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Abstract

Scarce research has examined stress responsivity among Latino youths, and no studies have focused on the role of acculturation in shaping cortisol stress
response in this population. This study assessed Mexican American adolescents’ Mexican and Anglo cultural orientations and examined prospective
associations between their patterns of bicultural orientation and hypothalamic–pituitary–adrenal cortisol reactivity to an adapted Trier Social Stress Test. The
sample included 264 youths from a longitudinal birth cohort study who completed the Trier Social Stress Test and provided saliva samples at age 14. The
youths completed assessments of cultural orientation at age 12, and family conflict and familism at age 14. Analyses testing the interactive effects of Anglo
and Mexican orientation showed significant associations with cortisol responsivity, including the reactivity slope, peak levels, and recovery, but these
associations were not mediated by family conflict nor familism values. Findings revealed that bicultural youth (high on both Anglo and Mexican orientations)
showed an expected pattern of high cortisol responsivity, which may be adaptive in the context of a strong acute stressor, whereas individuals endorsing only
high levels of Anglo orientation had a blunted cortisol response. Findings are discussed in relation to research on biculturalism and the trade-offs and potential
recalibration of a contextually responsive hypothalamic–pituitary–adrenal axis for acculturating adolescents.

There is increasing evidence of the sensitivity of biological
processes to a wide range of social experiences and contexts
(Adam, Klimes-Dougan, & Gunnar, 2007; Del Giudice, El-
lis, & Shirtcliff, 2011; Sterling, 2004), and emerging research
is discovering biological adaptation to various dimensions of
culture (Busse, Yim, Campos, & Marshburn, 2017; Causa-
dias, 2013). In accordance with the theme of this Special Is-
sue focused on cultural development and psychopathology
(Causadias, 2013) and recent calls to integrate research on
culture and biology (Causadias, Telzer, & Gonzales, 2017),
the current study examined associations between patterns of
cultural adaptation (i.e., acculturation) and stress-sensitive
neurobiological processes, specifically the hypothalamic–pi-
tuitary–adrenal (HPA) axis among Mexican American youths
who were born and raised in the United States by predomi-
nantly immigrant parents. The study aims broadly to examine
whether culturally linked processes of adaptation “get under
the skin” to shape and mold biological systems (Boyce & El-
lis, 2005; Del Giudice et al., 2011). In so doing, this research

also seeks to answer two questions about adaptive calibration
of stress responsivity that have long been of central interest in
research on cultural adaptation: whether and how accultura-
tion to US mainstream culture shapes adaptive functioning
among racial/ethnic minorities, and whether bicultural indi-
viduals have an adaptive advantage compared to other accul-
turating individuals.

Cultural Adaptation and Stress Biology

Our longitudinal focus on cultural adaptation and stress biol-
ogy rests on the premise that the acquisition of a cultural self
is an essential developmental process (Causadias, 2013). All
individuals are exposed to culturally linked institutions, so-
cial contexts, practices, values, and experiences across the
life span (Adams & Markus, 2004) that progressively shape
the way they think about their world, social roles and relation-
ships, and life goals (Causadias, 2013). In this way, models of
the cultural self and others begin to form early in life to shape
and organize experiences, the individual’s social, linguistic,
cognitive, and behavioral patterns, and later developmental
outcomes, including patterns of adaptation and maladapta-
tion. The current study examines HPA functioning as one as-
pect of individual adaptation to cultural context.

Although the embedding of culture in development is a
relevant process for all individuals (Causadias, Vitriol, & At-
kin, 2018), there are important ways in which cultural devel-
opment poses unique challenges for individuals who are
members of racial/ethnic minority groups and migrant
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communities that are culturally distinct from the dominant
White majority population in the United States. For racial/
ethnic minorities, cultural development often involves experi-
ences of marginalization and discrimination (Pascoe & Smart
Richman, 2009) and a heightened need to reconcile differing
cultural norms and expectations, as well as the potential social
and psychological costs and benefits associated with one’s in-
tegration within the dominant and heritage cultures (Gon-
zales, Jensen, Montano, & Wynne, 2015; Schwartz et al.,
2013). The terms acculturation (i.e., “Anglo” cultural orienta-
tion) and enculturation (i.e., “Mexican” cultural orientation)
describe dual aspects of cultural adaptation for Mexican
Americans in the United States (Gonzales, Knight, Mor-
gan-Lopez, Saenz, & Sirolli, 2002; Knight et al., 2010).

The process by which minorities adapt as they navigate
from one cultural context to another has long been thought
to have implications for physical and mental health (Rogler,
Cortes, & Malgady, 1991; Schwartz, Unger, Zamboanga, &
Szapocznik, 2010), and more recently for physiological pro-
cesses implicated in health (Mangold, Mintz, Javors, & Mar-
ino, 2012; Nicholson, Miller, Schwertz, & Sorokin, 2013;
Steffen, Smith, Larson, & Butler, 2006). The HPA axis is
one biological system that may be affected by the experience
of cultural adaptation (i.e., acculturation) because the HPA
axis is sensitive to environmental challenges and responds
by releasing cortisol. The stress hormone cortisol’s main
physiological function is to mobilize biological and psycho-
logical resources to prepare the body to respond to cues of
threat or opportunities in the environment by increasing alert-
ness, vigilance, and energy, and by sensitizing memory (Roo-
zendaal, 2000). In comparison with more immediate physio-
logical stress indicators (e.g., the autonomic nervous system),
cortisol’s response profile is relatively delayed, with a peak
typically observed between 10 and 30 min poststressor and
effects that persist anywhere from an hour to several hours
and days after an HPA stress response (Del Giudice et al.,
2011). This means that cortisol typically elevates only to
the most salient environmental cues that cannot be mitigated
through more immediate low-threshold stress pathways, or
comprise environmental cues that are particularly meaningful
for the HPA axis. For example, the HPA axis is sensitive to
social evaluative threat (Dickerson & Kemeny, 2004) be-
cause it provides important feedback about the presence (or
absence) of social opportunities and challenges, status and
support (de Weerth, Zijlmans, Mack, & Beijers, 2013; Phan
et al., 2017). Such feedback is acutely relevant for youths
who must navigate social interactions across contexts (i.e.,
home, school, and community) on a daily basis. Thus, high
or rising cortisol levels in response to socially evaluative con-
texts may be adaptive by allowing the individual to be open
and physiologically responsive to social information (Shirt-
cliff, Peres, Dismukes, Lee, & Phan, 2014). For acculturating
youth, physiological responsivity might facilitate attention
and processing of subtle social cues as well as development
of social and cognitive competencies needed to interact across
cultural contexts and in different languages (Hong, Morris,

Chiu, & Benet-Martinez, 2000; Tadmor, Tetlock, & Peng,
2009). However, while cortisol reactivity in response to stress
may be adaptive, there are trade-offs such that low or blunted
reactivity may allow the individual to be physiologically
shielded from social evaluative threat and less able to encode
or amplify negative social experiences (Del Giudice, Ellis, &
Shirtcliff, 2013; Ellis, Del Giudice, & Shirtcliff, 2012). Thus,
the extent to which increased acculturation may also expose
individuals to acculturative stressors that chronically impact
the HPA axis must be interpreted as a physiological trade-
off between the benefits of being open to salient social infor-
mation and harnessing such arousal to cope with the social
context and the costs of amplifying cues of social judgment
and evaluative feedback.

To our knowledge, prior studies of culture and HPA func-
tioning have not modeled patterns of stress responsivity and
recovery in relation to acculturation, nor have they considered
cultural processes that potentially enhance capacity to adapt
to social opportunities and challenges (Doane, Sladek, &
Adam, 2018). However, an emerging literature has started
to document acculturation-linked variations in other stress-
relevant biological systems (Steffen et al., 2006). In a study
of Mexican immigrant farmworker families in Oregon, cumu-
lative experiences in the United States (i.e., years living in the
United States, adapting to mainstream culture) were associ-
ated with indicators of allostatic load that suggest dysregula-
tion across multiple stress-response system measures such as
blood pressure, glucose, cholesterol, and immune function
(McClure et al., 2015). Whereas allostatic load provides a
comprehensive index of the “wear and tear” across stress bi-
omarkers (McEwen, 1998) within young populations, a sub-
set of primary allostatic mediators are often examined as de-
velopmental precursors to allostatic load (Lupien et al.,
2006); arguably, the most common primary allostatic media-
tor that indicates the first straws of allostatic load (Bush,
Obradovic, Adler, & Boyce, 2011) is HPA functioning as
measured by cortisol. For example, in 2011, Development
and Psychopathology published a two-part Special Issue on
developmental studies on allostatic load (Cicchetti, 2011) in
which 7 out of the 18 empirical studies used cortisol as the
sole allostatic load measure (Badanes, Watamura, & Hankin,
2011; Blair et al., 2011; Bush et al., 2011; Cicchetti, Rogosch,
Toth, & Sturge-Apple, 2011; Davies, Sturge-Apple, & Cic-
chetti, 2011; Essex et al., 2011; Skinner, Shirtcliff, Haggerty,
Coe, & Catalano, 2011) and several other studies included
cortisol as a primary target measure of allostatic load (e.g.,
Hastings et al., 2011; Johnson, Bruce, Tarullo, & Gunnar,
2011). The few available studies specifically linking cortisol
with acculturation among Latinos have focused on diurnal
cortisol patterns and have generally supported this link, but
findings have been mixed. A study of pregnant Latinas re-
ported that high levels of acculturation predicted increased to-
tal cortisol levels (Ruiz, Pickler, Marti, & Jallo, 2013); how-
ever, another study of pregnant Mexican American women
and their infants found patterns of blunted maternal cortisol
(flatter diurnal slopes) during the prenatal and postpartum
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period that mediated associations between acculturation and
adverse infant outcomes (D’Anna-Hernandez et al., 2012).
A study of Latino men found increased time in the United
States was associated with blunted total cortisol output
(Squires et al., 2012), and a study of young children of Latino
immigrant parents found an interaction between economic
hardship and acculturation in the prediction of total diurnal
cortisol, with lower cortisol output found except when chil-
dren were protected by low acculturation and low economic
hardship (Mendoza, Dmitrieva, Perreira, Hurwich-Reiss, &
Watamura, 2017). Studies also report linkages between accul-
turation and the cortisol awakening response, a biological
marker of HPA activity that indicates the flexibility or elasti-
city of the HPA axis to elevate when appropriate and provides
a physiological “jumpstart” for the day (Clow, Hucklebridge,
Stalder, Evans, & Thorn, 2010; Fries, Dettenborn, & Kirsch-
baum, 2009). Among Mexican American men, high levels of
adherence to the Anglo or mainstream culture, measured by
self-reported comfort with the English language and with
English-language music, books, and television, as well as
with English-speaking European American friends, were as-
sociated with a decrease in the cortisol awakening response
(Mangold et al., 2012; Mangold, Wand, Javors, & Mintz,
2010). This may indicate that the stress and challenge of ac-
culturation may be overwhelming and fatiguing, blunting
the cortisol awakening response and altering the HPA axis
from a system of increased responsivity to one with a more
diminished response (Heim, Ehlert, & Hellhammer, 2000).
Among a small sample of adult Latinas, Torres, Mata-Greve,
& Harkins (2018) also found increased levels of acculturative
stress were associated with a blunted cortisol awakening re-
sponse and a flatter diurnal cortisol pattern.

As a whole, these findings suggest that acculturation may
calibrate HPA response systems in ways that compromise the
health of acculturating Latino immigrants and their children
who must adapt and live effectively in relation to two or
more cultural groups. However, the empirical literature re-
garding the nature of cortisol dysregulation in relation to cul-
tural variables among US Latinos is characterized by discre-
pancies, some of which may stem from methodological
differences. A meta-analysis synthesizing the more abundant
literature on the association between experiences of racial dis-
crimination and cortisol output (k ¼ 16 studies, N ¼ 1,506
participants) indicated a very small association across studies,
with varying effects sizes as a function of research design and
the cortisol measure being examined (Kouros, Causadias, &
Casper, 2017). In general and in contrast to studies of diurnal
cortisol, most experimental studies found more pronounced
cortisol reactivity in response to racial discrimination. The au-
thors acknowledge that neither method (naturally occurring
diurnal cortisol vs. experimentally induced reactivity) cap-
tures the effect of racial discrimination and cortisol output
more sufficiently, but rather, the two methodologies address
the question from different perspectives that each offer valu-
able insights. From this perspective, the current study offers
an important extension of current research by examining

acculturation in relation to cortisol reactivity, and by testing
whether cultural adaptation is linked to heightened cortisol re-
activity or to a pattern of blunted cortisol response suggested
by the majority of studies (albeit few in number) linking ac-
culturation with diurnal cortisol output.

