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ABSTRACT 

Culturally relevant models of social, psychological, and biological risk for depression in 

African American youth have long been called for, to account for unique risk factors they 

experience (e.g., discrimination) and that incorporate culturally specific protective assets 

(e.g., racial identity). Yet few studies have directly examined physiological mechanisms that 

might mediate the connection between discrimination and depression, nor the way in which 

cultural assets may attenuate such pathways. The present study is an explicit test of a model 

of risk for depression that integrates discrimination during adolescence, the hypothalamic-

pituitary-adrenal (HPA)-axis as a biological regulator of social stress, and dimensions of 

racial identity as potential moderators of HPA-axis dysregulation. A subsample of 109 

African-American adolescents (age 11-17; M = 12.88, SD = 1.11) who completed a social 

stress paradigm was drawn from a larger longitudinal study on risk for depression. Utilizing a 

longitudinal design, variables were collected on prior discrimination experience, cortisol 

reactivity and recovery during the stress paradigm, racial identity at the time of the stress 

paradigm, and concurrent and prospective depressive symptoms. A series of regression 

analyses and t-tests were conducted to test the impact of discrimination on cortisol regulation 

and depressive symptoms, and the moderating role of racial identity in the relation between 

cortisol regulation and depressive symptoms. Youth who reported discrimination experienced 

higher mean levels of depression. Discrimination was not related to cortisol regulation, nor 

were racial identity dimensions significant moderators in risk for depressive symptoms. This 

study, the first to explicitly test a culturally relevant model of risk for depression, points to 

the importance of capturing nuances in stress reactivity to discrimination in explicit tests of 

culturally-relevant models of depression in minority youth. 
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CHAPTER 1 

DISSERTATION IN JOURNAL ARTICLE FORM 

Introduction 

Over the last three decades, there has been increased investment in developing 

and testing culturally relevant models of risk and resilience for African American youth 

(Clark, Anderson, Clark, & Williams, 1999; García-Coll, Akerman, & Cicchetti, 2000; 

Gaylord‐Harden, Burrow, & Cunningham, 2012; Hammack, 2003; Jones & Neblett, 

2017; Spencer, 1990), which include risk factors posed by race-related stressors and 

protective factors that are pervasive in or unique to African American communities. A 

number of theories have been proposed that examine the impact of perceived 

discrimination, an extremely common race-related stressor for African American youth 

(Brody et al., 2006; Prelow, Danoff-Burg, Swenson, & Pulgiano, 2004) on youth 

maladjustment, including depression (Gaylord-Harden et al., 2012; Hammack, 2003; 

Myers, 2009; Sanders-Phillips, Settles-Reaves, Walker, & Brownlow, 2009). These 

models propose that, over the course of development, discrimination can shape 

psychological (e.g., self-esteem) and biological risk factors (e.g., stress-regulation 

systems) for depression, while culturally-specific assets (e.g., racial identity) can help 

buffer these same deleterious pathways. However, to date, there is fairly disjointed 

research that examines or explicitly tests these integrated models  for African American 

children or adolescents. The present study aims to examine the pathway from perceived 

discrimination to depression via maladaptive biobehavioral stress systems, specifically 

stress reactivity as indicated by the hypothalamic-pituitary-adrenal (HPA)-axis and 
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cortisol. Further, it includes an empirical test of one culturally relevant, biopsychosocial 

model for depression in African American and biracial youth. 

Risk for Depression: Discrimination and Stress Reactivity 

It is well supported that stressful life event exposure increases markedly during 

adolescence and that stressful events are strong predictors of the emergence of depression 

during adolescence (Ge, Lorenz, Conger, Elder, & Simons, 1994; Grant, Compas, Thurm, 

McMahon, & Gipson, 2004; Mazurka, Wynne-Edwards, & Harkness, 2015). One 

possible mechanism in this relationship lies in the HPA-axis, often assessed 

experimentally via salivary cortisol (Miller, Chen, & Zhou, 2007). 

Although both over-activation of the HPA-axis and suppressive HPA-axis 

responses to stress are thought to be potential pathways to stress-related illness, hyper-

reactivity in the HPA-axis and over-production of cortisol precedes and predicts 

depression outcomes, when measured in terms of diurnal and ambulatory saliva levels in 

adults (Guerry & Hastings, 2011) and adolescents (Adam et al., 2010; Goodyer, Herbert, 

& Tamplin, 2003; Mathew et al., 2003; Rao, Hammen, & Poland, 2009). There is also 

strong evidence that for adolescents, hypercortisol secretion during experimental stressors 

is related to higher risk for depressive symptoms in community samples (Hankin, 

Badanes, Abela, & Watamura, 2010; Natsuaki et al., 2009; Shapero, McClung, Bangasser, 

Abramson, & Alloy, 2017), and that in both adolescents and adults, cortisol levels during 

psychosocial stressors predict the onset of future episodes of depression (Morris, Rao, & 

Garber, 2012; Rao, Hammen, & Poland, 2010). 

Racism, an extremely pervasive, salient stressor for African Americans (Brody et 

al., 2006; Prelow et al., 2004; Seaton, Caldwell, Sellers, & Jackson, 2008), is essential in 
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understanding the course of stress-related psychopathology for African American youth 

(Fisher, Wallace, & Fenton, 2000; Gaylord-Harden & Cunningham, 2009; Hammack, 

2003), yet often is not included in self-report stress measures utilized in mainstream 

studies of stress, physiological regulation, and depression (e.g., Adolescent Life Events 

Questionnaire, Hankin & Abramson, 2002; Junior High Life Experiences Survey, Ge et 

al., 1994). Racism can exist at a societal level (e.g., segregation laws, police profiling 

practices) and an interpersonal level (e.g., being the target of racial slurs; Hammack, 

2003; Harrell, 2000).  Multiple pathways from racism to depression have been proposed 

at all levels of a child’s ecological system; however, the HPA-axis may be particularly 

sensitive to stressors that are uncontrollable and contain a component of social-evaluation 

threat (Dickerson & Kemeny, 2004), making the HPA-axis potentially sensitive 

interpersonally-driven discrimination compared to other forms of discrimination. 

The field has been slow to generate information about discrimination’s effect on 

HPA-axis functioning, particularly for adolescents (Myers, 2009; Pascoe & Smart 

Richman, 2009). In research on adults, discrimination is commonly linked to flatter or 

blunted cortisol patterns over the course of a day (Busse, Yim, Campos, & Marshburn, 

2017). However, there is some variability across studies, with some African-American or 

ethnic minority samples demonstrating steeper diurnal cortisol patterns (Fuller-Rowell, 

Doan, & Eccles, 2012), and others showing flatter patterns more indicative of 

hypocortisolism (Skinner, Shirtcliff, Haggerty, Coe, & Catalano, 2011; Zeiders, Hoyt, & 

Adam, 2014). This variability is echoed in cross-sectional and prospective studies with 

African-American adolescent samples (Adam et al., 2015; Brody et al., 2014), and with 

youth of other marginalized ethnic groups (Zeiders, Doane, & Roosa, 2012). One study 
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conducted with Black, Hispanic, and White pre-adolescents (9-12 years old) found no 

relationship between perceived discrimination and deviant diurnal cortisol patterns for 

minority youth (Martin, Bruce, & Fisher, 2012).  

Along with an inconsistent picture of how perceived discrimination leads to 

differences in naturalistic or ambulatory cortisol levels, there is even less known about 

how experiences of discrimination, particularly interpersonal racism, is related to 

reactivity to and recovery from social stress. To date, only one published study utilized 

cortisol reactivity in psychosocial stress paradigms (Smart Richman & Jonassaint, 2008), 

which yielded curious and informative results regarding study design. Cortisol response 

trajectories during a laboratory-based paradigm was initially unrelated to African 

American college youths’ reports of discrimination exposure; however, after an 

unexpected, highly publicized racial stressor took place on campus, the authors did find 

that, although discrimination paradigms did not predict differences in stress reactivity, 

those assessed post-scandal had highly elevated cortisol levels, whereas their pre-scandal 

peers did not. Other laboratory-based paradigms that mimic racial discrimination have 

been successful in eliciting stress-reactivity responses, albeit assessed via different 

biomarkers of stress and with older samples (Mendes, Major, McCoy, & Blascovich, 

2008; Merritt, Bennett, Williams, Edwards, & Sollers, 2006). A common theory 

connecting both the Smart Richman and Jonassaint (2008) study and other studies 

utilizing experimental paradigms is that it is an individual’s appraisal of the social 

situation as discrimination that may dictate the extent to which the HPA-axis is activated.  

