PRMM, this model has not yet
been applied to understand determinants of PRMM or racial
disparities therein. We discuss the utility of the DOHaD model
for identifying factors that drive Black PRMM. Elucidating
the developmental origins of Black PRMM and counteractive
resiliency factors is critically needed to address this urgent public
health crisis.

THE DEVELOPMENTAL ORIGINS OF
HEALTH AND DISEASE MODEL

The DOHaD model was first proposed to explain unexpectedly
high rates of adult cardiovascular disease in geographic regions
that were otherwise enjoying increasing prosperity [e.g., post-
war Britain from the 1950s to 1980s; (7)]. Specifically, given
that rates of cardiovascular disease were known to correspond
with socioeconomic status (SES), the fact that they were rising
steeply in regions enjoying improving social and economic
conditions was paradoxical. To investigate the reasons for
this paradox, Barker (7) launched a series of studies which
revealed that contemporaneous geographic distributions of
cardiovascular disease paralleled past geographic distributions
of infant mortality. These and related observations led Barker
and colleagues to hypothesize that the same factors that
contributed to risk for infant poor birth outcomes and mortality
also contributed latent risk for poor cardiovascular health
that would manifest years later in adulthood. This hypothesis
ultimately served the basis of what would become the DOHaD
model, which posits that the foundations of adult health and
disease are “programmed,” or shaped, by prenatal environmental
exposures (7).

Since its inception, research evaluating the DOHaDmodel has
demonstrated robust links between intrauterine exposures such
as maternal undernutrition, which is prominent in impoverished
regions, and adult cardiometabolic health (8). Within the
DOHaD literature, the prenatal environment refers to the
intrauterine milieu, and prenatal stress is defined as alterations to
the intrauterine milieu that disrupt homeostasis. For clarity, we
refer to each as the “intrauterine environment” and “intrauterine

stress” throughout. Mechanistically, intrauterine stress is thought
to prompt enduring neurobiological, metabolic, and epigenetic
alterations with implications for adult health and disease [see (9,
10) for more detailed discussions]. These alterations are thought
to promote offspring adaptation in environments consistent with
the intrauterine environment (e.g., food scarcity via maternal
undernutrition), but potentiate risk for the development of
cardiometabolic disorders later in life. For some, these alterations
can elicit homeostatic adjustments to fetal growth that can
manifest as preterm birth, low birthweight, and intrauterine
growth restriction—side effects of programming processes that
account for the correspondence of historical birth outcomes
with future cardiometabolic health (11). The DOHaD model
initially focused on the contributions of maternal undernutrition
to risk for adult cardiometabolic disease, but has since been
expanded to encompass the contributions of a broader range of
intrauterine and early life stressors ranging from psychosocial to
chemical (12).

PARADOXICAL FINDINGS ABOUT SES
AND BLACK PRMM

The prominent and sometimes unexpected roles socioeconomic
status, women’s cardiometabolic conditions, and infant birth
outcomes played in early DOHaD research bear striking parallels
to findings from research investigating Black PRMM to date.
In fact, one of the most puzzling findings about disparities
in Black PRMM is that they are most pronounced among
Black women with high SES (5, 13). Specifically, while Black
women with high SES have comparably better pregnancy-related
outcomes compared to Black women with low SES (14), Black
women with high SES are at considerably greater risk for poor
pregnancy-related outcomes compared to White women with
high or low SES (13, 15). Drawing data from the Center for
Disease Control’s Pregnancy Mortality Surveillance System from
2007 to 2016, Petersen et al. (5) reported that college-educated
Black women were 5.2 times more likely to die from pregnancy-
related complications within a year of pregnancy than college-
educated White women, and were 1.6 times more likely to die
than White women with less than a high school education. These
statistics have been personified by high-profile cases that have
appeared in popular media, in which prominent Black women
including Beyonce Knowles-Carter and Serena Williams—both
of whom have exceptionally high social and economic standing—
have shared about their own experiences with life-threatening
pregnancy-related cardiometabolic complications (16, 17). Thus,
while high SES at the time of pregnancy affords Black women
some protection from PRMM, Black women with high SES are
still at greater risk for PRMM than White women with low SES.