The current study also advances current research by con-
sidering dual axes of cultural adaptation (i.e., bidimensional
assessment of acculturation and enculturation) for the first
time in research on stress biology. One question not yet ad-
dressed by prior research is whether acculturation–stress biol-
ogy associations are due primarily to adoption and exposure
to dominant cultural ways and related stress processes (i.e.,
acculturative stress), as typically surmised, or whether they
might be explained, instead, by the loss of protective elements
of one’s heritage culture as individuals becomes more accul-
turated. Peek et al. (2010), found that US-born individuals of
Mexican descent had higher allostatic load 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, raising the possibility that other as-
pects of cultural adaptation (i.e., loss of heritage culture)
may explain these differences. Neither has this research
accounted for the possibility that acculturating individuals
may integrate and function well in American society while
also retaining their cultural roots and their ethnic language
(e.g., Lopez & Contreras, 2005), a pattern known as integra-
tion (Berry, 1997) or biculturalism (e.g., LaFromboise, Cole-
man, & Gerton, 1993). Accumulating findings on social and
psychological outcomes show that biculturalism may be the
most adaptive strategy in multicultural societies (Berry,
1989; Coatsworth, Maldonado-Molina, Pantin, & Szapocz-
nik, 2005; Nguyen & Benet-Martinez, 2013; Sullivan et al.,
2007). However, this hypothesis has never been tested in
studies of stress biology because these studies have not uti-
lized bidimensional frameworks to assess patterns of cultural
adaptation.

Bidimensional Model of Cultural Adaptation and the
Advantages of Biculturalism

Influenced by the work of Berry (1980, 1997), the bidimen-
sional model of acculturation is based on the premise that ac-
culturating individuals must negotiate two central issues: the
extent to which they will identify and participate in the main-
stream or dominant culture; and the extent to which they will
retain identification and involvement with their culture of ori-
gin, or ethnic culture. The negotiation of these two issues
broadly allows for four adaptation patterns depending on
the opportunities, inclinations, and abilities of the individual:
assimilation (involvement and identification with the domi-
nant culture only), integration (involvement and identifica-
tion with both cultures, that is, biculturalism), separation (in-
volvement and identification with the ethnic culture only), or
marginalization (lack of involvement and identification with
either) (Schwartz & Zamboanga, 2008). It should be noted,
however, that studies have not found empirical support for
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marginalization (Berry, Phinney, Sam, & Vedder, 2006;
Coatsworth et al., 2005; Schwartz & Zamboanga, 2008).

In contrast to unidimensional assessment of acculturation,
bidimensional assessment allows that individuals may
strongly endorse values and behavioral practices from both
the receiving and heritage cultural contexts (Benet-Martinez
& Haritatos, 2005; Schwartz, Zamboanga, Rodriguez, &
Wang, 2007; Tadmor & Tetlock, 2006). Thus, these indi-
viduals maintain some degree of continuity with their culture
of origin yet also participate as an integral part of the domi-
nant or host society (Dona & Berry, 1994), which may offer
at least three adaptive advantages of flexibility and a wider
range of context-specific behavioral responses. First, bicul-
tural individuals are able to interact with people from the
larger society and from the heritage community, affording ac-
cess to more instrumental and emotional sources of support
(Chen, Benet-Martinez, & Harris Bond, 2008). Second,
they are able to use coping strategies and coping resources
from both cultures (LaFromboise et al., 1993). For example,
facility with English and dominant cultural ways can offer
greater access to educational opportunities, networking, and
behavioral repertories that are critical for the integration of
immigrants into American schools and society (Phinney, Ro-
mero, Nava, & Huang, 2001). In contrast, proficiency in
one’s maternal language and a strong sense of cultural soli-
darity reminds individuals about their heritage cultural
strengths and values that can serve as a coping resource as
adolescence expand their social worlds and encounters with
new social contexts and challenges (Portes & Schauffler,
1994). Third, the competencies and flexibility (social and
cognitive) that bicultural individuals acquire in the process
of learning and using two cultures may enhance executive
functioning (Bialystok & Craik, 2010) and make bicultural
youth more adept at adjusting to a wider range of people in
either of their cultures and possibly in other cultures
(Benet-Martinez, Lee, & Leu, 2006; Gonzales, Knight, Bir-
man, & Sirolli, 2004; Leung, Maddux, Galinsky, & Chiu,
2008). Research informed by this perspective has generated
a body of evidence to support the position that biculturalism
is the most adaptive pattern in pluralistic societies. In a meta-
analysis of 83 studies (N¼ 23,197 participants), Nguyen and
Benet-Martı́nez (2013) reported a strong and positive asso-
ciation between biculturalism and adjustment that was stron-
ger than the association between having a strong orientation
toward only one culture (dominant or heritage) and adjust-
ment. Results based on the random-effects approach found
a significant, strong, and positive association between bicul-
turalism (high orientation to both dominant and heritage cul-
tures) and adjustment that was significantly stronger when bi-
culturalism was measured bilinearly (separate assessments
for each dimension), for the psychological and sociocultural
adjustment domains, for individuals living in the United
States, and for people of Latin, Asian, and European descent
(vs. unilinear or typological acculturation scales, health-re-
lated adjustment, participants living outside the United
States, and African and Indigenous samples, respectively).

Along with the unique benefits of biculturalism, it is pos-
sible that being strongly oriented only to the dominant culture
(i.e., assimilation) has additional costs resulting from the loss
of shared values and positive ethnic identity that have been
shown to buffer experiences of ethnic and racial discrimina-
tion when interacting within the dominant culture (Bondolo,
Brady ver Halen, Pencille, Beatty, & Contrada, 2009; Umaña-
Taylor et al., 2014). One of the defining Latino cultural values
is familismo (familism), which involves strong identification
with and attachment to immediate and extended family and
feelings of loyalty, reciprocation, and solidarity among fam-
ily members (Sabogal, Marin, Otero-Sabogal, & Perez-
Stable, 1987). Familism may facilitate adaptation in a variety
of ways, such as by increasing the amount of social support
available from family members, deterring deviant behaviors
that could bring shame to the family, providing youth with
a strong sense of purpose or meaning, and promoting healthy
family interactions (Gonzales et al., 2015; Telzer, Tsai, Gon-
zales, & Fuligni, 2015). When acculturation results in the loss
of connection to core familism values, youth may lose this
central motivating framework and source of support for cop-
ing with challenges they face outside the family (Germán,
Gonzales, & Dumka, 2009). Among second-generation US
Latinos, adoption of the dominant culture at the expense of
one’s ethnic culture may also lead youths to ascribe to main-
stream “American” values organized around individuality
that may clash with the traditional family-centered values
of their parents and give rise to parent–child conflict (Gon-
zales, Deardorff, Formoso, Barr, & Barrera, 2006; Szapocz-
nik & Coatsworth, 1999). Marital conflicts may be exacerba-
ted as well, owing to shifting cultural values within and
between parents (Gonzales et al., 2006; Parke et al., 2004).
It is possible these family disruptions also account for altera-
tions in stress physiology for acculturating youth as the pro-
tective effects of family and community are diminished and
potentially replaced by social evaluative threat, judgment,
and family conflict (Doom, Doyle, & Gunnar, 2017;
Doom, Hostinar, VanZomeren-Dohm, & Gunnar, 2015; Hos-
tinar, Johnson, & Gunnar, 2015).

By assessing heritage (i.e., Mexican) cultural orientation
and dominant (i.e., Anglo) cultural orientation as separate di-
mensions in the current study, we were able to examine their
unique associations with the youths’ HPA axis stress re-
sponse. We also capitalized on this bidimensional approach
to examine their interactive effects (i.e., the product of Mexi-
can and Anglo orientation) and test our hypothesis that accul-
turated youths who have greater ability to operate effectively
within both worlds (i.e., bicultural) will show a more adaptive
stress response. In addition, we examined whether family con-
flict and youth familism values accounted for culture–biology
associations in our Mexican American adolescent sample.

The Present Study

We examined patterns of association between adolescents’
cultural orientation and stress reactivity using an ongoing
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longitudinal birth cohort study of Mexican American families
in California called the Center for the Health Assessment of
Mothers and Children of Salinas (CHAMACOS). CHAMA-
COS means “kids” in Mexican Spanish and reflects the
study’s focus on youth in a predominantly Mexican-origin
migrant farmworker community that have been assessed ev-
ery 1 to 2 years since birth. This study focused on assess-
ments at ages 12 and 14 years to examine whether Mexican
and Anglo cultural orientations of youth at age 12, and their
interaction, predict cortisol response to stress at age 14.

Our focus on the early to middle adolescent transition of-
fered an important window to examine cultural orientation
and stress responsivity at a time when developing youths
are acutely attuned to their social worlds and experiences of
social evaluative threat (Juvonen, Graham, & Schuster,
2003), and when cultural orientation has shifted from being
primarily parent driven to more self-determined (Umaña-
Taylor, Gonzales-Backen, & Guimond, 2009). The prospec-
tive design and developmental timing of the study are further
relevant to the premise that an individuals’ emerging cultural
self serves to organize and predict later aspects of develop-
ment (Causadias, 2013). Prior studies support a sensitive win-
dow for cultural acquisition, with younger children being es-
pecially receptive, particularly in the language domain
(Cheung, Chudek, & Heine, 2011). Emerging English and
Spanish language abilities are critical markers of cultural
adaptation because language originates and is transmitted
through ethnic and mainstream participation (Giles, Bourhis,
& Taylor, 1977) and subsequently serves to condition access
to future community participation (Causadias, 2013), includ-
ing the formation of peer networks that provide a primary
source for cultural continuity and change in adolescence.
Prior research has shown that, by the time second-generation
youths enter adolescence, they exhibit distinct patterns of lin-
guistic cultural adaptation that remain relatively stable there-
after (Knight et al., 2009; Schwartz et al., 2013). Although
other aspects of cultural adaptation, such as ethnic identity
and cultural values, show more pronounced changes over
time (Knight et al., 2009; Padilla, McHale, Rovine, Upde-
graff, & Umaña-Taylor, 2016; also Gonzales, et al., in this is-
sue), most youths achieve stability by early to middle adoles-
cence on the aspects of cultural adaptation (language and
affiliation patterns) used to assess Mexican and Anglo orien-
tation in the current study.

We examined 2-year prospective effects of Mexican and
Anglo cultural orientation (main effects and their interaction)
on cortisol reactivity and recovery (Model 1), and follow-up
mediation analyses to examine whether family conflict
(Model 2) or youth familism values (Model 3) explained
variations in cortisol reactivity and recovery associated
with Mexican and Anglo cultural orientation. Three hypoth-
eses were tested. First, we hypothesized that bicultural adap-
tation (high on both Anglo and Mexican cultural orientation)
would be associated with a more adaptive stress response, and
those high on Anglo orientation but low on Mexican orienta-
tion (assimilation pattern) would evidence compromised

stress-response patterns compared to their peers. Second,
we hypothesized that a compromised stress response for those
high on acculturation (assimilation) would be partially ex-
plained by heightened levels of family conflict. Third, we hy-
pothesized that a compromised stress response for those high
on acculturation (assimilation) would be partially explained
by reduced levels of familism values among these youths.
The effects of sex and family income-to-poverty ratio were
tested as potential covariates because previous research has
shown sex effects for cortisol reactivity and individuals of
higher socioeconomic status could have more adaptive corti-
sol responses as well as more opportunities to be bicultural
(Moyerman & Forman, 1992).

Method

Participants

The CHAMACOS parent study includes two cohorts of chil-
dren: a birth cohort of children born to women who were en-
rolled during pregnancy, and a second cohort of same-age
children enrolled at 9 of age years. The current study focuses
specifically on the original birth cohort of families who were
recruited during pregnancy to investigate the effects of pesti-
cides and other environmental exposures on child develop-
ment and health. Pregnant women were eligible if they were
(a) 18 years of age or older and less than 20 weeks gestation;
(b) Spanish- or English-speaking; (c) eligible for California’s
low-income health insurance program (Medi-Cal); (d) receiv-
ing prenatal care; and (e) planning to deliver at the county
hospital. Detailed methods of the CHAMACOS cohort
have been published (e.g., Eskenazi et al., 2010). In brief,
1,800 pregnant women were screened for eligibility between
October 1999 and 2000 at six prenatal clinics serving primar-
ily farmworker families. Of the 1,130 eligible women, 601
women initially enrolled, and 531 were followed through de-
livery of 536 liveborn children (including 5 sets of twins); of
these 536 children, 324 remained active in the study at child
age 14 years (i.e., they attended a visit and completed a youth
questionnaire). Overall, we maintained contact with 61% of
the original birth cohort youth with most attrition occurring
between birth and 6 months. Retention for birth cohort since
age 5 years has averaged 95% between visits. This represents
notably strong retention given the low-income, highly mobile
nature of this largely farmworker sample.

Participants are Mexican-origin families living in the
largely agricultural Salinas Valley community in Monterey
County, California. The majority of mothers in this sample
were born in Mexico (85%), with the remainder born in the
United States, over half were recent immigrants (in the US
,5 years) at the time of pregnancy, and 96% fell below
200% of the poverty line. The children who participated at
age 14 (54% female) were assessed every 6 months to 2 years
since they were in utero. The current study focuses on the 264
youths (81% of the original birth cohort participants who
participated at 14 years) who completed the Trier Social
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Stress Test and provided saliva samples (procedure described
below) as part of the 14-year-old wave of data collection.
These youths (52% females; mean age ¼ 14.19 years, SD
¼ 0.29) also completed measures of cultural orientation
(12-year wave), family conflict (14-year wave), and familism
(14-year wave).