Finally, depression is rarely an outcome of focus in the relationship between 

discrimination exposure and HPA-axis regulation, although there is some evidence that 
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supports a relationship between HPA activity and negative affect, and between 

discrimination and HPA activity in one youth sample (Doane & Zeiders, 2014). These 

findings were not replicated in a sample of young adults (Skinner et al., 2011), possibly 

due to the selected measure (assessing broad mental health outcomes, including 

depression); the authors alternatively hypothesizes that participants demonstrated a 

“hardiness,” or an adaptive adjustment to their environment, leaving open possibility for 

uncaptured coping responses within this study. 

Based on extant research, there are significant gaps in understanding the potential 

pathways among discrimination exposure, stress regulation within the HPA-axis, and 

depressive symptoms in either adults or youth. The larger body of research on diurnal 

cortisol suggests that, in contrast with more generalized models of stress reactivity and 

depression, there may not be a singular diurnal pattern of HPA-axis activity that links 

discrimination to depression. Further, there is almost no available research testing HPA-

axis reactivity or regulation to discrimination or interpersonal stressors, nor studies that 

include depression as an outcome. Thus, any explicit tests of these pathways would 

contribute much needed evidence to evaluate theoretical models.  

 

Racial Identity as a Protective Cultural Asset 

Along with culturally specific risk, it is equally important to identify culturally 

specific protective factors to arrive at more comprehensive models of resilience in youth 

facing discrimination (Gaylord-Harden et al., 2012; Neblett, Rivas-Drake, & Umaña-

Taylor, 2012). These so-called cultural assets may intervene in stress-reactivity processes 

by providing youth with strategies to cope when confronted with racism or discrimination. 
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Racial identity during adolescence is one such asset that may explain heterogeneous 

outcomes related to discrimination generally, and in HPA-dysfunction specifically 

(Miller & MacIntosh, 1999). Racial identity is a multidimensional construct that captures 

beliefs and attitudes about the personal meaning of race, and the meaning of one’s race in 

the larger social context (Phinney, 1989; Sellers, Smith-Bynum, Shelton, Rowley, & 

Chavous, 1998). Racial identity is characterized by the status of identity formation and 

consolidation (e.g., Phinney, 1989), as well as by its content (Sellers et al., 1998). Racial 

identity status and content are influenced by both normative developmental processes, 

such as cognitive abilities or changes in social orientation, and by social and 

environmental contexts, such as family racial socialization practices and personal 

exposure to discrimination (Umaña-Taylor et al., 2014 for review). 

Dimensions of racial identity content that have demonstrated developmental 

salience in younger African American adolescents include centrality and regard 

(Scottham, Sellers, & Nguyên, 2008). Centrality refers to the importance of race to an 

adolescent’s general self-concept, with higher centrality indicating greater importance; 

regard refers to one’s own (private regard) and others’ (public regard) evaluations of 

one’s race. Higher regard indicates more positive feelings about African Americans. 

Racial identity, generally, may be protective in that it fosters positive self-esteem 

(Buckley & Carter, 2005; Romero & Roberts, 2003; Twenge & Crocker, 2002a), perhaps 

by internalizing attitudes about being African American, akin to cultural pride, that 

directly counter negative group stereotypes that are activated in discriminatory 

experiences (King, 2005; Pascoe & Smart Richman, 2009; Sellers, Morgan, & Brown, 

2001; Sellers & Shelton, 2003). 
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There is mixed evidence that racial identity dimensions dampen the negative 

effects of discrimination in adolescent samples. Private regard, more so than centrality or 

public regard, is consistently and directly predictive of lower longitudinal and concurrent 

depressive symptoms (Rivas-Drake, Syed, et al., 2014). When considering racial identity 

as a moderator of discrimination experiences, public regard has been shown to 

significantly moderate the relationship between discrimination and depression (Sellers, 

Copeland-Linder, Martin, & Lewis, 2006), such that youth who believed that other 

groups felt negatively about their racial group (lower public regard) experienced fewer 

symptoms of depression. African American adolescents who reported higher levels of 

private regard indirectly experienced fewer depressive symptoms, through associations 

with lower levels of perceived stress (Caldwell, Zimmerman, Bernat, Sellers, & Notaro, 

2002). Thus, it may be important to assess the extent to which discrimination influences 

subjective or objective levels of stress (Seaton, Neblett, Upton, Hammond, & Sellers, 

2011; Sellers, Caldwell, Schmeelk-Cone, & Zimmerman, 2003).  

However, an equal number of other studies have found no moderating effects of 

racial identity dimensions for depressive symptoms (Seltzer, Pendergast, Abramson, & 

Alloy, unpublished manuscript; Smith-Bynum, Lambert, English, & Ialongo, 2014; 

Wong, Eccles, & Sameroff, 2003). That adolescent racial identity usually, but not always, 

moderates the negative impact of discrimination suggests that other intervening 

mechanisms come into play. Indeed, some studies of this moderating relationship point to 

the importance of perceived stress levels (e.g., Sellers et al., 2003). Notably, many fewer 

studies of African American adolescent racial identity have been conducted with 

depressive outcomes, as compared to general measures of psychological well-being, 
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limiting our ability to draw conclusions about culturally relevant models of depression 

specifically. 

Despite suggestions that the variability in racial identity’s role between 

discrimination exposure and depressive symptoms may lie in individual variability in 

perceived stress levels (e.g., Sellers et al., 2003), there have been limited tests of the 

protective functions of racial identity in the pathway of discrimination-stress reactivity-

depression, particularly in adolescents. What is more, no studies specifically investigate 

whether racial identity may be related to HPA-axis regulation. There have been more 

experimental tests of the moderating role of racial identity in cardiovascular biological 

stress reactivity systems (Busse et al., 2017; Neblett et al., 2012; Neblett & Roberts, 

2013). In these, adolescents with higher centrality and higher private regard evidenced 

greater sympathetic nervous system activation when the perpetrators of discrimination 

were European American (rather than African American; Neblett & Roberts, 2013). Low 

public regard attenuated the connection between discrimination and high blood pressure 

(Neblett & Carter, 2012). However, none of these studies included HPA axis reactivity or 

depressive symptoms as an ultimate outcome measure. 

The Current Study 

Overall, there is a paucity of research that investigates the links between 

discrimination, HPA-axis response, and depression. Similarly, evidence of the biological 

mechanisms by which racial identity may reduce risk for depression is lacking. Despite 

the existence of a number of theories delineating interconnected processes of racial 

discrimination, racial identity, stress reactivity, and depression, there is a dearth of 
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research that adequately assesses these constructs to permit a test of such theoretical 

models.  

Aims and Hypotheses  

The present study aimed to test multiple pathways of a culturally-specific, 

integrated, biopsychosocial model of risk for depression, utilizing an experimental, social 

stressor within a longitudinal study. The primary aim was to explicitly test the pathway 

from discrimination exposure to maladaptive HPA-axis responses to depression. The 

secondary aim was to test whether racial identity acts as a buffer between discrimination 

and depression through stress regulation. These aims were addressed through three 

separate hypotheses. First, Primary Hypothesis 1, based on the more robust body of 

research related to mainstream models of stress reactivity, was that African American 

adolescents with greater reports of exposure to discrimination would demonstrate higher 

HPA-axis dysregulation. Specifically, they would show higher peak cortisol responses to 

a laboratory social stressor, and less recovery to their relative baselines. Second, Primary 

Hypothesis 2 was that HPA-axis peak cortisol reactivity and recovery would mediate the 

association between perceived discrimination and concurrent and prospective depressive 

symptoms. Specifically, I predicted that higher peak cortisol reactivity and less recovery 

would partially explain the relationship between more perceived discrimination and 

higher depressive symptoms. The Secondary Hypothesis was that racial identity 

dimensions would attenuate the association between HPA-axis dysregulation and 

depressive symptoms. Specifically, in youth with higher levels of private regard and 

centrality and lower levels of public regard, higher peak cortisol levels and less recovery 
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to baseline cortisol levels would be related to fewer concurrent and prospective 

depressive symptoms. 

