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An Introduction to Cultural Neurobiology: Evidence from
Physiological Stress Systems
Leah D. Doane, Michael R. Sladek, and Emma K. Adam

Changing immigration and demographic patterns have led to the emer-
gence of increasingly diverse and multicultural global communities. In the
United States (US), census projections estimate that “ethnic minorities”
will collectively become the majority group within the next 20 years (Colby
& Ortman, 2014). For example, individuals of Latino/Hispanic descent
now comprise 17% of the nation’s population and are expected to account
for almost 30% by 2060. There has also been steady growth in the num-
ber of biracial and multiracial individuals in the US (Colby & Ortman,
2014). This increasing racial/ethnic diversity precipitates increasing inter-
personal and social interactions across multiple cultural traditions within
families, neighborhoods, schools, and workplaces. Research in the field
of psychobiology has long considered the implications of interpersonal
and social interactions for stress-sensitive biological processes but has
been traditionally slow to recognize the role of culture. Psychobiological
researchers, however, are increasingly beginning to examine racial/ethnic
and cultural processes, and researchers focusing on culture are beginning
to incorporate psychobiological and neurobiological measures. In the cur-
rent chapter, we provide a broad overview of the newly emerging field of
cultural neurobiology.

Although definitions of “culture” may vary, most acknowledge that cul-
ture comprises values, traditions, and beliefs that influence the behaviors
of a particular social group (American Psychological Association, 2003;
Rogoff, 2003). Researchers from a variety of disciplines (e.g., psychology,
sociology, anthropology) have garnered a wealth of knowledge through

The Handbook of Culture and Biology, First Edition. Edited by José M. Causadias, Eva H. Telzer
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the scientific study of culture and its influences on cognition, emotion,
and behavior (Cooper & Denner, 1998), but less research has focused on
the interplay between culture and biology (Causadias, 2013). Historically,
culture has been considered a “macro” construct transmitted through
the action of broad social and contextual influences on individuals
within particular communities, whereas biology has been considered an
“unchangeable” individual quality that is static over time (Rogoff, 2003).
As a result of this theoretical distance between cultural and biological
processes, empirical research on relations between them has remained
relatively underdeveloped (Causadias, Telzer, & Lee, 2017). However,
accumulating theory and evidence have emphasized the changeability of
biological processes and their sensitivity to social and cultural contexts
(Adam, Klimes-Dougan, & Gunnar, 2007; Sterling, 2004). Indeed, culture
and biology dynamically interact across multiple time frames (e.g., Li,
2003): from moment to moment as individuals react to acute experiences
(Smart Richman, Pek, Pascoe, & Bauer, 2010), from day to day as indi-
viduals adapt to varying social demands (Sladek & Doane, 2015), over
years as individuals develop in changing sociocultural contexts (Adam
et al., 2015), and both ontogenetically and intergenerationally as culture
and biology are transmitted through shared environments and genetic
and epigenetic pathways (D’Anna-Hernandez et al., 2012; see Causadias,
Telzer, & Gonzales, chapter 1 in this volume).

We propose that the term cultural neurobiology should be used to
encompass the transactions among cultural processes and central and
peripheral aspects of neurobiology across the said multiple timeframes.
We present a review of the literature supporting the emerging field of cul-
tural neurobiology, and focus on literature that has examined transactions
between culture and stress-sensitive neurobiological systems, including
the autonomic nervous system (ANS), the hypothalamic-pituitary-adrenal
(HPA) axis and immune mechanisms, for several reasons. First, biological
indicators of these stress-sensitive systems can be measured outside the
laboratory, in naturalistic settings where cultural processes actually occur
(Luecken & Gallo, 2008). Second, these systems are commonly hypothe-
sized to be mechanisms that underlie associations between racial/ethnic
group membership, race-related psychological stress and health (Myers,
2009), and, more recently, racial/ethnic disparities in academic attain-
ment (Levy, Heissel, Richeson, & Adam, 2016). In addition to focusing on
the ANS, the HPA axis, and immune and inflammatory system function-
ing, we highlight more recent work incorporating multiple stress-sensitive
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biological indicators, including allostatic load (e.g., McEwen, 1998) and
multisystem approaches (e.g., Bauer, Quas, & Boyce, 2002).

