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Abstract

Inequalities in health outcomes impose substantial human and economic
costs on all societies—and the relation between early adversity and life-
long well-being presents a rich scientific framework for fresh thinking about
health promotion and disease prevention broadly, augmented by a deeper
focus on how racism influences disparities more specifically. This review
begins with an overview of advances in the biology of adversity and re-
silience through an early childhood lens, followed by an overview of the
unique effects of racism on health and a selective review of findings from re-
lated intervention research.This article presents a framework for addressing
multiple dimensions of the public health challenge—including institutional/
structural racism, cultural racism, and interpersonal discrimination—and
concludes with the compelling need to protect the developing brain and
other biological systems from the physiological disruptions of toxic stress
that can undermine the building blocks of optimal health and development
in the early childhood period.
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INTRODUCTION

The health and development of young children are shaped by a process of ongoing, interactive
adaptation (at the molecular, cellular, organ system, and behavioral levels) that begins at concep-
tion and extends throughout the life course.The underlying plasticity that influences that adaptive
capacity (which decreases with age) can lead to a wide range of positive or negative outcomes that
are influenced by the inextricable interactions among individual genetic predispositions and the
environments in which prenatal and postnatal development unfolds (13). Disparities in physical
and mental health impose substantial human and economic costs on societies—and the relation
between early adversity and lifelongwell-being presents a rich scientific framework for fresh think-
ing about promoting health and preventing disease broadly, augmented by a deeper focus on how
racism exacerbates inequalities more specifically.

The term toxic stress was initially formulated as one element within a conceptual taxonomy
that named two other types of stress responses in young children—positive and tolerable—based
on postulated differences in their potential to cause enduring biological disruptions (90, 112, 113).
Positive stress was defined as a physiologic response (e.g., elevated heart rate and blood pressure)
to normative stressors (e.g., dealing with frustration) that is brief and mild to moderate in mag-
nitude. Tolerable stress is associated with nonnormative experiences that present a greater degree
of hardship or threat (e.g., death of or serious illness in a family member) with the availability of
at least one protective relationship that provides a sense of safety, which facilitates the restoration
of physiologic stress responses to homeostatic baselines. Toxic stress, in contrast, is the result of
strong, frequent, or prolonged activation of stress response systems in the absence of the buffering
protection of a supportive relationship (89).When these biological disruptions persist during sen-
sitive periods of development (in the brain as well as in other biological systems) they can result
in enduring structural changes and/or physiologic dysregulations that lead to problems in learn-
ing, behavior, and both physical and mental health. Toxic stress is not defined by the source or
type of stress. It is defined by the magnitude and duration of the biological response to the stres-
sor. And the nature of that response, as well as its consequences, is influenced by the interactive
effects of environmental exposures, personal experiences, individual genetic predispositions, and
developmental timing (13).

The critical importance of efforts to address structural inequities shaped by systemic racism
and other macrolevel influences on physical and mental health is clear (134, 137). The science of
adversity and resilience suggests that greater progress in promoting health and preventing disease
at scale will also require effective strategies for addressing differential sensitivity to adversity in the
early years (13). While the scientific community continues to seek greater understanding of indi-
vidual variation, effective public health practice will require attention to decreasing developmental
plasticity over time.

The concept of critical or sensitive periods in the developing circuitry of the brain is well estab-
lished (55). Recent research on themicrobiome demonstrates that the same critical period concept
applies to the establishment of the specific bacterial species that colonize the newborn intestines
through both maternal transmission and environmental exposures, with subsequent influences on
lifelong immune function documented for respiratory, gastrointestinal, and neural systems (75).
Recent studies of plasticity and critical periods in brain development are also challenging long-
standing principles that have influenced traditional approaches to health promotion and disease
prevention. As one example, the discovery that significant adversity can accelerate the opening and
closure of critical periods for the development of fear circuitry in animal models has compelling
implications for early intervention to address the roots of health-related behaviors in humans
(18).
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EFFECTS OF EXCESSIVE ADVERSITY ON DEVELOPING
BIOLOGICAL SYSTEMS

The association between toxic stress and enduring modifications in brain structure and function
with lifelong consequences is well established (78, 79). Extensive evidence also demonstrates how
all biological systems are interconnected and influence each other’s development and function
(13).Moreover, both animal and human studies show that adversity in the prenatal period and the
first few years after birth creates a brain and a body that are more vulnerable to “second or third
hits” by physiological or psychosocial stressors that arise later in life (6, 80, 96). Although time-
limited activations of stress response systems are adaptive in a threatening early environment, the
inability to recover after the source of the stress is eliminated or reduced can result in a brain that
is stuck in a maladaptive state and may require behavioral and/or pharmacological intervention
for later depression or an anxiety disorder (80).

Although the problems presented by a brain that is stuck are typically seen as part of the normal
aging process, they can also be observed in accelerated aging that results from early adversity.
Acceleration of the aging process in childhood can be especially problematic when combined with
a stressful lifestyle in adulthood that produces circadian rhythm disruptions (e.g., from shift work)
(103), social isolation and loneliness (71), or living in a noisy, polluted environment with limited
green space (40, 66). These consequences are more likely to be long-lasting and more resistant to
treatment (e.g., for depression) when they result from significant adversity early in life (122).

Foundational neural circuits are constructed during themid to late fetal, infant, and toddler pe-
riods. These time frames reflect intervals of heightened plasticity that make the brain particularly
sensitive to the influences of systemic hormones, neural and immune feedback, and endogenous
neurochemicals on its circuitry and its responsiveness to stimuli. Growing evidence also indicates
that persistently elevated inflammation can produce lasting changes inmultiple biological systems,
which increase the risk of later impairments in both physical and mental health (90).

Some of the earliest evidence for the influence of excessive, early adversity on systemic phys-
iology is the documentation of increased obesity and elevated blood pressure in children who
experience the stresses of poverty and/or unsupportive caregiving (19, 27, 29, 41). Increased sys-
temic and neural inflammatory tone stimulated by high levels of adversity is a likely contributor
to the development of these conditions. Growing evidence suggests that a common biological re-
sponse to all forms of adversity early in life is a predisposition to a chronic proinflammatory phe-
notype, although the precise pathophysiology and causal mechanisms remain to be determined
(84). The potential impact of preventive interventions cannot be underestimated as alterations in
immune function (10) and measurable increases in inflammatory markers (83) are associated with
insulin resistance and type 2 diabetes, as well as cardiovascular disease (3, 45), chronic obstructive
pulmonary disease (139), autoimmune diseases (74), and depression (56), among other disorders.
Oxidative stress generated by inefficient, energy-generating mitochondrial function also plays a
central role in regulating inflammatory tone (98, 99).

An extensive meta-analysis investigated the association between childhood trauma and three
key inflammatory markers in adults, including 18 studies of C-reactive protein (CRP), 15 studies
of interleukin-6 (IL-6), and 10 studies of tumor necrosis factor-α (TNF-α) (7). These analyses
found a significant association between childhood trauma and each of the biomarkers studied,
with the largest effect sizes for TNF-α, followed by IL-6 and then CRP.

The potential implications of these findings for long-term health outcomes are illustrated
by the documented association between harsh treatment during childhood and a significant and
graded increase in the risk for clinically relevant serum elevations of CRP into adulthood 20 years
later (28). Evidence that excessive early adversity may be associated with epigenetic signatures in
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master regulatory genes that affect chronic inflammation suggests the future possibility that dif-
ferential susceptibility to excessive, early adversity could be addressed by epigenome screening to
identify children who are most at risk for later disease (60). An alternative approach favors the
benefits of proportionate universality, whereby intervention strategies are attuned to the needs of
the most sensitive children so that the needs of all are met.

Another area of promising investigation is the growing evidence of an association between
chronic, systemic inflammation and changes in the composition of the host-associated micro-
biome, especially in the gut and airways. Recent studies have found evidence of critical periods
in infancy when disruptions of microbial colonization of mucosal tissues can lead to persistent
defects in the development of specific immune subsets that can have lifelong impacts on physical
health (49). Isolation of specific bacterial species from the upper airway in the neonatal period
and specific bacterial community structures in the intestines during the early postneonatal pe-
riod have both been associated with an increased risk of asthma (12, 44). Specific gut microbiome
communities have also been described in children who become overweight or obese (110). Fur-
ther research on the dynamic relation between the immune system and mucosal microbes (the
so-called microbial mucosal unit) (76) is exploring whether disruptions early in life might pre-
dispose some young children to greater risk for chronic inflammatory conditions (5). Although
data in humans are currently limited, animal models have shown that early adversity may result in
microbiome effects that persist into adulthood (94). The extent to which the microbiome might
serve as an informative biological indicator of relative risk for disease or differential response to
intervention awaits further investigation.

THE UNIQUE EFFECTS OF RACISM ON HEALTH

Extensive research on the association between adversity in childhood and disparities in lifelong
health has consistently demonstrated a linear relation between the number of risk factors and
the likelihood of poor outcomes. The resulting concept of cumulative burden of risk rather than
differential weighting of specific sources of hardship or threat has led to limited attention to the
unique challenges presented by significant sources of adversity that require distinctive strategies
for preventive intervention. The impacts of maternal depression and parental substance abuse are
two examples that require specialized attention rather than generic early childhood services. The
time is long overdue to focus on the unique impacts of racism on the foundations of physical and
mental health.

