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Abstract
Perceived discrimination remains a salient and significant environmental stressor for ethnic and
racial minority youth. Although many studies have examined the impact of racial/ethnic
discrimination on mental health symptomatology and physical health, little is known of the
potential physiological processes underlying such experiences, especially during adolescence. In
an attempt to understand how varying perceptions of discrimination relate to functioning of the
hypothalamic-pituitary-adrenal axis (HPA axis), the current study examined the relation between
Mexican American adolescents’ (N= 100, Mage = 15.3 years old) perceptions of discrimination and
aspects of their diurnal cortisol profiles. Three salivary samples (wakeup, +30 waking, bedtime)
were collected across three days (total of 9 samples). Utilizing multi-level modeling, results
revealed that adolescents’ perceived discrimination related to greater overall cortisol output (area
under the curve; AUC) after controlling for other life stressors, depressive symptoms, family
income, acculturation level, daily stress levels and daily behaviors. Findings also revealed that
perceived discrimination was marginally related to a steeper cortisol awakening response (CAR).
Together, these findings suggest that perceived discrimination is a salient and impactful stressor
for Mexican American adolescents. Understanding the physiological correlates of discrimination
can provide insight into larger health disparities among ethnic and racial minority individuals.
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Discrimination is a commonly experienced stressor among ethnic and racial minority
individuals in the U.S. (Williams and Mohammed, 2009). Nearly 30% of Mexican American
adults and 50% of Mexican American adolescents report experiences of ethnic
discrimination on a daily basis (Fisher, Wallace, and Fenton, 2000; Pérez, Fortuna, and
Alegría, 2008). This frequency is alarming given that perceived ethnic/racial discrimination
has been consistently linked to a variety of physical and mental health outcomes including
hypertension, self-reported poor health, breast cancer, depression, and anxiety (for review
see: Pascoe and Richman, 2009; Williams and Mohammed, 2009). Numerous theories posit
that there are physiological pathways through which perceptions of discrimination affect
health (Beauchaine, Neuhaus, Brenner, and Gatzke-Kopp, 2008; Cicchetti and Gunnar 2008;
Clark, Anderson, Clark and Williams, 1999; Meyers, 2009; Pascoe and Richman, 2009).
Specifically, such experiences set in motion a process of physiological responses that
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include cardiovascular activity and greater stress response. These responses are theorized to
contribute to health deterioration (Geronimus, Hicken, Keene, and Bound, 2006) and over
time, damaging changes in physiological functioning, often referred to as allostatic load
(McEwen, 1998; 2002). Empirically, perceived racial/ethnic discrimination has been found
to predict greater cardiovascular reactivity, which includes higher nocturnal blood pressure
(Brondolo et al., 2008), and higher systolic and diastolic blood pressure throughout the day
(Steffen, McNeilly, Anderson, and Sherwood, 2003); however, the link between perceived
discrimination and other major stress response systems remains relatively unexplored,
especially among adolescents.

To address the gap in the literature and extend our knowledge of the physiological
mechanisms underlying the effects of perceived discrimination during adolescence, the
current study examined the relation between Mexican American youths’ perceptions of
ethnic discrimination and the main stress hormone of the hypothalamic-pituitary-adrenal
(HPA) axis, cortisol (Johnson, Kamilaris, Chrousos, and Gold, 1992). Cortisol levels have
been linked to day-to-day variation in daily stressors (Adam, 2006), more persistent, chronic
life stressors (Miller, Chen and Zhou, 2007), and recently, perceived discrimination in adults
(Kaholokula, Grandinetti, Keller, Nacapoy, Kingi, & Mau, 2011); however, the link between
perceived ethnic discrimination and cortisol has yet to be examined in adolescents.
Adolescence appears to be a particularly compelling developmental stage to examine given
the increased awareness of perceived discrimination (Brown and Bigler, 2005) and the
increased attention to allostatic load (Hasting et al., 2011). Further, a focus on Mexican
American youth appears critical given that they make up the youngest and fastest growing
ethnic minority populations in the U.S. (U.S. Census, 2006). Exploring the physiological
correlates of these adolescents’ experiences has implications for our understanding of health
disparities among the larger Latino population and other racial/ethnic minorities.

