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Reducing Stress Disparities

Pathways to Equity Through the Study
of Stress Biology

Emma Adam, Sarah Collier Villaume, and Emily Hittner

esearch, intervention, and policy focused on identifying solutions for dis-

parities in child health and developmental outcomes are gaining insight
from a new source: the study of stress biology. Recent theoretical models have
implicated disparities in stress exposure and the biological consequences of
that exposure (Heissel, Levy, & Adam, 2017; Levy, Heissel, Richeson, & Adam,
2016; Miller & Chen, 2013; Miller, Chen, & Parker, 2011) as one pathway by
which adverse circumstances for children and adolescents “get under the skin
and into the mind,” affecting the body and brain (Johnson, Riis, & Noble,
2016; McEwen, 2012). Differential exposure to stress, in turn, contributes to
the emergence and maintenance of disparities in health, academic, and human
capital outcomes.

Stress is not equally distributed in society; stress disparities exist along many
dimensions and their intersections. Here, due to their pervasiveness, we focus
on disparities by income (G. W. Evans & English, 2002) and by ethnic-racial
group membership (Levy et al., 2016). Individuals of lower socioeconomic
circumstances and historically disenfranchised ethnic and racial groups (e.g.,
Black, Hispanic, and Native American individuals in the United States) have
been found to be exposed to higher levels of multiple sources of stress (G. W.
Evans & English, 2002; Levy et al., 2016). Stress exposure activates a wide
array of stress-sensitive biological systems that, in turn, have implications for
health, cognition, and everyday functioning (Lupien, McEwen, Gunnar, &
Heim, 2009; McEwen, 2012).
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Disparities in exposure to both everyday and traumatic stressors, by way of
their impact on stress biology, contribute to the emergence of disparities in
developmental trajectories of health and human capital (Halfon & Hochstein,
2002; Heissel, Levy, & Adam, 2017). Differences in stress biology can serve as
a marker for the presence of disparities in stress exposure and a pathway by
which they are instantiated into health and developmental outcomes. More
recently, however, stress science is also beginning to provide insights for poten-
tial solutions (McEwen, 2012). Through offering insights on how stress expo-
sure can be reduced, coping promoted, and stress biology reregulated through
social policy and other intervention efforts, stress science is providing clues to
how to reduce stress disparities and gaps in health and academic outcomes.

In this chapter, we provide (a) an overview of the concept of stress dispari-
ties and evidence that stressors are unequally distributed by economic class and
ethnic-racial group; (b) a description of stress biology, with a focus on biological
systems that are both affected by stress and have implications for daily func-
tioning, cognition, and health, along with some evidence that these systems
vary by socioeconomic status (SES) or ethnicity-race; and (c) a description of
how stress biology has been used to inform policy and intervention research,
including evidence from existing studies and clinical trials demonstrating that
stress-sensitive biological systems respond to either policy or behavioral inter-
ventions with potential positive implications for health and behavioral out-
comes. We also provide our suggestions for future directions of stress disparities
research to improve the potential of this research to provide not only an equal
but also an equitable start for all children and adolescents.

STRESS DISPARITIES

In this section, we define stress disparities and describe stress disparities occur-
ring by SES and by ethnic-racial group membership, as evidenced by differ-
ences in multiple types of stress exposure and differences of stress biology.

Defining Stress Disparities

Many past researchers have noted that living in low socioeconomic contexts
is associated with higher levels of exposure to stressors, with resulting impli-
cations for stress biology, health, and developmental outcomes (Brooks-Gunn,
Klebanov, & Liaw, 1995; G. W. Evans & English, 2002). A separate literature
has focused on the increased stress exposure associated with being a member
of a disenfranchised ethnic or racial group and the implications of this race-
based stress for health and developmental outcomes (Adam et al., 2015; Levy
et al., 2016). We coined the general term stress disparities to capture both of
these (Heissel, Levy, & Adam, 2017) and, indeed, any circumstance in which
(a) social or demographic factors are related to systematically different levels
of exposure to stressors, and (b) differential stress exposure has resulting
implications for differences in stress biology.
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We believe that these stress disparities serve as plausible explanatory path-
ways or mechanisms for the emergence of disparities in health or develop-
mental outcomes.! For example, we believe that stress disparities play roles in
both ethnic-racial and socioeconomic disparities in health and developmental
outcomes. Additionally, we hypothesize that individuals in other social cate-
gories experiencing significant social disenfranchisement, stigma, or reduced
access to resources (e.g., LGBTQ individuals, undocumented immigrant pop-
ulations) are also likely to suffer increased levels of stress exposure and altered
stress biology, with stress disparities playing a potential role in negative health
or attainment outcomes in these groups.

Types of Stress Exposures

Stress disparities can emerge from a variety of types of stressors, including
traumatic stress (i.e., extreme stressors, either short- or long-term, that pose
a fundamental threat to physical or social safety), acute or chronic major life
events, and accumulated minor events and daily hassles (Grant et al., 2003,
2014). It has been shown that, often, stress disparities emerge from a combi-
nation of these stressor types, with stress disparities most evident and effect
sizes on outcomes larger when exposure to multiple stressors is considered
(G. W. Evans & English, 2002). For example, individuals living in poverty
are more likely to encounter traumatic stressors (e.g., exposure to violence,
severe abuse or neglect, or loss of or long-term separation from a caregiver),
as well as chronic stressors (e.g., food insecurity, crowding, noise, substan-
dard housing). When compared with higher income individuals, they are also
more likely to encounter three or more of these stressor types simultaneously
(G. W. Evans & English, 2002).

Stress disparities according to ethnicity and/or race include increased expo-
sure to ethnic and racial discrimination. This involves structural forms of
racism (e.g., residential segregation; discrimination in education, employment,
and housing) that limit life chances and thereby disproportionately expose
persons of color to the stress of unfair treatment, as well as the stresses of
poverty noted above (Pager, Bonikowski, & Western, 2009; Pager & Shepherd,
2008). In addition, regardless of level of income, it has been shown that people
of color face frequent everyday forms of discrimination including tokenism,
stereotypes creating differing school and workplace expectations, and nega-
tive social interactions, including microaggressions, in which they are treated
with differing expectations, disrespect, fear, or suspicion (Adam et al., 2015;
Brondolo et al., 2008; Broudy et al., 2007; Jackson & Stewart, 2003). These

'"We acknowledge that many other factors also contribute to the creation and mainte-
nance of disparities in health and human capital, such as disparities in the quality
of schooling and differences in access and the quality of health care. Our argument
here is that disparities in stress exposure play a plausible additional role that has
not received sufficient attention in the literature or in the generation of and policy
solutions for disparities in health and developmental outcomes.
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situations create social signals of exclusion that can precipitate feelings of sad-
ness, shame, loneliness, or anger, which, in turn, precipitate changes in multi-
ple aspects of stress biology (Adam et al., 2015; Brondolo, Rieppi, Kelly, &
Gerin, 2003; Doane & Adam, 2010). These changes in stress biology, in turn,
have been shown to impact the body and brain in ways that matter for health
and human capital, completing the cycle by which stress disparities become
instantiated as lifelong (and potentially intergenerational) disparities in health
and developmental outcomes (Heissel, Levy, & Adam, 2017; Kuzawa & Sweet,
2009; Levy et al., 2016; Thayer & Kuzawa, 2015).