Methods 

Sample 

Study Participants 

The current study utilized a subset of the sample in a larger, prospective, 

longitudinal study designed to examine the development of depressive disorders in 

African American and Caucasian adolescents (Project ACE). Adolescents, age 12-13 

years old, were recruited from Philadelphia-area middle schools through mailings and 

follow-up phone calls, advertisements placed in area newspapers, or word of mouth. 

Eligibility criteria for inclusion in the study were: identifying as Caucasian/White or 

African American/Black (including biracial youth identifying in part as Caucasian/White 

or African American/Black), and had a mother or female primary caregiver (together 

referred to as “mothers”) also willing to participate. Exclusion criteria were: the absence 

of a participating mother; adolescent or mother having a diagnosed psychotic disorder, 

intellectual disability, severe learning or cognitive disability, a severe developmental 

disorder, a medical illness that prohibited him or her from participating, or did not read or 

speak English well enough to complete the study materials. Full study recruitment 

procedures are listed elsewhere (Alloy et al., 2012). 

Mother and adolescent pairs who met all study inclusion and exclusion criteria 

were invited for an initial visit, during which they provided written parental consent and 

child assent. In addition to outlining potential risks and benefits of participation, 

assurances of and limits to confidentiality, the consenting process detailed the purpose 
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and procedures involved in longitudinal study participation, including the expectation to 

return for regular prospective assessments (RPAs) every 6 months. 

The present study sample was drawn from this larger study sample based on their 

completion of an optional, additional stress task at one of their ongoing RPAs (reviewed 

below). To be included in the present study, adolescents must have been ongoing 

participants in the main study, must have self-identified as African-American/Black or 

biracial, must have completed the social stress paradigm (completed when adolescents 

were at least 13 years old), and one measure of discrimination experiences prior to a 

completed social stress paradigm. Although there are differences between mono-racial 

and multiracial youth in terms of racial identity development (Poston, 1990; Renn, 2008), 

research indicates that there are more similarities than differences among these two 

groups (Gillen-O’Neel et al., 2015; Spencer, Icard, Harachi, Catalano, & Oxford, 2000); 

thus, pooling these two groups appeared warranted for the purposes of the present study. 

Based on these inclusion criteria, a total of 131 (9.16% bi-racial; 90.83% African-

American) youth and their mothers met the inclusion criteria for the present study. 

Measures 

Discrimination Exposure 

Daily Life Experiences Scale (DLE;  Harrell, 1994). The Daily Life Experiences 

(DLE) subscale of the Racism and Life Experiences Scale (RaLES; Seaton, Yip, & 

Sellers, 2009) was used to assess adolescents’ perceptions of racial discrimination events 

that occurred in the previous 6 months, and is based on Lazarus and Folkman’s (1984) 

model of stress and coping. The DLE measures the presence and frequency of 

interpersonal “microaggressions” or “hassles,” the extent to which adolescents attributed 
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the poor treatment to their race, and the bothersomeness of these experiences. Example 

items include: “Being ignored, overlooked, treated rudely, disrespectfully, or not given 

services,” and “Being stared at by strangers.” Participants indicated the frequency of 

hassles due to race on a 6-point Likert scale with the options of 0 = never happened; 1 = 

one time; 2 = a few times; 3 = about once a month; 4 = a few times a month; and 5 = 

about once a week. Bothersomeness of each event was rated on a 5-point Likert scale, 

anchored at 1 = did not bother me at all to 5 = it bothered me a lot. The RaLES has 

demonstrated adequate internal validity and convergent validity (Utsey, 1998), and the 

DLE subscale has demonstrated internal reliability coefficients ranging from .90 to .94 

when used as a stand-alone measure of perceived discrimination (e.g., Seaton et al., 2011; 

Sellers & Shelton, 2003). Internal reliability in the current sample was adequate (α = 

0.81). For the purposes of the present study, given the low levels of reported racial 

hassles in the sample, the average frequency of racial hassles experiences was coded into 

a binary categorical variable capturing exposure to racial discrimination. For youth 

reporting any frequency of racial hassles, the DLE was coded as 1; for youth denying 

racial hassles, the DLE was coded as 0.  

HPA-Axis Activity 

Trier Social Stress Test (TSST; Kirschbaum, Pirke, & Hellhammer, 1993). The 

TSST is a commonly used psychosocial challenge to elicit stress responses (Gunnar, 

Talge, & Herrera, 2009). This task has been modified for and commonly used with 

adolescents (Hankin, Badanes, et al., 2010; Shapero et al., 2017), and includes a public 

speech, followed by a mental arithmetic component in front of one or two confederates 

and video camera feedback. The study utilized two slightly different protocols for the 
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TSST for two different waves. The Wave 1 TSST protocol matches the procedures 

described in Shapero, McClung, Bangasser, Abramson, and Alloy (2017). The Wave 2 

protocol was initiated in Project ACE in an effort to incorporate blood-based biomarkers 

of stress regulation. During Wave 2 TSSTs, participants could optionally complete two 

blood draws, one 45-minutes prior to the TSST, and one immediately after the recovery 

period of the TSST. All participants, regardless of whether they completed a Wave 1 

TSST, were invited to complete the Wave 2 protocol. As such, the speech topic was 

slightly amended and a second confederate judge was included in an effort to reduce 

practice effects (for details, see Appendix A). In the present study, the most recent TSST 

was included. In the final sample, 95 participants (72.5%) had data derived from Wave 2 

TSSTs; 34 (26.0%) participants had completed both Wave 1 and Wave 2. There were no 

differences between Wave 1 and Wave 2 participants in terms of socioeconomic status, 

gender, baseline symptoms of depression, early life stress, or recent stress. 

Biological measurement. Saliva samples were collected via salivettes (Sarstedt 

AG & Co., Germany). At each collection point, participants were instructed to place the 

salivette in their mouth for two minutes. During this time, participants also completed a 

measure of subjective distress on a 10-point visual analog scale. All saliva samples were 

labeled and stored in a dedicated freezer. Samples were assayed for cortisol using a 

cortisol immunoassay kit (Arbor Assays, Ann Arbor, MI), with intra- and inter-assay 

variation coefficients that have ranged from 6.0-14.7% and 7.2-10.9%. To reduce 

variability, every sample from each participant was assayed in the same batch, and all 

samples were tested in duplicate. Duplicate test scores were then averaged to create the 

cortisol value for that time point, in picagrams per millimeter (pg/mL). Samples were re-
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run if cortisol values were below the minimum or above the maximum of the standard 

comparison curve. Samples without readable values after being re-analyzed or that fell 

below 100pg/mL (DeSantis et al., 2007) were excluded from analyses. The total number 

of cases excluded based on these criteria was 30 (21.58%), leaving 109 participants.  

Cortisol reactivity and recovery. Salivary cortisol was assessed at four time points 

over the course of the TSST. Discrete measures of cortisol were assessed immediately 

prior to introduction to the stressor, which served as a baseline (T1; approximately 25 

minutes or 45 minutes after arrival for the study, for wave one and wave two TSST, 

respectively); immediately after the stressor (T2, approximately 15 minutes after 

baseline); 30 minutes after the stressor (T3); and 60 minutes after the stressor (T4). These 

are commonly selected, standardized time points within literature utilizing the TSST, 

proposed to capture peak cortisol onset (T3) and complete recovery (T4), based on meta-

analyses estimating peaks occurring between 21-40 minutes following a stressor and 

recovery occurring 41-60 minutes following a stressor (Dickerson & Kemeny, 2004). 

Cortisol reactivity was calculated as the difference between the T3 and T1 saliva 

samples; recovery was calculated as the difference between the T3 and T4 saliva samples. 

Depression 

Children’s Depression Inventory (CDI; Kovacs, 1985). The CDI is a self-report 

scale that measures cognitive, affective, and behavioral symptoms of depression in 

children and adolescents. Each of the 27 items is rated on a 0 to 2 scale, yielding a 

summed range from 0 to 54, with higher scores indicating higher depressive symptoms. 