Perceived Discrimination as a Stressor
Discrimination is a reality for many ethnic and racial minority individuals living within the
U.S. (Fisher, Wallace, and Fenton, 2000). For Latinos specifically, recent political attention
to immigration in the U.S. has increased perceptions of such experiences with nearly 61% of
Latino adults describing ethnic discrimination as a “major problem” in 2010 compared to
50% in 2004 (Lopez, Morin, and Taylor, 2010). Empirical evidence of the deleterious
effects of perceived discrimination in ethnic and racial minorities including Mexican
Americans is mounting. In a recent meta-analysis of 134 studies, a robust and strong relation
emerged between perceptions of racial/ethnic discrimination and physical health outcomes
that included cardiovascular disease, hypertension, diabetes, and respiratory conditions
(Pascoe and Richman, 2010). An equally strong relation emerged between racial/ethnic
discrimination and mental health conditions (e.g., depression, anxiety, posttraumatic stress
disorder, and perceived quality of life). Although most of this work has focused on adult
populations, researchers have begun to examine the effects of discrimination on adolescents’
development. Cross-sectional and longitudinal studies have consistently found that
adolescents’ perceptions of ethnic discrimination relate to mental and physical health
outcomes in Mexican American (e.g., Berkel et al., 2010; Delgado, Updegraff, Roosa, &
Umaña-Taylor, 2011; Flores, Tschann, Dimas, Pasch, and de Groat, 2010) and other ethnic
and racial minority youth (e.g., Clark, 2006; Galliher, Jones, and Dahl, 2011; Simons,
Murray, McLoyd, Lin, Cutrona, and Conger, 2002). Together, such evidence underscores
the seriousness of perceived discrimination in adolescents’ development.

Adolescence is a particularly compelling period of development to understand the impact of
discriminatory experiences. Due to increased cognitive functioning and a greater sense of
self-identity, theorists have posited that this developmental stage brings an increased
understanding that societal attitudes of racial/ethnic biases are based upon opinions about
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and perspectives of its majority members (Brown and Bigler, 2005; Selman, 1976).
Adolescents, in turn, develop a greater awareness of biases and discrimination at an
interpersonal level, leading to increased perceptions of discrimination. Understanding the
pathways linking discrimination to adolescents’ outcomes during a developmental period in
which such events gain salience could provide researchers clues into the impact of
discrimination over the life course.

Hypothalamic-pituitary-adrenal Axis Response to Stressors
The biopsychosocial model of minority health (Meyers, 2009) and other theoretical
frameworks (Pascoe and Richman, 2009) posit that there are physiological pathways and
mechanisms linking perceptions of racial/ethnic discrimination and health. One of those
mechanisms is the HPA axis. As one of the bodies’ major stress-response systems, the HPA
axis reacts to both physical and psychological environmental stressors and includes complex
interactions between the hypothalamus, the pituitary gland, and the adrenal cortex (Johnson
et al., 1992). Stated simply, when stressors arise, the limbic system activates the release of
corticotropin-releasing hormone (CRH) and arginine vasopressin (AVP) from the
hypothalamus, which in turn interacts with receptors of the anterior pituitary, releasing
adrenocorticotropin hormone (ACTH) into general circulation (Herman and Cullinan, 1997).
ACTH circulates in the blood and binds to the receptors of the adrenal cortex, stimulating
the release of cortisol (de Kloet and Derijk 2004). To help with self-containment, the HPA
axis is equipped with important feedback mechanisms that inhibit further production of
CRH, AVP, and ACTH, effectively turning off the HPA axis when individuals have
recovered from the environmental stressor (Chrousos and Gold, 1992).

The entire process of the HPA axis responding to immediate stressors is often referred to as
cortisol reactivity. Most of the early work on cortisol has focused on this area; researchers
have used laboratory stressor tasks to elicit a cortisol response (for review see Dickerson and
Kemeny, 2004) and more recently examined reactivity in naturalistic settings (Adam, 2006).
Researchers have also begun to understand the importance of examining cortisol outside of
the reactivity framework, focusing on the basal activity of the HPA axis (e.g., Adam, Doane,
Zinbarg, Mineka, Craske, and Griffth, 2010; Shirtcliff and Essex, 2008). The HPA axis
produces levels of cortisol that follow a strong diurnal rhythm; cortisol levels are high upon
waking, increase by 50–60% in the first 30–40 minutes [known as cortisol awakening
response (CAR)], and then rapidly drop off throughout the day, reaching nadir around
midnight (Kirschbaum and Hellhammer, 2000; Pruessner, et al., 1997). Although the
relation between cortisol reactivity and basal diurnal levels is not completely understood,
theories of HPA axis activity posit that the periodic activation of the HPA axis and the
release of cortisol are necessary to cope with acute stress; when the HPA axis response is
frequent or persistent, however, chronically low or chronically high levels of cortisol can
emerge, leading to changes in basal cortisol levels and possibly, damaging effects that
include receptor desensitization and tissue damage and contributing to allostatic load
(McEwen, 1998, 2001).