Procedures

At ages 12 and 14, youths and their caregivers (predomi-
nantly mothers) attended visits at the CHAMACOS field of-
fice. At age 12, this visit included an interview with the
mother and child, biospecimen sample collection, anthropo-
metry, and a brief neurodevelopmental assessment. At age
14, youth also participated in the Trier Social Stress Test
and provided saliva samples (described below) to assess cor-
tisol levels. Bilingual, bicultural research assistants adminis-
tered questionnaires and conducted measurements and col-
lected samples. Prior to data collection, consent and assent
forms were read aloud to parents and their children, respec-
tively, and consent/assent was obtained. Visits at 12 years
old lasted approximately 2.5 hr for both parents and children.
At 14 years old, visits were approximately 3.5 hr for parents
and youth. Participants were compensated $100 (mothers)
and $20 (youth) at the 12-year visit and $100 (mothers) and
$75 (youth) at the 14-year visit. Interviews with youth at
age 12 years and 14 years were administered using Compu-
ter-Assisted Personalized Interviewing procedures in order
to ensure youths’ confidentiality when responding to sensi-
tive subjects.

During the 14-year wave of data collection, participants
began the study protocol between 12:30 p.m. and 6:00 p.m.
to control for diurnal variability of resting cortisol. Partici-
pants were asked to swish with water upon arriving to the of-
fice, and then sit down to rest for at least 10 min to acclimate
to the environment. Participants completed noninvasive
questionnaires during this time (i.e., contact forms) and wat-
ched a 3-min peaceful video of sea life. After youth had rested
for at least 10 min, they were asked to deposit 1 mL of saliva
into a cryovial via passive drool through a straw, following es-
tablished procedures (Sample 1; Schwartz, Granger, Susman,
Gunnar, & Laird, 1998). Next, participants engaged in the
modified Trier Social Stress Test (discussed below). Saliva
samples were taken again immediately after the Trier Social
Stress Test was completed (Sample 2), and again at 15 min
(Sample 3) and 30 min after the completion of the Trier Social
Stress Test (Sample 4). Participants were debriefed between
Samples 2 and 3 and completed self-report measures in be-
tween providing saliva samples.

Measures

Trier Social Stress Test. The Trier Social Stress Test is one of
the most widely used and well-validated psychological stres-
sor that has been shown to induce a two- to four-fold increase
in cortisol (e.g., Dickerson & Kemeny, 2004; Kirschbaum,

Pirke, & Hellhammer, 1993). A modified version of the Trier
Social Stress Test was administered to youth, and detailed ex-
planation of modifications are discussed in Johnson et al.
(2017). In brief, the Trier Social Stress Test consisted of ask-
ing the youths to prepare a speech in solitude (3 min) about
why they are good friend, which was to be delivered to two
trained experts (confederates). After the 3-min preparation
period, participants were walked to the Trier Social Stress
Test room, where they delivered their speech to the confeder-
ates (5 min). Immediately after the 5-min speech, participants
were asked to complete a math task aloud for 5 min. The par-
ticipants were recorded via videorecorder as part of the stres-
sor (Kirschbaum et al., 1993).

Cultural orientation. Cultural orientation was assessed using
the Brief Acculturation Rating Scale for Mexican Americans
(Bauman, 2005), a 12-item questionnaire adapted from the
original 30-item Acculturation Rating Scale for Mexican
Americans–II (Cuellar, Arnold, & Maldonado, 1995), the
most frequently used measure of acculturation that was cre-
ated for clinical practice and research. Like the Acculturation
Rating Scale for Mexican Americans–II, the Brief Accultura-
tion Rating Scale for Mexican Americans–II yields indepen-
dent assessments of self-reported orientation to Mexican cul-
ture (6 items) and Anglo culture (6 items). The items from
each subscale were summed and divided by 6, and the
mean was used in subsequent analyses. Items evaluate the fre-
quency (e.g., “How often is this true for you?”) with which
youths interact and function within each cultural group and
language in their daily lives. Items are rated on a 5-point scale
from 1 (not at all) to 5 (extremely, often, or almost always). A
confirmatory factor analysis (CFA) was conducted to test the
two-orientation dimensional model. The items were under ac-
ceptable ranges of skewness and kurtosis for normal distribu-
tion of data (i.e., skewness � 2 and kurtosis � 7; see West,
Finch, & Curran, 1995). Mplus (Version 8; Muthén & Mu-
thén, 1998–2017) was used to conduct CFA, using the max-
imum likelihood estimation. After allowing “I enjoy Spanish
language” and “I enjoy Spanish language movies” to corre-
late and “I speak English” and “My friends are Anglos (An-
glos are non-Latino people who speak English)” to correlate
due to shared content, the model fit adequately, x2 (51) ¼
183.41, p , .01, root mean square error of approximation
(RMSEA) ¼ .065, comparative fit index (CFI) ¼ .924. The
two orientation constructs were essentially independent to
each other, with r ¼ .014 ( p ¼ .81).

Family conflict. Adolescents’ report of family conflict were
based on the family conflict subscales of the Multicultural
Events Scale for Adolescents (Gonzales, Tein, Sandler, &
Friedman, 2001). The Multicultural Events Scale for Adoles-
cents is a 70-item checklist of negative life events, which was
created specifically for adolescents living in multiethnic envi-
ronments. The family conflict subscale includes 9 items that
index parent–child, interparental, and extended family
conflicts (e.g., “You had a serious disagreement with your
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parents”), including culture-related conflicts among family
members (e.g., “Family members disagreed about cultural
traditions”). Adolescents endorsed whether each event hap-
pened in the past 3 months, and scores were based on a count
of all items endorsed. Cronbach’s a was 0.72 for the family
conflict subscale for the current sample.

Youth familism. Familism was assessed using the Mexican
American Cultural Values Scale for Adolescents and Adults
(MACVS; Knight et al., 2010). MACVS is a 50-item measure
of different Latino cultural expectations. The MACVS is
made up of nine subscales that assess both traditional and
mainstream values on a 5-point Likert scale from 1 (not at
all) to 5 (completely). Three of the five subscales that make
up the Mexican American values scale were included in the
current study: familism-support (6 items, e.g., “Parents
should teach their children that the family always comes
first”), familism-obligations (5 items, e.g., “If a relative is
having a hard time financially, one should help them out if
possible”), and familism-referent (5 items, e.g., “A person
should always think about their family when making impor-
tant decisions”). Using a sample of 5th-grade Mexican Amer-
ican adolescents and another sample of 7th-grade Mexican
American adolescents and their responses on MACVS, re-
spectively, Knight et al. (2010) examined the dimensionality
of the Mexican American values with a higher order CFA.
Knight et al. (2010) concluded that the items and subscales
were reliable lower order and higher order indicators of the
overall construct, familism. Accordingly, the mean of the
three subscales, which were in the same metrics (i.e., 0–5),
was computed to make a composite score of familism. Inter-
nal consistency was good for the current sample (Cronbach’s
a ¼ 0.84).

Salivary hormones. Saliva was collected following published
protocols (Schwartz et al., 1998) and frozen immediately
(–80 8C). On the day of assay, each saliva sample was thawed
and assayed within 24 hr for cortisol in duplicate using
well-established highly sensitive enzyme immunoassay kits
(www.salimetrics.com). All samples from an individual
were assayed on the same kit to minimize measurement error.
Hormones were assayed on the same day to minimize freeze-
thaw cycles. Mean intra-assay coefficients of variation (CVs)
were 12.4%, and mean inter-assay CVs were 6.9%. The
sample was reanalyzed if the CV for the duplicate measure-
ments were greater than 10%. To normalize distributions,
extreme values were winsorized and raw hormones were
log-transformed.

Analytic strategy

Structural equation modeling (SEM) was employed to test the
hypotheses using Mplus (Version 8; Muthén & Muthén,
1998–2017. Prior research confirms cortisol has a 15-min de-
lay in response to stress (Dickerson & Kemeny, 2004). Thus,
piecewise growth curve modeling was used to model cortisol

levels to the Trier Social Stress Test across the four assess-
ments. We created our piecewise model based on sample sta-
tistics indicating that most participants (76.39%) reached
their peak cortisol at 30 min post–Trier Social Stress Test on-
set (approximately 15 min after the Trier Social Stress Test
was completed; Time 3). In comparison, 19.91% reached
their peak 15 min after the Trier Social Stress Test onset
(Time 2), 0.93% reached their peak at 45 min after Trier So-
cial Stress Test onset (Time 4), and 2.77% were nonrespon-
ders (i.e., their peak was at baseline, Time 1). Therefore, cor-
tisol concentration was modeled to reflect cortisol increase
from Sample 1 to Sample 3 (reactivity), and a subsequent de-
cline from Sample 3 to Sample 4 (recovery). The model was
centered at Sample 3 as this strategy allowed the intercept to
reflect peak cortisol levels given that most participants’ corti-
sol peaked at this sample. Such piecewise growth curve mod-
eling allowed us to separately examine the effects of cultural
orientation on three distinct HPA indices (i.e., peak cortisol
levels, and reactivity and recovery phases), which is advanta-
geous as the underlying mechanisms for the rise and subse-
quent fall in cortisol levels are distinct (Khoury et al., 2015;
Kudielka, Hellhammer, & Wust, 2009), differentially index
dysregulation (Siever & Davis, 1985), and, in addition,
HPA recovery from the Trier Social Stress Test has unique
correlates (Kudielka, Buske-Kirschbaum, Hellhammer, &
Kirschbaum, 2004a) and neural underpinnings (Herman,
McKlveen, Solomon, Carvalho-Netto, & Myers, 2012). We
considered alternative approaches to model the HPA response
to stress, such as linear and quadratic slopes, but opted for pie-
cewise slopes given the ease of interpretability of linear
slopes and the advantage of having cortisol levels centered
on Sample 3 (typically peak cortisol levels). Another com-
mon strategy is use of the area under the curve (Pruessner,
Kirschbaum, Meinlschmid, & Hellhammer, 2003), which
provides information about overall cortisol output (with re-
spect to ground or Sample 1), but area under the curve would
have provided limited information about the time course of
the stress response (i.e., reactivity vs. recovery).

These growth factors (i.e., intercept and slopes) were then
modeled as the dependent variables for testing the mediating
effects of family conflict and familism on the relationship be-
tween cultural orientation and cortisol reactivity and recovery.
It is important to note that each of these three HPA parameters
is simultaneously modeled in a nested multilevel model; pre-
dictors are consequently exerting independent effects on cor-
tisol levels or slopes, respectively. We conducted a sequence
of SEMs to test the main and follow-up hypotheses. In the
first model, the predictive effect of cultural orientation was
tested on cortisol reactivity and recovery (Model 1). Next,
separate mediating models were run to test whether family
conflict (Model 2) and familism (Model 3) accounted for
the relationship between cultural orientation and HPA func-
tioning (peak cortisol levels, cortisol reactivity, and recovery
to the Trier Social Stress Test). Figure 1 illustrates the media-
tion model with cultural orientation as the independent vari-
able, family conflict as the mediator variable, and cortisol
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responsivity as the dependent variable. The same model was
tested with familism as the mediator. We added the interac-
tion between orientation to Mexican culture and orientation
to Anglo culture for examining the effect of biculturalism
(i.e., integration with both cultures). If the interaction was sig-
nificant, then we probed for simple mediation effects for par-
ticipants high on both cultures, or high on one culture, given
hypotheses were made for these combinations of cultural
identity. Fewer than 5% of participants were low on both cul-
tural identities.

Table 1 reports descriptive statistics and intercorrelations
among the study variables. Before examining Models 1–3,
we first tested the effects of sex and income-to-poverty ratio
as potential covariates in our models. Only sex significantly
affected the cortisol model. We then conducted multigroup
SEMs to examine whether the effects of cultural orientation
on cortisol reactivity and recovery to the Trier Social Stress
Test and whether the mediation effects of family conflict
and familism for the relationship between cultural orientation

and cortisol responsivity to the Trier Social Stress Test dif-
fered across males or females. We compared the model that
had the paths among cultural orientation, mediator, and the
growth factors for cortisol responsivity to the Trier Social
Stress Test to be equivalent across sex (i.e., constrained
model) with the model that had these paths to be different
across sex (i.e., unconstrained model). If the constrained
model was significantly different from the unconstrained
model, we would conclude that some of the relations among
cultural orientation, mediator, and the growth factors were
significantly different between males and females and would
present the model separately by sex. Otherwise, we included
youth sex as a covariate, as boys tended to respond with
steeper cortisol response to the Trier Social Stress Test, as pre-
viously found in other studies (Kirschbaum et al., 1993). To
determine model fit, we used the CFI (critical value .90; Ben-
tler, 1990), and the RMSEA (critical value .08; Steiger,
1990). For all models, maximum likelihood estimation with
robust standard errors was used. Missing data were handled

Figure 1. Structural equation model testing the mediation of family conflict in the relationship between cultural orientation and cortisol func-
tioning.

Table 1. Descriptive statistics and correlations

Correlations

Variable M (SD) Range 1 2 3 4 5

1. BARSMA-II Mexican orientation 3.15 (0.87) 1–5 —
2. BARSMA-II Anglo orientation 3.30 (0.57) 1–5 –.01 —
3. Income–poverty ratio 0.97 (0.54) .13–3.74 –.04 .08 —
4. Youth MESA family conflict 1.23 (1.69) 0–9 –.11* .09* –.01 —
5. MACVS family cohesion composite 4.05 (0.41) 1–9 .08 –.02 –.05 –.03 —

Note: BARSMA-II, Acculturation Rating Scale for Mexican-Americans–II. MESA, Multicultural Events Scale for Adolescents.
MACVS, Mexican American Cultural Values Scale for Adolescents and Adults.
*p , .05.
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with full information maximum likelihood estimation. We re-
ported unstandardized regression coefficients and the corre-
sponding confidence interval. In addition, we reported the
standardized regression coefficients for the indications of
the effect sizes (i.e., .14 for small effect, .39 for medium ef-
fect, and .59 for large effect; see Fritz & Mackinnon, 2007).