Although researchers have investigated cultural and identity-formation
processes among majority-group members (e.g., White, European Amer-
icans in the US; Devos & Banaji, 2005; Helms, 1994), most research in
the US on the cultural constructs described below in relation to neuro-
biology has been conducted with racial/ethnic minority or multiracial/-
ethnic populations. We do, however, highlight instances when research
was conducted with majority-group members. Further, it is worth noting
that biological anthropologists (e.g., DeCaro & Worthman, 2008; McDade,
Stallings, & Worthman, 2000) have examined interactions between culture
and biology in many international contexts (e.g., Flinn & England, 1997;
McDade & Worthman, 2004). While a detailed review of international and
cross-national studies is beyond the scope of our brief introduction, we
acknowledge their influence on the development of cultural neurobiology
(e.g., McDade, 2005; Worthman & Costello, 2009).

In this chapter we first review important theoretical perspectives rel-
evant to cultural neurobiology. Next, we briefly describe the function,
measurement and health-relevance of the ANS, the HPA axis, immune/
inflammatory systems, and allostatic load. We then provide definitions of
key cultural constructs from extant literature and present examples of cul-
tural neurobiological studies. In the final section, we highlight adaptive cul-
tural processes and additional biomarkers that hold promise for informing
our understanding of transactions between culture and biology.

Culturally Informed Theory

Early endeavors in psychology and related disciplines considered culture
simply as a demographic or social grouping factor (i.e., they inferred cul-
ture from racial/ethnic categorizations; see Garcı́a Coll, Akerman, & Cic-
chetti, 2000). More recently, researchers have argued that culture should
be conceptualized as a major influence on individual and group processes
rather than as a cursory background variable (Garcı́a Coll et al., 1996).
Here, we follow the lead of our colleagues who consider culture to be
both a context in which biological processes unfold and a collection of
processes that change over time. A widely used framework in the study
of culture focuses on differences between groups (e.g., citizens of differ-
ent nations, racial/ethnic groups) as broad constellations of values and
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practices termed individualistic (self-focused) or collectivistic (other-
focused) (Triandis, 1995). Other researchers have focused on more spe-
cific processes that carry particular salience for certain groups with shared
sociocultural histories, such as the collectivistic value of familism (feelings
of loyalty, reciprocation, and solidarity among family members) among
Latinos (Sabogal, Maŕın, Otero-Sabogal, Maŕın, & Perez-Stable, 1987). Dis-
ciplines such as anthropology use intensive ethnography as well as more
quantitative techniques (e.g., cultural consensus modeling) to identify the
values, behaviors, traditions, and markers of status important to particular
groups living in particular locations at particular points in time, rather than
assuming that values are constant and broadly shared among members of
an ethnic or racial group (Dressler & Bindon, 2000; Flinn & England, 1997).

Garcı́a Coll and colleagues (1996) proposed an integrative model of nor-
mative development for racial/ethnic-minority youth that considers the
unique ecological circumstances of people of color growing up in the US.
Based in social stratification theory, the model suggests that observed
racial/ethnic differences represent legitimate adaptations to contextual
demands embedded within historical and current systems of oppression
(e.g., racism, segregation). Garcı́a Coll et al. (1996) proposed that the expe-
riences of individuals and their families within inhibiting and promoting
environments result in adaptive cultures, or social systems defined by sets
of goals, values, and attitudes that differ from the dominant culture and
influence developmental competencies over time. Following this frame-
work, it is important to acknowledge that many minorities are routinely
exposed and must respond to daily challenges generated by a racially strat-
ified society (e.g., discrimination, segregated housing).

Given the challenging nature of many everyday experiences for racial/
ethnic minorities in the US, much research and theory thus far has focused
on racial/ethnic or culturally based stressors that disproportionately affect
these groups (American Psychological Association, 2016). However, it
is also important to acknowledge that considerable cultural resources
and strengths influence transactions between culture and neurobiology.
Guided by classic stress and coping theory (Lazarus & Folkman, 1984), we
argue that future work must examine the cultural ecology of coping (e.g.,
Gonzales & Kim, 1997) in cultural neurobiology, including both promo-
tive cultural resources that directly benefit all youth and protective cultural
resources that enable some racial/ethnic minorities to achieve positive out-
comes despite facing marginalization, discrimination and socioeconomic
inequalities (e.g., Causadias, 2013; Neblett, Rivas-Drake, & Umaña-Taylor,
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2012). Throughout this chapter, we attempt to highlight such adaptive cul-
tural resources, and their role in neurobiology.