Although empirical studies have lagged behind theory, emerging research into diurnal
cortisol rhythms suggests that flattened diurnal slopes, increased CAR, and/or low or high
levels of overall cortisol output [typically referred to as area under the curve (AUC)] might
be an indication of basal cortisol level changes and possibly, allostatic load (McEwen,
2002). For instance, prolonged or cumulative stressors have related to decreased morning
cortisol levels and higher afternoon/evening cortisol levels, which results in a flatter slope or
a less steep decline in cortisol across the day (for review see: Miller et al., 2007; Michaud,
Mathenson, Kelly, and Anisman, 2008). Further, persistent environmental stressors have
been linked to a flatter diurnal slopes (Do et al., 2011), steeper CAR (Schulz, Kirshbaum,
Prubner, and Hellhammer, 1998; Pruessner, Hellhammer, and Kirschbaum, 1999; Pruessner,
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Hellhammer, Pruessner, and Lupien, 2003) and a greater AUC (Gustafsson, Gustafsson, and
Nelson, 2006; Kirschbaum et al., 1995). Together, such evidence suggests that persistent or
chronic environmental stressors have the potential of influencing diurnal cortisol patterns.

Further, studies suggest that activation of the HPA axis is sensitive and more prone to react
to stressors that are socially evaluative and uncontrollable. In a meta-analysis of 208 adult
laboratory studies, Dickerson and Kemeny (2004) found that adults had a strong cortisol
response to stressors when exposed to threats in which an aspect of the self (e.g., trait,
ability) were negatively judged by others or when stressors were deemed uncontrollable.
Stressors with both characteristics evoked the strongest cortisol responses. Naturalistic
studies corroborate these findings such that uncontrollable stressors and/or stressors that
pose a threat to the individual’s social standing were related to flattened diurnal slopes lower
morning values, and higher afternoon values (Michaud, et al., 2008, Miller et al., 2007).
Experiences of ethnic discrimination could be considered both socially evaluative and
uncontrollable; socially evaluative because such experiences threaten an individuals’ social
standing in their peer group and their immediate context (e.g., school) and uncontrollable
because discrimination has nothing to do with individuals’ actions, but rather their ethnic
appearance or national origin. Guided by these findings and theory, we might expect
perceptions of ethnic discrimination to be a particularly important stressor in activating the
HPA axis.

The limited empirical examinations of the relations between discrimination and cortisol
among adults, however, have yielded inconsistent findings. In a study examining
psychosocial mediators of the relation between SES and diurnal cortisol among African
Americans and European Americans, Cohen and colleagues (2006) found that
discrimination based on SES, gender or ethnic/racial background was not related to diurnal
cortisol. In contrast, Fuller-Rowell and colleagues (2012) focused on daily reports of
perceived racial discrimination, finding that greater discrimination related to flatter diurnal
cortisol slopes for European American adults, but steeper diurnal cortisol slopes for African
American adults. They argued that the acknowledgment of and ability to perceive daily
experiences of discrimination protected African American adults, resulting in healthier
diurnal rhythms. Finally, Kaholokula and colleagues (2011) examine Hawaiian adults and
found that racial discrimination related to lower levels of cortisol. It should be noted,
however, that participants’ morning and evening samples were combined (a mean level of
cortisol) and taken at a specified time rather than in relation to their wake time. Such a
protocol would likely be masking the CAR (since this is captured 30 minutes after waking)
and does not allow for the examination of diurnal slopes (the decline from wakeup to
bedtime; Adam and Kumari, 2009). Given the limited studies and the inconsistencies of this
literature, the current study drew from a more established chronic stress/HPA literature
when hypothesizing about the relations between perceived discrimination and diurnal
cortisol.

The Current Study
To address prior limitations in the literature and to advance our understanding of
physiological processes underlying perceptions of discrimination during adolescence, the
current study examined the relation between Mexican American youths’ diurnal cortisol
levels and self-reported perceptions of ethnic discrimination in their naturalistic settings. We
focused on three commonly used parameters in cortisol research: CAR, diurnal slopes, and
AUC. We hypothesized that greater perceptions of discrimination would relate to steeper
CARs, flatter diurnal slopes and greater AUCs, controlling for gender, socioeconomic status,
life stressors, depressive symptomatology, acculturation level, daily stress level, and daily
behaviors. This study contributed to the existing literature by being the first empirical study
to examine the relation of discrimination and HPA axis diurnal functioning among male and
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female adolescents. Although focused on Mexican American adolescents, it contributes to
our understanding of the physiological processes of discrimination in ethnic and racial
minority males and females at large.