The CDI has demonstrated good internal reliability both across many research groups 
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(Klein, Dougherty, & Olino, 2005), as well as within the present sample at baseline (α = 

0.81), concurrent with the TSST (α = 0.87), and prospective from the TSST (α = 0.88). 

Racial Identity 

Multidimensional Inventory of Black Identity – Teen (MIBI-T; Scottham et al., 

2008). The present study used a shortened version of the MIBI-T, created in collaboration 

with one of the scale’s original authors (R. Sellers). The present version of the MIBI-T 

included nine-items with three items assessing each of the following dimensions of Black 

identity: centrality, private regard, and public regard. Example items include: “Being 

Black/African-American is an important part of who I am” (centrality); “I am happy that 

I am Black/African-American” (private regard); and “Some people expect me to do well 

in life because I’m Black/African-American” (public regard). Respondents indicated the 

extent to which they agree with an item using a 5-point Likert scale anchored at strongly 

disagree and strongly agree. The language of these items was further amended to better 

apply to biracial youth; the wording “Black/African-American” was changed to 

“biracial/multiracial” across items for biracial youth. These responses were averaged 

across the three items to create a composite score for each dimension. The original MIBI-

T, which has four additional 3-item subscales alongside centrality, private regard, and 

public regard, has demonstrated adequate internal consistency (all α > 0.75; Scottham et 

al., 2008) when correcting for the small number of items per subscale using inter-item 

correlations or Spearman-Brown tests (Eisinga, Grotenhuis, & Pelzer, 2012; Yoon, 2016). 

Reliability analyses were also calculated for the current sample, and Chronbach’s alpha 

ranged across the centrality (α = 0.51), private regard (α = 0.70), and public regard (α = 

0.37) subscales. Given the low internal consistency for centrality and public regard, I 
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used the Spearman-Brown formula to estimate Chronbach’s alpha if each MIBI-T 

subscale had the same number of items as the original MIBI scales (Sellers, Rowley, 

Chavous, Shelton, & Smith, 1997). In these calculations, I used the inter-item 

correlations of each scale from the present sample. They yielded reliability statistics as 

follows: centrality (10 items; α = 0.78), private regard (7 items; α = 0.85), and public 

regard (4 items; α = 0.43). Thus, while these estimations provide confidence in centrality 

and private regard subscales, the public regard subscale in the present sample should be 

interpreted with caution. 

Covariates 

Common influencers of cortisol variability. Interviewers running the TSST also 

queried participants about variables that commonly impact cortisol reactivity to stressors. 

This included demographic variables (e.g., age, body mass index, gender, and for females, 

information relating to menstruation); consumption information (e.g., regular use of 

caffeine, nicotine, or alcohol, and times and content of last meal), and other health 

information (e.g., conditions such as allergies, asthma, and mouth infections; the use of 

medications). Finally, sleep information was assessed: average hours of sleep, days in the 

last week when the participant felt rested, and hours of sleep the previous night. 

Children’s Life Events Scale (CLES; Crossfield, Alloy, Gibb, & Abramson, 2002). 

The CLES is a 50-item checklist of negative events of moderate to major severity that 

children may experience over their lifetime. Mothers completed the CLES at the initial 

assessment about their child to better account for stressful events that may have occurred 

at too young an age for the adolescent to recall independently. Scores on the CLES range 
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from 0-50, with higher scores indicating higher occurrences of stressors during childhood. 

Internal reliability for the present sample was adequate (α = 0.73). 

Adolescent Life Events Questionnaire (ALEQ; Hankin & Abramson, 2002) and 

Life Events Interview (LEI; Safford, Alloy, Abramson, & Crossfield, 2007). The ALEQ 

and LEI were used in tandem to assess life stress often experienced by adolescents. Of 

the 63 ALEQ items, adolescents indicated events that occurred to them in the previous 

six months. Following the completion of the ALEQ, adolescents completed the LEI with 

trained interviewers who evaluated the endorsed events based on a priori definitional 

criteria. The a priori criteria were developed to reduce possible depression-related 

differential biases in event reporting, and were determined over weekly consensus 

meetings (Safford et al., 2007) in a process similar to other ratings in commonly used 

interview-based measures of life stress (Brown & Harris, 1978). Reliability and validity 

for the ALEQ (e.g., Hankin, 2008; Hankin, Stone, & Wright, 2010) have been 

demonstrated in terms of accurately capturing negative life events (α = 0.94; 2-week test-

retest reliability = 0.65). Internal reliability for the present sample was adequate (α = 

0.71). The current study used the number of qualifying events from the LEI to control for 

stress that was not explicitly coded as discriminatory. 

Pubertal Development Scale (PDS; Petersen, Crockett, Richards, & Boxer, 1988). 

Pubertal transitions have been linked with variability in cortisol production (Gunnar, 

Wewerka, Frenn, Long, & Griggs, 2009; Shirtcliff et al., 2012). Thus, to control for 

additional variance introduced by differences in puberty-related hormonal production, 

pubertal development is indicated as an important control for cortisol-related analyses. 

The PDS assessed pubertal development and was used to account for differences related 
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to pubertal onset. Parent and child versions of the PDS were administered at each RPA to 

assess five characteristics of development, with different sections for changes specific to 

females and males, on a 4-point scale; higher scores indicate more progress in 

development. The PDS has demonstrated good psychometric properties, including 

convergent validity with physician-rated Tanner stages (Petersen et al., 1988). Internal 

consistency was adequate for parental self-report on children (α > 0.70), for boys’ self 

report (α = 0.74), and low for girls’ self-report (α = 0.52). Although parent and child 

report on the PDS were strongly correlated in the larger study (r > .74-.80; Hamlat et al., 

2015; Shapero et al., 2017), they were at best moderately correlated in the present sample 

(r=0.55, p <0.001). Thus, an average of parent and child reports was computed as a 

control variable. 

Procedure 

Study Assessments 

As part of the larger Project ACE, participants completed an initial, baseline 

assessment following recruitment, and regular prospective assessments (RPAs) 

approximately every six months. RPAs completed at every 12-month mark were 

composed of two visits; this was to accommodate the need to conduct diagnostic 

interviews within the larger Project ACE and reduce burden of time at any one visit. 

Table 1 provides an overview of the relevant measures. At all study assessments, upon 

arrival to the lab, adolescents and their mothers were taken to separate interview rooms to 

complete questionnaires and, if relevant, interviewer-led measures (i.e., LEI). Mothers 

and adolescents were each compensated at the end of every visit, including 

reimbursement for travel (either public transit tokens or parking vouchers). 
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TSST Completion 

Participants were eligible to complete the Wave 1 TSST or Wave 2 TSST if they 

were at least 15 or 13 years old, respectively, at any RPA following their initial 

assessment. Adolescents were not approached for the TSST at the initial assessment. 

Upon arrival for any regular RPA visit, study personnel informed eligible adolescents and 

mothers of the opportunity to complete an optional, additional research task for extra 

monetary compensation ($50). Interested participants completed additional written 

mother consent and adolescent assent forms, approved by the Temple University 

Institutional Review Board. During the consenting process, adolescents were informed 

that they would be making a speech while providing saliva samples; little about the stress 

paradigm was revealed to prevent adolescents from having extra time to think and plan 

for the stress task. 

Participants were approached if their appointment was scheduled at or after 

2:00pm, and those who were interested completed additional written consent and assent 

forms. As time of day affects ambulatory cortisol levels (e.g., Gunnar & Vazquez, 2001), 

adolescents were only approached about the task so that their first cortisol sample would 

be after 3:00pm, to standardize assessment times. 
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Study Design 

 This study centered on the completion of the TSST, an optional experimental 

paradigm that could be completed at any point in time within a larger, longitudinal study. 

As such, the present study was designed post-hoc around the completion of the TSST, 

and prospective time points for the current study were built around the timing of the 

TSST for each study participant. Figure 1 illustrates the temporal flow of the data 

included in the current study.  