Results

Sex differences

There were no sex differences for Model 1, unconstrained
model: x2 (12) ¼ 16.70, p ¼ .16, RMSEA ¼ .03, CFI ¼
.99; constrained model: x2 (21) ¼ 28.151, p ¼ .14, RMSEA
¼ .03, CFI ¼ .985; difference of df (Ddf) ¼ 9 and difference
of x2 (D x2)¼ 11.45, p¼ .75; Model 2, unconstrained model:
x2 (8) ¼ 26.83, p , .001, RMSEA ¼ .08, CFI ¼ .97; con-
strained model: x2 (23) ¼ 40.16, p ¼ .02, RMSEA ¼ .04,
CFI ¼ .97; Ddf ¼ 15 and D x2 ¼ 13.33, p ¼ .42; and Model
3, unconstrained model: x2 (8)¼ 23.02, p , .003, RMSEA¼
.07, CFI¼ .97; constrained model: x2 (23)¼ 38.28, p¼ .02,
RMSEA ¼ .04, CFI ¼ .97; Ddf ¼ 15 and D x2 ¼ 15.26,
p¼ .28. As a result, we conducted the models only including
sex as a covariate.

Model 1: Does cultural orientation predict cortisol
responsivity to the Trier Social Stress Test?

The effects of Mexican orientation, Anglo orientation, and
the interaction between the two were estimated in prediction
of cortisol reactivity, intercept (i.e., peak), and recovery
from the Trier Social Stress Test, while controlling for sex.
Model fit was acceptable: x2 (10)¼ 15.06, p¼ .13, RMSEA
¼ .02, CFI ¼ .99. Table 2 provides the complete parameter
estimates for the effects of cultural orientation variables to
the growth factors of cortisol responsivity to the Trier Social
Stress Test for Model 1. After controlling for the effect of sex,
the interaction between Mexican and Anglo orientations sig-

nificantly predicted cortisol reactivity slope, cortisol peak,
and recovery. Specifically, as depicted in Figure 2, indi-
viduals reporting high levels of both Mexican and Anglo or-
ientation demonstrated a steeper increase in cortisol reactivity
and higher cortisol peak. Conversely, individuals endorsing
only high levels of Anglo orientation had the flattest cortisol
reactivity to the Trier Social Stress Test, with lower peak.
Fewer than 5% of people self-reported being low on both cul-
tural orientations (i.e., less than a 3 on Mexican and Anglo or-
ientation on the Brief Acculturation Rating Scale for Mexican
Americans–II), and thus this group was not considered when
probing interactions.

Model 2: Does family conflict mediate the relationship
between cultural orientation and cortisol responsivity to
the Trier Social Stress Test?

The mediating effect of family conflict was estimated in the
relationship between cultural orientation and cortisol respon-
sivity, controlling for sex. Model fit was acceptable: x2 (8)¼
24.57, p , .001, RMSEA¼ .05, CFI¼ .97. Table 3 provides
the complete parameter estimates for the effects from cultural

Table 2. Parameter estimates for the effects of cultural orientation variables to the growth factors of cortisol responsivity to
the Trier Social Stress Test for Model 1

Predictor Outcome Unstandardized B Standard error

95% Confidence
Interval

[lower, upper] t values Standardized b

Mexican orientation Cortisol peak 0.096 0.058 [0.01768, 0.209] 1.654 0.105
Mexican orientation Cortisol reactivity 0.052 0.028 [–0.00288, 0.10688] 1.896 0.164
Mexican orientation Cortisol recovery 20.061 0.038 [–0.13548, 0.01348] 21.626 20.153
Anglo orientation Cortisol peak 0.016 0.091 [–0.16236, 0.19436] 0.171 0.011
Anglo orientation Cortisol reactivity 0.001 0.045 [–0.08720, 0.08920] 0.033 0.003
Anglo orientation Cortisol recovery 20.020 0.064 [–0.14544, 0.10544] 20.315 20.033
Mexican×Anglo Orientation Cortisol peak 0.272 0.101 [0.07404, 0.46996] 2.707* 0.172
Mexican×Anglo Orientation Cortisol reactivity 0.129 0.048 [0.03492, 0.22308] 2.711* 0.235
Mexican×Anglo Orientation Cortisol recovery 20.178 0.065 [–0.30540, 0.050] 22.729* 20.256

*p � .01.

Figure 2. Cortisol reactivity to stress as predicted by structural equation mod-
eling at 2 SD above and below the estimated mean on Mexican and Anglo
orientation.
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orientation variables to family conflict and from family con-
flict to the growth factors of cortisol responsivity to the Trier
Social Stress Test for Model 2. Mexican orientation, Anglo
orientation, and the interaction of the two did not significantly
predict family conflict. In contrast, after controlling for the
cultural orientation variables (i.e., the predictors), family
conflict significantly predicted blunted cortisol reactivity,
lower cortisol peak, and less recovery from the Trier Social
Stress Test. The interaction between Mexican and Anglo
orientations remain significant in its effects on cortisol reac-
tivity slope, cortisol peak, and recovery. These effects in gen-
eral were in the small to medium range. In sum, the criterion
for mediation was not met, as the independent variables (cul-
tural orientation) and their interaction did not predict the me-
diator (family conflict).

Model 3: Does familism mediate the relationship between
cultural orientation and cortisol responsivity to the Trier
Social Stress Test?

The mediating effect of familism was estimated in the rela-
tionship between cultural orientation and cortisol responsiv-
ity, controlling for sex differences. Model fit was acceptable:
x2 (8) ¼ 20.55, p , .01, RMSEA ¼ .04, CFI ¼ .98. Table 4
provides the complete parameter estimates for the effects
from cultural orientation variables to familism and from fa-
milism to the growth factors of cortisol responsivity to the
Trier Social Stress Test for Model 3. The direct effect from
interaction between Mexican and Anglo orientations to the
cortisol growth factors remained significant: cortisol reactiv-
ity slope, cortisol peak, and recovery. These effects in general
were in the small to medium range. However, Mexican orien-
tation, Anglo orientation, and the interaction of the two did
not significantly predicted familism. After controlling for
the cultural orientation variables (i.e., the predictors), famil-
ism also did not significantly predict cortisol reactivity, corti-
sol peak, or recovery from the Trier Social Stress Test. Thus,
the criterion for mediation was not met.

Discussion

There is a dearth of studies that consider race/ethnicity and
HPA functioning, despite theories that both stressful and pro-
tective experiences shape HPA development and responsiv-
ity. Prior studies have shown that, relative to Whites, minority
adolescents or young adults have lower cortisol levels (Bron-
dolo, 2015; Skinner et al., 2011), diminished cortisol reactiv-
ity (Hostinar, McQuillan, Mirous, Grant, & Adam, 2014; Le-
wis, Ramsay, & Kawakami, 1993), as well as attenuated
cortisol decline across the day (Cohen, Doyle, & Baum,
2006; DeSantis et al., 2007). Racial/ethnic differences persist
even when examining correlates of inequity (Skinner et al.,
2011), and yet group comparisons of the correlates of race/
ethnicity do not shed light on salient experiences that may un-
iquely shape HPA development in minority youth. Examin-
ing both risk and protective processes within Mexican Amer-T
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ican youth fills an important knowledge gap because they are
a vastly understudied population in psychobiological research
(Luecken et al., 2013; Obasi et al., 2015, 2017) and because
such studies stand to inform about basic underlying processes
related to cultural influences on stress and adaptation. Ad-
dressing this gap, the present study found that Mexican
American adolescents’ cultural orientation significantly al-
tered their cortisol reactivity to an acute laboratory stressor,
but this was not mediated by family-related risk (conflict)
or protective (familism) resources. Instead, we found youth
who reported a strong orientation to both their Mexican
(Spanish-language) culture as well as the Anglo (English-lan-
guage) culture showed the expected cortisol reactivity to the
Trier Social Stress Test and recovery after stress, and this pat-
tern was significantly different from youth strongly aligned
with only one culture (Mexican or Anglo).

Finding that bicultural youth have elevated cortisol reac-
tivity to the Trier Social Stress Test raises the question of
whether elevated cortisol is advantageous for these youth.
The HPA axis is dynamic, and individual differences in cor-
tisol responsivity are important (Gunnar, Wewerka, Frenn,
Long, & Griggs, 2009; Kudielka, Buske-Kirschbaum, Hell-
hammer, & Kirschbaum, 2004b; McRae et al., 2006;
O’Leary, Loney, & Eckel, 2007), with most of cortisol’s
variability attributable to social contextual factors and the in-
teraction of the individual with their environment (Shirtcliff
& Essex, 2008; Shirtcliff, Granger, Booth, & Johnson,
2005). Many stressors succeed in stimulating other stress-re-
sponsive physiological systems (Gordis, Granger, Susman, &
Trickett, 2006), but are not sufficient for the HPA axis (Cohen
et al., 2000). Dickerson and Kemeny’s (2004) meta-analysis
found that the Trier Social Stress Test emerged as the most
robust stressor because it contained social evaluative threat
(Kirschbaum et al., 1993). Since that meta-analysis, several
studies have explored how modifications to the Trier Social
Stress Test influence cortisol reactivity by, for example,
changing the number of confederates (Bosch et al., 2009;
Bouma, Riese, Ormel, Verhulst, & Oldehinkel, 2009; Dicker-
son, Mycek, & Zaldivar, 2008; Het, Rohleder, Schoofs,
Kirschbaum, & Wolf, 2009) or using a distant audience
(Kelly, Matheson, Martinez, Merali, & Anisman, 2007; Wa-
diwalla et al., 2010; Westenberg et al., 2009). Adding
negative commentary increases cortisol reactivity (Dickerson
et al., 2008; Phan et al., 2017; Schwabe, Haddad, & Scha-
chinger, 2008), whereas positive or supportive commentary
reduces reactivity (Het et al., 2009; Taylor et al., 2010; Wie-
mers, Schoofs, & Wolf, 2013). Cortisol reactivity is also in-
fluenced by increasing participants’ psychosocial resources
or self-confidence prior to the Trier Social Stress Test (Brit-
ton, Shahar, Szepsenwol, & Jacobs, 2012; Brown, Weinstein,
& Creswell, 2012; Creswell et al., 2005; Denson, Fabiansson,
Creswell, & Pedersen, 2009; Taylor et al., 2008) or their vig-
ilance to the stressor (Cavanagh & Allen, 2008; Lam, Dick-
erson, Zoccola, & Zaldivar, 2009; Pilgrim, Marin, & Lupien,
2010). It would be tempting to conclude from these studies
that HPA reactivity is problematic, but an alternative interpre-T
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tation is that these studies reveal that most individuals are sen-
sitive to social evaluative threat, with about 70% of indi-
viduals typically responsive to the Trier Social Stress Test,
and this cortisol reactivity can be increased further by system-
atically increasing the salience of the social context. That is,
there are contexts that call for a stress response, and the Trier
Social Stress Test has been designed and refined (Johnson
et al., 2017) to be a context that delivers consistent, robust
cortisol responsivity. If that is the case, then bicultural youth
were more likely to express the common or typical cortisol re-
sponse to this salient social evaluative context.

Conversely, the present study found that Mexican Ameri-
can youth who exclusively endorsed either high Anglo or
high Mexican cultural orientation were more likely to be
stress nonresponsive. This pattern was most pronounced for
the most assimilated (Anglo-oriented) youth in the sample.
Cortisol hypoarousal may be problematic for some indi-
viduals in a social context where the majority of individuals
are reactive (Petrowski, Herold, Joraschky, Wittchen, &
Kirschbaum, 2010) as it may signal a low capacity to mount
a stress response even if the situation calls for it. Lack of HPA
malleability may reduce an individual’s ability to recalibrate
physiological functioning to meet the demands of a changing
environment. Given that one of the main functions of the
HPA axis is to terminate a diversity of stress responses, non-
responders may also be paradoxically at heightened risk for
stress-related diseases (Miller, Chen, & Zhou, 2007; Rauben-
heimer, Young, Andrew, & Seckl, 2006) including psychopa-
thology symptoms (Gunnar & Vazquez, 2001; Shirtcliff
et al., 2009; Yehuda, 2000). This does not imply that all non-
responders are maladaptive, as extant theory emphasizes that
both high and low cortisol levels come with trade-offs (Del
Giudice et al., 2013). Some individuals may be Trier Social
Stress Test nonresponders when they appraise a stressor,
but regulate responsivity prior to crossing the relatively
high stress threshold of the HPA (Bosch et al., 2009). In
that case, low cortisol responsivity indicates that the stressor
was mild, or the individual was able to cope or self-regulate
prior to stimulating HPA activity (Kern et al., 2008).