The conventional designation of race or ethnicity as a risk factor for disparities in health
outcomes diverts critical attention away from systemic racism, other structural inequities, and
their deep historical roots as pernicious influences on the intergenerational transmission of stress-
related disease (121). Although interventions that build resilience in children and caregivers who
are facing adversity can lead to better individual outcomes at a program level and well-established
public health policies (e.g., food assistance) can reduce population-level inequalities, evidence also
shows that some policies (e.g., reducing air pollution through low emission zones) may actually
increase inequalities by leading to differential benefits for more advantaged communities (117).
On the basis of such observations, reducing disparities driven by social inequities will often re-
quire targeted strategies designed to improve the health of disadvantaged groups more rapidly
than the rest of the population (138). In the final analysis, achieving greater impacts at scale for
all children and families will require fresh thinking at a policy level to confront structural in-
equities that undermine the well-being of all marginalized groups—including unequal access to
opportunities in education, employment, housing, health-promoting environments, and wealth
creation. To that end, current strategies focused on access to high-quality medical care and early
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Table 1 Forms of racism that can affect physical and mental health

Forms Characteristics Examples
Institutional/structural
racism

Systemic, racial inequities
embedded within interconnected
social, political, and economic
systems that have deep historical
roots

Housing
Criminal justice
Labor markets
Education
Health care
Immigration policy

Cultural racism An ideology grounded in white
supremacy that is deeply
embedded in the language,
symbols, media and
taken-for-granted assumptions
of the larger society

Education system inequities (e.g., differences in preschool
expulsion rates)

Health care inequities (e.g., delayed diagnosis and
treatment)

Stereotype threat and internalized racism

Interpersonal
discrimination

Individual experiences in the
context of everyday social
interactions, including implicit
biases, microaggressions, and
vicarious discrimination

Experiences of unfair treatment (e.g., at work, at school,
with law enforcement)

Experiences of being threatened or harassed
Intentional or unintentional racial insults, mistreatment, or
slights

childhood programs focused on children and families are important, but they must be augmented
by a more intentional, upstream focus on the multiple ways in which structural and cultural racism
and deeply embedded patterns of discrimination create physical, social, and economic conditions
that disproportionately threaten the healthy development of children of color and their families
(111) (see Table 1).

Institutional/Structural Racism

Institutional or structural racism (used interchangeably) are terms that refer to racial discrimi-
nation embedded within interconnected social, political, and economic systems and institutions,
such as housing and labor markets, criminal justice, immigration policies, education, health care,
and the media, among others (4). In the following sections, we provide an overview of residential
segregation, the criminal justice system, and immigration policies and their effects on the health
and development of young children. Given space constraints, which do not allow a comprehen-
sive review of additional domains of influence, we selected these three manifestations of structural
racism, as each plays an important role in the intergenerational persistence of racial disparities in
health across the life course.

Residential segregation.One of the most extensively studied examples of institutional racism,
residential segregation is associated with significant differences in neighborhood quality, living
conditions, and access to opportunities that undermine health through multiple pathways (4, 109,
130, 134). Segregation limits socioeconomicmobility by reducing access to quality early childhood
services, elementary and high school education, preparation for higher education, and employ-
ment opportunities. Conditions created by concentrated poverty and residential segregation also
make it more difficult for residents to adhere to good health practices. For example, the higher
cost, poorer quality, and lower availability of healthy foods can lead to poor nutrition. Heavy
targeting of communities of color with advertising for tobacco and alcohol can encourage their
use. Limited recreation facilities and concerns about personal safety can discourage physical ac-
tivity. High concentrations of poverty increase exposure to elevated levels of economic hardship
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and other stressors at the individual, household, and neighborhood levels. Long-standing institu-
tional neglect and disinvestment in poor, segregated communities contribute to increased expo-
sure to poor-quality housing and limited investment return, criminal victimization, and weakened
community and neighborhood infrastructures that adversely affect interpersonal relationships and
trust among neighbors. And finally, segregation adversely affects both access to medical care and
the quality of care received.

Residential and occupational segregation by race affects the patterning of risk exposures in
the physical, chemical, and built environments in which families raise young children. Neighbor-
hoods with large percentages of Hispanic and black or African American (used interchangeably
in this article) residents have higher levels of economic insecurity, poor housing, and high rates
of violence than do economically comparable neighborhoods with higher proportions of whites
(85). Black women experience higher levels of exposure to environmental toxicants compared with
white women, and a broad range of harmful exposures, including air pollution, heavy metals (e.g.,
cadmium, arsenic, and lead), contaminated water, and pesticides have been associated with an in-
creased risk of poor pregnancy outcomes (85).

Stated simply, residential segregation by race in the United States has created neighborhood
conditions for many families of color that impose higher levels of adversity and more health-
damaging influences compared with those experienced by whites. Recent data from the Child
Opportunity Index ranked US neighborhoods on multiple dimensions of opportunity, including
number and quality of schools, early childhood centers, high school graduation rates, income,
employment, home ownership, green space, healthy food outlets, walkability, and pollution of air,
water, and soil (2). These data revealed that, in the 100 largest metropolitan areas in the United
States, 67% of African American, 58% of Latino, and 53% of Native American children reside in
low- or very-low-opportunity communities compared with one in five white and Asian children. In
contrast, almost two-thirds of all white and Asian children live in high- or very-high-opportunity
neighborhoods compared with 19% of African American, 23% of Latino, and 29% of Native
American children.

A national study of young adults calculated that the elimination of residential segregation
would erase black–white differences in earnings, high school graduation rates, and unemploy-
ment and reduce racial differences in single motherhood by two-thirds (26).More recent research
quantified the role of opportunity linked to place in the intergenerational transfer of economic
status (20). Analyses linking parent earnings to those of their children revealed that, controlling
for parent income, black males had lower earnings than white males in 99% of US Census tracts,
which was attributed to differential access to opportunities for socioeconomic mobility. In con-
trast, racial differences were not found in neighborhoods with good resources and opportunities,
but such contexts are relatively rare for African Americans. The documented influence of expo-
sures linked to place on child health and development underscores the need for routine inclusion
of data on geographic location in studies of children and youth (see the sidebar titled Residential
Segregation).

Structural racism and the criminal justice system.With approximately 700 per 100,000 citi-
zens incarcerated at any given time, the United States has the highest rate and largest number of
incarcerated people in the world (132). Projections further indicate that almost one of every three
black men will be incarcerated at least once in their lives, and nearly half of black women have
a close or extended family member in jail or prison (132). Since the 1970s, rates of incarceration
have increased dramatically, and significant inequalities in surveillance, prosecution, and sentenc-
ing have been associated with a tenfold increase in risk of incarceration for black men compared
with whites, disparities that are often reinforced by policies that have differentially criminalized
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RESIDENTIAL SEGREGATION

The multidimensional nature of neighborhood effects on human well-being provides a compelling framework for
fresh thinking about the impacts of residential segregation on the early childhood roots of racial disparities in
physical and mental health. Inequalities in access to well-paying jobs, nutritious food at affordable prices, high-
quality child care and education, trusted medical services, and safe communities result in significant stresses on
families of color in a segregated society. Marked discrepancies in proximity to air pollution, contaminated water,
and other environmental toxicants are particularly critical in the prenatal and early childhood periods when the
health consequences are the most serious, even at lower levels of exposure. Advances in the biology of adversity
and resilience indicate that strategies designed to promote health and prevent disease could be strengthened by
addressing neighborhood-level sources of toxic stress and physicochemical threats to developing brain function,
immune responsiveness, metabolic regulation, and other biological systems in the early childhood period.

substance abuse and mental illness (132). For example, laws that linked markedly unequal crimi-
nal penalties to an arbitrary distinction between cocaine in powder form (viewed as a high-income
white drug) versus crack cocaine (viewed as a low-income black drug) played a major role in the
dramatic increase in incarceration rates for racial minorities and strikingly longer prison sentences
(i.e., disparities of 100 to 1) for blacks compared with whites (77).

Considerable evidence indicates that adult incarceration affects the health and well-being of
children and their families, including adverse influences on prenatal health, infant and child mor-
tality, obesity, poor self-reported health in childhood and young adulthood, unhealthy behaviors
and mental health problems, and poorer school outcomes (131). Mass incarceration of adults has
increased racial disparities in children’s behavioral and mental health problems by an estimated
15–25% for externalizing problems and 24–46% for internalizing problems (131). Analyses fur-
ther suggest that the black–white gap in infant mortality would be 10% lower if mass incarceration
did not exist (131).

Structural racism and immigration policy.Growing evidence indicates that immigration poli-
cies can have adverse impacts on child and adult health through multiple pathways (47). Recent
research indicates that anti-immigrant initiatives trigger hostility that can lead to perceptions of
vulnerability, threat, and psychological distress among immigrants who are directly targeted as
well as those who are affected indirectly. For example, a study of Latinos in 38 US states found
higher rates of mental health impairments in areas with more exclusionary policies (53).

Another study following a federal immigration raid at a meat-processing plant in Iowa found
elevated rates of low birthweight only for infants born to Latina mothers in the year after the
raid compared with the previous year (92). After an Arizona law was passed that empowered local
police to stop anyone suspected of being undocumented and to detain those who lacked proof of
citizenship, a statewide study of birth outcomes found that prenatal exposure to the law resulted in
babies with lower birthweights among Latina immigrant women but no impact on birthweights
among US born white, black, or Latina women (119). Following the passage of this legislation, use
of social services and preventive health care for children decreased amongmothers of Mexican an-
cestry, with the largest declines among Latinas who were born in the United States compared with
those who were foreign born (118). Other emerging evidence suggests that anti-immigrant, anti-
Hispanic, anti-Muslim, and racist rhetoric and policies may also adversely affect birth outcomes
(48, 68) as well as child and adolescent health (39, 72).
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Cultural Racism

Cultural racism refers to an ideology that views whites as superior to blacks and other racial groups
and that is deeply embedded in the language, symbols, media, and taken-for-granted assumptions
of the larger society (137). These negative stereotypes and images of stigmatized racial groups
normalize and reinforce the ideology of racial inferiority and can initiate and sustain both institu-
tional and individual-level discrimination. An analysis of a database of American culture (including
books, newspapers, and other materials that the average college-educated American would read
in a lifetime) found that the word “black” was paired most frequently with poor, violent, religious,
lazy, cheerful, and dangerous, whereas “white” was paired most frequently with wealthy, progres-
sive, conventional, stubborn, successful, and educated (128).

Some research indicates that cultural racism contributes to bias in how students of color are
treated in school, beginning in the preschool years. For example, black preschoolers are 3.6 times
more likely than their white counterparts to receive one or more suspensions (50). Accordingly,
although black children make up 19% of the preschool population, they represent almost half
(47%) of the preschoolers suspended one or more times, with boys affected three times more than
girls. One study had 135 pre-K teachers watch 12 short videos and asked them to detect challeng-
ing behavior in the classroom, acknowledging that doing so might require detecting behaviors
before they become problematic (50). Each video featured four children (two black, two white);
teachers were asked to identify the child who would require the most attention, and eye-tracking
technology quantified time spent gazing at each child. The study found that both black and white
teachers focused more on black children, with 42% indicating that the black boys (68%more than
expected by chance) would require the most attention.