Neurobiological Stress Systems

Here we provide an overview of autonomic nervous system (ANS) activity,
the hypothalamic pituitary adrenal (HPA) axis, and immune/inflammatory
function, and describe measures of these systems commonly used in
behavioral research (for a comprehensive review of physiological stress and
methods, see Luecken & Gallo, 2008).

The ANS

The ANS responds rapidly to stressors through a coordination of sympa-
thetic and parasympathetic nervous system activity (SNS and PNS respec-
tively). The SNS response provokes the secretion of epinephrine from the
adrenal medulla and norepinephrine from both the adrenal medulla and
the sympathetic nerve terminals. Epinephrine, through hormonal effects,
and norepinephrine, through a combination of neurotransmitter and hor-
monal effects, widely influence peripheral organs and tissues (Lovallo &
Thomas, 2000). Key effects include increased heart rate and respiratory
output, which prepare the body for active responses to physical and psy-
chosocial threats. The polyvagal theory (Porges, 2007) and the neurovis-
ceral integration model (Thayer & Lane, 2000) suggest that the PNS also
plays an integral role in the stress response by modulating both SNS and
HPA activity. When engaged, the PNS helps to maintain lower heart rate
and internal homeostasis, supporting social engagement (Porges, 2007). In
contrast, when someone is facing a challenging or stressful situation, PNS
activity decreases, releasing the “brakes” this system normally maintains
on sympathetic activity and allowing the body to quickly mobilize fight-
or-flight responses (Porges, 2007).

Several key measures of ANS activity include cardiovascular reactivity,
heart rate variability (HRV) and respiratory sinus arrhythmia (RSA). The
most common measures of cardiovascular reactivity are blood pressure
and heart rate, which have been used in both laboratory and naturalis-
tic settings to measure stress-related changes in cardiovascular function.
Heart rate variability (HRV) is measured using an electrocardiogram and
quantifies changes in beat-to-beat intervals caused by PNS modulation of
SNS. Finally, RSA is an indicator of HRV that occurs at the frequency of
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spontaneous respiration. Researchers have focused on both baseline RSA,
measured at rest, and RSA change in response to a particular stressor.
High baseline RSA has been theorized to be adaptive, allowing individu-
als to attend to and engage with their environment quickly (Porges, 2007).
Decreases in RSA (“withdrawal”) have also been theorized to reflect opti-
mal regulation or vagal flexibility, allowing greater cardiac output and thus
more active responses to stress (Muhtadie, Koslov, Akinola, & Mendes,
2015).

The HPA Axis

Through a cascade of hormone events beginning in the brain, activation
of the HPA axis results in the release of cortisol into the bloodstream,
which helps to provide adaptive behavioral responses during stressful situ-
ations. Psychological stressors, particularly those involving lack of control
and social evaluation, activate the HPA axis (Dickerson & Kemeny, 2004).
While most commonly measured in saliva, cortisol can also be measured
in blood, urine and hair. Cortisol peaks in saliva approximately 21-40 min-
utes after a discrete stressor, but may take up to one hour to return to base-
line. Both elevated and blunted cortisol reactivity are associated with poor
mental and physical health (Hagan, Roubinov, Mistler, & Luecken, 2014;
Phillips, Ginty, & Hughes, 2013).

In addition to its role in stress reactivity, cortisol is released throughout
the day in a typical diurnal pattern characterized by relatively high levels at
waking, a dramatic increase approximately 30 minutes after waking, then a
general decrease across the day with the lowest levels occurring in the late
evening hours (Adam & Kumari, 2009; Pruessner et al., 1997). The three
metrics most commonly used to index daily HPA axis activity include
the cortisol awakening response (CAR, the increase in cortisol levels that
typically occurs 30–45 minutes after waking; Clow, Hucklebridge, Stalder,
Evans, & Thorn, 2010), the diurnal slope (the linear rate of decline in corti-
sol levels from waking to bedtime; Adam, Hawkley, Kudielka, & Cacioppo,
2006) and the diurnal area under the curve with respect to ground
(AUCg, the total daily output; Pruessner, Kirschbaum, Meinlschmid, &
Hellhammer, 2003). Variations in cortisol diurnal patterns have been used
as indices of early exposure to adversity or chronic stress (for a review see
Ehrlich, Miller, & Chen, 2016), biological susceptibility to environmental
influences (Boyce & Ellis, 2005) and exposure to recent acute stressors
(for a review see Adam, 2012). Recent research, however, has found that
short-term elevations in cortisol provide subsequent reductions in fatigue
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and short-term “boosts” in both energy and positive emotional states
(Adam et al., 2006; Hoyt, Zeiders, Ehrlich, & Adam, 2016).