Method
Participants and Procedure

Data for the current study came from a longitudinal study of 749 Mexican-origin families
focused on culture and context (Roosa et al., 2008). A subsample of these families (N = 131)
were asked to participate in a cortisol sampling protocol during the third wave of data
collection when adolescents were in tenth grade. To be eligible to participate, the families
must have been scheduled for interviews in the larger project between February, 2010 and
December, 2010. The selected families were contacted to schedule the in-home interview
and asked if their adolescent was interested in participating in a 3-day cortisol sampling
protocol. All study procedures were approved by the University’s Institutional Review
Board (IRB) and informed consent/assent procedures were followed. In the home, bilingual
(Spanish and English) trained interviewers obtained informed consent from the mother and/
or father and assent from the adolescent, and distributed the cortisol “spit kit” to the
adolescent. Interviewers briefed the adolescent on the materials contained in the kit and the
sampling protocol and asked participants to start the sampling protocol the next day (if
interviewed Sunday – Tuesday) or to start the following Monday to ensure sampling on
three consecutive weekdays. Study personnel contacted participants each night of the
sampling protocol to ensure proper cortisol sampling techniques and answer participants’
questions. Adolescents were also asked to respond to a series of questions about their daily
behaviors/activities that included medication use (i.e., depression or asthma related
medication), hours of exercise, alcohol consumption, cigarette use, caffeine consumption,
and stress levels. After completion of the third day, study personnel picked up cortisol
samples from each adolescent’s home.1 Adolescents were paid $55 for the in-home
interview and $15 for their completion of the salivary cortisol protocol.

Of the 131 families approached, 113 adolescents (86.2%) agreed to participate. Thirteen
adolescents were excluded from the current analyses because they did not complete the
cortisol protocol or completed it incorrectly (n = 5), did not label cortisol samples (n =1),
reported that they were on corticosteroid medication (n = 4), or did not have complete data
on study variables (n = 3) resulting in a final sample of 100 adolescents. Participants (51.0%
female) were approximately 15 years old (M = 15.3, SD = 0.50) and 86.0% reported being
born in the U.S. Adolescents came from families in which 34.8 % of fathers and 48.0% of
mothers reported being born in the U.S. Family income ranged from $5,000 to $99,000 with
a mean range of $40,000 to $45,000. All adolescents completed the interview and cortisol
materials in English, whereas 45.6% of father and 51.5% of mothers completed the in-home
interviews in Spanish. Adolescents excluded from the current analyses (n = 13) did not
differ from participating adolescents (n = 100) on age, gender, nativity (adolescent and
parent), family income, or interview language; however, those in the current sample (n =
100) did differ from the larger longitudinal study sample (N = 649) on adolescent nativity
(χ2[1] = 12.76, p < .001), maternal nativity (χ2[1] = 29.93, p < .001), paternal nativity (χ2[1]
= 10.75, p < .01), family income (t [731] = 3.83, p < .001), mothers’ interview language
(χ2[1] = 66.83, p < .001) and fathers’ interview language (χ2[1] = 41.22, p < .001). That is,
family members in the larger study were more likely to be born in Mexico, have lower

1The first 28 participants were given prepaid envelopes to ship the samples back to the project and 23 participants complied. To
increase completion rates, we changed the protocol for the remainder of participants (n = 85) by having study personnel pick up
samples from participants’ homes.
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family income, and more likely to complete the interview in Spanish than those included in
the current study.

Measures
Salivary cortisol—Salivary samples were gathered each day for three consecutive
weekdays at wake up, 30 minutes after waking, and bedtime. To help with compliance of the
second sample, participants were given a preset 30-minute timer. On average, adolescent
reported their second sample 32 minutes after their waking sample (Range = 10 minutes
after wakeup sample to 50 minutes after wakeup sample; SD = 4 minutes). Participants
expelled saliva through a small straw into a 2-mL polypropylene tube and labeled tubes with
the time and date. Participants were instructed not to eat, drink, or brush their teeth 30
minutes before sampling. Samples were picked up from participants’ homes, refrigerated at
−20 degrees Celsius, and then sent on dry ice by courier to Biochemisches Labor, Trier,
Germany to be assayed for cortisol. Cortisol levels are stable at room temperature for several
weeks and are unaffected by shipping Clements and Parker, 1998). Assays were conducted
using a time-resolved immunoassay with fluorometric detection DELFIA; (see
Dressendorfer et al., 1992 for greater assay description). Intra-assay coefficients of variation
(CVs) were between 4.0% and 6.7%, and inter-assay CVs ranged from 7.1% to 9.0%.

To compute the CAR, the difference between the waking cortisol level and the 30 min after
waking cortisol level was calculated for each day ([wakeup +30 min cortisol] − [wakeup
cortisol level]; Adam and Kumari, 2009). Daily diurnal slope was computed by taking the
difference between waking cortisol level and bedtime cortisol level and dividing by the time
between the samples ([bedtime cortisol] − [wakeup cortisol]/time between waking and
bedtime sample). Finally, daily AUC (with respect to ground) was calculated using the
trapezoid formula (Pruessner, Kirschbaum, Meinlschmid, and Hellhammer, 2003).