Timing of Stress Exposures

Past theory and research have revealed that the developmental timing of stress
exposure matters greatly, modifying both the strength and nature of the effects
of stress on stress biology and health, as well as on developmental outcomes.
Stressors that occur during periods of rapid developmental change are thought
to have larger impacts on developmental outcomes than those occurring
during periods of slower developmental change; such periods are frequently
referred to as sensitive periods. Stress researchers have focused primarily on
two processes/timelines by which experience affects biology: (a) the biological
embedding of experiences occurring during sensitive periods of development
(especially early-life experiences, from the prenatal period through adoles-
cence), and (b) the cumulative wear-and-tear effects of stressors impacting
already-developed biological systems (especially during adulthood and aging)
(McEwen, 2012). Some theorists have differentiated timing effects further,
either (a) specifying differential processes taking place in prenatal, postnatal,
adolescence, adulthood, and aging (Halfon & Hochstein, 2002; Lupien et al.,
2009) or (b) describing the multiple time-scales over which experiential effects
unfold and become evident in later functioning (Adam, 2012; Hertzman,
2012). The key distinction made in all theories, however, is between biological
embedding of early stress experiences and the cumulative effects of later stress
(Shonkoff, Boyce, & McEwen, 2009).

Biological Embedding of Early Experience

Past theory and research have suggested that early experiences of stress from
the prenatal period through adolescence may be particularly important for the
impact of traumatic experiences on stress biology. This research has highlighted
that stressful experiences occurring during this time not only transiently affect
stress biology but may permanently alter the structure and function of the bio-
logical stress systems still developing at each time point, thus becoming “built
into” the structure and functioning of emerging biological systems. These effects
of early experience on biology have been called programming effects (particularly
used for the lifelong impact of prenatal experiences; Lupien et al., 2009) and
biological embedding (Hertzman, 2012). Numerous reviews and empirical articles
have detailed the dramatic effects of early social experience on stress biology
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and lifelong health and cognitive functioning (Felitti et al., 1998; Lupien
et al., 2009; Shonkoff et al., 2012).

Cumulative Impact of Acute and Chronic Stressful Events

Other theory and research suggest that cumulative impacts of acute and chronic
stress over time are important, with these processes occurring to some extent
during childhood and adolescence (Desantis, Kuzawa, & Adam, 2015) and
being the most common manner in which stress exposure influences stress
biology during adulthood (McEwen, 2012). The notion here is that the fre-
quent or chronic activation of stress biology over time creates wear and tear
on the biological systems being used, leading to less etfective functioning of
biological stress systems. This, in turn, has downstream implications for the
parts of the body and brain that are regulated by those systems, as well as for
long-term health and daily functioning. This cumulative wear and tear on
multiple biological stress systems has been termed allostatic load (McEwen,
1998), a concept on which we elaborate later in this chapter.

Interactions Between Early and Later Stress Experiences

Importantly, interactions between early stress and ongoing and later cumula-
tive stress may be important in maintaining and accentuating disparities in
developmental trajectories that began with early adverse exposures (Desantis
etal., 2015; Halfon & Hochstein, 2002; Hertzman, 2012; Lupien et al., 2009).
Other theory and literature suggest that, from a life-course health and devel-
opment perspective, additional sensitive periods occur across the life span
whenever rapid biological and/or social changes are occurring. Potential
sensitive periods postchildhood include adolescence, the transition to parent-
ing, menopause/andropause, and older adulthood during the aging process
(Halfon & Hochstein, 2002). Very little research has traced how developmen-
tal trajectories of health and well-being unfold through the combination of
stress exposures during early sensitive periods, later sensitive periods, and the
accumulation of acute and chronic stress across the life span. Understanding
life-span histories of stress exposures across multiple developmental periods
is likely the key to more fully understanding long-term trajectories of health
and development (Adam et al., 2015; Halfon & Hochstein, 2002).

OVERVIEW OF STRESS-SENSITIVE BIOLOGICAL SYSTEMS

Having covered some key background concepts regarding stress disparities
and the impact of experience on stress biology in different developmental
periods, we describe several relevant biological stress systems in more detail,
noting some of their impacts on health and developmental outcomes and
whether disparities in these systems have been observed by income and/or
ethnicity-race. We focus on primary stress mediators (McEwen & Seeman,
1999)—systems that are the “first responders” of stress experiences, helping
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us to cope with the stressor at hand, primarily through mobilizing energy
resources and helping to prevent or contain injury. For our purposes, these
include the autonomic nervous system (ANS), the hypothalamic—pituitary—
adrenal axis (HPA axis), the immune and inflammatory systems, and the
alertness/sleep system.? These primary stress mediators regulate each other
and have impacts on a variety of downstream neurological and biological
systems that are important for long-term health and well-being. Although
many nuanced indicators of these systems are available, we focus on mea-
sures of these systems that are most relevant for policy and intervention
research, in that they can be noninvasively obtained in large scale studies in
community settings.

Autonomic Nervous System

One of the fastest responding regulatory systems of the body is the ANS,
which includes sympathetic and parasympathetic processes. The main func-
tion of the ANS is to mobilize energy to control internal bodily processes and
deliver oxygenated blood to the body. Although many aspects of autonomic
physiological activation can be examined (e.g., cardiac, vascular, respiratory),
researchers and practitioners have highlighted blood pressure as one uncen-
sored, prognostic, and mechanistic system that is an important index for phys-
iological states of stress, threat, and effort (Blascovich, Vanman, Mendes, &
Dickerson, 2011), with important health and developmental consequences.

Blood pressure measurement reflects the amount of pressure exerted against
blood vessel walls during the phases of the cardiac cycle (Franklin & Mitchell,
2008). Such measurement is conducted either in clinical settings, typically by
medical personnel, or by trained research staff in community or home-based
settings, most often using automated blood pressure cuffs. For research pur-
poses, multiple measures (at least three) are taken in a row, with the first
measure usually discarded due to white coat effects (i.e., transient blood pres-
sure increases in response to the novelty of anxiety associated with the blood
pressure measurement process; see Den Hond, Celis, Vandenhoven, O’Brien,
& Staessen, 2003), and the remaining measures are averaged.

Recent guidelines recommend measuring using ambulatory blood pressure
monitoring (Flynn et al., 2017). Ambulatory blood pressure continuously
monitors blood pressure throughout the day as individuals go about their
daily activities and sleep, taking readings typically every 15 to 30 minutes
(Pickering, Shimbo, & Haas, 2006). Ambulatory blood pressure not only gives
an average blood pressure level but also provides information about the diurnal
rhythm of blood pressure along with its variability without white coat effects

?Past definitions of primary stress mediators have focused on the ANS and the HPA
axis, but recent evidence has revealed acute responding of the inflammatory system
and alertness/sleep systems to stressors, with consequences for a wide range of
downstream biological systems, which we believe meet the criteria for consideration
as a primary stress mediator.
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on the readings. Ambulatory blood pressure has well-documented normal-
ized 24-hour values in children, adolescents, and adults (Wihl et al., 2002)
that provide important naturalistic insights for large-scale policy research
(Mancia et al., 1995).