Outside of our own work with this CHAMACOS cohort
(Johnson et al., 2017), there are no studies (to our knowledge)
that have examined cortisol reactivity to the Trier Social
Stress Test in Mexican American youth, so it is difficult to de-
termine whether the cortisol hypoarousal evident in youth
with either an Anglo or Mexican cultural orientation is advan-
tageous. Our finding that family conflict was associated with
blunted cortisol reactivity emphasizes the costs of cortisol hy-
poarousal. Within rural African Americans, Obasi et al.
(2017) found that blunted reactivity to the Trier Social Stress
Test was linked with greater stress and lower family support
within a minority sample. We draw from Mangold et al.’s
(2010) research on the cortisol awakening response (another
HPA measure in which blunted levels may indicate lack of
malleability or physiological flexibility) in order to interpret
cortisol hypoarousal in Mexican Americans. This research
group initially found that higher acculturation was associated

with a blunted cortisol awakening response. A blunted corti-
sol awakening response was also associated with depressive
symptomatology (Mangold, Marino, & Javors, 2011), neurot-
icism (Mangold et al., 2010), and poorer self-reported health
(Garcia, Wilborn, & Mangold, 2017). This research fits with
the idea that hypoarousal may be problematic if it signals
physiological inflexibility (Obasi et al., 2015). However,
Mangold et al. (2010) found a blunted cortisol awakening re-
sponse was associated with increased acculturation and accul-
turative stress (Garcia et al., 2017). While potentially seeming
incongruent with our finding of high cortisol reactivity in bi-
cultural individuals, we suggest instead that this emphasizes
the trade-offs of high cortisol: while Mexican Americans
may benefit from the flexibility of a contextually responsive
HPA axis and bicultural orientation, there are also costs of
high cortisol allowing the individual to be more open to accul-
turative stress of living in an Anglo world. Perhaps our find-
ings show that when bicultural youths retain cultural practices
and integration with their ethnic culture in the process, they
simultaneously remain open and responsive to social opportu-
nities and challenges yet receive protective benefits that may
serve to facilitate recovery and reduce the wear and tear of ac-
culturative stress over time. Prior research has not previously
considered acculturation and enculturation together to tease
out more nuanced patterns of adaptation, but these findings
clearly indicate that both axes should be considered in future
research linking cultural orientation with HPA functioning.

One important takeaway message from the present study
findings and those of the extant literature is that there is no
clear HPA profile that signals an adaptive or desirable stress
response. This complexity of the HPA axis was emphasized
in a meta-analysis by Korous et al. (2017), who reached the
conclusion that the association between racial discrimination
is likely nonlinear, such that a nonsignificant overall effect
size was apparent across 16 studies; nonetheless, this average
was misleading, collapsing across studies that revealed clear
links with HPA hypoarousal while others found HPA hyper-
arousal. Within a single study, Skinner et al. (2011) reached
similar conclusions such that stress exposure was associated
with both lower and higher cortisol levels within African
American youth. Put another way, the present study cautions
against an interpretation in which high (or low) cortisol is
good or bad, but rather the interplay of the HPA axis in context
matters (Korous et al., 2017; Shirtcliff et al., 2014). Consider
results of an experimental study that found greater cortisol ex-
posure in emerging adults exposed to indirect discrimination
as compared to the control group (Huynh, Huynh, & Stein,
2017); this arousal could be interpreted as an undesirable
stress response or it may represent an open and flexible
HPA axis that is still attuned to the social and emotional tenor
of witnessing ethnic discrimination from one’s peers. Prior
studies have found HPA axis attunement within the most sen-
sitive individuals and dyads (Atkinson et al., 2013; Hibel,
Granger, Blair, Finegood, & Family Life Project Key Investi-
gators, 2015; Ruttle, Serbin, Stack, Schwartzman, & Shirt-
cliff, 2011; van Bakel & Riksen-Walraven, 2008), and extant
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theories postulate this is an important mechanism for social
buffering and support (Gunnar & Hostinar, 2015; Hostinar
& Gunnar, 2013). While exposure to stress, discrimination,
and racism is inarguably an undesirable context, it is important
to resist the temptation to pathologize the physiological re-
sponse to such adversity as evidence of dysregulation or ma-
ladaptation and instead recognize the complexities of physio-
logical costs and benefits of adaptation (Del Giudice et al.,
2011, 2013; Ellis et al., 2012).

Strengths, limitations, and future directions

The current study introduced a bidimensional approach to re-
search on HPA functioning that better aligns this research
with contemporary theories of acculturation (Berry, 1997)
and with growing evidence of the adaptive significance of bi-
culturalism and the superiority of bidimensional assessments
relative to typological and unidimensional measures of bicultur-
alism (Celenk & Van de Vijver, 2011; Nguyen & Benet-Mar-
tinez, 2013). However, our assessments were limited to the lin-
guistic and affiliation dimensions of cultural orientation that do
not capture the full range of cultural dimensions relevant in re-
search on cultural adaptation (Schwartz et al., 2010). Neverthe-
less, the novel and striking effects we found to predict patterns
of cortisol response suggest that cultural adaptation plays a role
in the adaptive calibration of stress responsivity, and adds to the
growing evidence that biculturalism may offer unique advan-
tages for acculturating adolescents (Nguyen & Benet-Martinez,
2013). Our prospective design was another strength that al-
lowed stronger causal inferences, but we did not model changes
in cultural adaptation that might have occurred between the as-
sessments of cultural orientation (age 12) and later cortisol reac-
tivity (age 14). Although prior research supports relative stabil-
ity in adolescence on the domains of cultural orientation
assessed, future studies would benefit from a more comprehen-
sive assessment of cultural orientation to capture additional di-
mensions, such as ethnic identity and values, and assessments
of cortisol reactivity concurrently as well as prospectively.

Our sample of second-generation youth provided a rele-
vant context to examine cultural adaptation of youths exposed

to traditional and dominant or mainstream cultural systems.
All of the CHAMACOS youths lived in the United States
since birth, attended schools in English, and were exposed
to both Mexican and Anglo peer groups. Yet the surrounding
community made it possible for continued immersion in
Mexican-oriented communities where many youths could
continue to interact in predominantly Spanish-speaking set-
tings. Given the lower income status of the sample and social
stratification of Latinos in this broader community, it is likely
these Latino youths were exposed to daily challenges gener-
ated by a racially stratified society (e.g., segregated high
schools or discrimination on campus). Although these condi-
tions are increasingly common in communities across the
United States and globally, particularly with recent historic
rates of immigration and rising social inequality, it is impor-
tant to remember the opportunities for bicultural adaptation
and the adaptiveness of biculturalism are likely to be context
specific and may not generalize across community contexts
(Schwartz & Zamboanga, 2008).

Although we did not find evidence of mediation through
family conflict or familism to account for cultural adaptation
effects on stress responsivity, the study did not assess the
broad array of plausible underlying mechanisms, including
other cultural risk factors (i.e., discrimination experiences;
Zeiders, Doane, & Roosa, 2012) or cultural resources (i.e.,
ethnic identity; Umaña-Taylor et al., 2014) that are theoreti-
cally relevant to our theorizing about the potential costs and
benefits of acculturation and biculturalism. Studies specifi-
cally linking discrimination with diurnal cortisol (i.e., flatter
diurnal slopes) among racial/ethnic minority youth (including
Mexican Americans) suggests it may be a key factor in height-
ened stress responsivity and long-term wear and tear as early
as adolescence (DeSantis et al., 2007; Zeiders et al., 2012).
Continued focus on racial/ethnic or culturally based stressors
is thus warranted. However, we also acknowledge that cultural
resources and strengths are also important to inform transac-
tions between culture and neurobiology (Causadias et al.,
2017), and to identify promotive cultural processes that enable
some racial/ethnic minorities to achieve positive adaptation
despite the challenges of bicultural integration.

References

Adam, E. K., Klimes-Dougan, B., & Gunnar, M. (2007). Social regulation of
the adrenocortical response to stress in infants, children and adolescents.
In D. Coch, G. Dawson, & K. W. Fischer (Eds.), Human behavior and the
developing brain: Atypical development (pp. 264–304). New York: Guil-
ford Press.

Adams, G., & Markus, H. R. (2004). Toward a conception of culture suitable
for a social psychology of culture. In M. Schaller & C. S. Crandall (Eds.),
Psychological foundations of culture Mahwah, NJ: Erlbaum.

Atkinson, L., Gonzalez, A., Kashy, D. A., Santo Basile, V., Masellis, M., Per-
eira, J., . . . Levitan, R. (2013). Maternal sensitivity and infant and mother
adrenocortical function across challenges. Psychoneuroendocrinology,
38, 2943–2951. doi:10.1016/j.psyneuen.2013.08.001

Badanes, L. S., Watamura, S. E., & Hankin, B. L. (2011). Hypocortisolism as
a potential marker of allostatic load in children: Associations with family
risk and internalizing disorders. Development and Psychopathology, 23,
881–896. doi:10.1017/S095457941100037X

Bauman, S. (2005). The reliability and validity of the brief acculturation rat-
ing scale for Mexican Americans-II for Children and Adolescents. Hispa-
nic Journal of Behavioral Sciences, 27, 426–441.

Benet-Martinez, V., & Haritatos, J. (2005). Bicultural identity integration
(BII): Components and psychosocial antecedents. Journal of Personality,
73, 1015–1049. doi:10.1111/j.1467-6494.2005.00337.x

Benet-Martinez, V., Lee, F., & Leu, J. (2006). Biculturalism and cognitive
complexity: Expertise in cultural representations. Journal of Cross-Cul-
tural Psychology, 37, 386–407. doi:10.1177/0022022106288476

Bentler, P. M. (1990). Comparative fit indexes in structural models. Psycho-
logical Bulletin, 107, 238–246. doi:10.1037/0033-2909.107.2.238

Berry, J. W. (1980). Acculturation as varieties of adaptation. In A. M. Padilla
(Ed.), Acculturation: Theory, models, and some new findings (pp. 9–25).
Boulder, CO: Westview.

Berry, J. W. (1989). Psychology of acculturation. Nebraska Symposium on
Motivation, 37, 201–234.

Bicultural adaptation and cortisol reactivity 1583

https://doi.org/10.1017/S0954579418001116 Published online by Cambridge University Press

https://doi.org/10.1017/S0954579418001116


Berry, J. W. (1997). Immigration, acculturation, and adaptation. Applied Psy-
chology: An International Review, 46, 5–34. doi:10.1111/j.1464-
0597.1997.tb01087.x

Berry, J. W., Phinney, J. S., Sam, D. L., & Vedder, P. (2006). Immigrant
youth in cultural transition. Mahwah, NJ: Erlbaum.

Bialystok, E., & Craik, F. I. M. (2010). Cognitive and linguistic processing in
the bilingual mind. Current Directions in Psychological Science, 19, 19–
23. doi:10.1177/0963721409358571

Blair, C., Raver, C. C., Granger, D., Mills-Koonce, R., Hibel, L., & Family
Life Project Key Investigators. (2011). Allostasis and allostatic load in the
context of poverty in early childhood. Development and Psychopathol-
ogy, 23, 845–857. doi:10.1017/S0954579411000344

Bondolo, E., Brady ver Halen, N., Pencille, M., Beatty, D., & Contrada, R. J.
(2009). Coping with racism: A selective review of the literature and a the-
oretical and methodological critique. Journal of Behavioral Medicine,
32, 64–88. doi:10.1007/s10865-008-9193-0

Bosch, J. A., de Geus, E. J., Carroll, D., Goedhart, A. D., Anane, L. A., van
Zanten, J. J., . . . Edwards, K. M. (2009). A general enhancement of au-
tonomic and cortisol responses during social evaluative threat. Psychoso-
matic Medicine, 71, 877–885. doi:10.1097/PSY.0b013e3181baef05

Bouma, E. M., Riese, H., Ormel, J., Verhulst, F. C., & Oldehinkel, A. J.
(2009). Adolescents’ cortisol responses to awakening and social stress;
effects of gender, menstrual phase and oral contraceptives. The TRAILS
study. Psychoneuroendocrinology, 34, 884–893. doi:10.1016/j.psy-
neuen.2009.01.003

Boyce, W. T., & Ellis, B. J. (2005). Biological sensitivity to context: I. An
evolutionary-developmental theory of the origins and functions of stress
reactivity. Development and Psychopathology, 17, 271–301.
doi:10.10170S0954579405050145

Britton, W. B., Shahar, B., Szepsenwol, O., & Jacobs, W. J. (2012). Mindful-
ness-based cognitive therapy improves emotional reactivity to social
stress: Results from a randomized controlled trial. Behavior Therapy,
43, 365–380. doi:10.1016/j.beth.2011.08.006

Brondolo, E. (2015). Racial and ethnic disparities in health: Examining the
contexts that shape resilience and risk. Psychosomatic Medicine, 77, 2–
5. doi:10.1097/PSY.0000000000000149

Brown, K. W., Weinstein, N., & Creswell, J. D. (2012). Trait mindfulness
modulates neuroendocrine and affective responses to social evaluative
threat. Psychoneuroendocrinology, 37, 2037–2041. doi:10.1016/j.psy-
neuen.2012.04.003

Bush, N. R., Obradovic, J., Adler, N., & Boyce, W. T. (2011). Kindergarten
stressors and cumulative adrenocortical activation: The “first straws” of
allostatic load? Development and Psychopathology, 23, 1089–1106.
doi:S0954579411000514

Busse, D., Yim, I. S., Campos, B., & Marshburn, C. K. (2017). Discrimina-
tion and the HPA axis: Current evidence and future directions. Journal of
Behavioral Medicine, 40, 539–552. doi:10.1007/s10865-017-9830-6

Causadias, J. M. (2013). A roadmap for the integration of culture into devel-
opmental psychopathology. Development and Psychopathology, 25(4,
Pt. 2), 1375–1398. doi:10.1017/S0954579413000679

Causadias, J. M., Telzer, E. H., & Gonzales, N. A. (2017). The handbook of
culture and biology. New York: Wiley.