Perceived discrimination—Adolescents’ perceptions of discrimination were assessed
during the in-home interview (before adolescents completed the diurnal cortisol protocol)
using the Brief Perceived Ethnic Discrimination Questionnaire-Community Version (Brief
PEDQ-CV; Brondolo et al., 2005). The original scale utilizes 17 items that assess
experiences of ethnic discrimination within social or interpersonal contexts. In the original
scale, each item begins with the phrase: “Because of your race or ethnicity … ” followed by
a description of exposure in the following subscales: Exclusion/Rejection (3 items; e.g.
“others ignored you or did not pay attention to you”), Stigmatization (4 items; e.g., “others
hinted that you are dishonest or can’t be trusted”), Threat/Aggression (4 items; e.g., “others
threatened to hurt you”), Discrimination at School (4 items; e.g., “been treated unfairly by
teachers or other staff”) and Police attitudes (1 item; i.e., “policemen or security guards been
unfair to you”). The scale was developed on Latino and African American adults and college
students. To adapt for adolescents, a few alterations were made. First, the item “Has your
boss been unfair to you?” was changed to “Other than at school, have adults been unfair to
you?” An additional item was added to assess opinions of intelligence (i.e., “hinted that you
are not very smart”). Finally, instead of beginning each item with the phrase “Because of
your race or ethnicity” we added the phrase “because you are Mexican/Mexican American”
to the end of each item. Participants were asked how often each of these experiences
happened during the past year and responded using a Likert scale, ranging from 1 (never
happened) to 5 (happened very often). The mean was calculated for the scale, with higher
scores reflecting greater levels of perceived ethnic discrimination. The scale demonstrated
good reliability for the current study (α = .93).

Day-level control variables—To account for the many daily behaviors known to be
associated with diurnal cortisol, adolescents reported their daily consumption of caffeine,
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daily exercise, waking time, previous night’s hours of sleep, daily consumption of alcohol
and cigarettes, oral contraceptives (females only), and/or other medication.

Individual-level control variables—To account for individual-level factors that have
been found to relate to cortisol levels, the current study controlled for adolescent gender,
family income, adolescents’ overall life stressors, acculturation level, and adolescents’ major
depressive disorder (MDD) symptoms. For family income, mothers and fathers responded to
an open ended question asking them their annual household income. Their responses were
coded in $5,000 increments (e.g., 1 = < $5000, 2 = $5000–$10,000, etc.). For two parent
families, the mean of mothers’ and fathers’ reports were used. For single parent families,
only mothers’ reports were used. Adolescent overall stressors were examined using the
Multicultural Events Scale for Adolescents (MESA; Gonzales, Tein, Sandler, and Friedman,
2001). The MESA is a life events scale used to assess stressors for adolescents that
specifically fit the lifestyle and experiences of culturally diverse adolescents. Adolescents
responded to items assessing family economic hassles (10 items; e.g, “Your parent lost a
job”), peer conflict (14 items; e.g., “You had a disagreement or fight with a close friend.),
family conflict (9 items; e.g., “You had a serious disagreement or fight with a parent”) and
language hassles (7 items; e.g., “A teacher put you down for not speaking English or not
speaking it well”). Adolescents responded to each item by indicating if the event happened
or did not happen in the past three months. For the current study, a sum of all events
experienced except the language hassles subscale, which might overlap with discriminatory
experiences, were used. Adolescents’ acculturation was assessed using the Mexican
American Cultural Values Scale (Knight, et al., 2010). The acculturation subscale utilizes 14
items to assess varying aspects of acculturation (i.e., self-reliance, material success,
competition and personal achievement). For each item, adolescents are asked how much
they believe in the statement and respond using a likert scale ranging from (1) not at all to
(5) completely. Finally for MDD symptoms, parent and adolescents completed the
Diagnostic Interview Schedule for Children (DISC-IV; Shaffer et al., 2000), a structured
diagnostic instrument for use by nonclinicians, to assess indicators of mental health
symptomatology. We scored the DISC using the combined DISC scoring algorithm (Shaffer
et al., 2000).

Statistical Analysis
To examine the current study’s research questions, a series of multilevel model (MLM)
regressions were conducted. MLM was utilized because of the nested structure of our data:
daily cortisol samples were nested within individuals (Raudenbush & Bryk, 2002). This
technique allows each daily cortisol value to be examined instead of taking an aggregate
approach (e.g., taking the mean of values across the three days). Separate regressions were
run for each cortisol parameter of interest (Equations presented below).