Immune Markers

While the ANS and the HPA axis mobilize resources for a response to
a challenge or a threat, the immune system provides defense and repair
in the face of injury or infection. The immune system identifies cells that
are “self” or “other” through innate and acquired immunity. Innate immu-
nity is the body’s immediate response to a pathogen: it includes the direct
responses of macrophages and natural killer cells, which attack an infec-
tion; this attack leads to inflammation. Inflammation is the process by
which cells of the immune system, primarily cytokines, aggregate at the
point of infection. Acquired immunity occurs through a secondary cas-
cade of events that results in the proliferation of lymphocytes; these attack
infectious agents (T-cells) and then prepare the body against future infec-
tions by creating antibody-mediated immunity (e.g., the ability to recog-
nize the agent in the future). The immune system indicators most often
incorporated into behavioral research are measures of cytokines and their
related proteins, which play an important role in cell signaling (for a review
of stress and the immune response see Glaser & Kiecolt-Glaser, 2014). The
most frequently measured inflammatory biomarkers are C-reactive pro-
tein, IL-6, IL-12, TNF-α, IFN-γ, and IL1-β.

Much of the immune response is activated by direct connections
between the brain and the tissues that produce the immune response.
Studies have linked psychosocial stressors and contextual influences with
immune system activity and related endocrine processes by using both
laboratory and naturalistic paradigms (Glaser & Kiecolt-Glaser, 2005;
Kirschbaum & Hellhammer, 1989; McEwen, 1998). Exposure to social
stressors in both laboratory and naturalistic settings is associated with ele-
vated inflammatory activity (Dickerson, Gable, Irwin, Aziz, & Kemeny,
2009; Fuligni et al., 2009). There are additional communication pathways
in the body between autonomic, HPA, and immune systems (e.g., immune-
suppressive or enhancing effects), all of which contribute to illness and
disease vulnerability. The HPA and ANS responses to stress can influ-
ence immune function either directly, through binding of the hormone
to receptors (e.g., glucocorticoid receptors), or indirectly, through sup-
pression or overproduction of cells that send vital signals to cytokines
(Glaser & Kiecolt-Glaser, 2005; Padgett & Glaser, 2003; Webster, Tonelli, &
Sternberg, 2002).
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Allostatic Load and Multisystem Approaches

One approach to studying how psychosocial stressors influence multiple
biological systems is to use a quantitative additive indicator – allostatic
load (AL), a concept pioneered by McEwen (1998). Under normal circum-
stances, the body adjusts biological responses to match acute environmen-
tal demands, a process called allostasis (McEwen, 1998, 2000; McEwen &
Seeman, 1999; Sterling & Eyer, 1988). Under conditions of ongoing stress,
however, dysregulation of multiple biological systems may occur as a result
of cumulative “wear and tear” (i.e., chronic over- or underactivation). Mea-
sures of AL summarize dysregulation across multiple systems, including
those responsible for immune, endocrine, metabolic, and cardiovascular
function. Measures of AL have been used as outcomes of chronic stress
(e.g., Dich, Lange, Head, & Rod, 2015) as well as predictors of disease (e.g.,
Mattei, Demissie, Falcon, Ordovas, & Tucker, 2010).

Many have suggested that studies should move beyond one-to-one asso-
ciations between psychosocial constructs and single indicators of biology
(Bauer, Quas, & Boyce, 2002; McEwen, 2000; Quas et al., 2014). Biolog-
ical systems may work independently to inhibit or enhance each other’s
functions, or together in response to stress (e.g., Laurent, Lucas, Pierce,
Goetz, & Granger, 2016). Thus, multisystem approaches emphasize the
importance of including multiple indicators of interacting biological sys-
tems to elucidate connections between psychological experience and phys-
ical and mental health and disease.