Cultural racism can also affect health in several ways. It can lead to implicit biases that result in
structures and policies that provide differential access to societal opportunities (137).Unconscious
bias at an individual level can lead to discrimination against other groups. In clinical encounters,
these processes can lead to children of color experiencing discrimination and inferior treatment
compared with whites (61, 106). A 2003 report from the Institute of Medicine concluded that
across virtually every type of diagnostic and treatment intervention, blacks and other minorities
received fewer procedures and poorer-quality medical care than did whites (58). Extensive re-
search documents the persistence of these patterns and reveals that higher implicit bias scores
among physicians are associated with biased treatment recommendations in caring for black pa-
tients (127). Providers’ implicit bias has also been linked to poorer-quality patient-provider com-
munication and lower patient evaluation of the quality of the medical encounter (25).

Stereotype threat, another manifestation of cultural racism, refers to expectations and anxi-
eties that can be activated when negative stereotypes are made salient and have an adverse effect
on children’s academic performance and psychological functioning (115). In some circumstances,
members of stigmatized groups respond to pervasive, negative racial stereotypes by accepting them
to be true.This endorsement of the dominant society’s beliefs about one’s innate or cultural inferi-
ority is called internalized racism or self-stereotyping. Research indicates that internalized racism
is associated with lower self-esteem and psychological well-being and higher levels of alcohol
consumption, depressive symptoms, and obesity (137). Identifying the earliest age at which this
internalization process can begin is essential for preventive intervention.

Interpersonal Discrimination

Growing evidence demonstrates that experiences of interpersonal discrimination adversely af-
fect health outcomes for children and youth. A 2014 review of 121 studies found that self-
reports of discrimination were associated with worse mental health (e.g., anxiety and depressive
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symptoms) and inversely associated with positive mental health (e.g., resilience, self-worth, and
self-esteem) and general well-being (e.g., life satisfaction and quality of life). Discrimination was
also positively associated with risky behaviors (e.g., alcohol use, drug use, and smoking) as well as
preterm delivery and very low birth weight (100). In one study, adjusting for racial discrimination
reduced the black–white gap in preterm delivery and low birth weight to a nonsignificant level (86).

Vicarious discrimination and child health. A recent review of 30 studies focused on the effects
of secondhand discrimination on children and youth (i.e., situations where the child was not the
direct target) and reported significant impacts on a variety of socioemotional and mental health
outcomes, although there was no standard definition of vicarious racism (54). A longitudinal study
of 704 poor black and Latina urban, teen mothers found that everyday discrimination reported
during pregnancy predicted greater inhibition/separation problems and negative emotionality in
their children at six months and at one year of age (105). Another study of 138 immigrant parents
from Mexico assessed their perceived discrimination via a daily survey for two weeks and linked
the results to behavioral outcomes in their children between 3 and 5 years of age (46). When
fathers experienced bias, both parents reported more externalizing child behaviors and mothers
reported fewer positive behaviors. When mothers reported discrimination, they reported more
externalizing child behaviors and fathers reported more internalizing behaviors. A study of 54
mother–child dyads assessed hair cortisol and salivary proinflammatory cytokines and found that
maternal discrimination was associated with increased IL-6 in children aged 4–9 years. While
this study was underpowered, it was the first to document an association between biomarkers in
young children and maternal discrimination (24). Finally, a longitudinal study of infants born in
the United Kingdom found reports of discrimination experienced by black and ethnic minority
mothers to be positively associated with child social and emotional problems six years later (8).
Baseline reports of discrimination were also positively associated with mothers’ mental health
symptoms and harsh parenting practices two years later, and both factors predicted problems in
children’s social and emotional behavior four years afterward.

Racism-related exacerbation of common stressors. Fully capturing the disproportionate im-
pacts of racism on stress-related disease requires more focused attention on the higher prevalence
of traditional risk factors in communities of color (133). The death of a loved one, for example,
is a routine item on conventional inventories of stressful life events. However, because of poorer
living and working conditions, along with earlier onset of disease and elevated rates of premature
mortality, deaths are more common among populations of color compared with whites. For ex-
ample, black children are three times more likely than their white peers to lose a mother by age
10, and black adults are more than twice as likely to lose a child by age 30 or a spouse by age 60
(124, 125). The fact that blacks experience more deaths of family and friends across the life course
and beginning early in life constitutes an added burden of stress and a major loss of the supportive
relationships that can buffer the effects of adversity on health.

Financial strain is another common stressor with a higher prevalence among black (32%),His-
panic (26%), and Native American (31%) children relative to non-Hispanic white children (11%)
(64). Enormous racial disparities in wealth in the United States (126) further exacerbate both the
stresses of low income and the consequences of economic insecurity. Poor children of color com-
pared with poor white children are also more likely to be living in neighborhoods of concentrated
economic and social disadvantage, which provide fewer formal and informal supports for upward
mobility (2).
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INTERVENTION RESEARCH AND PRIORITIES FOR FURTHER STUDY

Converging knowledge from the science of early childhood development and extensive research
on racial disparities in educational achievement and lifelong health underscore the critical need for
more effective policies and programs focused on confronting systemic, cultural, and interpersonal
racism/discrimination in the earliest years of life. Substantial evidence further indicates that well-
balanced strategies that capitalize on existing assets in families and communities of color while
addressing the unique hardships and threats that racism imposes on families with young children
will be most successful.

A comprehensive review of the full landscape of relevant early childhood programs and
policies—including family economic stability and food security (37, 88), high-quality early educa-
tion (89), and supportive interventions within the primary health care setting (9, 42)—is beyond
the scope of this article. We refer readers to recent reviews and reports (9, 37, 42, 88, 89) outlin-
ing the current evidence base and research priorities for each of these areas. This review focuses
on a selected set of key levers for interrupting intergenerational cycles of health disparities af-
fecting young children and families of color that demand greater attention and investment. This
section highlights interventions within a multilevel, ecological framework that have been tested
using robust study designs and have the potential to be scaled. In instances where data on the
developmental impacts of a promising intervention are limited for young children, we describe
findings in older samples to inform priorities for future research in the early childhood period.

Housing and Residential Segregation

Housing and neighborhood conditions have considerable potential to influence healthy devel-
opment in the prenatal and early childhood period. A number of housing-related factors can be
modified in the context of an intervention, including (a) physical or chemical hazards present
in the home (e.g., lead exposure, asthma triggers, or structural deficiencies that lead to injuries);
(b) social risks and disadvantage related to location (e.g., concentrated poverty, violence, envi-
ronmental toxicants); and (c) affordability (i.e., housing cost burden) (38, 107). Despite extensive
data documenting the influence of these issues on health, causal evidence of the positive effects of
housing-related interventions for infants and young children is extremely limited.

Notwithstanding this limited evidence base, new research focused on the early childhood pe-
riod could be informed by findings from studies of school-aged children and youth. For example,
using randomized controlled trial (RCT) designs, both the Boston site of the Moving to Oppor-
tunity (MTO) experiment (63) and the Seattle–King County Healthy Homes Project (67, 116)
documented improvements in housing conditions, asthma symptoms, and urgent health care use
for children in low-income families through different types of interventions (e.g., vouchers to relo-
cate to low-poverty neighborhoods versus community outreach workers to help residents develop
personalized intervention plans). Longer-term follow-up of MTO effects into young adulthood
indicates that impacts varied on the basis of age at the time of the intervention. Compared with
their counterparts in the control condition, children who were 13 years of age or younger when
they moved to a low-poverty neighborhood were more likely than older youth to attend college
and earn higher annual incomes and less likely to become single parents (21). This greater impact
for children who received an earlier and longer dose of an advantaged neighborhood context high-
lights the need for a developmental approach to research on housing and neighborhoods that can
investigate the influence of sensitive periods in development using refined age categories, younger
samples of children, and detailed measures of child and parent outcomes to disentangle mecha-
nisms of change. To inform future programs and more effective policies, new studies in this area
should use causally informative designs, with measurement timing and constructs based on core
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concepts of child development and science-informed understanding of how social and physical
environments affect the early biological foundations of lifelong health.

Place-Based Interventions

In contrast with housing and relocation programs that focus on individual families, place-based
strategies offer models of comprehensive community development that incorporate prevention-
oriented interventions in the communities in which families live (4, 102). These approaches have
gained support from policy makers and researchers who view interventions that target individual
children, families, and family-level behaviors as reflecting a limited vision of sustainability and
scalability, small effect sizes that fade over time, and inadequate appreciation for the social and
environmental conditions that influence health and development (30, 31). By addressing struc-
tural causes of health disparities, place-based approaches involve cross-sectoral and sustainable
collaborations that (a) are localized and sensitive to the specific geographic setting and (b) address
community-specific objectives.

A number of large-scale comprehensive, place-based interventions in the United States have
been designed to strengthen families, communities, and organizational collaborations in order to
disrupt cycles of disadvantage. Examples include the Harlem Children’s Zone (HCZ) (established
in the 1990s) (120), the FosteringHope Initiative (established in 2008) (31, 104), and theMagnolia
Place community initiative (established in 2008) (57, 108).Of these programs,HCZhas conducted
the most rigorous evaluation to date, showing that graduates of the preschool program are fully
prepared for kindergarten (52) and that attending Promise Academy charter school helped close
racial gaps in academic achievement (34, 35) as well as reduce teenage pregnancy and incarceration
of males (35).

Generating a robust evidence base for the impact of place-based approaches to promote child
development has been challenging for a variety of reasons (102). For example, this type of inter-
vention strategy may require an extended timeline to yield significant effects, as well as outcomes
that are more difficult to quantify beyond child health and academic achievement, such as commu-
nity development and capacity building, improved efficiency for accessing resources and services,
job creation, and expansion of housing options (102, 108). More extensive research on the ef-
fects of place-based interventions in the early childhood period is needed to determine whether
(or which) specific services, programs, or collaborations have a meaningful impact on the lives
of young children (73). This latter type of research can be particularly valuable to inform prior-
ities for intervention where more comprehensive agendas are not immediately feasible owing to
limited resources or other constraints.

Addressing Cultural Racism

To reduce the burdens of structural inequities on families or mitigate their effects on the health
and development of young children of color in the United States, it will be essential to confront
cultural racism (135, 136). The potential role that media could play requires greater attention. Ex-
perimental evidence from a small study shows that media can effectively counter negative stereo-
types about African Americans and lead to increases in support for policies (such as affirmative
action) that promote the well-being of out-group members (101). Further research is needed on
whether and how the presentation of counterstereotypes in media can positively influence the
beliefs and behaviors of adults and young children toward racially discordant peers (33).