All covariates, except for non-discrimination stress (LEI) and influencers of 

cortisol variability, were collected from the initial assessment. Influencers of cortisol 

variability were assessed prior to the initiation of the TSST paradigm. To assess the 

impact of discrimination experiences on cortisol reactivity, analyses included the DLE 

completed concurrent with or most recently prior to the TSST. Thus, for each participant, 

the assessment of discrimination stress captured the most recent, 6-month period prior to 

his or her completion of the social stress paradigm. To isolate the impact of 

discrimination stress, non-discrimination stress was collected from the LEI completed 

concurrent with the DLE. Racial identity (MIBI-T) was captured at the most recent RPA 

prior to the time of the TSST; when possible, this was concurrent with the TSST, and 

otherwise, the MIBI-T was gathered from the most recent RPA preceding completion of 

the TSST, within one year. To capture concurrent depressive symptoms, analyses 

included the CDI at the time of TSST completion; to capture prospective depressive 

symptoms, analyses included the CDI at the time of the first RPA following completion 

of the TSST.  
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Statistical Approach 

Statistical power. Power analyses for hypotheses testable by multiple regression 

were conducted using G*Power 3 Software (Faul, Erdfelder, Lang, & Buchner, 2007). 

Studies examining the relationship between perceived discrimination and diurnal cortisol 

variables have found small effects (d = 0.06-0.15; Adam et al., 2015; Doane & Zeiders, 

2014); one study investigating cortisol responses to a single racial stressor found a small-

to-medium effect (d = 0.37, Smart Richman & Jonassaint, 2008); and small to medium 

effects have been found in the connection between discrimination and depressive 

symptoms (d = 0.09-0.37; Niwa, Way, & Hughes, 2014; Seaton, 2009; Seaton et al., 

2008). Racial identity has demonstrated small to medium associations with depressive 

symptoms (Rivas-Drake, Syed, et al., 2014), and racial identity moderation studies using 

biological measures of stress reactivity to discrimination vignettes also have 

demonstrated Cohen’s d values between 0.30 and 0.45 (Neblett & Roberts, 2013). A 
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sample size of 128 youth were initially estimated to detect significant medium effects of 

cortisol reactivity in the relationship between discrimination and depression (Primary 

Aim) and the potential moderating role of racial identity (Secondary Aim) of a moderate 

effect size with Power = 0.80 and α = .05. After accounting for missing data for primary 

study variables (see Appendix B for details), of the 109 participants who had viable 

salivary cortisol variables, 47 (43%) participants had completed relevant discrimination 

exposure measures and were included in Primary Aims analyses; and 71-93 (65-85%) 

participants had completed relevant variables germane to Secondary Aims analyses. Thus, 

as a result of missing data, the present analyses are likely underpowered; as such, analysis 

of effect sizes will be the primary focus of discussion. 

Statistical plan. To address Primary Hypothesis 1, simple stepwise regressions 

and independent samples t-tests were conducted to assess whether exposure to 

discrimination was related to differences in cortisol reactivity or recovery. In regressions, 

discrimination exposure served as the sole predictor, and cortisol reactivity and recovery 

variables were separately regressed onto discrimination. Due to low sample size, testing a 

full mediation model between discrimination, HPA-axis regulation, and depression was 

not feasible. Instead, an approximate test of Primary Hypothesis 2 consisted of 

independent-samples t-tests and two families of simple regression: using discrimination 

exposure to predict cortisol variables; and using discrimination exposure to predict 

concurrent and prospective depressive symptoms. For these regressions, pair-wise, rather 

than list-wise, deletion of missing data was utilized to maximize sample size. 

For the Secondary Hypothesis, the PROCESS plug-in for SPSS (Hayes, 2012) 

was utilized to test the conditional effects of each dimension of racial identity on the 
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relationship between cortisol regulation variables and concurrent or prospective 

depressive symptoms. The PROCESS macro allows for quick processing of bootstrap 

methods, which can help reduce biases related to small samples. Four families of 

regressions were conducted, due to the fact that processing limits of PROCESS do not 

allow for assessing multiple moderators acting in parallel. The four families of 

regressions were: cortisol reactivity predicting concurrent depression; cortisol recovery 

predicting concurrent depression; cortisol reactivity predicting prospective depression; 

and cortisol recovery predicting concurrent depression.  

Results 

Preliminary Analyses 

Paired-samples t-tests comparing self-reported distress immediately prior to and 

during the TSST were run as a manipulation test of the TSST. Participants reported 

feeling significantly more distress during the TSST (M = 2.78, SD = 2.13) compared to 

just prior to the TSST (M = 1.08, SD = 1.74; t = -9.45, p < 0.001, d = 0.92); thus, the 

TSST was an effective stressor for this sample. Momentary cortisol samples were not 

significantly correlated with corresponding distress ratings from the same time point, or 

with the distress ratings at the subsequent time point (an approximate of the time-lag 

response of the HPA-axis; see Table 2).  
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To assess for methods effects between Wave 1 and Wave 2 TSST protocols, 

independent samples t-tests were conducted for individual cortisol samples, cortisol 

reactivity and recovery variables, and all distress ratings (Table 3). Youth who completed 

Wave 2 protocols did not differ significantly from Wave 1 completers in terms of distress 

ratings throughout the stress test; additionally, effect sizes indicate small or negligible 

practical differences in distress ratings across these two groups. Notably, Wave 2 

completers had lower mean cortisol concentrations at all time points, based on statistical 

significance and on generally large effects. As follows, Wave 2 had significantly higher 

reactivity scores, with moderate effects sizes. There were no group differences for 

cortisol recovery.  
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Correlations were computed to investigate the relationship between potential 

cortisol covariate values and baseline cortisol values (Table 4). Contrary to normative 

diurnal cortisol trends, there was no significant correspondence between time of day the 

TSST was initiated and T1 salivary cortisol (r(108) = 0.06, p = 0.53); we would expect to 

see an inverse relationship between time of day and T1 salivary cortisol. Age was 

significantly correlated with baseline cortisol (r(110)= -0.21, p = 0.03), such that older 

participants had lower baseline cortisol. Although gender was not significantly correlated 

with cortisol, more days since one’s last menstruation (r(43) = -0.32, p = 0.04) and use of 

hormonal birth control (r(44) = -0.34, p = 0.02) were related to lower baseline cortisol. 

Given this, gender was used as a proxy control variable for these covariates. Regular 

exercise, indexed by a yes or no response, was significantly correlated (r(97) = 0.21, p = 

0.04) with baseline cortisol, indicating that participants who endorsed regular exercise 

had higher levels of baseline cortisol. Based on available reports completed the same day 

as the TSST, the majority of participants had begun to enter puberty based on child 

(93.2%) and parent (92.5%) reports when compared with standardizations of the Pubertal 

Development Scale (PDS > 2.5; Petersen, 1998). The composite score of pubertal 

development was not significantly correlated with baseline cortisol. 

Given that the baseline cortisol levels did not follow normative diurnal patterns, a 

conservative approach was used in identifying covariates that may impact initial cortisol 

levels. I included those variables that were significantly related to baseline cortisol, as 

well as other variables that commonly impact cortisol levels in other samples, including 

the larger ACE sample (Shapero et al., 2017): age at TSST, exercise, gender, and time of 

day (time at which T1 cortisol was sampled). Additionally, as there were significant 



  26 

differences in cortisol levels depending on whether youth completed the Wave 1 or Wave 

2 protocol, I also controlled for Wave in analyses in which cortisol reactivity or recovery 

were the outcome variable. 
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Basic descriptive statistics and bivariate correlations of the primary study 

variables are listed in Table 5; correlations with applicable covariates are also included 

for reference. Participants reported low rates of both perceived discrimination and 

depressive symptoms. Approximately two-thirds (68%) of the study sample reported not 

having been exposed to discrimination in the previous six months. The base-rate of 

depressive symptoms in the sample also was low. When the means of log-transformed 

depression variables were recalculated to reflect the raw symptom scores on the CDI, 

sample means for concurrent and prospective depressive symptoms were 5.01 (range = 

0.0-31.62) and 5.37 (range = 0.0-21.52), respectively. For reference, a score of as low as 

13 on the CDI has shown predictive validity to a diagnosable depressive episode 

(Timbremont, Braet, & Dreessen, 2004).  

As an additional check on the successful measurement of physiological stress 

regulation, the range of both cortisol reactivity and recovery was examined to check the 

accurate capturing of participants’ peak cortisol levels and return to baseline. Over half 

(53.5%) of the participants’ reactivity scores fell at or below zero, indicating a decrease 

in cortisol production between our proposed baseline (T1) and peak (T3) saliva samples. 