Evidence of Relations between Culture and Neurobiology

The second aim of this chapter is to introduce research contributions
that have already been made to our understanding of cultural neuro-
biology. Racial/ethnic minorities face more and different stressors from
majority group members. For example, in a national US survey (Amer-
ican Psychological Association, 2016), Black, Latino, Asian, and Ameri-
can Indian/Alaska Native adults reported more everyday discrimination
than did non-Hispanic White adults, across most examples of unfair treat-
ment (for example, being treated with less respect, not being hired for a
job). Extensive research has contrasted the biological profiles of different
racial/ethnic groups in the US, showing differences in stress biology, and
assuming that such differences are due to varying cultural processes or
stress experiences. Such comparisons have mostly shown that racial/ethnic
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minorities exhibit altered ANS, HPA and immune function, which reflects
the dysregulation of stress-sensitive systems compared with those of non-
Hispanic Whites (e.g., Chapman et al., 2009; Cohen et al., 2006; Geron-
imus, Hicken, Keene, & Bound, 2006; Mozaffarian et al., 2016). However,
some studies have not found such differences, and many have struggled to
separate out effects unique to racial/ethnic group membership, given the
complex overlap between socioeconomic status and race/ethnicity (Kauf-
man, Cooper, & McGee, 1997). Rather than reviewing research that shows
differences purely by racial/ethnic category, we focus on research in which
culturally relevant processes have been directly measured and modeled in
relation to stress biology, including perceived discrimination, stereotype
threat, ethnic and racial identity, acculturation, and family processes (for a
discussion of the effects of poverty on neurobiological systems, see Doan &
Evans, chapter 11 in this volume).

Perceived Discrimination

One proximal mechanism or experience used to explain why stress biol-
ogy may differ between racial/ethnic majority and minority group mem-
bers is perceived racial/ethnic discrimination (the perception of being
treated unfairly due to one’s race or ethnicity).1 These perceptions of dis-
crimination experiences operate at multiple levels, from systemic racism
or chronic discrimination to microaggressions (commonplace racial slights
and insults; Sue et al., 2007). Meta-analyses suggest that perceived discrim-
ination has significant detrimental effects on physical and mental health,
including depression, anxiety, hypertension, obesity, and substance use
(Pascoe & Smart Richman, 2009), with recent evidence pointing to the role
of neurobiological stress mechanisms (see Ong, Deshpande, & Williams,
chapter 12, and Hill & Hoggard, chapter 14, in this volume).

Perceived racial discrimination has been associated with higher blood
pressure (Brondolo et al., 2008), lower HRV (Hill et al., 2017), hyperten-
sion (Dolezsar, McGrath, Herzig, & Miller, 2014), and increased risk of
cardiovascular disease (Lewis, Williams, Tamene, & Clark, 2014). How-
ever, some variation based on racial/ethnic group (e.g., Hispanic, Black)
and sex (Lewis et al., 2014; Williams, Neighbors, & Jackson, 2003) has
been reported, and longitudinal research on cardiovascular function is
rare (Brondolo, Rieppi, Kelly, & Gerin, 2003). Cross-sectional studies of
ethnic minority and majority (e.g., European-American) populations have
also linked perceived discrimination with HPA-axis activity, including flat-
ter diurnal cortisol slopes and greater cortisol reactivity to laboratory and
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everyday stressors (Doane & Zeiders, 2014; Smart Richman & Jonassaint,
2008; Zeiders, Hoyt, & Adam, 2014). Further, there is now evidence of
cumulative effects and sensitive-period effects of discrimination on corti-
sol regulation. Perceived racial discrimination measured over 20 years was
associated with flatter diurnal cortisol slopes in adulthood among both
Blacks and Whites, and perceived discrimination in adolescence accounted
for most of this association (Adam et al., 2015).

Evidence from experimental, cross-sectional and longitudinal research
suggests similar adverse effects of perceived discrimination on immune
function, with most studies focusing on IL-6 or C-reactive protein (CRP).
For example, everyday discrimination was associated with higher levels of
CRP in older African-American adults (Lewis, Aiello, Leurgans, Kelly, &
Barnes, 2010). However, effects vary by sex or race/ethnicity. Results from
the Multi-Ethnic Study of Atherosclerosis (MESA) study indicated that
both everyday and lifetime discrimination were associated with elevated
IL-6 in women, but only everyday discrimination was associated with ele-
vations in men, across all ethnic groups (Kershaw et al., 2016). In a dif-
ferent epidemiological sample, Cunningham and colleagues (2012) found
that perceived discrimination was negatively associated with CRP levels
in Black men and women but positively associated with CRP in White
women.

While some cross-sectional studies have identified perceived discrim-
ination as a key pathway between race/ethnicity and composites of AL
(e.g., Tomfohr, Pung, & Dimsdale, 2016), to our knowledge only one study
has examined prospective relations of perceived discrimination with an
AL index. In a longitudinal study of African-American youth, Brody and
colleagues (2014) found that perceived discrimination during adolescence
was associated with increased AL (cortisol, epinephrine, norepinephrine,
blood pressure, CRP, and body mass index (BMI)) in young adulthood, but
not for those who reported high levels of emotional support from parents
and peers. This study identifies the harmful effects of cumulative discrimi-
nation experiences over time, while highlighting the importance of cultur-
ally relevant protective processes in the prediction of stress biology.