Limited laboratory and field-based studies suggest promising strategies for reducing prejudices
and building support for a more equitable society for raising young children (17, 91). However, a
recent review of RCTs to reduce racial or ethnic prejudices through increased intergroup contact,
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with outcomes measured at least one day after the intervention began, concluded that racial preju-
dice is more difficult to reduce than other types of prejudice, and there is very limited evidence that
increased interracial contact is effective (95). A recent study, however, suggests that even imagined
contact can be effective in promoting positive intergroup relationships in 4–6-year-old children
(11), adding to existing evidence that age matters, as prejudice reduction following imagined con-
tact is more pronounced for school-aged children compared with adults (81). In light of findings
that preschool-aged children display racial bias and discriminatory behavior toward individuals
of color (1, 97), high-quality longitudinal research in this area is essential for informing preven-
tive interventions at the youngest possible ages and for identifying under which conditions racial
prejudice can be reduced in the adults who work with children.

Research on interventions to reduce implicit racial biases among early child care providers and
preschool teachers is clearly needed (50) and is largely absent from the peer-reviewed literature.
The study describing implicit bias against black boys among preschool teachers, described above,
makes this research gap particularly critical (50). Some RCTs, focused on college students, sug-
gest that it is possible to change implicit racial biases, but few interventions have shown sustained
effects or changes in real-world behaviors (43, 70). As a notable exception, an empathy-focused
intervention to address implicit bias in middle school math teachers halved year-long student sus-
pension rates (from 9.6% to 4.8%) and improved teacher perceptions of and respect for students
considered to be the most at risk for problems in school (93).

Finally, given the view that early childhood is an ideal time to prevent or minimize racial biases
before they become engrained (36, 65, 114), along with evidence suggesting that antibias instruc-
tion in a school setting can be effective (123), early childhood experts (32, 59, 69) and the National
Association for the Education of Young Children (87) emphasize the importance of antibias edu-
cation in child care settings. Although many early education programs incorporate a commitment
to diversity and equity in their organizational structure and daily activities, impact evaluation data
are limited. Understanding their long-term effects on behavior and determining the conditions
under which these programs are most likely to be successful are priorities for further study.

Promoting Resilience in the Face of Interpersonal Discrimination

Several programs have been developed to enhance psychological resources and reduce the negative
effects of exposure to internalized and interpersonal racism. Interventions with middle school and
college students of color suggest that resilience-focused strategies are a fruitful line of research.
For example, tested in an RCT design, a single one-hour social belonging intervention delivered
in the first year of college for African American students improved student grades, self-reported
health, and sense of belonging at the end of college (129), and the benefits continued 7–11 years
after the intervention (average age of 27 years) (14). More recently, researchers have adapted this
line of research for middle-school students (51). For example, an RCT of a social belonging inter-
vention delivered in two 30-minute sessions to black and white sixth-grade students (n= 137) was
effective in reducing concerns about being negatively stereotyped and increasing a sense of be-
longing.This intervention also produced a 65% reduction in disciplinary citations for black males,
measured through the end of high school (i.e., 7 years after the intervention), thereby closing the
black–white gap in citations by 75% (51). These results are consistent with earlier self-affirmation
interventions designed to reduce stereotype threat. For example, two randomized field experi-
ments tested the impact of a brief structured writing assignment to reaffirm sense of adequacy
and self-worth among black and white middle school students and found improved grades among
black students only, resulting in a 40% reduction in the racial achievement gap (22). Subsequent
follow-up over two years found sustained impacts on academic achievement and self-perceptions
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RESEARCH PRIORITIES

� Neighborhood and housing research using causally informative designs, with measurement timing and
constructs based on core concepts of early childhood development, is needed.

� Research on the effects of place-based interventions for early childhood outcomes would help to determine
whether (or which) specific services, programs, or collaborations have a meaningful impact on the health
and development of young children.

� We would encourage studies on whether and how the presentation of counterstereotypes in media can
positively influence the beliefs and behaviors of young children toward racially discordant peers and the
beliefs/behaviors of adults caring for young children.

� Longitudinal research is needed in the area of prejudice reduction and antibias preschool curricula to
inform preventive interventions at the youngest possible ages and to identify under what conditions racial
prejudice can be reduced among the adults who work with young children.

of abilities among the black participants, with the largest benefits for lower-achieving students at
baseline (23).

Future research is needed to understand how resilience-oriented, school-based interventions
may be effective and whether these types of intervention can have positive effects on younger chil-
dren. Research is also needed to examine whether carefully developed, family-based interventions
designed to promote resilience among minority youth [e.g., the Safe African American Families
intervention encouraging racial pride (15, 16, 82; see Reference 62 for a review)], or novel inter-
ventions focused on promoting racial and cultural socialization, can havemeaningful and sustained
effects on health and development if tailored for preschool-aged children (see the sidebar titled
Research Priorities).

CONCLUDING THOUGHTS

Significant adversity early in life can undermine the foundations of healthy development. Potential
precipitants include the socioeconomic hardships of poverty and racism; the psychosocial threats
of child maltreatment and community violence; the interpersonal challenges of maternal depres-
sion and parental addictions; the physiological disruptions of air pollution, contaminated water,
and other environmental toxicants; and the metabolic consequences of poor nutrition. None of
these conditions invariably leads to a toxic stress response, but each can be a potent predisposing
factor for lifelong impairments in both physical and mental health.

Current early childhood policies focus largely on the implications of early adversity for later
educational achievement. Grounded in developmental and behavioral research, most interven-
tions are driven by an enrichment model that focuses on providing enhanced learning experiences
for young children combined with information on child development and parenting education for
their primary caregivers. Advances in the biology of adversity and resilience point to the need for
a complementary protection model that focuses on shielding the developing brain and other bio-
logical systems (e.g., immune, cardiometabolic) from the physiological disruptions of toxic stress
that can lead to disparities in both school achievement and lifelong health.

Decades of research on adversity and resilience suggest that the number of risk factors or
sources of adversity is a stronger predictor of poor health and developmental outcomes than is a
differential weighting of specific adversities. Notwithstanding this evidence, the unique and sub-
stantial burdens that the stresses of structural, cultural, and interpersonal racism impose on the
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daily lives of families raising young children of color provide a compelling argument for rethinking
the conventional belief in the generic pile-up of adversity versus the distinctive threat of deeply
embedded social, economic, and political marginalization to physical and mental health.

The opportunity to leverage insights from the biological and social sciences, the findings of
intervention research, the expertise of policy makers and service providers, and the lived expe-
riences of families and communities presents a promising pathway forward to confront the deep
historical roots and enduring structural inequities of racism in the United States and its pernicious
influence on disparities in health outcomes and life expectancy. The striking evidence of racial and
ethnic inequalities in prevalence, complications, and mortality rates from the coronavirus disease
2019 (COVID-19) pandemic has directed increased attention to many of the persistent social and
structural inequities (e.g., overcrowded housing, front-line service jobs, unequal access to medical
care) that compromise the health and development of people of color in the United States. That
said, the relatively limited public discussion focused on the early childhood origins of many of the
chronic health conditions associated with greater morbidity and mortality fromCOVID-19 infec-
tion (e.g., obesity, hypertension, heart disease, diabetes), which are more prevalent among African
Americans, underscores the urgent need for increased attention to the scientific knowledge and
policy implications presented in this review.

Families and communities play a critical role in protecting young children from the external
stressors of racism, thereby preventing the internal, physiological disruptions of a toxic stress re-
sponse.Primary health care has a vital role to play in addressing the fundamental importance of dif-
ferential sensitivity to adversity and its implications for individualized, family-centered approaches
to strengthening the foundations of healthy development. The challenge facing the public health
community is to focus greater attention, at a societal level, on the essential need to confront the
pathogenic influences of structural and cultural racism through an early childhood lens.

DISCLOSURE STATEMENT

The authors are not aware of any affiliations, memberships, funding, or financial holdings that
might be perceived as affecting the objectivity of this review.

ACKNOWLEDGMENTS

The authors acknowledge support from theW.K.Kellogg Foundation (grant P0131281) for work
that contributed to the content of this article. At the time the manuscript was drafted, Natalie
Slopen was a faculty member in the Department of Epidemiology and Biostatistics at the Univer-
sity of Maryland, College Park.

LITERATURE CITED

1. Aboud FE, Tredoux C, Tropp LR, Brown CS, Niens U, Noor NM. 2012. Interventions to reduce prej-
udice and enhance inclusion and respect for ethnic differences in early childhood: a systematic review.
Dev. Rev. 32:307–36

2. Acevedo-Garcia D, Noelke C, McArdle N, Sofer N, Huntington N, et al. 2020. The geography of child
opportunity: why neighborhoods matter for equity. Res. Rep., Heller Sch. Soc. Policy Manag., Brandeis,
Waltham, MA. http://www.diversitydatakids.org/sites/default/files/file/ddk_the-geography-of-
child-opportunity_2020v2_0.pdf

3. Araújo JP, Lourenço P, Azevedo A, Friões F, Rocha-Gonçalves F, et al. 2009. Prognostic value of high-
sensitivity C-reactive protein in heart failure: a systematic review. J. Card. Fail. 15:256–66

4. Bailey ZD, Krieger N, Agénor M, Graves J, Linos N, Bassett MT. 2017. Structural racism and health
inequities in the USA: evidence and interventions. Lancet 389:1453–63

128 Shonkoff • Slopen • Williams

A
nn

u.
 R

ev
. P

ub
lic

 H
ea

lth
 2

02
1.

42
:1

15
-1

34
. D

ow
nl

oa
de

d 
fr

om
 w

w
w

.a
nn

ua
lr

ev
ie

w
s.

or
g

 A
cc

es
s 

pr
ov

id
ed

 b
y 

26
00

:8
80

0:
29

82
:4

90
0:

ad
7a

:1
a3

7:
ee

b3
:d

68
e 

on
 0

4/
21

/2
1.

 S
ee

 c
op

yr
ig

ht
 f

or
 a

pp
ro

ve
d 

us
e.