Level 1

Level 2

Before adding in predictors in the models, unconditional models were examined to
understand the amount of variability in the cortisol parameter of interest across individuals.
If the variability was significant we proceeded with our analyses by adding in day level
control variables (i.e., caffeine, exercise, wake time, hours of sleep, and daily stress level) at
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level 1, and perceptions of discrimination along with individual level control variables (i.e.,
gender, life stressors, family income, MDD symptoms, and birth control) at level 2.
Additional level 1 control variables were assessed (i.e., alcohol consumption, cigarette
consumption, and medication) but were excluded from models because of the lack of
variability. Only one participant reported drinking one alcohol beverage and only two
adolescents reported smoking cigarettes. Less than 7% of adolescents reported medication
use across the three days of sampling. For CAR analysis, the duration of time between
sample 1 and sample 2 for each individual on each day was added in as an additional level 1
covariate. In line with recommendations, all level 1 and level 2 predictors were grand mean
centered (Enders and Tofighi, 2007).

Results
Descriptive statistics and correlations among study variables are presented in Tables 1 and 2.
Morning and evening cortisol values were highly skewed (2.46, 4.59, respectively) and
kurtotic (11.42, 28.31, respectively). Consistent with prior literature (e.g., Adam et al., 2010;
DeSantis et al., 2007), they were transformed using the natural log. Unconditional multi-
level models for the cortisol parameters revealed significant variability across individuals on
the CAR [τ00= .026 standard error ([SE] = .007), p < .001] and the AUC [τ00 = 2.74 [SE = .
61], p < .001]. However, the variation across individuals was not significant for diurnal
slopes [τ00 = .001 (SE = .001), p = .71] meaning we could not continue examining variation
in diurnal slopes. Given that the diurnal slopes were computed using both waking levels of
cortisol and bedtime levels of cortisol, we examined these two cortisol parameters separately
to see if significant variability across individuals existed. Results revealed significant
variability for waking cortisol [τ00= .25 (SE = .063), p < .001] and bedtime cortisol [τ00= .70
[SE = .14], p < .001]. We proceeded by treating the following cortisol parameters as our
dependent variables: CAR, AUC, waking cortisol and bedtime cortisol.

Next, discrimination and control variables were added into the regressions to predict
individuals’ CAR, AUC, waking and evening cortisol levels (Table 3). For the CAR,
discrimination emerged as a marginally significant predictor [B = .11 (Standard error (SE)
= .06, p = .08]; for every 1 unit increase in discrimination, the CAR increased by 53 %),
revealing that greater perceptions of discrimination were related to a steeper CAR (greater
increase in cortisol from waking to 30 minutes after waking). For the AUC, both
discrimination emerged as significant predictors, revealing that greater perceptions of
discrimination were related to a greater AUC cortisol levels [B = 1.49 (SE = .61), p < .05];
every one unit increase in discrimination related to a 35% increase in the AUC). For waking
and bedtime cortisol, discrimination was not significant. For descriptive purposes, Figure 1
presents adolescents’ diurnal cortisol profiles based on reported levels of perceived
discrimination. As seen in the figure, adolescents who reported high discrimination (above
the mean) have a greater jump in cortisol from waking to 30 minutes after waking (CAR)
and greater overall cortisol levels compared to adolescents who reported low discrimination
(below the mean).

Discussion
The current study contributed to the extant literature by being the first empirical study to
examine the relation between perceived discrimination and diurnal cortisol rhythms among
adolescents. Although perceived discrimination has been consistently linked to physical and
mental health outcomes cross-sectionally and longitudinally (Williams and Mohammed,
2009), the pathways and processes underlying the relation remain relatively unexplored.
Numerous theories suggest that physiological processes mediate the link (e.g., Meyers,
2009; Pascoe and Richman, 2009); however, most empirical examinations have focused on

Zeiders et al. Page 8

Horm Behav. Author manuscript; available in PMC 2013 April 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



cardiovascular reactivity, with little attention given to the stress response and the HPA axis
in particular. Uncovering stress response processes underlying experiences of discrimination
can start to provide researchers with a clearer understanding of the physiological mediators
linking discriminatory experiences and health outcomes among ethnic and racial minorities
in the U.S and abroad. The current study focused on Mexican American adolescents, one of
the largest and fastest growing ethnic minority groups in the U.S. (U.S. Census, 2006), and
examined the relation between aspects of diurnal cortisol and perceived discrimination. This
examination appears especially relevant at a time when Mexican Americans perceive greater
discrimination given the recent political focus on immigration in the U.S. (Lopez et al.,
2010). Our findings suggest that there are indices of HPA axis functioning that are related to
Mexican American adolescents’ perceptions of discrimination.