Among others,’ distinctions are typically made between systolic blood
pressure (peak pressure in arteries during one heartbeat) and diastolic blood
pressure (lowest pressure in arteries during one heartbeat) as, although cor-
related, these can index unique aspects of stress responses (Blascovich et al.,
2011). For instance, increases in systolic blood pressure can be an adaptive
response to acute stress (Brownley, Hurwitz, & Schneiderman, 2000), yet pro-
longed exposure to stress and persisting high levels of systolic blood pressure
exert prolonged stress on the heart (Ayada, Toru, & Korkut, 2015; Vrijkotte,
van Doornen, & de Geus, 2000).

The prevalence of hypertension (i.e., clinically diagnosed high levels of
blood pressure) has increased among both children and adults since the
1990s, a concerning trend following several decades of decline (Elliott &
Black, 2007; Falkner, Gidding, Portman, & Rosner, 2008; Muntner, He, Cutler,
Wildman, & Whelton, 2004). In fact, the prevalence of high blood pressure in
children and adolescents is estimated to be as high as to 19% in males and
13% in females (Rosner, Cook, Daniels, & Falkner, 2013). This is concerning
given that elevated blood pressure during youth not only predicts adult
hypertension (X. Chen & Wang, 2008) but also is associated with poor phys-
ical health (e.g., higher risk of stroke, heart attack, and chronic kidney failure;
Chobanian et al., 2003), mental health (e.g., higher levels of anxiety, depres-
sion; Lande et al., 2009; Pickering, 2001), and cognition (e.g., decreased
attention, concentration, and short-term memory; Lande, Kaczorowski, Auinger,
Schwartz, & Weitzman, 2003). With worldwide estimates of high blood pres-
sure at as much as 1.13 billion individuals (World Health Organization, 2019),
understanding blood pressure as a key mechanism linking childhood stress
and adult health is a public health priority (Chobanian et al., 2003; Falkner,
Lurbe, & Schaefer, 2010).

Although a range of factors affect blood pressure, including genetic and
lifestyle factors, it is also strongly affected by psychosocial stress (Spruill,
2010). Relevant to our arguments regarding stress disparities, blood pressure
has been found to be higher in lower SES adults and adolescents (Conen,
Glynn, Ridker, Buring, & Albert, 2009; Kaczmarek, Stawinska-Witoszynska,
Krzyzaniak, Krzywinska-Wiewiorowska, & Siwinska, 2015; Leng, Jin, Li,
Chen, & Jin, 2015), but there is little evidence as to whether BP differences
exist by family SES in children (Colhoun, Hemingway, & Poulter, 1998).
Higher blood pressure in low SES populations has been shown to be partly
attributable to greater job strain (Landsbergis, Schnall, Pickering, Warren, &

*Other measures of blood pressure include pulse pressure (i.e., subtracting DBP
from SBP), mean arterial pressure (i.e., weighted average of DBP and SBP), and total
peripheral resistance (i.e., combination of mean arterial pressure and cardiac output).
Each offer insights in the physiological bases of stress reactivity.
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Schwartz, 2003; Schnall, Schwartz, Landsbergis, Warren, & Pickering, 1992).
Differences in blood pressure also consistently have appeared by ethnicity—
race, being higher in African American children and adults than in Whites
(Bosworth et al., 2006; Levinson et al., 1985). Psychosocial stress related to
ethnicity-race, such as the stress associated with negative stereotypes of one’s
ethnic-racial group, has predicted elevated blood pressure among African
Americans (Blascovich, Spencer, Quinn, & Steele, 2001).

Immune System

When faced with stress, the body not only mobilizes the ANS but also triggers
changes in the immune response. Evolutionary perspectives have suggested
that threatening situations that stimulate ANS “fight or flight” behavior also
carry risk of injury or infection (Maier, 2003; Segerstrom & Miller, 2004). As
such, synchrony across the ANS and inflammatory system was not only con-
sidered evolutionarily adaptive but also continues to be relevant in under-
standing links between psychological stress and health. Indeed, there has
been decades of accumulating evidence that link disparities in early-life stress
and inflammation (Miller, Chen, & Cole, 2009; Segerstrom & Miller, 2004).
Coupled with a lack of coping resources (e.g., lack of support in personal rela-
tionship, less self-efficacy; Kiecolt-Glaser, McGuire, Robles, & Glaser, 2002;
Uchino, Cacioppo, & Kiecolt-Glaser, 1996), higher levels of perceived chronic
stress have been linked with immune dysregulation; the immune system is
less likely to adaptively engage in a successful response to viral challenges
(Glaser et al., 1992; Glaser, Kiecolt-Glaser, Speicher, & Holliday, 1985; Keller,
Shiflett, Schleifer, & Bartlett, 1994; Yang & Glaser, 2002). Stress-related changes
in immune responsivity in turn have been shown to have downstream effects
(Glaser & Kiecolt-Glaser, 2005) on mental health (e.g., depression, anxiety;
Connor & Leonard, 1998; Kiecolt-Glaser, Page, Marucha, MacCallum, & Glaser,
1998; Maes, Ombelet, De Jongh, Kenis, & Bosmans, 2001; Reiche, Nunes, &
Morimoto, 2004), physical health (e.g., infection, autoimmune disease, cor-
onary artery disease; Cohen et al., 1998; Rozanski, Blumenthal, & Kaplan,
1999; Whitacre, Cummings, & Griffin, 1994), and cognition (e.g., memory
consolidation and impairment; McKim et al., 2016; Rachal Pugh, Fleshner,
Watkins, Maier, & Rudy, 2001).

In understanding mechanisms linking psychological stress, the immune
response, and health, researchers have proposed that the endocrine system
serves as one avenue through which psychological stress influences immu-
nologic functioning (Kiecolt-Glaser et al., 2002; Rabin, 1999). In addition to
sympathetic changes in the immune response, pituitary and adrenal hor-
mones released in response to stress have been shown to mediate associa-
tions between stress and immune functioning (Cacioppo, Berntson, Sheridan,
& McClintock, 2002; Miller, Cohen, & Ritchey, 2002), although more research
elucidating these interactions is needed (Lovallo, 2016).

Inflammation has been found to vary systematically by SES in both adults
and children, with lower SES typically linked with more heightened inflam-
matory responses (Gruenewald, Cohen, Matthews, Tracy, & Seeman, 2009;
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Schmeer & Yoon, 2016). In addition, racial and ethnic differences in inflam-
mation have been found, with Latinx and African American children at greater
risk for low-grade inflammation than White children (Albert, 2007; Schmeer
& Tarrence, 2018).

HPA Axis

Perceptions of psychosocial stress, particularly those that involve uncontrol-
lable or social-evaluative experiences, have been shown to trigger changes in
the HPA axis as evidenced by acute reactivity of cortisol, a key product of the
HPA axis (Dickerson & Kemeny, 2004; Hankin, Badanes, Abela, & Watamura,
2010; Kirschbaum & Hellhammer, 1989). A larger and more extended HPA
axis response to psychosocial stress has been associated with clinical depression
(Burke, Davis, Otte, & Mohr, 2005; Lopez-Duran, Kovacs, & George, 2009).