This was true, to a lesser extent for recovery scores: approximately one quarter of 

participants (24.3%) had increases in cortisol between the proposed peak (T3) and final 

(T4) saliva samples. Figure 2 illustrates cortisol samples from five, randomly-sampled 

participants at each time point.  
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Correlations of Primary Variables 

Discrimination was related to a higher levels of concurrent (r(39) = 0.43, p = 

0.006) and prospective depressive symptoms (r(27) = 0.42, p = 0.03); thus, any 

experience of perceived discrimination was related to higher reports of depressive 

symptoms. Cortisol reactivity and recovery scores were modestly, positively correlated 

(r(109) = 0.27, p = 0.004). Cortisol reactivity and centrality also were correlated with 

each other (r(97) = 0.24, p = 0.02), such that larger reactivity responses (thereby 

reflecting an increase in cortisol between T1 and T3) were related to stronger 

identification with one’s African-American/biracial identity. Concurrent depressive 

symptoms were positively, strongly correlated with prospective depressive symptoms 

(r(67) = 0.70, p <0.001), and, more weakly, with private regard (r(95) = -0.35, p = 0.003). 

This latter relationship suggests that higher depressive symptoms are related to lower 

positive internal feelings towards one’s racial group. Finally, centrality and private regard 

were significantly correlated (r(109) = 0.46, p <0.001), such that an increased 

endorsement of the importance of one’s racial group to one’s identity also was related to 
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more positive feelings about being a member of one’s race. The absence of other 

correlations suggests some independence of these distinct facets of racial identity.  

Primary Aims 

Primary Hypothesis 1: Experience of Discrimination and Effects on Cortisol Reactivity 

and Recovery  

A series of stepwise regressions were conducted to examine the direct effect of 

experiences of discrimination on cortisol reactivity and recovery following an 

interpersonal stressor. Covariates entered in step 1 were age at TSST, gender, and 

pubertal status. In step 2, variables related to non-discrimination stress were entered, 

namely early life stress and recent life stressors. In step 3, variables that commonly 

impact diurnal cortisol levels and those significantly correlated with T1 cortisol were 

entered, specifically time of day, regular exercise, and whether participants completed 

Wave 1 or Wave 2 of the study. Finally, self-reports of perceived discrimination were 

entered in the last step of the regression model. 

Two regression models were computed to test for the effects of perceived 

discrimination exposure on cortisol reactivity and cortisol recovery (Table 6). 
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Overall models of perceived discrimination exposure were not significant in 

predicting cortisol reactivity (F (9, 22) = 0.32, p > 0.95, R2 = 0.34) or recovery (F (9, 22) 

= 0.62, p > 0.75, R2 = 0.20).  Additionally, discrimination exposure resulted in minor, 

non-significant changes in cortisol reactivity (β = -0.08, t = -0.46, p = 0.65, ΔR2 = 0.01) 

and cortisol recovery (β = -0.02, t = -0.24, p = 0.81,  ΔR2 = 0.002), when controlling for 

other model variables. Discrimination exposure accounted for only 1% of overall 

variance in reactivity, and less than 1% of variance in cortisol recovery. Further, 

independent samples t-tests assessing for mean differences in cortisol reactivity or 

recovery were non-significant (Table 7). Effects of discrimination exposure on mean 

cortisol reactivity were negligible (d = 0.02), and were small for mean cortisol recovery 

(d = 0.17). 
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Primary Hypothesis 2: The Separate Impact of Discrimination Experience and Cortisol 

Reactivity or Recovery on Depressive Symptoms 

Primary hypothesis 2 is concerned with the extent to which cortisol reactivity 

and recovery serve as mediators of the influence discrimination exerts on depressive 

symptoms. Mediation occurs when an independent variable exerts causal influence on an 

dependent variable indirectly through a third variable, a mediator. The significance and 

strength of a mediator variable is determined. Mathematically, this indirect effect would 

be determined by the product of unstandardized slope when reactivity/recovery are 

regressed onto discrimination, and the conditional coefficient of the regression of 

depression on discrimination, when reactivity and recovery variables are included in the 

regression model. Alternatively, the extent of mediation can be thought of as the 

difference in the coefficient of depression regressed onto discrimination, when reactivity 

and recovery are not versus are included in the regression model (Preacher, Rucker, & 

Hayes, 2007). Due to low sample size, a complete mediation analyses is not prudent. 

Instead, the meditational role of cortisol reactivity and recovery will be estimated by 

examining the components of the above model. 

In primary hypothesis 2, cortisol regulation variables operate as the mediators; 

thus, primary hypothesis 1 captures the direct effect of the predictor variable, 

discrimination, on the mediator variable. Primary hypothesis 2 then seeks to test the 
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direct effect of the predictor, discrimination exposure, on the dependent variable, 

concurrent or prospective depression; and the direct effect of the mediator, cortisol 

reactivity and recovery, on the dependent variable. 

Discrimination experiences and depressive symptoms. Stepwise regressions were 

conducted that tested the primary relationship between discrimination exposure and 

depressive symptoms concurrent to and prospective from the TSST (Table 8). In step 1, 

gender, age at TSST, and pubertal development were retained as covariates. In step 2, 

early life and recent stressors were entered to isolate the effect of discrimination stress. 

Adolescent depressive symptoms reported at their first study visit also were included in 

step 2 to account for baseline differences in symptoms across participants. Covariates 

specific to cortisol levels were removed from these models. In step 3, discrimination 

exposure was added.  

The overall model of perceived discrimination exposure was not significant in 

predicting concurrent depressive symptoms (F (7, 27) = 1.88, p = 0.11, R2 = 0.33), nor 

was discrimination a significant predictor of concurrent depressive symptoms when other 

variables were held constant (β = 0.21, t = 1.33, p = 0.20, ΔR2 = 0.04).  Although the 

overall model including discrimination experience did significantly predict prospective 

depressive symptoms (F (7, 18) = 2.71, p = 0.04, R2 = 0.51), when other variables were 

held constant, discrimination exposure was not a significant predictor (β = 0.19, t = 1.22, 

p = 0.24, ΔR2 = 0.04). Recent life stress was a significant predictor of prospective 

depressive symptoms (β = 0.04, t = 2.60, p = 0.02), such that more reported stressors just 

prior to the TSST was related to an increase in depressive symptoms following the TSST. 
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The inclusion of discrimination exposure in each model accounted for an 

additional 4% (non-significant) of variance in either concurrent or prospective depressive 

symptoms (both, ΔR2 = 0.04). The inclusion of recent life stress, early life stress, and 

baseline depressive symptoms significantly accounted for an additional 24% of variance 

in concurrent depressive symptoms (ΔR2 = 0.24, p = 0.04), and for 34% of variance in 

prospective depressive symptoms (ΔR2 = 0.34, p = 0.03) 

 

Independent samples t-tests were conducted as a simpler test of the impact of 

discrimination exposure on depressive symptoms (Table 9). Adolescents who reported 

any exposure to discrimination reported higher mean depressive symptoms both 

concurrently (t = -2.90, p = 0.006, d = 0.99; Mdiff = 0.37) and prospectively (t = -2.30, p 

<0.05, d = 0.92; Mdiff = 0.32), as compared to youth who denied experiencing 

discrimination. Not only were these group differences statistically significant, they also 

are likely to be practically meaningful, as indicated by effect sizes. 
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Cortisol regulation and depressive symptoms. Two sets of regressions were 

computed to test the direct relationship between cortisol regulation variables and 

depressive symptoms: first, to test cortisol reactivity’s prediction of concurrent and 

prospective depressive symptoms (Table 10); and second, to test cortisol recovery’s 

prediction of concurrent and prospective depressive symptoms (Table 11). For these 

regressions, covariates were entered in the same step-wise manner as in testing the 

relationship between discrimination exposure and depressive symptoms.  