Stereotype Threat

Beyond the stress of perceiving unfair treatment, researchers have focused
on the stress associated with unfair expectations, stereotypes or assump-
tions regarding one’s group, a concept called “stereotype threat” (Steele &
Aronson, 1995). In situations where known group stereotypes are
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activated, such as when racial/ethnic-minority individuals face a testing sit-
uation believing that they are expected to perform poorly because of their
race, the attentional demands and stress posed by the threat of that stereo-
type impair performance (Gonzales, Blanton, & Williams, 2002; Jaramillo,
Mello, & Worrell, 2016; Spencer, Logel, & Davies, 2016). Stereotype threat
also has biological consequences (Levy et al., 2016; Mendes & Jamieson,
2011), having been linked to increases in blood pressure reactivity, car-
diovascular reactivity, HRV, sympathetic activation, cortisol levels, and
IL-6 levels (John-Henderson, Rheinschmidt, Mendoza-Denton, & Fran-
cis, 2014; see Mendes & Jamieson, 2011, for a review). To our knowledge,
stereotype threat has not yet been examined in relation to allostatic load.
Past neurobiological stereotype-threat studies have focused on acute acti-
vation of stress biology in the context of testing or performance situations;
whether repeated stereotype threat is sufficiently biologically aversive to
represent a chronic stressor that predicts long-term changes in stress biol-
ogy remains to be examined.

Ethnic and Racial Identity

The multidimensional construct of ethnic and racial identity (ERI) includes
the beliefs and attitudes individuals have about their racial/ethnic group
memberships as well as the processes by which these beliefs and atti-
tudes develop over time (Umaña-Taylor et al., 2014). The extent to which
racial/ethnic minorities have explored, and made a commitment regard-
ing, their identity as members of their racial/ethnic group, and to which
they have positive feelings about their racial/ethnic group membership
(known as private regard), is generally associated with positive psycholog-
ical adjustment (Sellers, Copeland-Linder, Martin, & Lewis, 2006; Umaña-
Taylor, Yazedjian, & Bámaca-Gómez, 2004). The salience of ERI forma-
tion and how it relates to adjustment among majority-group members
is less clear (Helms, 1994; Phinney, 1989). Some evidence indicates that
ERI is associated with self-esteem to a lesser degree for Whites than
for racial/ethnic minorities (Umaña-Taylor et al., 2004). Researchers have
theorized that ERI also buffers racial/ethnic minorities from the adverse
effects of discrimination on health and well-being (see Brondolo, Brady
Ver Halen, Pencille, Beatty, & Contrada, 2009, for a review).

Some empirical evidence indicates that the protective effect of ERI pro-
cesses operates through stress biology, particularly ANS reactivity. For
example, African Americans with higher private regard exhibited lower
RSA reactivity after viewing a racism vignette which showed a White
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perpetrator than those with lower private regard (Neblett & Roberts,
2013). Higher private regard has also been associated with lower over-
all cardiac output during race-related stressors (Clark & Gochett, 2006).
Other studies have found that greater internalization of Black identity was
associated with elevated resting systolic blood pressure in the laboratory,
greater systolic blood pressure reactivity to race-related stressors, and ele-
vated ambulatory blood pressure (e.g., Thompson, Kamarck, & Manuck,
2002; Torres & Bowens, 2000). These seemingly contradictory findings
might suggest that greater racial/ethnic salience actually heightens (rather
than attenuates) stress reactivity, an adaptive result for individuals who
must routinely be prepared to contend with race-related stressors (Sellers
et al., 2006). Available neurobiological research has focused almost exclu-
sively on the racial identity of Blacks and ANS activity; future work might
consider ERI across other racial/ethnic groups and other neurobiological
stress systems.

Acculturation

An emerging literature has started to document differences in stress biol-
ogy among immigrant groups who vary in levels of acculturation, or the
process by which individuals engage in and adapt to a new culture (Fergu-
son, 2013). Immigrants partly construct their environments by selecting
the ethnic heritage traditions or values they prefer to maintain from their
countries of origin (enculturation), while adapting to traditions of the new
mainstream culture (acculturation). The psychological stress associated
with this dual-cultural adaptation process has been called acculturative or
enculturative stress (Gonzales, Germán, & Fabrett, 2012).