Causadias, J. M., Vitriol, J. A., & Atkin, A. L. (2018). Do we overemphasize
the role of culture in the behavior of racial/ethnic minorities? Evidence of
a cultural (mis)attribution bias in American psychology. American Psy-
chologist, 73, 243–255. doi:10.1037/amp0000099

Cavanagh, J. F., & Allen, J. J. (2008). Multiple aspects of the stress response
under social evaluative threat: An electrophysiological investigation. Psy-
choneuroendocrinology, 33, 41–53. doi:S0306-4530(07)00216-8

Celenk, O., & Van de Vijver, F. (2011). Assessment of acculturation: Issues
and overview of measures. Online Readings in Psychology and Culture,
8. doi:10.9707/2307-0919.1105

Chen, S. X., Benet-Martinez, V., & Harris Bond, M. (2008). Bicultural iden-
tity, bilingualism, and psychological adjustment in multicultural soci-
eties: Immigration-based and globalization-based acculturation. Journal
of Personality, 76, 803–838. doi:10.1111/j.1467-6494.2008.00505.x

Cheung, B. Y., Chudek, M., & Heine, S. J. (2011). Evidence for a sensitive
period for acculturation: Younger immigrants report acculturating at a
faster rate. Psychological Science, 22, 147–152. doi:10.1177/
0956797610394661

Cicchetti, D. (2011). Allostatic load. Development and Psychopathology, 23,
723–724. doi:10.1017/S0954579411000277

Cicchetti, D., Rogosch, F. A., Toth, S. L., & Sturge-Apple, M. L. (2011).
Normalizing the development of cortisol regulation in maltreated infants

through preventive interventions. Development and Psychopathology,
23, 789–800. doi:S0954579411000307

Clow, A., Hucklebridge, F., Stalder, T., Evans, P., & Thorn, L. (2010). The
cortisol awakening response: More than a measure of HPA axis function.
Neuroscience & Biobehavioral Reviews, 35, 97–103. doi:S0149-
7634(09)00208-5

Coatsworth, J. D., Maldonado-Molina, M., Pantin, H., & Szapocznik, J.
(2005). A person-centered and ecological investigation of acculturation
strategies in Hispanic immigrant youth. Journal of Community Psychol-
ogy, 33, 157–174. doi:10.1002/jcop.20046

Cohen, S., Doyle, W. J., & Baum, A. (2006). Socioeconomic status is asso-
ciated with stress hormones. Psychosomatic Medicine, 68, 414–420.
doi:68/3/414

Cohen, S., Hamrick, N., Rodriguez, M. S., Feldman, P. J., Rabin, B. S., &
Manuck, S. B. (2000). The stability of and intercorrelations among cardi-
ovascular, immune, endocrine, and psychological reactivity. Annals of
Behavioral Medicine, 22, 171–179. doi:10.1007/BF02895111

Creswell, J. D., Welch, W. T., Taylor, S. E., Sherman, D. K., Gruenewald, T.
L., & Mann, T. (2005). Affirmation of personal values buffers neuroen-
docrine and psychological stress responses. Psychological Science, 16,
846–851. doi:PSCI1624

Cuellar, I., Arnold, B., & Maldonado, R. (1995). Acculturation Rating Scale
for Mexican Americans-II: A revision of the original ARSMA scale. His-
panic Journal of Behavioral Sciences, 17, 275–304. doi:10.1177/
07399863950173001

D’Anna-Hernandez, K. L., Hoffman, M. C., Zerbe, G. O., Coussons-Read,
M., Ross, R. G., & Laudenslager, M. L. (2012). Acculturation, maternal
cortisol, and birth outcomes in women of Mexican descent. Psychoso-
matic Medicine, 74, 296–304. doi:10.1097/PSY.0b013e318244fbde

Davies, P. T., Sturge-Apple, M. L., & Cicchetti, D. (2011). Interparental ag-
gression and children’s adrenocortical reactivity: Testing an evolutionary
model of allostatic load. Development and Psychopathology, 23, 801–
814. doi:S0954579411000319

Del Giudice, M., Ellis, B. J., & Shirtcliff, E. A. (2011). The adaptive calibra-
tion model of stress responsivity. Neuroscience & Biobehavioral Re-
views, 35, 1562–1592. doi:S0149-7634(10)00196-X

Del Giudice, M., Ellis, B. J., & Shirtcliff, E. A. (2013). Making sense of
stress: An evolutionary-developmental framework. In G. Laviola & S.
Macri (Eds.), (Mal)adaptive aspectives of developmental stress (pp.
23–44). New York: Springer.

Denson, T. F., Fabiansson, E. C., Creswell, J. D., & Pedersen, W. C. (2009).
Experimental effects of rumination styles on salivary cortisol responses.
Motivation Emotion, 33, 42–48. doi:10.1007/s11031-008-9114-0

DeSantis, A. S., Adam, E. K., Doane, L. D., Mineka, S., Zinbarg, R. E., &
Craske, M. G. (2007). Racial/ethnic differences in cortisol diurnal
rhythms in a community sample of adolescents. Journal of Adolescent
Health, 41, 3–13. doi:S1054-139X(07)00137-1

de Weerth, C., Zijlmans, M. A., Mack, S., & Beijers, R. (2013). Cortisol re-
actions to a social evaluative paradigm in 5- and 6-year-old children.
Stress, 16, 65–72. doi:10.3109/10253890.2012.684112

Dickerson, S. S., & Kemeny, M. E. (2004). Acute stressors and cortisol re-
sponses: A theoretical integration and synthesis of laboratory research.
Psychological Bulletin, 130, 355–391. doi:10.1037/0033-2909.130.
3.355

Dickerson, S. S., Mycek, P. J., & Zaldivar, F. (2008). Negative social evalu-
ation, but not mere social presence, elicits cortisol responses to a labora-
tory stressor task. Journal of Health Psychology, 27, 116–121.
doi:10.1037/0278-6133.27.1.116

Doane, L. D., Sladek, M. R., & Adam, E. K. (2018). An introduction to cul-
tural neurobiology: Evidence from physiological stress systems. In J. M.
Causadias, E. Telzer, & N. Gonzales (Eds.), Handbook of culture and
biology. Hoboken, NJ: Wiley.

Dona, G., & Berry, J. W. (1994). Acculturation attitudes and acculturative
stress of Central American refugees. International Journal of Psychol-
ogy, 29, 57–70. doi:10.1080/00207599408246532

Doom, J. R., Doyle, C. M., & Gunnar, M. R. (2017). Social stress buffering
by friends in childhood and adolescence: Effects on HPA and oxytocin
activity. Social Neuroscience, 12, 8–21. doi:10.1080/17470919.2016.
1149095

Doom, J. R., Hostinar, C. E., VanZomeren-Dohm, A. A., & Gunnar, M. R.
(2015). The roles of puberty and age in explaining the diminished effec-
tiveness of parental buffering of HPA reactivity and recovery in adoles-
cence. Psychoneuroendocrinology, 59, 102–111. doi:10.1016/j.psy-
neuen.2015.04.024

N. Gonzales et al.1584

https://doi.org/10.1017/S0954579418001116 Published online by Cambridge University Press

https://doi.org/10.1017/S0954579418001116


Ellis, B. J., Del Giudice, M., & Shirtcliff, E. (2012). Beyond allostatic load:
The stress response system as a mechanism of conditional adaptation. In
T. P. Beauchaine & S. P. Hinshaw (Eds.), Child and adolescent psycho-
pathology (2nd ed.). New York: Wiley.

Eskenazi, B., Huen, K., Marks, A., Harley, K. G., Bradman, A., Barr, D. B., &
Holland, N. (2010). PON1 and neurodevelopment in children from the
CHAMACOS study exposed to organophosphate pesticides in utero. Envi-
ronmental Health Perspectives, 118, 1775–1781. doi:10.1289/ehp.1002234

Essex, M. J., Shirtcliff, E. A., Burk, L. R., Ruttle, P. L., Klein, M. H., Slattery,
M. J., . . . Armstrong, J. M. (2011). Influence of early life stress on later
hypothalamic-pituitary-adrenal axis functioning and its covariation with
mental health symptoms: A study of the allostatic process from childhood
into adolescence. Development and Psychopathology, 23, 1039–1058.
doi:S0954579411000484

Fries, E., Dettenborn, L., & Kirschbaum, C. (2009). The cortisol awakening
response (CAR): Facts and future directions. International Journal of
Psychophysiology, 72, 67–73. doi:S0167-8760(08)00794-0

Fritz, M. S., & Mackinnon, D. P. (2007). Required sample size to detect the
mediated effect. Psychological Science, 18, 233–239. doi:PSCI1882

Garcia, A. F., Wilborn, K., & Mangold, D. L. (2017). The cortisol awakening
response mediates the relationship between acculturative stress and self-
reported health in Mexican Americans. Annals of Behavioral Medicine,
51, 787–798. doi:10.1007/s12160-017-9901-5

Germán, M., Gonzales, N. A., & Dumka, L. E. (2009). Familism values as a
protective factor for Mexican-origin adolescents exposed to deviant
peers. Journal of Early Adolescence, 29, 16–42. doi:10.1177/
0272431608324475

Giles, H., Bourhis, R., & Taylor, D. (1977). Toward a theory of language in
ethnic group relations. Language, ethnicity, and intergroup relations.
London: Academic Press.

Gonzales, N. A., Deardorff, J., Formoso, D., Barr, A., & Barrera, J.M.
(2006). Family mediators of the relation between acculturation and ado-
lescent mental health. Family Relations, 55, 318–330. doi:10.1111/
j.1741-3729.2006.00405.x

Gonzales, N. A., Jensen, M., Montano, Z., & Wynne, H. (2015). The cultural
adaptation and mental health of Mexican American adolescents. In Y. M.
Caldera & E. Lindsey (Eds.), Handbook of Mexican American children
and families: Multidisciplinary perspectives. Oxford: Routledge.

Gonzales, N. A., Knight, G. P., Birman, D., & Sirolli, A. (2004). Accultura-
tion and enculturation among Latino youth. In K. Maton, C. Schellen-
bach, B. Leadbeater, & A. Solarz (Eds.), Investing in children, youth,
families, and communities: Strengths-based research and policy. Wash-
ington, DC: American Psychological Association.

Gonzales, N. A., Knight, G. P., Morgan-Lopez, A. A., Saenz, D., & Sirolli,
A. (2002). Latino children and families in the United States: Current re-
search and future directions. Wesport, CT: Praeger.

Gonzales, N. A., Tein, J., Sandler, I. N., & Friedman, R. J. (2001). On the
limits of coping: Interactions between stress and coping for inner-city
adolescents. Journal of Adolescent Research, 16, 372–395. doi:10.1177/
0743558401164005

Gordis, E. B., Granger, D. A., Susman, E. J., & Trickett, P. K. (2006). Asym-
metry between salivary cortisol and alpha-amylase reactivity to stress:
Relation to aggressive behavior in adolescents. Psychoneuroendocrinol-
ogy, 31, 976–987. doi:10.1016/j.psyneuen.2006.05.010

Gunnar, M. R., & Hostinar, C. E. (2015). The social buffering of the hypo-
thalamic-pituitary-adrenocortical axis in humans: Developmental and ex-
periential determinants. Social Neuroscience, 10, 479–488. doi:10.1080/
17470919.2015.1070747

Gunnar, M. R., & Vazquez, D. M. (2001). Low cortisol and a flattening of
expected daytime rhythm: Potential indices of risk in human develop-
ment. Development and Psychopathology, 13, 515–538. doi:10.1017/
S0954579401003066

Gunnar, M. R., Wewerka, S., Frenn, K., Long, J. D., & Griggs, C. (2009).
Developmental changes in hypothalamus-pituitary-adrenal activity over
the transition to adolescence: Normative changes and associations with
puberty. Development and Psychopathology, 21, 69–85. doi:10.1017/
S0954579409000054

Hastings, P. D., Shirtcliff, E. A., Klimes-Dougan, B., Allison, A. L., Derose,
L., Kendziora, K. T., . . . Zahn-Waxler, C. (2011). Allostasis and the de-
velopment of internalizing and externalizing problems: Changing rela-
tions with physiological systems across adolescence. Development and
Psychopathology, 23, 1149–1165. doi:S0954579411000538

Heim, C., Ehlert, U., & Hellhammer, D. H. (2000). The potential role of
hypocortisolism in the pathophysiology of stress-related bodily

disorders. Psychoneuroendocrinology, 25, 1–35. doi:10.1016/S0306-
4530(99)00035-9

Herman, J., McKlveen, J., Solomon, M., Carvalho-Netto, E., & Myers, B.
(2012). Neural regulation of the stress response: Glucocorticoid feedback
mechanisms. Brazilian Journal of Medical and Biological Research, 45,
292–298.