In addition to acutely responding to stress, cortisol has been shown to fol-
low a daily diurnal pattern that is characterized by high cortisol levels at
waking, a sharp increase in cortisol (called the cortisol awakening response)
reaching its highest point about 30 minutes after waking, and a decline across
the rest of the day (Adam & Kumari, 2009; Linkowski et al., 1993; Schmidt-
Reinwald et al., 1999). Extensive laboratory and naturalistic research have
shown the responsivity of this diurnal cortisol rhythm to acute stressors
(Adam, 2006; Doane & Adam, 2010) and the daily challenges (actual or antic-
ipated) we face in the course of everyday life (Adam, Hawkley, Kudielka, &
Cacioppo, 2006; Rohleder, Beulen, Chen, Wolf, & Kirschbaum, 2007; Stalder,
Hucklebridge, Evans, & Clow, 2009). These acute changes typically have been
shown to provide energy and attentional focus to help the individual cope
with daily demands (Adam et al., 2006; P. D. Evans, Hucklebridge, Loveday, &
Clow, 2012; Stalder, Evans, Hucklebridge, & Clow, 2010). However, repeated
and sustained exposure to stress (i.e., chronic stress) has been shown to set
into motion a cascade of physiological changes that disrupt the responsivity
of cortisol and produce a flattened cortisol pattern (i.e., lower levels of cortisol
at waking and higher evening levels of cortisol; Fries, Hesse, Hellhammer, &
Hellhammer, 2005; Gunnar & Vazquez, 2001) that is associated with worse
cognitive functioning and a wide range of mental and physical health out-
comes (Adam et al., 2017; P. D. Evans et al., 2011).

Disparities in HPA-axis activity have been found by SES and by race, with
lower income individuals and Black and Latinx individuals in the United
States having altered basal cortisol levels (either notably higher or lower than
typical) and flatter diurnal cortisol rhythms (Desantis et al., 2015; Lupien,
King, Meaney, & McEwen, 2001). These forms of HPA axis dysregulation have
been found to be typically indicative of stress exposure. Indeed, both the stress
of poverty and experiences of racial discrimination have been found to predict
these types of cortisol alterations (Adam et al., 2015; G. W. Evans & English,
2002; Zeiders, Doane, & Roosa, 2012; Zeiders, Hoyt, & Adam, 2014). Research
on racial disparities in cortisol has, to our knowledge, not been conducted in
young children, but disparities have been found to be present in adolescents,
and differences in acute reactivity have even been found in infancy and are
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predicted by maternal reports of discrimination during pregnancy (Thayer &
Kuzawa, 2015). Racial differences in cortisol in adulthood have been found to
be substantially explained by cumulative developmental histories of exposure
to discrimination, with discrimination experiences during adolescence play-
ing a particularly important role (Adam et al., 2015).

Sleep

Sleep is another system that is sensitive to social stressors and that is inhib-
ited by activation of the sympathetic nervous system. Although sleep is
affected by individual biological rhythms, daily schedules, and activity choices
(Adam, Snell, & Pendry, 2007), sleep is also a stress-sensitive system, which
is inhibited by activation of the sympathetic nervous system (Akerstedt, 2006;
Chrousos, 2009). Perceived stressors contribute to changes in both sleep quan-
tity and quality (M. D. Hanson & Chen, 2010; Hicken, Lee, Ailshire, Burgard,
& Williams, 2013; Sadeh, 1996; Sadeh, Raviv, & Gruber, 2000). In children,
separation from or death of loved ones, child abuse, natural disasters, acute
violence, and family stress all have been associated with poorer sleep, such as
fewer sleep hours, more night awakenings, and lower sleep efficiency (Sadeh,
1996; Sadeh et al., 2000).

There are several aspects of sleep that can be studied in relation to health,
including sleep duration, quality, latency (the time between getting in bed and
falling asleep), and efficiency (total time sleeping divided by total time in
bed). In experimental settings, sleep deprivation has been associated with an
increase in levels of evening cortisol, circulating levels of proinflammatory
cytokines, catecholamines, C-reactive protein, and elevations in blood pres-
sure (Chrousos, 2009; Lusardi et al., 1999; McEwen, 2006; Meier-Ewert et al.,
2004). As such, sleep deprivation has been shown to be a stressor that can both
pose acute risk and inflict chronic damage to the organs and cardiovascular
functioning (Lusardi et al., 1999). Short sleep has been associated with health
consequences in adulthood, including hypertension, diabetes, cardiovascular
disease, and increased mortality (Cappuccio, Cooper, D’Elia, Strazzullo, &
Miller, 2011; Gottlieb et al., 2006; Hale & Do, 2007; Lauderdale et al., 2006).
In children and adolescents, shorter sleep duration has been associated with
greater probability of being overweight (Lumeng et al., 2007; Snell, Adam, &
Duncan, 2007), higher risk for depression and anxiety disorders (Dahl, 1996),
behavioral disturbance, increased accidents, and impairments in attention,
memory, and cognition, including executive functioning (Beebe, 2011; Sadeh,
2007; Sadeh, Gruber, & Raviv, 2003).

Socioeconomic and racial disparities in sleep have been found in children,
adolescents, and adults—with low SES, Black, and Latinx children and ado-
lescents showing shorter sleep than Whites (Buckhalt, 2011; Hale & Do, 2007).
In nationally representative data, Blacks and Hispanics have been shown to
have lower sleep hours (approximately 30 min; Adam et al., 2007), as well as
lower sleep quality (Thomas, Bardwell, Ancoli-Israel, & Dimsdale, 2006) and
lighter sleep (Tomfohr, Pung, Edwards, & Dimsdale, 2012) when compared
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with non-Hispanic Whites. Perceived racial discrimination and, in particular,
vigilance regarding racism has been found to be a predictor of lesser levels of
deep sleep for Blacks (Tomfohr et al., 2012).

Multiple Stress-System Dysregulation: Allostatic Load

Importantly, there is feedback and coregulation across these and other stress-
sensitive biological systems. The combined dysregulation across these systems,
known as allostatic load (McEwen, 1998), has been linked with disparities in
health and cognition across the lifespan (Adler & Stewart, 2010; Everson-Rose
& Lewis, 2005; McEwen, 2004; Szanton, Gill, & Allen, 2005). Allostatic load
is typically measured by constructing a count index of the number of different
biological stress indicators that are elevated (or suppressed, for some indices)
beyond a certain cut point (McEwen & Seeman, 1999). Disparities in allostatic
load have been shown to exist by both SES and race, with lower SES individ-
uals and ethnic and racial minorities having higher allostatic load in both
adolescence and adulthood (McEwen & Seeman, 1999; Rainisch & Upchurch,
2013). In Black adolescents, allostatic load is predicted by higher perceived
racial discrimination (Brody et al., 2014). Although allostatic load is rarely
measured in childhood, early dysregulation of the elements of an allostatic
load index are apparent (G. W. Evans & English, 2002), and cascading effects
impacting related biological systems, resulting in allostatic load, are expected
to be observed over time.