Overall models including cortisol reactivity and recovery did not significantly 

predict concurrent or depressive symptoms. When covariates were held constant, cortisol 

reactivity was not significantly predictive of concurrent (b= 0.05; t = 2.75, p = 0.80, ΔR2 

= 0.002) or prospective (b= 0.003; t = 0.002, p = 0.99, ΔR2 = 0.00) depressive symptoms, 

and accounted for marginal or no additional variance in concurrent or prospective 

depressive symptoms. Recent life stress accounted for incremental increases in 

prospective (b= 0.05; t = 2.75, p = 0.02) depressive symptoms within the cortisol 

reactivity models, and stress and depression covariates together accounted significantly 

for an additional 28% of variance in concurrent depressive symptoms and 34% of 

variance in prospective depressive symptoms.   
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Cortisol recovery was not a significant predictor of concurrent (b= 0.07, t = 0.19, 

p = 0.89, ΔR2 = 0.001) or prospective depressive symptoms (b= 0.25; t = 0.64, p = 0.53, 

ΔR2 = 0.02), when covariates were held constant. Cortisol recovery accounted for an 

additional 0.01% of concurrent depressive symptoms, and 2% of prospective depressive 

symptoms. No other covariates significantly predicted depressive symptoms within 

cortisol recovery models, nor did they account for any significant variance. 

Overall, cortisol regulation variables did demonstrate meaningful effects on 

depressive symptoms. This was true in terms of the predictive significance of overall 

models, the predictive significance of cortisol regulation variables individually, or in 

terms of substantial effect sizes and accounting for variance in depressive symptoms. 
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In summary, perceived discrimination exposure did not predict cortisol reactivity 

or recovery when tested via statistical significance. In regression models, discrimination 

did account for small, yet non-significant additional variance in depressive symptoms, 

even after controlling for covariates, which accounted for sizeable variance in the models. 

There is some evidence that discrimination is related to differences in both concurrent 

and prospective depressive symptoms, although regressions testing this relationship were 

not significant. Cortisol reactivity and recovery values similarly were not predictive of 

depressive symptoms, based either on statistical significance or effect sizes. Overall, 

component analyses testing the mediational role of cortisol regulation in the relationship 

between discrimination and depressive symptoms did not support hypotheses. 

Secondary Aims 

Secondary Hypothesis 2: The Moderating Role of Racial Identity 

To test the possible protective impact of racial identity dimensions, two sets of 

regressions were computed, all following a similar structure. In all regressions, cortisol 

regulation variables (either reactivity or recovery) were entered as a predictor variable; 
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depressive symptoms (either concurrent to or prospective from the TSST) were entered as 

the outcome variable; and one of three racial identity dimensions (centrality, private 

regard, or public regard) was entered as the moderator variable. In all regressions, I 

controlled for baseline depressive symptoms. Thus, a total of 12 regressions were 

computed; as such, these regressions were evaluated against a Bonferroni-corrected 

significance level of at least p = 0.004. Models testing the role of racial identity in 

interaction with cortisol reactivity in predicting depressive symptoms are listed in Table 

12; those testing the role of racial identity in interaction with cortisol recovery in 

predicting depressive symptoms are listed in Table 13. 

Racial identity and cortisol reactivity. The interaction of centrality and cortisol 

reactivity did not significantly predict concurrent depressive symptoms (b = 0.15, t(70) = 

0.75, p = 0.46), and accounted for 1% of the variance of concurrent depressive symptoms 

(ΔR2 = 0.01). Similarly, this interaction did not significantly predict prospective 

depressive symptoms (b = -0.20, t(52) = -0.77, p = 0.44), and accounted for similar 

amounts of variance as with concurrent symptoms (ΔR2=0.01). After accounting for 

Bonferroni corrections, the full moderation models involving centrality and reactivity 

were non-significant, for both concurrent (F(4, 70) = 2.73, p = 0.04, R2 = 0.14) and 

prospective (F(4, 52) = 1.49, p = 0.22, R2 = 0.10) depressive symptoms. Both models 

demonstrated a medium effect size in accounting for variance in depressive symptoms, 

14% of variance in concurrent and 10% of variance in prospective symptoms. 
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The interaction of private regard and cortisol reactivity did not significantly 

predict concurrent depressive symptoms (b = -0.12, t(71) = -0.40, p = 0.69), and had 

negligible effects on the variance in concurrent depressive symptoms (ΔR2 = 0.002). 

Private regard did have a direct effect on concurrent depressive symptoms (b = -0.12, 

t(71) = -2.16, p = 0.03; ΔR2 = 0.04), accounting for 4% of variance. Thus, incremental 

increases in private regard were related to decreases in concurrent depressive symptoms, 

less than one standard deviation for this sample (B = -0.20). This effect was not 

significant after accounting for Bonferroni corrections. Similarly, the interaction between 

private regard and reactivity was not significant in predicting cortisol reactivity and 

prospective depressive symptoms (b = -0.13, t(53) = -0.58, p = 0.56), and accounted for 

1% of the variance in prospective depressive symptoms (ΔR2 = 0.01). The full moderation 

models involving private regard and reactivity were non-significant in predicting both 

concurrent (F(4,71) = 3.64, p = .01, R2 = 0.17) and prospective (F(4, 53) = 1.49, p = 0.18, 

R2 = 0.11) depressive symptoms, after adjusting for Bonferroni corrections. For both 

models, there was a moderate effect in the variance accounted for in depressive 

symptoms, accounting for 17% of variance in concurrent symptoms and 11% of variance 

in prospective symptoms. 

The interaction of public regard and cortisol reactivity did not significantly 

predict concurrent depressive symptoms (b = -0.07, t(71) = 0.85, p = .40), and accounted 

for 1% of the variance of concurrent depressive symptoms (ΔR2 = 0.01). Similarly, public 

regard was not a significant moderator in the relationship between cortisol reactivity and 

prospective depressive symptoms (b = 0.15, t(53) = -0.49, p = 0.63), and had negligible 

effects of moderation on the variance in prospective depressive symptoms (ΔR2 = 0.004). 
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After accounting for Bonferroni corrections, the full moderation models involving public 

regard and reactivity were non-significant, for both concurrent (F(4, 71) = 3.04, p = 0.02, 

R2 = 0.15) and prospective (F(4, 53) = 1.94, p =0.12, R2 = 0.13) depressive symptoms. 

Both models demonstrated a medium effect size in accounting for variance in depressive 

symptoms, accounting for 15% of variance in concurrent symptoms and 13% of variance 

in prospective symptoms. 

Racial identity and cortisol recovery. The interaction of centrality and cortisol 

recovery did not significantly predict concurrent depressive symptoms (b = -0.23, t(74) = 

-0.05, p = 0.82), and the effects of moderation on the variance of concurrent depressive 

symptoms were negligible (ΔR2 = 0.001). Similarly, this interaction did not predict 

prospective depressive symptoms (b = -0.18, t(54) = -0.74, p = 0.46), and the effects of 

moderation on the variance of prospective depressive symptoms were small (ΔR2 = 0.01). 

After adjusting for Bonferroni corrections, the full moderation models involving 

centrality and recovery were non-significant, for both concurrent (F(4, 74) = 3.87, p = 

0.01, R2 = 0.17) and prospective (F(4, 54) = 1.97, p = 0.11, R2 = 0.13) depressive 

symptoms. Both models demonstrated a medium effect size in accounting for variance in 

depressive symptoms, accounting for 17% of variance in concurrent symptoms and 13% 

of variance in prospective symptoms. 

The interaction of private regard and cortisol recovery did not significantly 

predict concurrent depressive symptoms (b = -0.001, t(75) = -0.01, p = 1.00), and the 

effects of moderation on the variance of concurrent depressive symptoms were very small 

(ΔR2 < 0.001). The overall moderation model involving private regard, recovery, and 

their interaction was significant in predicting concurrent depressive symptoms (F(4, 75) = 
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4.34, p = 0.003, R2 = 0.19), and demonstrated a moderate effect in the variance in 

concurrent depressive symptoms, accounting for 19% of variance. In terms of prospective 

depressive symptoms, the interaction of private regard and cortisol recovery did not 

significantly predict depressive symptoms (b = -0.18, t(54) = -0.74, p = 0.46), nor was the 

overall moderation model significant (F(4, 55) = 2.03, p = 0.10, R2 = 0.13). The variance 

accounted for by the interaction of private regard and recovery was small (ΔR2 = 0.01), 

whereas the overall model demonstrated a medium effect size in accounting for variance 

in depressive symptoms (R2 = 0.13). 