First, Mexican American youth who perceived greater discrimination had greater AUCs.
The AUC is a measure of overall cortisol output across the sampling protocol, which for the
current study was from wakeup to bedtime. These findings align with prior work that has
demonstrated that increased levels of environmental stressors relate to greater overall
cortisol output (e.g., Gustaffson et al., 2006). Further, the findings suggest that
discrimination serves as a strong correlate for Mexican American adolescents; nearly a 35%
increase in AUC was associated with a one unit increase in perceived discrimination. Our
results suggest that discriminatory experiences may set in motion the HPA axis, eventually
resulting in the release of cortisol. Repeated exposure to perceived discrimination could then
lead to heightened levels of cortisol circulating in the body. Our findings align with prior
literature that suggests that uncontrollable and socially evaluative stressors evoke a strong
HPA axis response (Dickerson and Kemeny, 2004) consistent with numerous theories
positing that discrimination is an important, potent stressor (Pachter and García Coll, 2010;
Pascoe and Richman, 2009).

The current results also suggest that perceived discrimination was related to steeper CARs;
however, these findings should be interpreted with caution given that they were only
marginally significant (p = .08). Lack of significance could be due to the study’s lack in
power, limited by the sample size and restricted range in discriminatory experiences.
Despite this limitation, to place the current study’s findings in context, the CAR, defined as
the increase in cortisol from waking to 30 minutes post-awakening, typically reflects a 50–
60% change in cortisol levels (e.g., Kirschbaum and Hellhammer, 2000; Adam, 2006). For
the current study, Mexican American youth demonstrated a similar increase (i.e., a 56%
increase from waking to 30 minutes post-waking). Results revealed that the inclusion of
discrimination further increased the CAR; for every one unit increase in discrimination, the
CAR increased by nearly 53% above the average CAR of the study sample.

Our finding that greater perceptions of discrimination were related to greater/steeper CARs
is consistent with prior work examining other environmental stressors (Schulz et al., 1998).
Similar to the AUC, a steeper CAR could reflect an individuals’ overall greater activation of
the HPA axis; however, it could also reflect an individuals’ preparation for such experience.
Recent work has demonstrated that the CAR might be a unique component of the diurnal
rhythm that is controlled by slightly different neurological processes (Clow, Hucklebridge,
Stalder, Evans and Thorn, 2010). Further, the CAR might have an anticipatory mechanism
activated by individuals’ preparing for an upcoming challenge (Fries, Dettenborn, and
Kirschbaum, 2009). For instance, prior work has demonstrated that individuals facing social
evaluative challenges the upcoming day, awake with a greater CAR than on days where
challenges were not expected (Rohleder, Beulen, Chen, Wolf and Kirschbaum, 2007).
Interestingly, this anticipatory reaction has been found in linking cardiovascular functioning
and racial discrimination (Clark, Benkert, & Flack, 2006). Clark et al. refer to this process as
racism-related vigilance and found that in African American males, racism-related vigilance
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predicted greater arterial elasticity, which in turn has implications for arterial and blood
pressure. A similar argument could be made with the HPA axis; adolescents who anticipate
experiences of discrimination could cope by exhibiting a boost in their morning cortisol
levels as a way to prepare for the upcoming challenge. Over time, this preparation could take
a toll on their HPA diurnal functioning resulting in a more lasting alteration of the CAR.
Answering this question is beyond the scope of the current study; however, future research
focused on linking day-to-day experiences of discrimination to day-today fluctuations in
CAR could uncover the potential anticipatory function. Further, longitudinal work
examining the HPA response to perceived discrimination over time could provide
information into the long term alteration in the CAR.

While discrimination was related to individuals’ AUC and CAR, we found no relation to
morning and evening levels of cortisol. Prior work among adults examining the link between
chronic stressors and diurnal cortisol has often yielded evidence of blunted diurnal response
(lower morning levels and higher evening levels; e.g., Miller et al., 2007; Michaud,
Mathenson, Kelly, and Anisman, 2008). While unexpected, our lack of findings could have
more to do with the developmental period under examination and the particular
environmental stressor of interest. Theories of HPA axis dysregulation suggest that repeated
exposure of chronic environmental stress have to potential of altering diurnal cortisol
rhythms (Gunnar and Quevedo, 2007; McEwen, 2002). The time frame for when this
happens, however, is not known. Indeed, studies among much younger age groups have
found evidence of altered HPA axis functioning; however, these studies have usually
examined serious childhood stressors that include maltreatment and chronic poverty (e.g.,
Gunnar, Morison, Chisholm and Schuder, 2001). As some have suggested, alterations in
HPA axis functioning could differ based on the nature, duration, and characteristics of the
environmental stressor (Chen and Peterson, 2006). Thus, given that adolescence is a time in
which discriminatory experiences gain salience and relevance, it could be that we are
uncovering only the initial effects of discrimination on the HPA axis (over-reactivity of the
HPA axis as evidenced by greater AUCs). As individuals progress through adolescence and
into adulthood and if their perceptions of discrimination remain constant, we might expect
that continued over-reactivity of the HPA axis would then lead to changes in alterations in
the diurnal rhythm, evidenced by changes in morning and evening levels. Longitudinal work
focused on developmental changes in perceptions of discrimination and HPA axis
functioning across the adolescent period into adulthood is needed to uncover such questions.