INTERVENTIONS DEMONSTRATED TO ALTER STRESS BIOLOGY

Evidence that early and ongoing disparities in stress exposure affect the body
and brain in lasting ways does not immediately provide a hopeful message for
those exposed to early or cumulative stress. Importantly, however, evidence
of plasticity in biological systems, even into adulthood, and of the reversibility
of previous negative impacts on biology is increasing (Lupien et al., 2009;
Lupien et al., 2013). Researchers are investigating how they can change envi-
ronments for children and adolescents (and adults) in ways that reduce stress
exposure or reduce the psychological, behavioral, and biological impacts of
stress (Lupien et al., 2013). Here, we reflect on social policies and inter-
ventions that we believe show promise of reducing stress disparities (i.e., dis-
parities in stress exposure and stress biology) and their impact on disparities
in health and developmental outcomes. We review how stress biology has been
utilized in the development and evaluation of social policy and intervention
research, focusing on studies that have: (a) intervened on poverty, race-based
stress, or the social processes by which these types of stress are thought to
have their effects on child and adolescent outcomes; and (b) measured bio-
logical outcomes relevant for health and/or developmental outcomes, includ-
ing academic functioning, and prioritizing studies that consider impacts on
children and adolescents.
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It is worth noting that it is possible to reduce negative impacts of stress
disparities by (a) reducing stress exposure itself (i.e., reducing material hard-
ship or race-based social stress) or (b) helping individuals respond to and
function more effectively in the face of the stressors that they do experience.
Ultimately, we believe that responsibility to reduce stress disparities does not
lie with those who are subjected to unjust treatment. To that end, we first
consider how policy can reduce stress exposure in ways meaningful for stress
biology. We also recognize that systemic change requires considerable time
and commitment (on the part of policymakers and citizens alike) to redress
inequities. In the meantime, interventions that help young people respond to
the stressors they do experience are essential for reducing the consequences
of stress disparities.

In this section, we review evidence regarding (a) policy that has changed
families” living circumstances or material resources to reduce exposure to
neighborhood or family disadvantage; (b) family/parenting interventions that
worked to increase warm and supportive parenting and a positive home envi-
ronment in the context of adversity, past trauma, or economic disadvantage;
and (c) school-based interventions that have aimed to help students cope with
and function more effectively in the context of the stressful circumstances.

Policies Aimed at Reducing Exposure to Stress and Disadvantage

Changes in policy can increase resources and reduce exposure to stress in
ways that are likely to affect stress biology in both parents and their children.
Some policies have changed over time or varied across geographic bound-
aries in ways that allow for quasi-experimental estimates of their impacts.
Other prospective new policies have been tested experimentally through
demonstration projects or other studies. Here, we consider studies of policy
changes in which investigators included measures of stress or stress biology
as outcomes or as pathways by which the policy changes are thought to affect
health or academic outcomes.

Although there are many ways in which income inequality can limit a
person’s opportunity, two key (and related) pathways are a person’s physical
environment (e.g., home, neighborhood) and material resources (including
cash and near-cash resources). Many families are forced to make choices
between spending on housing, neighborhood quality and safety, and spend-
ing on other goods (Edin & Lein, 1997)—tradeoffs that can have implications
for the well-being of both parents and children, given the importance of
each (Adam & Chase-Lansdale, 2002; Coley, Leventhal, Lynch, & Kull, 2013;
Crowley, 2003; Heissel, Sharkey, Torrats-Espinosa, Grant, & Adam, 2018;
McGrath, Matthews, & Brady, 2006). Here, we consider several policy-related
experiments or quasi-experiments that have acted on families” housing and
neighborhood quality (via voucher or relocation programs) or income (via
cash or near-cash transfers) and measured their impacts on stress biology.
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Housing Voucher/Relocation Programs

Several publicly funded programs were created during the 1980s and 1990s
in response to concerns about the poor conditions experienced in public
housing developments, including the Moving to Opportunity for Fair Hous-
ing Demonstration (MTO), the Yonkers Project, and HOPE VI. As a random
assignment experiment that reached over 4,000 families across five large cities,
MTO is one of the most well-studied, with its initial and long-term findings
both receiving a great deal of attention (Chetty, Hendren, & Katz, 2016; DeLuca,
Clampet-Lundquist, & Edin, 2016). It is also the only such project to directly
measure health outcomes, and several relevant health impacts have been
identified among female heads of household. Assignment to the experimental*
condition was associated with a large, significant reduction in the prevalence of
extreme obesity and in symptoms of psychological distress more than 10 years
after random assignment (Kling, Liebman, & Katz, 2007). Blood-spot data
also revealed lower levels of risk for diabetes (measured through hemoglobin
Alc levels) and inflammatory risk for cardiovascular disease (measured
through C-reactive protein levels) among adults in the experimental group
(Sanbonmatsu et al., 2011).

These findings are consistent with improvements in health found in other
relocation studies that asked respondents about their physical and mental
health but did not collect biomarker data. Participants in the Yonkers reloca-
tion project reported fewer diagnosed health conditions two years after mov-
ing to lower poverty neighborhoods (Fauth, Leventhal, & Brooks-Gunn, 2004).
At the 7-year follow-up, only movers who stayed in their relocation neighbor-
hoods reported better physical health than those who left them during the
follow-up period (Fauth, Leventhal, & Brooks-Gunn, 2008). The evaluation of
these and other relocation projects, such as HOPE VI, suggest that vouchers
supporting a move to a lower poverty neighborhood can be beneficial for the
health of those who want to move (Keene & Geronimus, 2011) and are able
to find stability in their new neighborhood (Fauth et al., 2008; Ludwig et al.,
2011). From these data, it is difficult to identify the aspect(s) of lower-poverty
neighborhoods that matter or the biological mechanisms through which they
operate. It is also important to note that relocation projects have not resulted
in universally positive impacts on health or academic attainment (Chetty et al.,
2016; Sharkey & Faber, 2014). Further study is needed to understand how to
reduce stress disparities experienced by those living in disadvantaged neighbor-
hoods, including whether improvements to housing conditions or their material
resources can improve stress biology.

Income Supplements
Evidence that increases in household cash (or near cash) resources improve
stress biology comes from several sources, including the expansion of the

“For simplicity, the term experimental refers to those who received low-poverty
vouchers.
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Earned Income Tax Credit (EITC), the rollout of the Food Stamp Program,
and evidence from several cash transfer experiments. The 1993 expansion
of the EITC increased payments to families with two or more children. Consid-
ering changes in the health of women who received the increased payments,
W. N. Evans and Garthwaite (2010) estimated that income supplementation
led to a 23% reduction in the total number of risky biomarkers for metabolic
or cardiovascular disease. In particular, recipients were significantly less likely
to report elevated levels of diastolic blood pressure and markers of inflamma-
tion (measured through C-reactive protein and albumin). Additionally, recip-
ient mothers were more likely to report being in good or excellent health and
indicated fewer poor mental health days in the last month compared to non-
recipient mothers (W. N. Evans & Garthwaite, 2010).

Another policy change that offers insight into the impact of increased income
comes from county-level variation in when the federal Food Stamp Program
was implemented. By considering the duration of food stamp availability from
conception through early childhood, researchers estimated that having access
to food stamps for the entirety of the period between conception and age 5 leads
to a significant reduction in the number of markers for metabolic syndrome,
with an effect of about 0.4 standard deviations (SDs; Hoynes, Schanzenbach,
& Almond, 2012). Although food stamp access in utero had previously been
associated with reduced incidence of low birth weight (Almond, Hoynes, &
Schanzenbach, 2011), finding an association with health later in life suggests
there are additional mechanisms through which food stamp receipt improves
health. As food stamps are a near-cash source of aid (i.e., they augment fami-
lies” total budget for consumption), it is possible that access to food stamps
improves health in part by acting as an income supplement, which in turn
reduces income-related stress for families.