Whereas, high SES at the time of pregnancy does not appear
to explain disparities in Black PRMM, women’s mother’s SES
when women themselves were in-utero (henceforth “maternal
intrauterine SES,” MI-SES) may. Few or no studies have explicitly
examined the impact of MI-SES on PRMM. However, emergent
research has demonstrated links between MI-SES and later
birth outcomes—the latter which again often co-occurs with
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PRMM. Indeed, Black women’s own intrauterine exposure to
neighborhood deprivation was found to predict their infant
birth outcomes independent of contemporaneous neighborhood
deprivation (18). Likewise, MI-SES (i.e., women’s mothers’
education during pregnancy) has been associated with infant
birth outcomes over and above the effects of women’s pregnancy
SES [i.e., educational attainment; (19)]. Thus, and in parallel to
early observations by Barker and colleagues that distributions
of cardiovascular disease were more closely associated with
historical than contemporaneous prosperity, Black women’s MI-
SES-linked stress exposures may better explain PRMM than
socioeconomic exposures at the time of pregnancy.

Viewed from a DOHaD framework, low MI-SES may
heighten risk for PRMM by prompting the developmental
programming of foundational neurobiological and metabolic
systems that underlie adult health, including reproductive health
(see Figure 1). If programming effects secondary to such stress
exposures indeed contribute to PRMM, then low MI-SES may
help explain why high SES Black women—many who themselves
were born intomore impoverished conditions (20, 21)—continue
to experience elevated risk for PRMM despite current high
SES. Stated differently, MI-SES may program latent health risk
for PRMM irrespective of high SES at the time of pregnancy.
Consistent with this suggestion, a study that drew data from
the Illinois transgenerational birth file yielded findings that
although Black women with upward socioeconomic mobility
(i.e., higher SES than their mothers when women were in-utero)
had better pregnancy outcomes than Black women without, these
benefits did not extend to women who themselves were born
low birthweight (14). Remembering again that low birthweight
is thought to represent an indicator of intrauterine programming
processes (11), these findings align with the DOHaD model, and
suggest that health advantages associated with upward economic
mobility are more limited for Black women who themselves
were impacted by developmental programming in-utero. In sum,
compelling evidence suggests MI-SES may account for racial
disparities in Black PRMM in a manner consistent with the
DOHaD model. Efforts to integrate insights from DOHaD may
prove fruitful for elucidating the mechanisms through which
health disparities are perpetuated across generations.

CHARACTERIZING STRESS EXPOSURES
AMONG BLACK WOMEN

Although early DOHaD research focused primarily on
intrauterine exposure to maternal undernutrition as a
contributor to adult health, maternal undernutrition is
now known to represent only one of several possible stress
exposures that can heighten risk for poor cardiometabolic
health. Research has additionally revealed that exposures that
may prompt programming processes likely extend beyond the
intrauterine exposures to also include early life exposures—
particularly during periods of marked neuroplasticity (e.g., early
childhood, adolescence). Accordingly, intrauterine and early life
stress exposures that can prompt developmental programming
processes and occur during sensitive developmental periods

FIGURE 1 | Conceptual Model of Developmental Origins of Black PRMM.

*Maternal refers to women’s biological mothers. SES, socioeconomic status;

PRMM, pregnancy-related mortality and morbidity. Programming effects as

hypothesized using a DOHaD framework are depicted across one generation,

but may be cyclical across generations (e.g., generation 1 PRMM may

contribute to programming of generation 2 neurobiological and metabolic

systems, etc.). Shaded (blue) backdrop corresponding to different

developmental periods indicates neuroplasticity, and degrees to which stress

exposures during those periods may prompt programming processes.

represent prime targets in need of investigation as potential
determinants of Black PRMM. We focus discussion on stress
exposures that may prompt developmental programming
consistent with the DOHaD model, but urge scholars to
simultaneously consider the resiliency factors that contribute to
the healthy pregnancies most Black women experience.