Het, S., Rohleder, N., Schoofs, D., Kirschbaum, C., & Wolf, O. T. (2009).
Neuroendocrine and psychometric evaluation of a placebo version of
the “Trier Social Stress Test.” Psychoneuroendocrinology, 34, 1075–
1086. doi:S0306-4530(09)00061-4

Hibel, L. C., Granger, D. A., Blair, C., Finegood, E. D., & Family Life Project
Key Investigators. (2015). Maternal-child adrenocortical attunement in
early childhood: Continuity and change. Developmental Psychobiology,
57, 83–95. doi:10.1002/dev.21266

Hong, Y. Y., Morris, M. W., Chiu, C. Y., & Benet-Martinez, V. (2000). Mul-
ticultural minds: A dynamic constructivist approach to culture and cogni-
tion. American Psychologist, 55, 709–720. doi:10.1037//0003-066X.55.
7.709

Hostinar, C. E., & Gunnar, M. R. (2013). Future directions in the study of so-
cial relationships as regulators of the HPA axis across development. Jour-
nal of Clinical Child and Adolescescent Psychology, 42, 564–575.
doi:10.1080/15374416.2013.804387

Hostinar, C. E., Johnson, A. E., & Gunnar, M. R. (2015). Parent support is
less effective in buffering cortisol stress reactivity for adolescents com-
pared to children. Developmental Science, 18, 281–297. doi:10.1111/
desc.12195

Hostinar, C. E., McQuillan, M. T., Mirous, H. J., Grant, K. E., & Adam, E. K.
(2014). Cortisol responses to a group public speaking task for adoles-
cents: Variations by age, gender, and race. Psychoneuroendocrinology,
50C, 155–166. doi:10.1016/j.psyneuen.2014.08.015

Huynh, V. W., Huynh, Q. L., & Stein, M. P. (2017). Not just sticks and
stones: Indirect ethnic discrimination leads to greater physiological reac-
tivity. Cultural Diversity and Ethnic Minority Psychology, 23, 425–434.
doi:10.1037/cdp0000138

Johnson, A. E., Bruce, J., Tarullo, A. R., & Gunnar, M. R. (2011). Growth
delay as an index of allostatic load in young children: Predictions to dis-
inhibited social approach and diurnal cortisol activity. Development and
Psychopathology, 23, 859–871. doi:S0954579411000356

Johnson, M. M., Deardorff, J., Parra, K., Alkon, A., Eskenazi, B., & Shirt-
cliff, E. (2017). A Modified Trier Social Stress Test for vulnerable Mex-
ican American adolescents. Journal of Visualized Experiments, 125.
doi:10.3791/55393

Juvonen, J., Graham, S., & Schuster, M. A. (2003). Bullying among young
adolescents: The strong, the weak, and the troubled. Pediatrics, 112(6,
Pt. 1), 1231–1237.

Kelly, O., Matheson, K., Martinez, A., Merali, Z., & Anisman, H. (2007).
Psychosocial stress evoked by a virtual audience: Relation to neuroendo-
crine activity. Cyberpsychology and Behavior, 10, 655–662.
doi:10.1089/cpb.2007.9973

Kern, S., Oakes, T. R., Stone, C. K., McAuliff, E. M., Kirschbaum, C., & Da-
vidson, R. J. (2008). Glucose metabolic changes in the prefrontal cortex
are associated with HPA axis response to a psychosocial stressor. Psycho-
neuroendocrinology, 33, 517–529. doi:S0306-4530(08)00031-0

Khoury, J. E., Gonzalez, A., Levitan, R. D., Pruessner, J. C., Chopra, K.,
Santo Basile, V., . . . Atkinson, L. (2015). Summary cortisol reactivity in-
dicators: Interrelations and meaning. Neurobiology of Stress, 2, 34–43.

Kirschbaum, C., Pirke, K. M., & Hellhammer, D. H. (1993). The “Trier
Social Stress Test”—A tool for investigating psychobiological stress re-
sponses in a laboratory setting. Neuropsychobiology, 28, 76–81.
doi:10.1159/000119004

Knight, G. P., Gonzales, N. A., Saenz, D. S., Bonds, D. D., German, M.,
Deardorff, J., . . . Updegraff, K. A. (2010). The Mexican American Cul-
tural Values scales for Adolescents and Adults. Journal of Early Adoles-
cence, 30, 444–481. doi:10.1177/0272431609338178

Knight, G. P., Vargas-Chanes, D., Losoya, S. H., Cota-Robles, S., Chassin,
L., & Lee, J. M. (2009). Acculturation and enculturation trajectories
among Mexican-American adolescent offenders. Journal of Research
on Adolescence, 19, 625–653. doi:10.1111/j.1532-7795.2009.00614.x

Korous, K. M., Causadias, J. M., & Casper, D. M. (2017). Racial discrimina-
tion and cortisol output: A meta-analysis. Social Science and Medicine,
193, 90–100. doi:10.1016/j.socscimed.2017.09.042

Kudielka, B. M., Buske-Kirschbaum, A., Hellhammer, D. H., & Kirsch-
baum, C. (2004a). Differential heart rate reactivity and recovery after psy-
chosocial stress (TSST) in healthy children, younger adults, and elderly

Bicultural adaptation and cortisol reactivity 1585

https://doi.org/10.1017/S0954579418001116 Published online by Cambridge University Press

https://doi.org/10.1017/S0954579418001116


adults: The impact of age and gender. International Journal of Behav-
ioral Medicine, 11, 116–121. doi:10.1207/s15327558ijbm1102_8

Kudielka, B. M., Buske-Kirschbaum, A., Hellhammer, D. H., & Kirsch-
baum, C. (2004b). HPA axis responses to laboratory psychosocial stress
in healthy elderly adults, younger adults, and children: Impact of age and
gender. Psychoneuroendocrinology, 29, 83–98. doi:10.1016/S0306-
4530(02)00146-4

Kudielka, B. M., Hellhammer, D. H., & Wust, S. (2009). Why do we respond
so differently? Reviewing determinants of human salivary cortisol re-
sponses to challenge. Psychoneuroendocrinology, 34, 2–18. doi:S0306-
4530(08)00264-3

LaFromboise, T., Coleman, H. L. K., & Gerton, J. (1993). Psychological im-
pact of biculturalism: Evidence and theory. Psychological Bulletin, 114,
395–412. doi:10.1037/0033-2909.114.3.395

Lam, S., Dickerson, S. S., Zoccola, P. M., & Zaldivar, F. (2009). Emotion
regulation and cortisol reactivity to a social-evaluative speech task. Psy-
choneuroendocrinology, 34, 1355–1362. doi:S0306-4530(09)00122-X

Leung, A. K., Maddux, W. W., Galinsky, A. D., & Chiu, C. Y. (2008). Multi-
cultural experience enhances creativity: The when and how. American
Psychologist, 63, 169–181. doi:10.1037/0003-066X.63.3.169

Lewis, M., Ramsay, D. S., & Kawakami, K. (1993). Differences between
Japanese infants and Caucasian American infants in behavioral and
cortisol response to inoculation. Child Development, 64, 1722–1731.
doi:10.1111/j.1467-8624.1993.tb04209.x

Lopez, I. R., & Contreras, J. M. (2005). The best of both worlds: Bicultural-
ity, acculturation, and adjustment among young mainland Puerto Rican
mothers. Journal of Cross-Cultural Psychology, 36, 192–208.
doi:10.1177/0022022104272901

Luecken, L. J., Lin, B., Coburn, S. S., MacKinnon, D. P., Gonzales, N. A., &
Crnic, K. A. (2013). Prenatal stress, partner support, and infant cortisol
reactivity in low-income Mexican American families. Psychoneuroendo-
crinology, 38, 3092–3101.

Lupien, S. J., Ouellet-Morin, I., Hupbach, A., Tu, M., Buss, C., Walker, D.,
. . . McEwen, B. S. (2006). Beyond the stress concept: Allostatic load—A
developmental biological and cognitive perspective. In D. Cicchetti & D.
Cohen (Eds.), Developmental psychopathology (2nd ed., Vol. 2, pp. 578–
628). Hoboken, NJ: Wiley.

Mangold, D., Marino, E., & Javors, M. (2011). The cortisol awakening re-
sponse predicts subclinical depressive symptomatology in Mexican
American adults. Journal of Psychiatric Research, 45, 902–909.
doi:10.1016/j.jpsychires.2011.01.001

Mangold, D., Mintz, J., Javors, M., & Marino, E. (2012). Neuroticism, accul-
turation and the cortisol awakening response in Mexican American
adults. Hormones and Behavior, 61, 23–30. doi:10.1016/j.yh-
beh.2011.09.009

Mangold, D., Wand, G., Javors, M., & Mintz, J. (2010). Acculturation, child-
hood trauma and the cortisol awakening response in Mexican-American
adults. Hormones and Behavior, 58, 637–646. doi:10.1016/j.yh-
beh.2010.06.010

McClure, H. H., Josh Snodgrass, J., Martinez, C. R., Jr., Squires, E. C., Jime-
nez, R. A., Isiordia, L. E., . . . Small, J. (2015). Stress, place, and allostatic
load among Mexican immigrant farmworkers in Oregon. Journal of Im-
migrant and Minority Health, 17, 1518–1525. doi:10.1007/s10903-014-
0066-z

McEwen, B. S. (1998). Stress, adaptation, and disease: Allostasis and allo-
static load. Annals of the New York Academy of Sciences, 840, 33–44.

McRae, A. L., Saladin, M. E., Brady, K. T., Upadhyaya, H., Back, S. E., &
Timmerman, M. A. (2006). Stress reactivity: Biological and subjective
responses to the cold pressor and Trier Social stressors. Human Psycho-
pharmacology, 21, 377–385. doi:10.1002/hup.778

Mendoza, M. M., Dmitrieva, J., Perreira, K. M., Hurwich-Reiss, E., &
Watamura, S. E. (2017). The effects of economic and sociocultural stress-
ors on the well-being of children of Latino immigrants living in poverty.
Cultural Diversity and Ethnic Minority Psychology, 23, 15–26.
doi:10.1037/cdp0000111

Miller, G. E., Chen, E., & Zhou, E. S. (2007). If it goes up, must it come
down? Chronic stress and the hypothalamic-pituitary-adrenocortical
axis in humans. Psychological Bulletin, 133, 25–45. doi:2006-23058-
002

Moyerman, D., & Forman, B. (1992). Acculturation and adjustment: A meta-
analytic study. Hispanic Journal of Behavioral Sciences, 14, 163–200.
doi:10.1177/07399863920142001

Muthén, L. K., & Muthén, B. O. (1998–2017). Mplus user’s guide (8th ed.).
Los Angeles: Author.

Nguyen, A. T. D., & Benet-Martinez, V. (2013). Biculturalism and adjust-
ment: A meta-analysis. Journal of Cross-Cultural Psychology, 44,
122–159.

Nicholson, L. M., Miller, A. M., Schwertz, D., & Sorokin, O. (2013). Gender
differences in acculturation, stress, and salivary cortisol response among
former Soviet immigrants. Journal of Immigrant and Minority Health,
15, 540–552. doi:10.1007/s10903-012-9752-x

Obasi, E. M., Shirtcliff, E. A., Brody, G. H., MacKillop, J., Pittman, D. M.,
Cavanagh, L., & Philibert, R. (2015). The relationship between alcohol
consumption, perceived stress, and CRHR1 genotype on the hypothala-
mic-pituitary-adrenal axis in rural African Americans. Frontiers in Psy-
chology, 6. doi:10.3389/fpsyg.2015.00832

Obasi, E. M., Shirtcliff, E. A., Cavanagh, L., Ratliff, K. L., Pittman, D. M., &
Brooks, J. J. (2017). Hypothalamic-pituitary-adrenal reactivity to acute
atress: An investigation into the roles of perceived stress and family re-
sources. Prevention Science, 18, 923–931. doi:10.1007/s11121-017-0759-3

O’Leary, M. M., Loney, B. R., & Eckel, L. A. (2007). Gender differences in
the association between psychopathic personality traits and cortisol re-
sponse to induced stress. Psychoneuroendocrinology, 32, 183–191.
doi:S0306-4530(06)00222-8

Padilla, J., McHale, S. M., Rovine, M. J., Updegraff, K. A., & Umaña-Taylor,
A. J. (2016). Parent-youth differences in familism values from adoles-
cence into young adulthood: Developmental course and links with par-
ent-youth conflict. Journal of Youth and Adolescence, 45, 2417–2430.
doi:10.1007/s10964-016-0518-y

Parke, R. D., Coltrane, S., Duffy, S., Buriel, R., Dennis, J., Powers, J., . . .
Widaman, K. F. (2004). Economic stress, parenting, and child adjustment
in Mexican American and European American families. Child Develop-
ment, 75, 1632–1656. doi:10.1111/j.1467-8624.2004.00807.x

Pascoe, E. A., & Smart Richman, L. (2009). Perceived discrimination and
health: A meta-analytic review. Psychological Bulletin, 135, 531–554.
doi:10.1037/a0016059

Peek, M. K., Cutchin, M. P., Salinas, J. J., Sheffield, K. M., Eschbach, K.,
Stowe, R. P., & Goodwin, J. S. (2010). Allostatic load among non-Hispa-
nic Whites, non-Hispanic Blacks, and people of Mexican origin: Effects
of ethnicity, nativity, and acculturation. American Journal of Public
Health, 100, 940–946. doi:10.2105/AJPH.2007.129312

Petrowski, K., Herold, U., Joraschky, P., Wittchen, H. U., & Kirschbaum, C.
(2010). A striking pattern of cortisol non-responsiveness to psychosocial
stress in patients with panic disorder with concurrent normal cortisol awa-
kening responses. Psychoneuroendocrinology, 35, 414–421. doi:S0306-
4530(09)00246-7

Phan, J. M., Schneider, E., Peres, J., Miocevic, O., Meyer, V., & Shirtcliff, E.
A. (2017). Social evaluative threat with verbal performance feedback al-
ters neuroendocrine response to stress. Hormones and Behavior, 96, 104–
115. doi:10.1016/j.yhbeh.2017.09.007

Phinney, J. S., Romero, I., Nava, M., & Huang, D. (2001). The role of lan-
guage, parents, and peers in ethnic identity among adolescents in immi-
grant families. Journal of Youth and Adolescence, 30, 135–153.
doi:10.1023/A:1010389607319

Pilgrim, K., Marin, M. F., & Lupien, S. J. (2010). Attentional orienting to-
ward social stress stimuli predicts increased cortisol responsivity to psy-
chosocial stress irrespective of the early socioeconomic status. Psycho-
neuroendocrinology, 35, 588–595. doi:S0306-4530(09)00292-3

Portes, A., & Schauffler, R. (1994). Language and the second generation.
Berkeley, CA: University of California Press.