Other research has also found that greater income during pregnancy and
early childhood impacts child well-being in part through improvements to
stress biology. One study that followed mothers across multiple pregnancies
observed higher prenatal cortisol during pregnancies in which they reported
less household income (Aizer, Stroud, & Buka, 2009). Children carried during
these pregnancies completed, on average, a half year less of schooling than
their siblings who experienced relatively lower prenatal cortisol (regardless
of birth order; Aizer et al., 2009). Additionally, children whose parents had
received cash transfers through the Oportunidades program in Mexico had
lower average cortisol levels than children in comparison villages, with the
largest difference in child cortisol found for those whose mothers had high
depressive symptoms before receiving the income supplements (Fernald &
Gunnar, 2009). In studies in Kenya, changes in income arising from a cash
transfer experiment (Haushofer & Shapiro, 2016) and annual variation in
rainfall that affected agricultural yields (Chemin, de Laat, & Haushofer, 2013)
have also provided evidence that average cortisol levels are impacted by
changes in household income. Future income supplementation experiments
should continue to examine cortisol and examine a broader range of stress
biomarkers and/or measures of allostatic load.
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Family and Parenting Interventions

Beyond programs that attempt to reduce the impact of poverty by targeting
income itself, a number of programs have targeted the family context with the
aim of supporting positive parenting of individuals exposed to economic dis-
advantage (Brooks-Gunn et al., 1995). One theoretical rationale for targeting
the home or family context of individuals living in poverty is provided by the
family stress model, which argues that the stress associated with poverty or
financial strain causes stress in parents, which in turn impacts their parenting in
ways that are detrimental for child and adolescent development (K. J. Conger,
Rueter, & Conger, 2000; R. D. Conger et al., 2002). Thus, when targeting income
directly through policy or experimental income supplementation is not an
option, intervention efforts to improve parent—child interactions are thought
to be one way to improve the well-being of children and adolescents living in
poverty and other stressful contexts. When an extreme breakdown in parent-
ing is judged to have occurred, such as in the presence of child abuse or neglect,
experimental interventions target the quality of the parent—child relationship
in an attempt to improve the home environment or support placements outside
the familial home. These interventions also attempt to ameliorate the effects of
early traumatic stress on children. Similar interventions have targeted enhanc-
ing parenting in families of children adopted from early institutional (orphan-
age) care; such children may require enriched parenting to help counter the
stress effects of early social deprivation and trauma encountered in institu-
tional settings. We focus here on those interventions that included measures
of stress biology as part of their outcome assessments.

Interventions Reducing or Reversing the Effects

of Early Traumatic Stress

Some of the earliest insights into the malleability of stress biology in response
to intervention in human populations came from studies of children exposed
to the trauma of child abuse and neglect. As evidence has accumulated that
child abuse and neglect can leave lasting marks on biological stress systems
(Bernard, Butzin-Dozier, Rittenhouse, & Dozier, 2010; Gunnar & Vazquez,
2001), several interventions have been developed to reach children involved
with the child welfare system, who disproportionately come from families
facing the stresses of poverty or other hardship. Although each intervention
has its own approach and theory of change, the interventions typically last
from 6 to 12 weeks, with components that address the needs of both care-
giver and child. For example, the Attachment and Biobehavioral Catch-up
(ABC) intervention is an 8-week program for families of children aged 0 to
2 years that have experienced maltreatment, domestic violence, or placement
instability that is focused on increasing parent—child synchrony, promoting
nurturing parenting, and reducing parental behavior that would frighten
or alarm the child (Bernard, Dozier, Bick, & Gordon, 2015). The Multi-
dimensional Treatment Foster Care for Preschoolers (MTFC-P) program is a
therapeutic intervention designed to promote attachment and behavior for



Not for further distribution.

Copyright American Psychological Association.

26 Adam, Villaume, and Hittner

children in foster care and increase placement stability. The intervention
includes both individual and group support for foster parents, individualized
treatment for children, and weekly playgroup sessions focused on social and
emotional development and school readiness (P. A. Fisher, Stoolmiller, Gunnar,
& Burraston, 2007).

Finally, the Kids in Transition to School program focuses on promoting school
readiness among children in foster care as they transition to kindergarten, with
child group sessions that focus on increasing school readiness (e.g., early liter-
acy) and promoting prosocial and self-regulatory skills and parent group ses-
sions that address behavioral management and school involvement (Graham,
Pears, Kim, Bruce, & Fisher, 2018). Of the studies that have considered bio-
logical outcomes, most have measured cortisol, with some considering impacts
on other outcomes. Overall, these interventions have shown that HPA-axis
functioning can be improved, or further dysregulation prevented, in young
children who have experienced neglect or maltreatment. After intervention,
children in the treatment group have shown better-regulated diurnal cortisol
than control participants, with higher waking levels (Bernard, Dozier, et al.,
2015; D. B.-D. Fisher et al., 2007) and steeper slopes across the day (Bernard,
Dozier, et al., 2015; P. A. Fisher et al., 2007; Graham et al., 2018). There is
evidence that improved cortisol regulation can persist for several years after
intervention (Bernard, Hostinar, & Dozier, 2015). Of note, not every inter-
vention has found an impact on diurnal cortisol (Nelson & Spieker, 2013), and
no impacts on afternoon/evening cortisol have emerged from these studies.

Participation in interventions that improved cortisol regulation was also asso-
ciated with other promising outcomes for treatment group members, including
greater incidence of secure attachment and impacts on cognitive flexibility and
theory of mind (Bernard et al., 2012); lasting reductions in caregiving stress
(P. A. Fisher & Stoolmiller, 2008); and more typical patterns of neural activation
during response inhibition 5 years after intervention (Jankowski et al., 2017). In
contrast, many of the control group children showed a blunted cortisol diurnal
rhythm several years after intervention (Bernard, Dozier, et al., 2015; P. A.
Fisher et al., 2007), consistent with studies that have found flattened cortisol
slopes in children who stay with their birth parents rather than being placed
in foster care following contact with the child welfare system (Bernard et al.,
2010; Bernard, Dozier, et al., 2015). Together, these studies provide evidence
that stress-sensitive systems influenced by early traumatic stress, such as child
maltreatment, can be responsive to early intervention.

Community-Based Interventions for Families Under Stress

Although programs targeting children in the child welfare system primar-
ily reach children and families during early childhood, programs that reach
families experiencing stress disparities (e.g., high poverty, exposure to race-
based discrimination) in their communities are far broader in the type of inter-
vention, ages at time of intervention, and biological stress markers studied,
including cortisol, inflammatory markers, and risk markers for metabolic
syndrome.
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Cortisol outcomes. Several interventions considered impacts on cortisol, includ-
ing a home visiting program for mothers of infants from primarily low income
families at medical risk (Bugental, Schwartz, & Lynch, 2010) and a preventive
intervention offered following the death of one of an adolescent’s parents
(Luecken et al., 2010). Both interventions were associated with impacts
on average cortisol levels relative to control group youth. In infants, the inter-
vention was associated with reductions in midmorning cortisol at 1 year of
age that predicted better verbal short-term memory 2 years later. The bereave-
ment program also showed long-term impacts of the intervention, with treat-
ment participants showing an increase in average cortisol level relative to
control youth during a contlict discussion task that occurred 6 years after par-
ticipation. Treatment youth also reported lower externalizing problems, sug-
gesting lower incidence of the attenuated cortisol/elevated mental health
symptoms profile that might otherwise follow from experiencing the death of
a parent at a young age (Adam, 2006; Shirtcliff & Essex, 2008).