 

http://www.diversitydatakids.org/sites/default/files/file/ddk_the-geography-of-child-opportunity_2020v2_0.pdf


5. Baldwin JR, Arseneault L, Caspi A, Fisher HL, Moffitt TE, et al. 2018. Childhood victimization and
inflammation in young adulthood: a genetically sensitive cohort study. Brain Behav. Immun. 67:211–17

6. Bale TL. 2014. Lifetime stress experience: transgenerational epigenetics and germ cell programming.
Dialogues Clin. Neurosci. 16:297–305

7. Baumeister D,Akhtar R,Ciufolini S, Pariante C,Mondelli V. 2016.Childhood trauma and adulthood in-
flammation: a meta-analysis of peripheral C-reactive protein, interleukin-6 and tumour necrosis factor-
alpha.Mol. Psychiatry 21:642–49

8. Bécares L, Nazroo J, Kelly Y. 2015. A longitudinal examination of maternal, family, and area-level ex-
periences of racism on children’s socioemotional development: Patterns and possible explanations. Soc.
Sci. Med. 142:128–35

9. Beck AF,Cohen AJ,Colvin JD,Fichtenberg CM,Fleegler EW,et al. 2018.Perspectives from the Society
for Pediatric Research: interventions targeting social needs in pediatric clinical care. Pediatr. Res. 84:10–
21

10. Bierhaus A, Wolf J, Andrassy M, Rohleder N, Humpert PM, et al. 2003. A mechanism converting psy-
chosocial stress into mononuclear cell activation. PNAS 100:1920–25

11. BirtelMD,Di BernardoGA,Stathi S,Crisp RJ,Cadamuro A,Vezzali L. 2019. Imagining contact reduces
prejudice in preschool children. Soc. Dev. 28:1054–73

12. Bisgaard H, Hermansen MN, Buchvald F, Loland L, Halkjaer LB, et al. 2007. Childhood asthma after
bacterial colonization of the airway in neonates.N. Engl. J. Med. 357:1487–95

13. BoyceWT,Levitt P,Martinez FD,McEwen BS, Shonkoff JP. 2021.Genes, environments, and time: the
biology of adversity and resilience. Pediatrics. In press

14. Brady ST, Cohen GL, SN Jarvis, Walton GM. 2020. A brief social-belonging intervention in college
improves adult outcomes for black Americans. Sci. Adv. 6:eaay3689

15. Brody GH, Yu T, Beach SRH, Philibert RA. 2015. Prevention effects ameliorate the prospective asso-
ciation between nonsupportive parenting and diminished telomere length. Prev. Sci. 16:171–80

16. Brody GH, Yu T, Chen E, Miller GE. 2017. Family-centered prevention ameliorates the association
between adverse childhood experiences and prediabetes status in young black adults.Prev.Med.100:117–
22

17. Broockman D, Kalla J. 2016. Durably reducing transphobia: a field experiment on door-to-door can-
vassing. Science 352:220–24

18. Callaghan BL, Richardson R. 2012. The effect of adverse rearing environments on persistent memories
in young rats: removing the brakes on infant fear memories. Transl. Psychiatry 2:e138

19. Chen E, Miller GE, Yu T, Brody GH. 2018. Unsupportive parenting moderates the effects of family
psychosocial intervention on metabolic syndrome in African American youth. Int. J. Obes. 42:634–40

20. Chetty R,HendrenN, JonesMR,Porter SR. 2020.Race and economic opportunity in the United States:
an intergenerational perspective. Q. J. Econ. 135:711–83

21. Chetty R,Hendren N,Katz LF. 2016. The effects of exposure to better neighborhoods on children: new
evidence from the Moving to Opportunity experiment. Am. Econ. Rev. 106:855–902

22. Cohen GL, Garcia J, Apfel N, Master A. 2006. Reducing the racial achievement gap: a social-
psychological intervention. Science 313:1307–10

23. Cohen GL, Garcia J, Purdie-Vaughns V, Apfel N, Brzustoski P. 2009. Recursive processes in self-
affirmation: intervening to close the minority achievement gap. Science 324:400–3

24. Condon EM, Holland ML, Slade A, Redeker NS, Mayes LC, Sadler LS. 2019. Associations between
maternal experiences of discrimination and biomarkers of toxic stress in school-aged children.Matern.
Child Health J. 23:1147–51

25. Cooper LA, Roter DL, Carson KA, Beach MC, Sabin JA, et al. 2012. The associations of clinicians’
implicit attitudes about race with medical visit communication and patient ratings of interpersonal care.
Am. J. Public Health 102:979–87

26. Cutler DM, Glaeser EL. 1997. Are ghettos good or bad? Q. J. Econ. 112:827–72
27. Danese A, Dove R, Belsky DW, Henchy J, Williams B, et al. 2014. Leptin deficiency in maltreated

children. Transl. Psychiatry 4:e446
28. Danese A, Pariante CM, Caspi A, Taylor A, Poulton R. 2007. Childhood maltreatment predicts adult

inflammation in a life-course study. PNAS 104:1319–24

www.annualreviews.org • Early Adversity, Racism, and Health 129

A
nn

u.
 R

ev
. P

ub
lic

 H
ea

lth
 2

02
1.

42
:1

15
-1

34
. D

ow
nl

oa
de

d 
fr

om
 w

w
w

.a
nn

ua
lr

ev
ie

w
s.

or
g

 A
cc

es
s 

pr
ov

id
ed

 b
y 

26
00

:8
80

0:
29

82
:4

90
0:

ad
7a

:1
a3

7:
ee

b3
:d

68
e 

on
 0

4/
21

/2
1.

 S
ee

 c
op

yr
ig

ht
 f

or
 a

pp
ro

ve
d 

us
e.

 



29. Danese A,TanM. 2014.Childhood maltreatment and obesity: systematic review and meta-analysis.Mol.
Psychiatry 19:544–54

30. Dankwa-Mullan I, Pérez-Stable EJ. 2016. Addressing health disparities is a place-based issue. Am. J.
Public Health 106:637–39

31. Dean JE, Seymour JT, Rider S. 2016. Neighborhood approaches to supporting families of young chil-
dren. In Innovative Approaches to Supporting Families of Young Children, ed. CJ Shapiro, C Harper Browne,
pp. 127–42. Cham, Switz.: Springer Int.

32. Derman-Sparks L, Phillips CB. 1997. Teaching/Learning Anti-Racism: A Developmental Approach. New
York: Teach. Coll. Press

33. Dill-Shackleford KE, Ramasubramanian S, Behm-Morawitz E, Scharrer E, Burgess MC, Lemish D.
2017. Social group stories in the media and child development. Pediatrics 140:S157–61

34. Dobbie W, Fryer RG Jr. 2011. Are high-quality schools enough to increase achievement among the
poor? Evidence from the Harlem Children’s Zone. Am. Econ. J. Appl. Econ. 3:158–87

35. Dobbie W, Fryer RG Jr. 2015. The medium-term impacts of high-achieving charter schools. J. Political
Econ. 123:985–1037

36. Dore RA, Hoffman KM, Lillard AS, Trawalter S. 2014. Children’s racial bias in perceptions of others’
pain. Br. J. Dev. Psychol. 32:218–31

37. Dreyer BP. 2019. Safety net policies, child poverty, and development across the lifespan.Annu. Rev. Dev.
Psychol. 1:337–57

38. Dunn JR. 2020. Housing and healthy child development: known and potential impacts of interventions.
Annu. Rev. Public Health 41:381–96

39. Eskenazi B, Fahey CA, Kogut K, Gunier R, Torres J, et al. 2019. Association of perceived immigration
policy vulnerability with mental and physical health among US-born Latino adolescents in California.
JAMA Pediatr. 173:744–53

40. Evans GW, Gonnella C, Marcynyszyn LA, Gentile L, Salpekar N. 2005. The role of chaos in poverty
and children’s socioemotional adjustment. Psychol. Sci. 16:560–65

41. Evans GW, Wachs TD, eds. 2010. Chaos and Its Influence on Children’s Development. Washington, DC:
Am. Psychol. Assoc.

42. Fierman AH, Beck AF, Chung EK, Tschudy MM, Coker TR, et al. 2016. Redesigning health care prac-
tices to address childhood poverty. Acad. Pediatr. 16:S136–46

43. Forscher PS, Lai CK, Axt JR, Ebersole CR, Herman M, et al. 2019. A meta-analysis of procedures to
change implicit measures. J. Pers. Soc. Psychol. 117:522–59

44. Fujimura KE, Sitarik AR, Havstad S, Lin DL, Levan S, et al. 2016. Neonatal gut microbiota associates
with childhood multisensitized atopy and T cell differentiation.Nat. Med. 22:1187–91

45. Galkina E, Ley K. 2009. Immune and inflammatory mechanisms of atherosclerosis.Annu. Rev. Immunol.
27:165–97

46. Gassman-Pines A. 2015. Effects of Mexican immigrant parents’ daily workplace discrimination on child
behavior and family functioning. Child Dev. 86:1175–90

47. Gee GC, Ford CL. 2011. Structural racism and health inequities: old issues, new directions.Du Bois Rev.
8:115–32

48. Gemmill A, Catalano R, Casey JA, Karasek D, Alcalá HE, et al. 2019. Association of preterm births
among US Latina women with the 2016 presidential election. JAMA Netw. Open 2:e197084

49. Gensollen T, Iyer SS, Kasper DL, Blumberg RS. 2016. How colonization by microbiota in early life
shapes the immune system. Science 352:539–44

50. Gilliam WS, Maupin AN, Reyes CR, Accavitti M, Shic F. 2016. Do early educators’ implicit bi-
ases regarding sex and race relate to behavior expectations and recommendations of preschool expulsions
and suspensions? Stud. Brief, Yale Univ. Child Study Cent., New Haven, CT. https://medicine.
yale.edu/childstudy/zigler/publications/Preschool%20Implicit%20Bias%20Policy%20Brief_
final_9_26_276766_5379_v1.pdf

51. Goyer JP, Cohen GL, Cook JE, Master A, Apfel N, et al. 2019. Targeted identity-safety interventions
cause lasting reductions in discipline citations among negatively stereotyped boys. J. Pers. Soc. Psychol.
117:229–59

130 Shonkoff • Slopen • Williams

A
nn

u.
 R

ev
. P

ub
lic

 H
ea

lth
 2

02
1.

42
:1

15
-1

34
. D

ow
nl

oa
de

d 
fr

om
 w

w
w

.a
nn

ua
lr

ev
ie

w
s.

or
g

 A
cc

es
s 

pr
ov

id
ed

 b
y 

26
00

:8
80

0:
29

82
:4

90
0:

ad
7a

:1
a3

7:
ee

b3
:d

68
e 

on
 0

4/
21

/2
1.