Acculturative and enculturative stressors have been linked with alter-
ations to several neurobiological stress systems. A recent meta-analysis
found that immigrants’ acculturation to the US and to European coun-
tries was associated with increases in both systolic and diastolic blood
pressure, independently of other known risk factors (e.g., high body mass
index; Steffen, Smith, Larson, & Butler, 2006). Evidence from longitu-
dinal multi-ethnic epidemiological samples has also shown that recent
immigrants experience the fastest declines in cardiovascular health (Lê-
Scherban et al., 2016). In a series of studies of Mexican-American adults,
Mangold and colleagues (2010, 2012) found that greater Anglo orienta-
tion (adopting mainstream cultural views and practices) was associated
with smaller CARs (a pattern linked with chronic fatigue and “burnout”).
Other research on Mexican-American women and their infants has
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suggested that maternal cortisol during the prenatal and postpartum
period may mediate associations between acculturation and adverse infant
outcomes (D’Anna-Hernandez et al., 2012; Ruiz, Pickler, Marti, & Jallo,
2013). Similarly, time spent in the US was associated with the absence
of a protective cytokine (IL-10), which subsequently predicted the odds
of preterm birth in a sample of Mexican-American pregnant women
(Wommack et al., 2013).

Finally, studies of Mexican immigrants and their families have shown
that cumulative experiences in the US (for example years living in the
US, adapting to mainstream culture) were associated with increased AL,
including indicators of blood pressure, glucose, cholesterol and immune
function (e.g., McClure et al., 2015). Peek and colleagues (2010) found that
US-born individuals of Mexican descent had higher AL scores than their
counterparts who had been born in Mexico, but this was not accounted for
by English language use, social integration or cultural assimilation. This
finding suggests that it could be the loss of culturally specific protective
factors that explains how acculturation gets under the skin to influence
neurobiological function.

Family Processes

Cultural neurobiology research with an emphasis on human development
has focused much attention on the family (Fuligni & Telzer, 2013) and
other close social ties. Research on familism among Latinos, communal-
ism among African Americans and filial piety among Asian Americans has
examined whether these society- and family-centric values are associated
with adaptive outcomes for children and families (Schwartz et al., 2010).
Family values, such as feeling obligated to help family members, may be
protective (Schwartz et al., 2010), whereas some family expectations, such
as daily assistance behaviors, may be sources of vulnerability (Fuligni et al.,
2009). For example, the values of family unity and support generally pro-
mote positive outcomes for Mexican-origin youth (Fuligni, Tseng, & Lam,
1999; Suárez-Orozco & Suárez-Orozco, 1995), but youth who feel respon-
sible for helping their families financially may be significantly burdened by
providing assistance in a variety of ways (e.g., translating for family mem-
bers, childcare).

Perceived availability of social support, particularly from family, may
buffer individuals from chronic activation of neurobiological stress activ-
ity (e.g., Brody et al., 2014). In contrast, providing for family members
(e.g., by undertaking caretaking responsibilities) can have direct, adverse
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effects on stress biology (Kiecolt-Glaser et al., 2003), or can moderate or
exacerbate the negative effects of other risk factors (e.g., chronic family
stress; Marin, Chen, Munch, & Miller, 2009). For example, in a sample
of African-American adults, greater cultural consonance was associated
with lower systolic and diastolic blood pressure when these adults also per-
ceived greater family support (Dressler & Bindon, 2000). Many studies of
racial/ethnic-minority and -majority populations have also indicated that
perceived availability of social support, particularly from family, buffers
against HPA-axis dysregulation, activation of immune pathways, and AL
(e.g., Brody et al., 2014; Doane & Zeiders, 2014; Guan et al., 2016; Jew-
ell, Luecken, Gress-Smith, Crnic & Gonzales, 2015; Seeman, Gruenewald,
Cohen, Williams, & Matthews, 2014). Other studies have found that family
assistance behaviors are associated with a risk of dysregulated neurobio-
logical stress systems (Chiang et al., 2016; Fuligni et al., 2009; see Fuligni
& Telzer, 2013 for a review). For example, family assistance behaviors were
associated with higher levels of immune markers, including sIL-6r and CRP
(Fuligni et al., 2009). Interestingly, this association was attenuated among
youth with high levels of family obligation values, highlighting the protec-
tive role of traditional family-based cultural values.