Immune/inflammatory and other biological outcomes. The Strong African
American Families Program (SAAF) was a preventive intervention that ran-
domly assigned over 600 rural Georgia families of 11-year-old children between
a family-focused parenting intervention and a literature-only control condi-
tion (Brody et al., 2004). The program focused on the promotion of a regu-
lated and communicative home environment, which was expected to operate
by increasing (a) involved/vigilant parenting, racial socialization, and discus-
sion of behaviors like sex and alcohol use; and (b) protective factors among
youth, including self-regulation, future orientation, more negative attitudes
about risk behaviors, and acceptance of parental influence. The seven-week
intervention included separate skill-building for parents and youth as well as
joint sessions in which families practiced applying the skills they learned.

Those who participated in SAAF were followed through early adulthood,
with several studies measuring biological stress outcomes. Studies conducted
when they were 19 and 25 years old identified several associations in the con-
trol group that were not present for those who received the intervention. In
particular, among control youth: (a) higher adolescent-reported unsupportive
parenting was associated with having more risk factors for metabolic syn-
drome (E. Chen, Miller, Yu, & Brody, 2018), and (b) having lived more adoles-
cent years in poverty was associated with lower volume of several regions of
the brain’s limbic system (Brody et al., 2017). There is some evidence that
improvements in parenting (i.e., a reduction in unsupportive parenting) in the
treatment group partially accounted for the reduced risk observed relative to
the control condition (E. Chen et al., 2018; J. L. Hanson et al., 2019). Those
who participated in the intervention also had lower levels of inflammatory
cytokines measured in late adolescence, with the lowest levels of inflamma-
tion found among those who experienced more nurturant and less harsh par-
enting following the intervention (Miller, Brody, Yu, & Chen, 2014).

In two of the family-focused interventions, MTFC-P and SAAF, long-term
follow-up has included brain scans of the young people who had experienced
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either the intervention or control conditions. Both studies found that control,
but not intervention, youth showed reduced connectivity between subcorti-
cal and cortical regions of the brain involved in self-regulation, attention, and
behavior (J. L. Hanson et al., 2018). These differences in connectivity have
been associated with attention and behavior problems more common among
control children in the MTFC-P study (Bruce et al., 2013; Pollak et al., 2010)
and have been partially accounted for by improvements in self-regulation
and parental support that developed via the SAAF intervention (Brody et al.,
2017; Jankowski et al., 2017). Differences in connectivity and volume were
identified in a region of the hippocampus that is sensitive to corticosteroid
levels and influenced by both stress exposure and parental support (Fa et al.,
2014; J. L. Hanson et al., 2019; Luby et al., 2012; Pagliaccio et al., 2014;
Teicher, Anderson, & Polcari, 2012). Together, these results provide evidence
that young people randomly assigned to the control condition went on to
develop markers of chronic stress exposure that are less prevalent in the inter-
vention group, some of which in turn predicted cognitive and behavioral
functioning and longer term health outcomes.

School-Based Interventions

Disparities in stress exposure occur not only at home but also through social
and academic stressors faced in school. Schools are also where young people
spend a substantial proportion of their waking hours. Student choices (includ-
ing whether to participate in physical activity, consume healthy food/drink, or
engage in risky behaviors) and experiences (including experiences of social
support or social exclusion from teachers or peers) during this time can affect
their health and well-being in the short term and contribute to the formation
of habits and health trajectories that will affect their health later in life (Kimm
et al., 2005). The school context is, therefore, an optimal space in which to
implement interventions that aim to reduce student stress, improve health
behaviors, and improve young people’s health, performance, and well-being.
Although there are multiple aspects of children’s and adolescents’” school
experiences that could be targeted to reduce stress disparities through inter-
ventions, very few published studies have done so with attention to effects on
stress biology. For example, numerous rigorous randomized control studies
have attempted to manipulate aspects of children’s school contexts, such as
bullying reduction programs, class size experiments, teacher training pro-
grams, or manipulations of per-pupil budgets, but we are not aware of school
context-based interventions that have measured impacts on stress biology.
Rather, most school-based interventions incorporating biological measures
have focused on modifying student perceptions of and responses to a wide
range of stressors (including poverty-related stressors and stressors associated
with discrimination and social exclusion). The most commonly employed
approaches involve training in meditation or mindfulness. We focus first
on school-based meditation or mindfulness interventions as an example of
a well-studied approach with promising links to stress biology; we then focus
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on a new study of our own designed to promote positive functioning and
better regulation of stress biology, specifically in the face of exposure to race-
based social stress.

Mindfulness and Meditation Interventions

With a rich history in Hindu and Buddhist traditions, meditation and mindful-
ness can be broadly understood as a practice of training attention to the pres-
ent moment (Chambers, Gullone, & Allen, 2009; Kabat-Zinn, 2005). Although
there are multiple traditions out of which many modern approaches have
been developed, the main distinction has been drawn between focused attention
practices, in which one concentrates on a single object (e.g., an image, body
part, or the breath) and open monitoring, which promotes nonjudgmental
awareness and observation. More recently, some scholars have argued for
understanding these attributes as orthogonal, with beginners primarily engaged
in learning to concentrate without letting the mind wander (Chambers et al.,
2009; Chiesa, 2013). Interventions based on these principles have been imple-
mented in schools, with wide variety in the approach and intensity of train-
ing and practice time that students experience (Esch, 2014). As such, our aim
is not to draw inferences about the effects of specific practices or programs
but rather to review relevant studies that have evaluated impacts on stress
biology. We denote the type of practice where possible and otherwise use
the general term meditation or mindfulness to refer to the broader category of
included studies. Literature on connections between mindfulness, meditation,
the stress response, and student biology and behavior suggests that school-
based mindfulness or meditation practice may benefit young people through
reductions in perceived stress and improved stress biology (Holzel et al.,
2011; Lane, Seskevich, & Pieper, 2007; Turakitwanakan, Mekseepralard, &
Busarakumtragul, 2013).

Cortisol outcomes. Among adolescents, a school-based behavioral stress-
education program was found to decrease cortisol levels and depressive symp-
tomatology in adolescents making the transition to high school, with effect
sizes on the order of 0.3 SDs for youth high in anger at baseline (Lupien et al.,
2013). Completion of a mindfulness-based social emotional learning program
was associated with steeper school-day cortisol slopes than peers in the con-
trol condition for fourth- and fifth-grade students (Schonert-Reichl et al.,
2015). Studies outside the school context also found lower average cortisol
after 2 to 4 months of meditation intervention, with effects ranging from
0.75 SDto 1.25 SD (MacLean et al., 1997). Others have found decreased acute
cortisol levels following meditation sessions (Carlson, Speca, Faris, & Patel,
2007; Jevning, Wilson, & Davidson, 1978; Sudsuang, Chentanez, & Veluvan,
1991). A school-based yoga and mindfulness intervention for teachers led to
lower waking cortisol levels after 16 weeks, compared with teachers at con-
trol schools (Harris, Jennings, Katz, Abenavoli, & Greenberg, 2016). Although
these results are promising, findings have been inconsistent. Some studies
have found no effects on cortisol outcomes (Sieverdes et al., 2014), and many
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have employed data collection or analysis methods that are not adequate for
modeling diurnal cortisol rhythms, which is problematic given the important
associations between daily cortisol slopes and a wide range of health out-
comes (Adam et al., 2017).