Socioeconomically-Linked Exposures
In addition to maternal undernutrition, exposure to SES-
linked intrauterine and early life stressors including poor
maternal health (i.e., women’s mothers’ health conditions,
pregnancy complications), environmental toxicants (pollutants,
heavy metals), drugs and substances (including over the
counter drugs, prescription medications, tobacco), maternal
psychosocial stress and distress, and childhood trauma and
adversity have all been implicated in programming processes
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underlying cardiometabolic health (12, 22). As we alluded to
previously, many of these SES-linked exposures have been
raised as potential risk factors underlying PRMM. However,
whereas these conceptualizations have focused on links between
contemporaneous SES-linked exposures with PRMM, insights
from the DOHaD framework urge a need to consider the role
of pre-conception (e.g., intrauterine and early life) SES-linked
exposures with PRMM, the latter which may have programmed
latent risk for adult cardiometabolic health, and correspondingly,
PRMM well before pregnancy.

Critically, SES-related exposures extend beyond the individual
level to also include neighborhood- and community-level
exposures. On average, low SES neighborhoods tend to be
fraught with material and psychosocial risk factors that may
heighten risk for intrauterine or early life exposure to each
of the aforementioned stressors, including decreased access
to quality and affordable food, health care, and education;
decreased opportunities for recreation and physical activity;
increased exposure to environmental contaminants, and lower
neighborhood safety (23). In fact, the sum of these and related
indices of neighborhood quality have been found to correspond
with healthier pregnancy outcomes (24), even when controlling
for family-level SES (25). As such, efforts to delineate the
origins of risk for PRMMmust also consider neighborhood- and
community-level systems and structures that contribute to risk
for PRMM over and above immediate impacts on family SES.

Sociopolitical Determinants
Socioeconomic and residential inequalities are further tied to
policies and practices—past and present—that have helped to
generate and maintain structural inequality. First, it is notable
that the Civil Rights Acts of 1964 and 1968—which made
racial economic and residential discrimination illegal—were
only codified into law ∼50 years ago. Prior to this time,
practices such as “redlining”—the federally-sponsored practice
of delineating neighborhoods as undesirable based on factors
including racial composition—systematically impeded capacities
for Black Americans to achieve upward economic mobility while
also contributing to the worsening conditions in majority Black
neighborhoods (26). Second, even after racial discrimination
became illegal, decades of discrimination and segregation had
already laid the groundwork for a social and economic landscape
rife with inequality. Third, although explicitly discriminatory
practices are now outlawed, more subversive forms thereof
continue to perpetuate and maintain existing inequalities
(27). Indeed, historically redlined neighborhoods have largely
remained economically impoverished and racially segregated
(26), and correspondingly are burdened by many of the
aforementioned SES-related health risks (28).

Accordingly, women living in historically redlined
neighborhoods have been found to have poorer pregnancy-
related outcomes (i.e., low birthweight) than those living in
historically desirable neighborhoods even when controlling for
women’s own sociodemographic factors and current census
tract-level poverty (25). The legacies of these and other health-
impeding policies and practices represent a critical backdrop
within which to contextualize socioeconomic and health

disparities in Black Americans. Moreover, considering that (1)
the Civil Rights Acts were only passed ∼2–3 generations ago
whenmost contemporary grandmothers and great grandmothers
themselves were in-utero—and (2) many of the stress exposures
tied to these policies and practices are cyclical across generations
(e.g., maternal pregnancy health status in one generation can
program intergenerational risk for pregnancy health status in
the subsequent generation), the DOHaD model elucidates a
mechanism through which the health implications of racist
practices and policies can reverberate across generations. The
DOHaD model additionally suggests that, without intervention,
risk for PRMM may likely be compounded across generations.
Thus, efforts to understand and address disparities in Black
PRMM and corresponding birth outcomes may be even more
urgent than currently appreciated.