Pruessner, J. C., Kirschbaum, C., Meinlschmid, G., & Hellhammer, D. H.
(2003). Two formulas for computation of the area under the curve
represent measures of total hormone concentration versus time-
dependent change. Psychoneuroendocrinology, 28, 916–931.
doi:S0306453002001087

Raubenheimer, P. J., Young, E. A., Andrew, R., & Seckl, J. R. (2006). The
role of corticosterone in human hypothalamic-pituitary-adrenal axis feed-
back. Clinical Endocrinology, 65, 22–26. doi:CEN2540

Rogler, L. H., Cortes, D. E., & Malgady, R. G. (1991). Acculturation and
mental health status among Hispanics: Convergence and new directions
for research. American Psychologist, 46, 585–597.

Roozendaal, B. (2000). 1999 Curt P. Richter award. Glucocorticoids and the
regulation of memory consolidation. Psychoneuroendocrinology, 25,
213–238. doi:S030645309900058X

Ruiz, R. J., Pickler, R. H., Marti, C. N., & Jallo, N. (2013). Family cohesion,
acculturation, maternal cortisol, and preterm birth in Mexican-American
women. International Journal of Womens Health, 5, 243–252.
doi:10.2147/IJWH.S42268

N. Gonzales et al.1586

https://doi.org/10.1017/S0954579418001116 Published online by Cambridge University Press

https://doi.org/10.1017/S0954579418001116


Ruttle, P. L., Serbin, L. A., Stack, D. M., Schwartzman, A. E., & Shirtcliff, E.
A. (2011). Adrenocortical attunement in mother-child dyads: Importance
of situational and behavioral characteristics. Biological Psychology, 88,
104–111. doi:S0301-0511(11)00177-3

Sabogal, F., Marin, G., Otero-Sabogal, R., & Perez-Stable. (1987). Hispanic
familism and acculturation: What changes and what doesn’t. Hispanic
Journal of Behavioral Sciences, 9, 397–412. doi:10.1177/
07399863870094003

Schwabe, L., Haddad, L., & Schachinger, H. (2008). HPA axis activation by
a socially evaluated cold-pressor test. Psychoneuroendocrinology, 33,
890–895. doi:S0306-4530(08)00064-4

Schwartz, E. B., Granger, D. A., Susman, E. J., Gunnar, M. R., & Laird, B.
(1998). Assessing salivary cortisol in studies of child development. Child
Development, 69, 1503–1513. doi:10.1111/j.1467-8624.1998.tb06173.x

Schwartz, S. J., Des Rosiers, S., Huang, S., Zamboanga, B. L., Unger, J. B.,
Knight, G. P., . . . Szapocznik, J. (2013). Developmental trajectories of
acculturation in Hispanic adolescents: Associations with family function-
ing and adolescent risk behavior. Child Development, 84, 1355–1372.
doi:10.1111/cdev.12047

Schwartz, S. J., Unger, J. B., Zamboanga, B. L., & Szapocznik, J. (2010). Re-
thinking the concept of acculturation: Implications for theory and re-
search. American Psychologist, 65, 237–251. doi:2010-08987-001

Schwartz, S. J., & Zamboanga, B. L. (2008). Testing Berry’s model of accul-
turation: A confirmatory latent class approach. Cultural Diversity & Eth-
nic Minority Psychology, 14, 275–285. doi:10.1037/a0012818

Schwartz, S. J., Zamboanga, B. L., Rodriguez, L., & Wang, S. C. (2007). The
structure of cultural identity in an ethnically diverse sample of emerging
adults. Basic and Applied Social Psychology, 29, 159–173. doi:10.1080/
01973530701332229

Shirtcliff, E. A., & Essex, M. J. (2008). Concurrent and longitudinal associa-
tions of basal and diurnal cortisol with mental health symptoms in early
adolescence. Developmental Psychobiology, 50, 691–703. doi:10.1002/
dev.20336

Shirtcliff, E. A., Granger, D. A., Booth, A., & Johnson, D. (2005). Low
salivary cortisol levels and externalizing behavior problems in youth.
Development and Psychopathology, 17, 167–184. doi:10.1017/
S0954579405050091

Shirtcliff, E. A., Peres, J. C., Dismukes, A. R., Lee, Y., & Phan, J. M. (2014).
Hormones: Commentary. Riding the physiological roller coaster: Adap-
tive significance of cortisol stress reactivity to social contexts. Journal of
Personality Disorders, 28, 40–51. doi:10.1521/pedi.2014.28.1.40

Shirtcliff, E. A., Vitacco, M. J., Graf, A. R., Gostisha, A. J., Merz, J. L., &
Zahn-Waxler, C. (2009). Neurobiology of empathy and callousness: Im-
plications for the development of antisocial behavior. Behavioral Science
and Law, 27, 137–171. doi:10.1002/bsl.862

Siever, L. J., & Davis, K. L. (1985). Overview: Toward a dysregulation hy-
pothesis of depression. American Journal of Psychiatry, 142, 1017–
1031.

Skinner, M. L., Shirtcliff, E. A., Haggerty, K. P., Coe, C. L., & Catalano, R. F.
(2011). Allostasis model facilitates understanding race differences in the
diurnal cortisol rhythm. Development and Psychopathology, 23, 1167–
1186. doi:S095457941100054X

Squires, E. C., McClure, H. H., Martinez, C. R., Jr., Eddy, J. M., Jimenez, R.
A., Isiordia, L. E., & Snodgrass, J. J. (2012). Diurnal cortisol rhythms
among Latino immigrants in Oregon, USA. Journal of Physiological
Anthropology, 31, 19. doi:10.1186/1880-6805-31-19

Steffen, P. R., Smith, T. B., Larson, M., & Butler, L. (2006). Acculturation to
Western society as a risk factor for high blood pressure: A meta-analytic
review. Psychosomatic Medicine, 68, 386–397. doi:10.1097/01.psy.
0000221255.48190.32

Steiger, J. H. (1990). Structural model evaluation and modification: An inter-
val estimation approach. Multivariate Behavioral Research, 25, 173–180.
doi:10.1207/s15327906mbr2502_4

Sterling, P. (2004). Principles of allostasis: Optimal design, predictive regu-
lation, pathophysiology, and rational therapeutics. In J. Schulkin (Ed.),
Allostasis, homeostasis, and the costs of physiological adaptation (pp.
17–64). Cambridge: Cambridge University Press.

Sullivan, S., Schwartz, S. J., Prado, G., Huang, S., Pantin, H., & Szapocznik,
J. (2007). A bidimensional model of acculturation for examining differ-
ences in family functioning and behavior problems in Hispanic immi-
grant adolescents. Journal of Early Adolescence, 27, 405–430.
doi:10.1177/0272431607302939

Szapocznik, J., & Coatsworth, J. D. (1999). An ecodevelopmental framework
for organizing the influences on drug abuse: A developmental model of
risk and protection. In M. Glantz & C. Hartel (Eds.), Drug abuse: Origins
& interventions (pp. 331–366). Washington, DC: American Psycholog-
ical Association.

Tadmor, C. T., & Tetlock, P. E. (2006). Biculturalism: A model of second-cul-
ture exposure on acculturation and integrative complexity. Journal of Cross-
Cultural Psychology, 37, 173–190. doi:10.1177/0022022105284495

Tadmor, C. T., Tetlock, P. E., & Peng, K. (2009). Acculturation strategies and
integrative complexity: The cognitive implications of biculturalism.
Journal of Cross-Cultural Psychology, 40, 105–139. doi:10.1177/
0022022108326279

Taylor, S. E., Burklund, L. J., Eisenberger, N. I., Lehman, B. J., Hilmert, C.
J., & Lieberman, M. D. (2008). Neural bases of moderation of cortisol
stress responses by psychosocial resources. Journal of Personality and
Social Psychology, 95, 197–211. doi:2008-08084-013

Taylor, S. E., Seeman, T. E., Eisenberger, N. I., Kozanian, T. A., Moore, A.
N., & Moons, W. G. (2010). Effects of a supportive or an unsupportive
audience on biological and psychological responses to stress. Journal
of Personality and Social Psychology, 98, 47–56. doi:2009-24670-010

Telzer, E. H., Tsai, K. M., Gonzales, N., & Fuligni, A. J. (2015). Mexican
American adolescents’ family obligation values and behaviors: Links
to internalizing symptoms across time and context. Developmental Psy-
chology, 51, 75–86. doi:10.1037/a0038434

Torres, L., Mata-Greve, F., & Harkins, A. (2018). A preliminary investigation
of acculturative stress and diurnal cortisol among Latina women. Journal
of Latina/o Psychology, 6, 149–158. doi:10.1037/lat0000088

Umaña-Taylor, A. J., Gonzales-Backen, M. A., & Guimond, A. B. (2009).
Latino adolescents’ ethnic identity: Is there a developmental progression
and does growth in ethnic identity predict growth in self-esteem? Child
Development, 80, 391–405. doi:10.1111/j.1467-8624.2009.01267.x

Umaña-Taylor, A. J., Quintana, S. M., Lee, R. M., Cross, W. E., Jr., Rivas-
Drake, D., Schwartz, S. J., . . . Racial Identity in the 21st Century Study
Group. (2014). Ethnic and racial identity during adolescence and into
young adulthood: An integrated conceptualization. Child Development,
85, 21–39. doi:10.1111/cdev.12196

van Bakel, H. J., & Riksen-Walraven, J. M. (2008). Adrenocortical and be-
havioral attunement in parents with 1-year-old infants. Developmental
Psychobiology, 50, 196–201. doi:10.1002/dev.20281

Wadiwalla, M., Andrews, J., Lai, B., Buss, C., Lupien, S. J., & Pruessner, J.
C. (2010). Effects of manipulating the amount of social-evaluative threat
on the cortisol stress response in young healthy women. Stress, 13, 214–
220. doi:10.3109/10253890903277561

West, S. G., Finch, J. F., & Curran, P. J. (1995). Structural equation models
with nonnormal variables: Problems and remedies. In H. R. Hoyle (Ed.),
Structural equation modeling: Concepts, issues, and applications (pp.
56–75). Thousand Oaks, CA: Sage.

Westenberg, P. M., Bokhorst, C. L., Miers, A. C., Sumter, S. R., Kallen, V.
L., van Pelt, J., & Blote, A. W. (2009). A prepared speech in front of a pre-
recorded audience: Subjective, physiological, and neuroendocrine re-
sponses to the Leiden Public Speaking Task. Biological Psychology,
82, 116–124. doi:S0301-0511(09)00128-8

Wiemers, U. S., Schoofs, D., & Wolf, O. T. (2013). A friendly version of the
Trier Social Stress Test does not activate the HPA axis in healthy men and
women. Stress, 16, 254–260. doi:10.3109/10253890.2012.714427

Yehuda, R. (2000). Biology of posttraumatic stress disorder. Journal of Clin-
ical Psychiatry, 61(Suppl. 7), 14–21. doi:11495096

Zeiders, K. H., Doane, L. D., & Roosa, M. W. (2012). Perceived discrimina-
tion and diurnal cortisol: Examining relations among Mexican American
adolescents. Hormones and Behavior, 61, 541–548. doi:10.1016/j.yh-
beh.2012.01.018

Bicultural adaptation and cortisol reactivity 1587

https://doi.org/10.1017/S0954579418001116 Published online by Cambridge University Press

https://doi.org/10.1017/S0954579418001116

	The role of bicultural adaptation, familism, and family conflict in Mexican American adolescents’ cortisol reactivity
	Abstract
	Cultural Adaptation and Stress Biology
	Bidimensional Model of Cultural Adaptation and the Advantages of Biculturalism
	The Present Study
	Method
	Participants
	Procedures
	Measures
	Trier Social Stress Test
	Cultural orientation
	Family conflict
	Youth familism
	Salivary hormones

	Analytic strategy

	Results
	Sex differences
	Model 1: Does cultural orientation predict cortisol responsivity to the Trier Social Stress Test?
	Model 2: Does family conflict mediate the relationship between cultural orientation and cortisol responsivity to the Trier Social Stress Test?
	Model 3: Does familism mediate the relationship between cultural orientation and cortisol responsivity to the Trier Social Stress Test?

	Discussion
	Strengths, limitations, and future directions

	References