 S
ee

 c
op

yr
ig

ht
 f

or
 a

pp
ro

ve
d 

us
e.

 

https://medicine.yale.edu/childstudy/zigler/publications/Preschool%20Implicit%20Bias%20Policy%20Brief_final_9_26_276766_5379_v1.pdf


52. Harlem Children’s Zone. 2020. Harlem Children’s Zone: our results. Harlem Children’s Zone. https://
hcz.org/results/

53. Hatzenbuehler ML, Prins SJ, Flake M, Philbin M, Frazer MS, et al. 2017. Immigration policies and
mental health morbidity among Latinos: a state-level analysis. Soc. Sci. Med. 174:169–78

54. Heard-Garris N, Cale M, Camaj L, Hamati M, Dominguez T. 2018. Transmitting trauma: a systematic
review of vicarious racism and child health. Soc. Sci. Med. 199:230–40

55. Hensch TK. 2016. The power of the infant brain. Sci. Am. 314:64–69
56. Howren MB, Lamkin DM, Suls J. 2009. Associations of depression with C-reactive protein, IL-1, and

IL-6: a meta-analysis. Psychosom. Med. 71:171–86
57. Inkelas M, Bowie P, Guirguis L. 2017. Improvement for a community population: the Magnolia Com-

munity Initiative.N. Dir. Eval. 153:51–64
58. IOM (Inst. Med). 2003. Unequal Treatment: Confronting Racial and Ethnic Disparities in Health Care, ed.

BD Smedley, AY Stith, AR Nelson. Washington, DC: Natl. Acad. Press
59. Iruka I, Curenton S, Durden T, Escayg K-A. 2020. Don’t Look Away: Embracing Anti-bias Classrooms.

Lewisville, NC: Gryphon House
60. Janusek LW, Tell D, Gaylord-Harden N, Mathews HL. 2017. Relationship of childhood adversity and

neighborhood violence to a proinflammatory phenotype in emerging adult African American men: an
epigenetic link. Brain Behav. Immun. 60:126–35

61. Johnson TJ, Winger DG, Hickey RW, Switzer GE, Miller E, et al. 2017. Comparison of physician
implicit racial bias toward adults versus children. Acad. Pediatr. 17:120–26

62. Jones SCT, Neblett EW. 2016. Racial–ethnic protective factors and mechanisms in psychosocial pre-
vention and intervention programs for black youth. Clin. Child Fam. Psychol. Rev. 19:134–61

63. Katz LF, Kling JR, Liebman JB. 2001. Moving to Opportunity in Boston: early results of a randomized
mobility experiment. Q. J. Econ. 116:607–54

64. KIDS COUNT Data Cent. 2020. Children in poverty by race and ethnicity in the United States. Data from
Am. Community Survey 2018, Annie E. Casey Found. KIDS COUNT Data Cent., Baltimore, MD.
https://datacenter.kidscount.org/data/tables/44-children-in-poverty-by-race-and-ethnicity#
detailed/1/any/false/1729,37,871,870,573,869,36,868,867,133/10,11,9,12,1,185,13/324,323

65. Killen M, Mulvey KL, Hitti A, Rutland A. 2012. What works to address prejudice? Look to develop-
mental science research for the answer. Behav. Brain Sci. 35:439

66. Kondo MC, Fluehr JM, McKeon T, Branas CC. 2018. Urban green space and its impact on human
health. Int. J. Environ. Res. Public Health 15:445

67. Krieger JW,Takaro TK, Song L,Weaver M. 2005. The Seattle-King County Healthy Homes Project: a
randomized, controlled trial of a community health worker intervention to decrease exposure to indoor
asthma triggers. Am. J. Public Health 95:652–59

68. Krieger N, Huynh M, Li W, Waterman PD, Van Wye G. 2018. Severe sociopolitical stressors and
preterm births in New York City: 1 September 2015 to 31 August 2017. J. Epidemiol. Community Health
72:1147–52

69. Kuh LP, LeeKeenan D,Given H, Beneke MR. 2016.Moving beyond anti-bias activities: supporting the
development of anti-bias practices. Young Children 71:58–65

70. Lai CK, Skinner AL, Cooley E, Murrar S, Brauer M, et al. 2016. Reducing implicit racial preferences:
II. Intervention effectiveness across time. J. Exp. Psychol. Gen. 145:1001–16

71. Layden EA, Cacioppo JT, Cacioppo S, Cappa SF, Dodich A, et al. 2017. Perceived social isolation is
associated with altered functional connectivity in neural networks associated with tonic alertness and
executive control.Neuroimage 145:58–73

72. Leventhal AM, Cho J, Andrabi N, Barrington-Trimis J. 2018. Association of reported concern about
increasing societal discrimination with adverse behavioral health outcomes in late adolescence. JAMA
Pediatr. 172:924–33

73. Leventhal T, Dupéré V. 2019. Neighborhood effects on children’s development in experimental and
nonexperimental research. Annu. Rev. Dev. Psychol. 1:149–76

74. Li M, Zhou Y, Feng G, Su SB. 2009. The critical role of Toll-like receptor signaling pathways in the
induction and progression of autoimmune diseases. Curr. Mol. Med. 9:365–74

www.annualreviews.org • Early Adversity, Racism, and Health 131

A
nn

u.
 R

ev
. P

ub
lic

 H
ea

lth
 2

02
1.

42
:1

15
-1

34
. D

ow
nl

oa
de

d 
fr

om
 w

w
w

.a
nn

ua
lr

ev
ie

w
s.

or
g

 A
cc

es
s 

pr
ov

id
ed

 b
y 

26
00

:8
80

0:
29

82
:4

90
0:

ad
7a

:1
a3

7:
ee

b3
:d

68
e 

on
 0

4/
21

/2
1.

 S
ee

 c
op

yr
ig

ht
 f

or
 a

pp
ro

ve
d 

us
e.

 

https://hcz.org/results/
https://datacenter.kidscount.org/data/tables/44-children-in-poverty-by-race-and-ethnicity#detailed/1/any/false/1729,37,871,870,573,869,36,868,867,133/10,11,9,12,1,185,13/324,323


75. Lynch SV, Pedersen O. 2016. The human intestinal microbiome in health and disease.N. Engl. J. Med.
375:2369–79

76. Martinez FD. 2014. The human microbiome. Early life determinant of health outcomes. Ann. Am.
Thorac. Soc. 11(Suppl. 1):S7–12

77. Maxwell KM. 1995. A disparity that is worlds apart: the federal sentencing guidelines treatment of crack
cocaine and powder cocaine. Race Ethn. Anc. L. Dig. 1:21

78. McEwen BS. 2005. Stressed or stressed out: What is the difference? J. Psychiatry Neurosci. 30:315–18
79. McEwen BS. 2006. Protective and damaging effects of stress mediators: central role of the brain. Dia-

logues Clin. Neurosci. 8:367–81
80. McEwen BS, Akil H. 2020. Revisiting the stress concept: implications for affective disorders. J. Neurosci.

40:12–21
81. Miles E,Crisp RJ. 2014.Ameta-analytic test of the imagined contact hypothesis.Group Process. Intergroup

Relat. 17:3–26
82. Miller GE, Brody GH, Yu T, Chen E. 2014. A family-oriented psychosocial intervention reduces in-

flammation in low-SES African American youth. PNAS 111:11287–92
83. MillerGE,ChenE.2010.Harsh family climate in early life presages the emergence of a proinflammatory

phenotype in adolescence. Psychol. Sci. 21:848–56
84. Miller GE, Chen E, Fok AK, Walker H, Lim A, et al. 2009. Low early-life social class leaves a bio-

logical residue manifested by decreased glucocorticoid and increased proinflammatory signaling. PNAS
106:14716–21

85. Miranda ML, Maxson P, Edwards S. 2009. Environmental contributions to disparities in pregnancy
outcomes. Epidemiol. Rev. 31:67–83

86. Mustillo S, Krieger N, Gunderson EP, Sidney S, McCreath H, Kiefe CI. 2004. Self-reported experi-
ences of racial discrimination and black–white differences in preterm and low-birthweight deliveries:
the CARDIA study. Am. J. Public Health 94:2125–31

87. NAEYC (Natl. Assoc. Educ. Young Child.). 2016. Statement from NAEYC on implicit bias research. Press
Release, Sept. 28. https://www.naeyc.org/about-us/press-releases/statement-naeyc-implicit-
bias-research

88. Natl. Acad. Eng. Med. 2019. A Roadmap to Reducing Child Poverty, ed. G Duncan, S Le Menestrel.
Washington, DC: Natl. Acad. Press

89. Natl. Acad. Eng. Med. 2019. Vibrant and Healthy Kids: Aligning Science, Practice, and Policy to Advance
Health Equity, ed. JE DeVoe, A Geller, Y Negussie. Washington, DC: Natl. Acad. Press

90. Natl. Sci. Counc. Dev. Child. 2014 (2005). Excessive stress disrupts the architecture of the developing brain.
Work. Pap. 3, Natl. Sci. Counc. Dev. Child, Cambridge, MA. https://developingchild.harvard.edu/
resources/wp3/

91. Neufeld KH,Gaucher D, Starzyk KB,Boese GD. 2019.How feeling connected to one’s own community
can increase support for addressing injustice impacting outgroup communities.Group Process. Intergroup
Relat. 22:530–48

92. Novak NL, Geronimus AT, Martinez-Cardoso AM. 2017. Change in birth outcomes among infants
born to Latina mothers after a major immigration raid. Int. J. Epidemiol. 46:839–49

93. Okonofua JA, Paunesku D,Walton GM. 2016. Brief intervention to encourage empathic discipline cuts
suspension rates in half among adolescents. PNAS 113:5221–26

94. O’Mahony SM,Clarke G,Dinan TG,Cryan JF. 2017. Early-life adversity and brain development: Is the
microbiome a missing piece of the puzzle? Neuroscience 342:37–54

95. Paluck EL, Green SA, Green DP. 2019. The contact hypothesis re-evaluated. Behav. Public Policy 3:129–
58

96. Peña CJ, Kronman HG,Walker DM,Cates HM, Bagot RC, et al. 2017. Early life stress confers lifelong
stress susceptibility in mice via ventral tegmental area OTX2. Science 356:1185–88

97. Perszyk DR, Lei RF, Bodenhausen GV, Richeson JA,Waxman SR. 2019. Bias at the intersection of race
and gender: evidence from preschool-aged children.Dev. Sci. 22:e12788

98. PicardM,McEwen BS. 2018.Psychological stress andmitochondria: a conceptual framework.Psychosom.
Med. 80:126–40

132 Shonkoff • Slopen • Williams

A
nn

u.
 R

ev
. P

ub
lic

 H
ea

lth
 2

02
1.