It should be noted that in the current sample significant variability across individuals was
observed in overall cortisol levels, CAR, waking and bedtime. There was, however, little
variability in adolescents’ diurnal slopes (or the rate of decline from waking to bedtime
cortisol). Prior work among children and adolescents has demonstrated variability in diurnal
slopes (e.g., DeSantis et al., 2007; Pendry and Adam, 2007), ruling out a developmental
explanation. However, prior work has utilized non-Latino samples, or utilized multi-ethnic
samples and compared Latino participants to individuals of other races/ethnicities. The
current study utilized an ethnic homogenous design, with the interest of understanding
diversity within the Mexican American adolescent population. Additionally, prior work
predicting variability in slopes among older adolescents has tended to collect more than one
evening sample (e.g., Adam et al., 2006; Doane and Adam, 2010) which could allow for
more variability across the day. Our limited sampling protocol could be restricting the
amount of variability in the decline of cortisol across the day.

Together, these results suggest that, indeed, perceptions of discrimination in Mexican
American youth are associated with greater cortisol output above and beyond adolescents’
daily behaviors, economic conditions, other stressors, acculturation levels and depressive
symptoms. The study provides an important first step in understanding the physiological
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mechanisms that may underlie youths’ experiences of discrimination and has the potential of
propelling researchers into identifying the mechanisms underlying racial/ethnic health
disparities in the U.S. These findings come as no surprise given that discrimination has long
been theorized as a salient and impactful stressor for ethnic and racial minority youth living
within the U.S (Pachter and García Coll, 2010).

Limitations and Directions for Future Research
Despite this study’s contributions, there are important limitations to consider. First, the
current study utilized cross-sectional data, limiting our understanding of the direction of
effects. Although theory suggests that environmental stressors activate the HPA axis and
that chronic exposure can result in diurnal changes in cortisol secretion, it could also be that
individuals with specific personality traits and/or childhood experiences share certain
diurnal cortisol profiles that that relate to greater perceptions of discrimination. For example,
prior work has found that individuals who experience severe adverse conditions in early life
tend to have distinct diurnal cortisol rhythms that are related to psychopathology (Gunnar,
Morison, Chisholm and Schuder, 2001). Other recent research has found that personality
traits like neuroticism are associated with greater cortisol AUCs (Nater, Hoppmann, and
Klumb, 2010) and indirectly associated with flatter cortisol slopes through levels of
depressive symptoms (Doane et al., 2011). The current study did control for adolescents’
depressive symptoms, but did not account for early childhood trauma, stress or personality
characteristics. Future longitudinal work uncovering how early life stress, personality, and
perceptions of discrimination interact to influence diurnal cortisol could inform these
questions.

Second, the study’s sample was limited in the representation of the Mexican American
population. Compared to the larger longitudinal study from which the current sample was
drawn (see Roosa et al., 2008), this sample contained Mexican American youth who were
more likely to be born in the U.S., English speaking, higher income, and come from families
where parents were more likely to be born in the U.S. These differences were likely
restricting the current samples’ range in discriminatory experiences, cultural values, and
acculturation levels. This is important given that restriction of range often has implications
for power (e.g., Glass & Hopkins, 1996; Schmidt, Hunter, and Urry, 1976). Further, prior
work examining the Mexican American population has found that cultural values and
acculturation experiences are important when linking environment stressors and outcomes
(Mangold, Wand, Javors and Mintz, 2010). Future studies focused on a more representative
sample have the ability to examine the intersection of cultural values, discriminatory
experiences, and diurnal cortisol in Mexican American youth.

Finally, the study’s protocol instructed adolescents to follow a strict schedule for salivary
samples. To assist adolescents, nightly phone calls were made to remind participants of the
protocol and a preset 30 minute timer was provided to assist with the timing of the 2nd

sample. Further, in our analyses with the CAR, which are particularly sensitive to timing, we
included each individual’s duration of time between their first and second sample as a
covariate. However, electronic monitoring devices to track the exact timing of cortisol
samples were not used. Future studies with compliance checks could contribute to greater
power in detection of the relation between discrimination and cortisol.

Despite these limitations, the current study takes an important first step in understanding the
physiological stress response in adolescents in general and, particularly, that underlying
experiences of discrimination in Mexican American youth. These findings are important
given the growth of the Mexican American population, the salience of discriminatory
experiences to this population, and the health disparities experienced by this population.
Further, our study provides a starting point for researchers interested in further investigating
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the physiological mechanisms underlying perceptions of discrimination and larger health
disparities.
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Figure 1.
Observed cortisol levels for individuals with high (above the mean) and low levels (at or
below the mean) of perceived discrimination (N = 100).
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