Conclusions and Future Directions

The following chapters in this part represent exciting extensions of cul-
tural neurobiology research across the various biological systems intro-
duced here. In addition to the pioneering work conducted and reviewed
by our colleagues in the following chapters, we offer four categories as cen-
tral candidates for future work, with an emphasis on positive or protective
cultural processes: (1) supportive family processes, (2) biculturalism
or multiculturalism, (3) cultural experiences and identities in majority
groups, and (4) additional neurobiological markers that hold promise for
future culturally informed research.

Supportive Family Processes

From various studies that have explored the supportive role of family pro-
cesses (e.g., Fuligni & Telzer, 2013), it is clear that more family-centered
values and greater perceptions of available family support have the poten-
tial to promote enhanced neurobiological stress regulation and protect
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individuals from the risk of neurobiological dysfunction when they face
stressful conditions. Future research is needed to explore more nuance in
family processes (particularly if putatively supportive family influences can
become sources of risk) and the corresponding effects on neurobiological
systems.

Biculturalism or Multiculturalism

Although research has found that maintaining ties to one’s traditional eth-
nic culture is protective, those who are able to interact effectively within
both their ethnic-heritage and mainstream cultural contexts garner var-
ious psychosocial benefits (Garcı́a Coll et al., 1996; Nguyen & Benet-
Mart́ınez, 2012). Future research should consider biculturalism (or mul-
ticulturalism) as a potentially promotive or protective cultural process in
relation to neurobiological stress systems. Do highly bicultural individu-
als benefit from enhanced biological regulation under stress, compared to
individuals oriented more exclusively towards either their ethnic-heritage
culture or mainstream culture?

Cultural Experiences and Identities for Majority-Group Members

As communities become increasingly diverse with respect to race, eth-
nicity and the intersection of multiple cultural traditions, it will be crit-
ical for cultural neurobiology research to consider the values, attitudes,
and identities of those with majority status (e.g., White, European Amer-
icans in the US). Our review revealed that most research has focused on
culture and biology interplay among racial/ethnic minorities. We encour-
age future cultural neurobiology research to draw from rich conceptual
frameworks that have also considered the salience of these processes for
those in the racial/ethnic majority. For example, Helms (1994) argued that
White, European Americans develop racial identity through a process that
requires them to recognize and abandon internalized White privilege and
to create a non-racist, self-defining White identity. Some researchers have
already started to examine such processes in relation to stress biology,
showing that White Americans’ concerns about appearing prejudiced were
associated with heightened cortisol responses during interracial encoun-
ters in a laboratory and alterations in diurnal cortisol rhythms over a
year (Trawalter, Adam, Chase-Lansdale, & Richeson, 2012). More work
is needed to consider measured cultural processes among majority-group
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members that may support the function and regulation of stress-sensitive
neurobiological systems.

Additional Biological Markers of Cultural Relevance

This review, to a large extent reflecting the literature, has focused on stress
biology. Many positive aspects of culture may not only serve as buffers
against the activation of stress biology, but also relate more directly to
biological systems that are involved in positive emotion, social affiliation
and motivation. For example, hormones such as dehydroepiandosterone
(DHEA) are thought to play a role in coping with stress, and oxytocin is
thought to play a role in affiliation and attachment. Researchers are now
beginning to consider biomarkers of these systems in cultural neurobiol-
ogy research. For example, researchers are examining interactions between
oxytocin polymorphisms and cultural norms regarding support seeking
and emotion regulation (Chiao, 2015; Kim et al., 2010). More research is
needed on the positive neurobiology of culture.

Conclusions

We are pleased to highlight research that is exploring a new frontier of cul-
tural neurobiology. Researchers who study social and cultural processes
may have little incentive to incorporate neurobiological measures into
their work. Of course, the opposite is likely to be true as well: researchers
who traditionally focus on neurobiology may not be motivated to draw
from the conceptual complexity of cultural theory. As we develop this
emerging field, it will be increasingly important to bring these disciplines
together. It is also essential to move beyond the study of cultural risk fac-
tors and stressors to identify cultural strengths, and how they are interwo-
ven with complex biological systems that regulate everyday psychological
and social functioning. Doing so will help us better understand the role
of biology not only in disease processes, but in the health, well-being, and
thriving of individuals from all cultural backgrounds.

Note

1 We use the term “perceived discrimination” to follow empirical research in the fields
of psychology and human development. Perceptions of discrimination across many
time courses (past, current or anticipatory) activate the physiological stress pro-
cesses described in this chapter.
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