Race-Related Psychosocial Determinants
The determinants of Black PRMM likely extend beyond the
transgenerational impact of low SES or poor neighborhood
conditions alone. In fact, considering the unique historical and
current events that have shaped the experience of being a
Black American today, the breadth of offending stressors is
likely more complex, nuanced, and expansive than has been
considered in DOHaD research to date. Consistent with this
suggestion, lifetime SES has been found to account for a
smaller share of variance in pregnancy-related health outcomes
for Black compared to White women (15). Additionally, risk
for adverse pregnancy-related outcomes has been found to
increase as a function of generational status, and to emerge only
among Black women who were born in or immigrated early
to the US (29). Thus, risk is more closely tied to social rather
than genetic race-related determinants. Concordantly, growing
scholarship has underscored the importance of considering the
health impacts of race-related stressors as well as of stressors
lying at the intersections of race and gender (30). These
stressors may take various forms, including teasing, bullying,
explicitly discriminatory interactions, microaggressions, and
vicarious discrimination (31, 32)—all of which may further
contribute to general feelings of unsafety (33). Race-related
psychosocial stressors are prominent across SES strata, yet may
be particularly prominent for Black women and girls with high
SES who also spend more time in settings in which they are
underrepresented (34).

Congruently, Black women with high SES have been found
to have the best birth outcomes when living in predominantly
Black neighborhoods, but the worst birth outcomes when living
in predominantly White neighborhoods (35). Similarly, Black
women with positive income incongruity (i.e., living in wealthier
neighborhoods than other Black women with comparable SES)
have been found to have healthier pregnancy outcomes when
living in predominantly Black vs. racially mixed neighborhoods
(36). To be clear, we do not take these findings to be indicative
of health benefits of racial segregation, rather to reflect longer-
standing problems associated with limited intergroup contact
(e.g., more prejudicial attitudes and behaviors) that have arisen
because of racial segregation. Instead, we raise these issues
to highlight a need for research to investigate the extent to
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which experiences of interpersonal racism and discrimination
may directly or interactively undermine Black women’s health.
Furthermore, in light of evidence suggestive of potential health
benefits secondary to residence within predominantly Black
communities, efforts to delineate the cultural and community
resiliency factors that promote health are equally critical.

DISCUSSION

In sum, rates of Black PRMM remain unacceptably high,
and efforts to elucidate and address the root causes of these
disparities is urgently needed to address this public health crisis.
Important insights have been gleaned from extant research
evaluating individual, provider, and system-level factors that
exacerbate risk for Black PRMM, yet this work has lacked an
organizing theoretical framework from which to conceptualize
the origins of Black PRMM. Striking parallels have emerged
between research investigating DOHaD and Black PRMM,
and compelling evidence suggests that the origins of Black
PRMM can be traced back to women’s intrauterine and early
life exposures. Thus, efforts to integrate insights afforded by
extant and forthcoming research within a DOHaD framework
may help to propel research investigating the determinants of
Black PRMM.

As we have started to delineate, the stressors that contribute
to Black PRMM are likely multifactorial, intergenerational, and
involve the unique interplay ofmulti-level stressors. Additionally,
multiple risk trajectories likely contribute to disparities in
Black PRMM. Greater attention to stress exposures prominent
spanning each of the putative sensitive developmental periods
(i.e., intrauterine, infancy and early childhood, adolescence)
may help to clarify the degree to which such exposures
may exert additive, multiplicative, or re-programming effects
on cardiometabolic health with significant implications for
intervention. Taken together, this research urges a need
for researchers, practitioners, and policymakers to consider
a broader array of determinants across development than
considered to date. Such efforts will likely warrant a need for

multidisciplinary investigations that can leverage insights and
methods from varied disciplines. In the interim, while research
continues to investigate determinants of Black PRMM, it may
be fruitful for practitioners to consider screening for indicators
of intrauterine programming (e.g., birthweight, preterm birth) to
help identify women with risk for PRMM.

Importantly, culturally responsive applications of the
DOHaD framework will necessarily contextualize stress
investigations within the unique historical and current
events that have shaped and continue to shape generations
of Black American lives. Finally, although we have focused
our discussion on risk processes consistent with the
DOHaD model, we cannot emphasize enough that the vast
majority of Black women experience healthy pregnancies
despite these risks. Thus, efforts to delineate the myriad
individual, family, community, and cultural strengths that
disrupt or counteract putative intrauterine and early life
programming processes represent equally important targets for
future research.
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