42
:1

15
-1

34
. D

ow
nl

oa
de

d 
fr

om
 w

w
w

.a
nn

ua
lr

ev
ie

w
s.

or
g

 A
cc

es
s 

pr
ov

id
ed

 b
y 

26
00

:8
80

0:
29

82
:4

90
0:

ad
7a

:1
a3

7:
ee

b3
:d

68
e 

on
 0

4/
21

/2
1.

 S
ee

 c
op

yr
ig

ht
 f

or
 a

pp
ro

ve
d 

us
e.

 

https://www.naeyc.org/about-us/press-releases/statement-naeyc-implicit-bias-research
https://developingchild.harvard.edu/resources/wp3/


99. Picard M, McEwen BS. 2018. Psychological stress and mitochondria: a systematic review. Psychosom.
Med. 80:141–53

100. Priest N, Paradies Y, Trenerry B, Truong M, Karlsen S, Kelly Y. 2013. A systematic review of studies
examining the relationship between reported racism and health and wellbeing for children and young
people. Soc. Sci. Med. 95:115–27

101. Ramasubramanian S. 2015. Using celebrity news stories to effectively reduce racial/ethnic prejudice.
J. Soc. Issues 71:123–38

102. Raphael JL. 2018. Pediatric health disparities and place-based strategies. In Disparities in Child Health,
ed. MA Lopez, EZ Faro, SO Oyeku, JL Raphael, pp. 39–46. Cham, Switz.: Springer

103. Reynolds AC, Paterson JL, Ferguson SA, Stanley D, Wright KP Jr., Dawson D. 2017. The shift work
and health research agenda: considering changes in gut microbiota as a pathway linking shift work, sleep
loss and circadian misalignment, and metabolic disease. Sleep Med. Rev. 34:3–9

104. Rider S, Winters K, Dean J, Seymour J. 2014. The Fostering Hope Initiative. Zero To Three 35:37–42
105. Rosenthal L, Earnshaw VA, Moore JM, Ferguson DN, Lewis TT, et al. 2018. Intergenerational conse-

quences: women’s experiences of discrimination in pregnancy predict infant social-emotional develop-
ment at six months and one year. J. Dev. Behav. Pediatr. 39:228–37

106. Sabin JA, Greenwald AG. 2012. The influence of implicit bias on treatment recommendations for 4
common pediatric conditions: pain, urinary tract infection, attention deficit hyperactivity disorder, and
asthma. Am. J. Public Health 102:988–95

107. Sandel M, Phelan K,Wright R, Hynes HP, Lanphear BP. 2004. The effects of housing interventions on
child health. Pediatr. Ann. 33:474–81

108. Schuchter J, Jutte DP. 2014. A framework to extend community development measurement to health
and well-being.Health Aff. 33:1930–38

109. Schulz AJ, Williams DR, Israel BA, Lempert LB. 2002. Racial and spatial relations as fundamental de-
terminants of health in Detroit.Milbank Q. 80:677–707

110. Serino M, Nicolas S, Trabelsi MS, Burcelin R, Blasco-Baque V. 2017. Young microbes for adult obesity.
Pediatr. Obes. 12:e28–32

111. Shonkoff JP, BoyceWT,Levitt P,Martinez FD,McEwen BS. 2021. Leveraging the biology of adversity
and resilience to transform pediatric practice. Pediatrics. In press

112. Shonkoff JP, Boyce WT,McEwen BS. 2009. Neuroscience, molecular biology, and the childhood roots
of health disparities: building a new framework for health promotion and disease prevention. JAMA
301:2252–59

113. Shonkoff JP, Garner AS, et. al. 2012. The lifelong effects of early childhood adversity and toxic stress.
Pediatrics 129:E232–46

114. Skinner AL, Meltzoff AN. 2019. Childhood experiences and intergroup biases among children.
Soc. Issues Policy Rev. 13:211–40

115. Spencer SJ, Logel C, Davies PG. 2016. Stereotype threat. Annu. Rev. Psychol. 67:415–37
116. Takaro TK, Krieger JW, Song L. 2004. Effect of environmental interventions to reduce exposure to

asthma triggers in homes of low-income children in Seattle. J. Expo. Anal. Environ. Epidemiol. 14:S133–
43

117. Thomson K, Hillier-Brown F, Todd A, McNamara C, Huijts T, Bambra C. 2018. The effects of public
health policies on health inequalities in high-income countries: an umbrella review. BMC Public Health
18:869

118. Toomey RB, Umaña-Taylor AJ, Williams DR, Harvey-Mendoza E, Jahromi LB, Updegraff KA. 2014.
Impact of Arizona’s SB 1070 immigration law on utilization of health care and public assistance among
Mexican-origin adolescent mothers and their mother figures.Am. J. Public Health 104(Suppl. 1):S28–34

119. Torche F, Sirois C. 2019. Restrictive immigration law and birth outcomes of immigrant women. Am. J.
Epidemiol. 188:24–33

120. Tough P. 2009. Whatever It Takes: Geoffrey Canada’s Quest to Change Harlem and America. New York:
Houghton Mifflin Harcourt

121. Trent M, Dooley DG, Dougé J. 2019. The impact of racism on child and adolescent health. Pediatrics
144:e20191765

www.annualreviews.org • Early Adversity, Racism, and Health 133

A
nn

u.
 R

ev
. P

ub
lic

 H
ea

lth
 2

02
1.

42
:1

15
-1

34
. D

ow
nl

oa
de

d 
fr

om
 w

w
w

.a
nn

ua
lr

ev
ie

w
s.

or
g

 A
cc

es
s 

pr
ov

id
ed

 b
y 

26
00

:8
80

0:
29

82
:4

90
0:

ad
7a

:1
a3

7:
ee

b3
:d

68
e 

on
 0

4/
21

/2
1.

 S
ee

 c
op

yr
ig

ht
 f

or
 a

pp
ro

ve
d 

us
e.

 



122. Tunnard C, Rane LJ,Wooderson SC,Markopoulou K, Poon L, et al. 2014.The impact of childhood ad-
versity on suicidality and clinical course in treatment-resistant depression. J.Affect.Disord. 152–154:122–
30

123. Ülger Z, Dette-Hagenmeyer DE, Reichle B, Gaertner SL. 2018. Improving outgroup attitudes in
schools: a meta-analytic review. J. Sch. Psychol. 67:88–103

124. Umberson D. 2017. Black deaths matter: race, relationship loss, and effects on survivors. J. Health Soc.
Behav. 58:405–20

125. Umberson D, Olson JS, Crosnoe R, Liu H, Pudrovska T, Donnelly R. 2017. Death of family members
as an overlooked source of racial disadvantage in the United States. PNAS 114:915–20

126. US Census Bur. 2016.Wealth, asset ownership, and debt of household detailed tables: 2016.Data from Survey
Income Progr. Particip., US Census Bur.,Washington, DC. https://www.census.gov/topics/income-
poverty/wealth/data/tables.2016.html

127. Van Ryn M, Burgess DJ, Dovidio JF, Phelan SM, Saha S, et al. 2011. The impact of racism on clinician
cognition, behavior, and clinical decision making.Du Bois Rev. 8:199–218

128. Verhaeghen P, Aikman SN, Van Gulick AE. 2011. Prime and prejudice: co-occurrence in the culture as
a source of automatic stereotype priming. Br. J. Soc. Psychol. 50:501–18

129. Walton GM, Cohen GL. 2011. A brief social-belonging intervention improves academic and health
outcomes of minority students. Science 331:1447–51

130. WhiteK,Haas JS,WilliamsDR.2012.Elucidating the role of place in health care disparities: the example
of racial/ethnic residential segregation.Health Serv. Res. 47:1278–99

131. Wildeman C, Goldman AW, Turney K. 2018. Parental incarceration and child health in the United
States. Epidemiol. Rev. 40:146–56

132. Wildeman C, Wang EA. 2017. Mass incarceration, public health, and widening inequality in the USA.
Lancet 389:1464–74

133. Williams DR. 2018. Stress and the mental health of populations of color: advancing our understanding
of race-related stressors. J. Health Soc. Behav. 59:466–85

134. Williams DR, Collins C. 2001. Racial residential segregation: a fundamental cause of racial disparities
in health. Public Health Rep. 116:404–16

135. Williams DR, Cooper LA. 2019. Reducing racial inequities in health: using what we already know to
take action. Int. J. Environ. Res. Public Health 16:606

136. Williams DR, Lawrence JA, Davis BA. 2019. Racism and health: evidence and needed research. Annu.
Rev. Public Health 40:105–25

137. Williams DR, Mohammed SA. 2013. Racism and health I: pathways and scientific evidence. Am. Behav.
Sci. 57:1152–73

138. Williams DR, Purdie-Vaughns V. 2016. Needed interventions to reduce racial/ethnic disparities in
health. J. Health Politics Policy Law 41:627–51

139. Yao H, Rahman I. 2009. Current concepts on the role of inflammation in COPD and lung cancer. Curr.
Opin. Pharmacol. 9:375–83

134 Shonkoff • Slopen • Williams

A
nn

u.
 R

ev
. P

ub
lic

 H
ea

lth
 2

02
1.

42
:1

15
-1

34
. D

ow
nl

oa
de

d 
fr

om
 w

w
w

.a
nn

ua
lr

ev
ie

w
s.

or
g

 A
cc

es
s 

pr
ov

id
ed

 b
y 

26
00

:8
80

0:
29

82
:4

90
0:

ad
7a

:1
a3

7:
ee

b3
:d

68
e 

on
 0

4/
21

/2
1.

 S
ee

 c
op

yr
ig

ht
 f

or
 a

pp
ro

ve
d 

us
e.