Blood pressure outcomes. Meditation interventions have also improved blood
pressure among adolescents and adults. Several school-based interventions
have reached students at elevated risk for hypertension (i.e., in the upper third
or half of the distribution for their age or school) and led to reductions of
approximately 0.3 to 0.4 SDs in systolic and diastolic blood pressure (Barnes,
Pendergrast, Harshfield, & Treiber, 2008; Barnes, Treiber, & Johnson, 2004;
Gregoski, Barnes, Tingen, Harshfield, & Treiber, 2011). As few studies have
enrolled students across the blood pressure distribution, there is limited evi-
dence of the extent to which meditation can be expected to change blood
pressure levels in young people with healthy baseline levels. A meta-analysis
of meditation studies with mostly adult populations finds that those with
healthy blood pressure see reductions comparable in magnitude with those
with elevated blood pressure (Anderson, Liu, & Kryscio, 2008). In contrast,
a study in college students found a reduction in systolic blood pressure of
0.4 SDs for those at elevated risk of hypertension, but a (nonsignificant)
reduction of less than 0.2 SDs for the full sample (Nidich et al., 2009). Further
study will be needed to better estimate how meditation affects stress biology
in healthy children and adolescents.

Sleep outcomes. Although there is not much literature on meditation or
mindfulness and sleep among adolescents, several studies with adults have
found improvements in sleep quality (Hiilsheger, Feinholdt, & Niibold, 2015)
and duration (Carlson & Garland, 2005) following a brief mindfulness or med-
itation intervention. Results from a small pilot study suggest that a school-
based mindfulness intervention can improve sleep quality among high school
women who reported poor sleep (Bei et al., 2013). These studies are fairly
preliminary, and additional evidence is needed to identify the mechanisms
through which meditation improves sleep.

Inflammation outcomes. Very little work has considered impacts of mind-
fulness or meditation on inflammation in adolescents, but several studies
in adults provide evidence of impacts on certain inflammatory markers.
Specifically, randomized mindfulness interventions have found reductions
in proinflammatory gene expression (measured through NF-kB levels; Black
& Slavich, 2016; Creswell et al., 2012) and small reductions in levels of
C-reactive protein (Creswell et al., 2012; Malarkey, Jarjoura, & Klatt, 2013).
A meta-analysis concluded that there is insufficient evidence to determine
whether mindfulness impacts other common inflammatory markers includ-
ing antibodies and interleukins (Black & Slavich, 2016). There is a need for
additional research that meets standards for rigorous causal research design
including the use of an appropriate control condition. Thus, preliminary
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evidence suggests that meditation and mindfulness interventions can improve
regulation of stress biology, particularly for populations under current stress,
but much additional research is needed, especially studies on the long-term
impacts of these interventions.

Racial and Ethnic Identity Promotion Interventions

In addition to these more general approaches designed to reduce the emo-
tional and biological effects of stress exposure, our research group has been
focused on testing interventions designed specifically to reduce the social,
emotional, and biological effects of race-based stress and especially the stress
of racial discrimination. Past theory and research have suggested that having
a strong ethnic and racial identity, and in particular positive affect and pride
in one’s ethnic or racial heritage, tends to buffer or reduce the stress of dis-
crimination and to be associated with positive outcomes, particularly for chil-
dren and youth of color (Rivas-Drake et al., 2014). Correlational evidence has
suggested that ethnic pride is also associated with better regulated stress biol-
ogy in the form of steeper diurnal cortisol rhythms (Zeiders, Causadias, &
White, 2018). In the Biology, Identity and Opportunity study, we are con-
ducting a randomized controlled trial to test whether an 8-week ethnic and
racial identity promotion intervention for high school freshman (see Umana-
Taylor & Douglass, 2017; Umana-Taylor, Douglass, Updegraff, & Marsiglia, 2018;
Umana-Taylor, Kornienko, Douglass Bayless, & Updegraff, 2018) has positive
effects on stress biology, as well as emotional, cognitive, physical, and aca-
demic outcomes. Ideally, we hope that such an intervention is positive for
all youth but are hoping that it has particularly strong effects for youth of
color, in that it could help to close ethnic and racial disparities in stress biol-
ogy and developmental outcomes.

SUMMARY OF STUDIES OF POLICIES AND INTERVENTIONS
AFFECTING STRESS BIOLOGY

Overall, we have provided evidence that the reduction of biological stress
disparities need not rely only on increases in individual coping; indeed, the
preliminary evidence reviewed here suggests that policies designed to reduce
levels of economic and race-based stress in children in families can have pos-
itive effects on stress biology. Given the pervasiveness of stress disparities, a
combination of policy interventions that reduce stress exposure and inter-
ventions designed to promote better coping with stress may hold the most
promise. Future random assignment studies will preferably (a) measure and
attempt to reduce disparities in stress exposure and/or increase coping with
stress, (b) include a comprehensive battery of stress biology measures, and
(c) follow children and adolescents longitudinally postintervention to observe
not only short-term but also long-term effects on stress biology and develop-
mental outcomes.
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SUGGESTIONS FOR FUTURE RESEARCH AND CONCLUSION

In this chapter, we have argued that greater attention is needed to the dis-
parities in stress exposure, biological responses to that stress exposure, and in
understanding the origins of both economic and ethnic-racial disparities in
health, developmental, and human-capital outcomes. Future research attempt-
ing to understand the origins of disparities should consider adding a “stress
disparities” lens to their work, including both measures of various types of
stress exposure and measures of stress biology. As the field advances, possible
studies should move beyond examining single stress biomarkers to the inclu-
sion of multiple aspects of the biological stress response and its downstream
effects on related biological systems. Researchers should be aware that cumula-
tive measures of stress exposure may have greater impact on stress biology and
cumulative cross-system measures of stress biology may be better predictors of
long-term outcomes. Studies should, if possible, gather multiple waves of stress
biology data, in order to allow changes in stress biology can be observed in
relation to changes in stress exposure, or in response to an intervening policy
or program. In addition, studies would be advised to pay attention to the possi-
bility of sensitive period effects, being particularly attentive to the possible
embedding effects of early life stress, but not forget the possibility that ongoing,
cumulative stress, and the interactions between early and ongoing stress may
play an important role.

In choosing measures of stress, and of biology, researchers should engage in
close conversation with community partners, who are aware both of the
types of stressors typically encountered in their communities (which may be
different than those expected a priori by researchers), and also are sensitive
to the types of biological measures that will be perceived as acceptable for
measurement within that community (which is in turn strongly based on the
level of community trust the researcher has established through past inter-
actions). Certain biological markers, such as DNA gathered to examine genetic
polymorphisms, may be rightfully rejected or regarded with suspicion, as they
can be perceived to locate the source of the stress-related negative outcomes
as emerging from within the individual.

Overall, we believe that taking a stress disparities framing is an important
new way to shed light on the origins and consequences of the vastly unequal
distribution of resources, adversities, and stress within U.S. society and across
the world. The addition of stress measures (including measures of stressor
exposure and stress biomarkers) to intervention and policy studies designed
to reduce disparities helps to shed light on the efficacy of social interventions
and social policies and the pathways by which they have their effects on health
and human capital outcomes. Additional policy research should add mea-
sures of stress exposure and stress biology as both potential outcomes of
policy change and plausible mechanisms for the maintenance of inequality
and consider the reduction in inequalities of perceived and biological stress as
an important target and indicator by which we can measure progress toward
reducing inequality and promoting equity.
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