 

https://www.census.gov/topics/income-poverty/wealth/data/tables.2016.html


PU42_FrontMatter ARjats.cls February 23, 2021 15:43

Annual Review of
Public Health

Volume 42, 2021

Contents

Commentary

Climate Change Disinformation and How to Combat It
Stephan Lewandowsky � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � 1

Epidemiology and Biostatistics

Considerations for Developing an Agenda for Gun Violence
Prevention Research
Mark Rosenberg � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �23

Influenza Virus: Tracking, Predicting, and Forecasting
Sheikh Taslim Ali and Benjamin J. Cowling � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �43

Prediabetes and What It Means: The Epidemiological Evidence
Justin B. Echouffo-Tcheugui and Elizabeth Selvin � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �59

Reproducible Research: A Retrospective
Roger D. Peng and Stephanie C. Hicks � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �79

Vaccine Hesitancy, Acceptance, and Anti-Vaccination: Trends and
Future Prospects for Public Health
Ève Dubé, Jeremy K. Ward, Pierre Verger, and Noni E. MacDonald � � � � � � � � � � � � � � � � � � � � 175

Declining Life Expectancy in the United States: Missing the Trees
for the Forest
Sam Harper, Corinne A. Riddell, and Nicholas B. King � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � 381

Trends in Abortion Policies in Low- and Middle-Income Countries
Pascale Allotey, T.K. Sundari Ravindran, and Vithiya Sathivelu � � � � � � � � � � � � � � � � � � � � � � � � � 505

Social Environment and Behavior

Prediabetes and What It Means: The Epidemiological Evidence
Justin B. Echouffo-Tcheugui and Elizabeth Selvin � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �59

vii

A
nn

u.
 R

ev
. P

ub
lic

 H
ea

lth
 2

02
1.

42
:1

15
-1

34
. D

ow
nl

oa
de

d 
fr

om
 w

w
w

.a
nn

ua
lr

ev
ie

w
s.

or
g

 A
cc

es
s 

pr
ov

id
ed

 b
y 

26
00

:8
80

0:
29

82
:4

90
0:

ad
7a

:1
a3

7:
ee

b3
:d

68
e 

on
 0

4/
21

/2
1.

 S
ee

 c
op

yr
ig

ht
 f

or
 a

pp
ro

ve
d 

us
e.

 



PU42_FrontMatter ARjats.cls February 23, 2021 15:43

A Critical Review of the Social and Behavioral Contributions to the
Overdose Epidemic
Magdalena Cerdá, Noa Krawczyk, Leah Hamilton, Kara E. Rudolph,
Samuel R. Friedman, and Katherine M. Keyes � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �95

Early Childhood Adversity, Toxic Stress, and the Impacts of Racism
on the Foundations of Health
Jack P. Shonkoff, Natalie Slopen, and David R. Williams � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � 115

Expanding Implementation Research to Prevent Chronic Diseases
in Community Settings
Stephanie Mazzucca, Elva M. Arredondo, Deanna M. Hoelscher,
Debra Haire-Joshu, Rachel G. Tabak, Shiriki K. Kumanyika,
and Ross C. Brownson � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � 135

Understanding and Responding to Health Literacy as a Social
Determinant of Health
Don Nutbeam and Jane E. Lloyd � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � 159

Vaccine Hesitancy, Acceptance, and Anti-Vaccination: Trends
and Future Prospects for Public Health
Ève Dubé, Jeremy K. Ward, Pierre Verger, and Noni E. MacDonald � � � � � � � � � � � � � � � � � � � � 175

Environmental and Occupational Health

Air Quality in Africa: Public Health Implications
Asmamaw Abera, Johan Friberg, Christina Isaxon, Michael Jerrett,
Ebba Malmqvist, Cheryl Sjöström, Tahir Taj, and Ana Maria Vargas � � � � � � � � � � � � � � � � 193

At the Water’s Edge: Coastal Settlement, Transformative Adaptation,
and Well-Being in an Era of Dynamic Climate Risk
William Solecki and Erin Friedman � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � 211

Climate Change, Food Supply, and Dietary Guidelines
Colin W. Binns, Mi Kyung Lee, Bruce Maycock, Liv Elin Torheim,
Keiko Nanishi, and Doan Thi Thuy Duong � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � 233

Environmental Health Threats to Latino Migrant Farmworkers
Federico Castillo, Ana M. Mora, Georgia L. Kayser, Jennifer Vanos,
Carly Hyland, Audrey R. Yang, and Brenda Eskenazi � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � 257

Environmental Influences on the Human Microbiome
and Implications for Noncommunicable Disease
Jiyoung Ahn and Richard B. Hayes � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � 277

viii Contents

A
nn

u.
 R

ev
. P

ub
lic

 H
ea

lth
 2

02
1.

42
:1

15
-1

34
. D

ow
nl

oa
de

d 
fr

om
 w

w
w

.a
nn

ua
lr

ev
ie

w
s.

or
g

 A
cc

es
s 

pr
ov

id
ed

 b
y 

26
00

:8
80

0:
29

82
:4

90
0:

ad
7a

:1
a3

7:
ee

b3
:d

68
e 

on
 0

4/
21

/2
1.

 S
ee

 c
op

yr
ig

ht
 f

or
 a

pp
ro

ve
d 

us
e.

 



PU42_FrontMatter ARjats.cls February 23, 2021 15:43

Extreme Weather and Climate Change: Population Health and Health
System Implications
Kristie L. Ebi, Jennifer Vanos, Jane W. Baldwin, Jesse E. Bell,
David M. Hondula, Nicole A. Errett, Katie Hayes, Colleen E. Reid,
Shubhayu Saha, June Spector, and Peter Berry � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � 293

Green Infrastructure and Health
Mark J. Nieuwenhuijsen � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � 317

Public Health Practice and Policy

Climate Change Disinformation and How to Combat It
Stephan Lewandowsky � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � 1

Expanding Implementation Research to Prevent Chronic Diseases
in Community Settings
Stephanie Mazzucca, Elva M. Arredondo, Deanna M. Hoelscher,
Debra Haire-Joshu, Rachel G. Tabak, Shiriki K. Kumanyika,
and Ross C. Brownson � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � 135

Addressing Social Needs in Health Care Settings: Evidence,
Challenges, and Opportunities for Public Health
Matthew W. Kreuter, Tess Thompson, Amy McQueen, and Rachel Garg � � � � � � � � � � � � � � � � 329

Benchmarking as a Public Health Strategy for Creating Healthy Food
Environments: An Evaluation of the INFORMAS Initiative
(2012–2020)
Gary Sacks, Janelle Kwon, Stefanie Vandevijvere, and Boyd Swinburn � � � � � � � � � � � � � � � � � � 345

Cash Transfers and Health
Sicong Sun, Jin Huang, Darrell L. Hudson, and Michael Sherraden � � � � � � � � � � � � � � � � � � � � 363

Declining Life Expectancy in the United States: Missing the Trees
for the Forest
Sam Harper, Corinne A. Riddell, and Nicholas B. King � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � 381

Enhancing Community Engagement by Schools and Programs
of Public Health in the United States
Mindi B. Levin, Janice V. Bowie, Steven K. Ragsdale, Amy L. Gawad,
Lisa A. Cooper, and Joshua M. Sharfstein � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � 405

Progress in National Policies Supporting the Sustainable Development
Goals: Policies that Matter to Income and Its Impact on Health
Amy Raub and Jody Heymann � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � 423

Sugar-Sweetened Beverage Reduction Policies: Progress and Promise
James Krieger, Sara N. Bleich, Stephanie Scarmo, and Shu Wen Ng � � � � � � � � � � � � � � � � � � � � 439

Contents ix

A
nn

u.
 R

ev
. P

ub
lic

 H
ea

lth
 2

02
1.

42
:1

15
-1

34
. D

ow
nl

oa
de

d 
fr

om
 w

w
w

.a
nn

ua
lr

ev
ie

w
s.

or
g

 A
cc

es
s 

pr
ov

id
ed

 b
y 

26
00

:8
80

0:
29

82
:4

90
0:

ad
7a

:1
a3

7:
ee

b3
:d

68
e 

on
 0

4/
21

/2
1.

 S
ee

 c
op

yr
ig

ht
 f

or
 a

pp
ro

ve
d 

us
e.

 



PU42_FrontMatter ARjats.cls February 23, 2021 15:43

Health Services

Extreme Weather and Climate Change: Population Health and Health
System Implications
Kristie L. Ebi, Jennifer Vanos, Jane W. Baldwin, Jesse E. Bell,
David M. Hondula, Nicole A. Errett, Katie Hayes, Colleen E. Reid,
Shubhayu Saha, June Spector, and Peter Berry � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � 293

Addressing Social Needs in Health Care Settings: Evidence,
Challenges, and Opportunities for Public Health
Matthew W. Kreuter, Tess Thompson, Amy McQueen, and Rachel Garg � � � � � � � � � � � � � � � � 329

Improving Access to Care: Telemedicine Across Medical Domains
William Barbosa, Kina Zhou, Emma Waddell, Taylor Myers, and E. Ray Dorsey � � � � � � � 463

The Effects of Home Care Provider Mix on the Care Recipient: An
International, Systematic Review of Articles from 2000 to 2020
Norma B. Coe, R. Tamara Konetzka, Melissa Berkowitz, Emily Blecker,
and Courtney H. Van Houtven � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � 483

Trends in Abortion Policies in Low- and Middle-Income Countries
Pascale Allotey, T.K. Sundari Ravindran, and Vithiya Sathivelu � � � � � � � � � � � � � � � � � � � � � � � � � 505

Indexes

Cumulative Index of Contributing Authors, Volumes 33–42 � � � � � � � � � � � � � � � � � � � � � � � � � � � 519

Cumulative Index of Article Titles, Volumes 33–42 � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � 526

Errata

An online log of corrections to Annual Review of Public Health articles may be found at
http://www.annualreviews.org/errata/publhealth

x Contents

A
nn

u.
 R

ev
. P

ub
lic

 H
ea

lth
 2

02
1.

42
:1

15
-1

34
. D

ow
nl

oa
de

d 
fr

om
 w

w
w

.a
nn

ua
lr

ev
ie

w
s.

or
g

 A
cc

es
s 

pr
ov

id
ed

 b
y 

26
00

:8
80

0:
29

82
:4

90
0:

ad
7a

:1
a3

7:
ee

b3
:d

68
e 

on
 0

4/
21

/2
1.

 S
ee

 c
op

yr
ig

ht
 f

or
 a

pp
ro

ve
d 

us
e.

 