The interaction of public regard and cortisol recovery did not significantly predict 

concurrent depressive symptoms (b = 0.16, t(75) = 0.79 p = 0.43), and the effects of 

moderation on the variance of concurrent depressive symptoms were small (ΔR2 = 0.01). 

Similarly, the interaction of public regard and cortisol recovery did not predict 

prospective depressive symptoms (b = 0.22, t(55) = 0.87, p = 0.39), and the effects of 

moderation on the variance of concurrent depressive symptoms were small (ΔR2 = 0.01). 

The full moderation models involving public regard and recovery were non-significant, 

for both concurrent (F(4, 75) = 4.00, p = 0.01, R2 = 0.18) and prospective (F(4, 55) = 

2.04, p = 0.10, R2 = 0.13) depressive symptoms. Both models demonstrated a medium 

effect size in accounting for variance in depressive symptoms, accounting for 18% of 

variance in concurrent symptoms and 13% of variance in prospective symptoms. 
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In summary, no dimensions of racial identity significantly moderated the 

relationship between cortisol reactivity and recovery, and concurrent or prospective 

depressive symptoms. Racial identity dimensions accounted for little variance in either 

concurrent or prospective depressive symptoms. Although the overall models did account 

for generally medium effects in terms of variance (ranging from 11%-19% of variance in 

depressive symptoms), this is most driven by the association between baseline depressive 

symptoms when youth entered the study, and longitudinal associations with depressive 

symptoms concurrent to and following the TSST. Private regard did directly predict 

concurrent depressive symptoms in the context of the relationship among private regard, 

cortisol reactivity, and depressive symptoms, and demonstrated small effect sizes, albeit 

slightly larger than that of relevant interaction terms. Specifically, as youth reported more 

positive feelings about their own racial group, they reported fewer concurrent depressive 

symptoms, a pattern documented across multiple studies (Rivas-Drake, Syed, et al., 2014).  

However, given concerns with underpowered analyses, it is possible that this finding is a 

false-positive. 

Overall, there is little evidence in the present sample that supports the role of 

racial identity in moderating physiological stress reactivity risk factors for depression.  

Post-Hoc Analyses 

Due to the observed individual variability in peak-response to the TSST (Figure 

2), post-hoc analyses were conducted to determine if reactivity and recovery variables 

calculated around each participant’s individual peak were more suitable measures of 

stress reactivity. Individual peak was determined as the time point across the TSST with 

the highest cortisol concentration. Reactivity was calculated as the difference between 
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individual peak and the T1 cortisol sample, and recovery was calculated as the difference 

between individual peak and the T4 cortisol sample. In the cases where T1 was identified 

as individual peak, only a recovery score was calculated; this was true for 36% (N = 25) 

of participants with valid cortisol variables. In the cases where T4 was identified as 

individual peak, only a reactivity score was calculated; this was true for only 5% (N = 4) 

of valid cases. Descriptive statistics and correlations of main variables with individual-

peak reactivity and recovery are provided in Table 14. 

Exploratory analyses for this computation method included regression models 

testing the impact of discrimination exposure on cortisol regulation (Primary Hypothesis 

1); the predictive power of cortisol regulation on depressive symptoms (Primary 

Hypothesis 2); and the moderation of racial identity dimensions in the relationship 

between cortisol regulation and depressive symptoms (Secondary Hypothesis 2). 

Regression methods for these analyses are the same as in initial analyses. 

Adjusting for individual-peak reactivity and recovery did not impact the 

predictive relationship between discrimination exposure and stress regulation, nor did this 

computational adjustment impact the extent of variance accounted for within regression 

models. Discrimination exposure was not associated with significantly different mean 

individual-peak reactivity or recovery based on t-tests. Similarly, individual-peak cortisol 

variables did not significantly predict concurrent or depressive symptoms, nor did they 

account for a greater proportion of variance in concurrent or depressive symptoms. 

Overall, calculating individual peaks did not lead to markedly different outcomes in any 

of the primary hypotheses. 
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In terms of secondary hypotheses, racial identity’s interaction with individual-

peak cortisol variables did not lead to significant moderation models, nor were there 

marked differences in effect sizes. In contrast with original computations of cortisol 

reactivity, private regard no longer significantly predicted depressive symptoms within 

the context of individual-peak reactivity, its interaction with private regard, and 

concurrent depressive symptoms (b = 0.06, t(24) = 0.50, p = 0.62). Models that included 

individual-peak reactivity accounted for significantly more overall variance in concurrent 

and depressive symptoms (ΔR2  = 0.43-0.61); however, sample sizes, due to the high 

proportion of individuals with T1 peak scores, were quite small (N = 29), so increases in 

effect sizes may be due to this artifact. There were no differences in predictive 

significance or effect sizes when individual-peak recovery scores were used in 

moderation models. 

Discussion 

This study sought to test multiple components of a culturally-sensitive, 

biopsychosocial model of risk for depression in African American/biracial youth. 

Specifically, it aimed to examine the impact of racial discrimination experiences on 

cortisol regulation markers, higher peak reactivity and blunted recovery, and the extent to 

which cortisol regulation explained the relationship between perceived discrimination 

experiences and depressive symptoms, within a prospective model. Additionally, it 

sought to investigate the potential protective effects of racial identity, which has been 

identified as a potential cultural asset (Gaylord‐Harden et al., 2012; Jones & Neblett, 

2017) in the face of racial stressors. 
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This is the first study, to my knowledge, that explicitly tests the effects of 

discrimination exposure on cortisol regulation patterns during a laboratory setting in a 

sample of African American and biracial adolescents. In the present sample, 

discrimination exposure did not yield statistically significant differences in HPA-axis 

regulation in the context of an experimental social stressor, and discrimination accounted 

for small or negligible differences in cortisol reactivity and recovery, based on effect size 

estimates, including contributions to variance and Cohen’s d. The effects are smaller than 

differences in cortisol reactivity compared to one environmental acute racial stressor 

(Smart Richman & Jonassaint, 2008), but comparable to studies utilizing self-report 

measures of discrimination experience and diurnal salivary cortisol (Adam et al., 2015; 

Martin et al., 2012; Zeiders et al., 2014). Youth who experienced discrimination did 

report higher mean levels of depressive symptoms than did their peers who did not 

experience discrimination, and the present effect estimates are comparable to studies 

elsewhere in terms of variance (Niwa et al., 2014), and much larger than other studies 

calculating effects sizes (e.g., Seaton et al., 2008). This adds support to the body of 

research indicating that culturally specific risk factors are important to integrate into our 

larger understanding of risk for depression in minority youth (Gaylord-Harden et al., 

2012; Hammack, 2003; Jones & Neblett, 2017). However, regression analyses did not 

lend support for cortisol regulation’s role in this relationship, echoing other null results 

regarding the interplay of discrimination and cortisol patterns (Martin et al., 2012).  

The present findings must be considered in the context of inadequate power, 

resulting from an unexpectedly low sample size. At the outset of the present study, there 

were 131 adolescents from the larger Project ACE sample who met the basic inclusion 
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criteria of having completed the TSST and self-identifying as at least partially African-

American; yet, it is possible that even a sample of 131 would have been underpowered. 

The vast majority of studies that have investigated physiological mechanisms linking 

discrimination and depression have had samples that exceed 200 participants (Brody et 

al., 2014; Clark & Gochett, 2006; Seaton, 2009), with one meta-analysis estimating the 

mean sample size across studies to be over 600 participants (Pascoe & Smart Richman, 

2009). Further, these prior studies only have found small to medium effects (Neblett & 

Roberts, 2013; Niwa et al., 2014; Rivas-Drake, Syed, et al., 2014; Seaton, 2009; Seaton et 

al., 2008; Smart Richman & Jonassaint, 2008). The present sample, which ranged from 

47 to 93 participants, likely would only have been powered to detect quite large effects, 

acutely limiting the extent to which the present results may accurately reflect processes 

among the variables of interest. This significant concern aside, when considering effect 

sizes across analyses, findings from the present study were comparable or slightly weaker 

than effects found elsewhere in the literature. 

Beyond these statistical concerns, the current null findings amongst 

discrimination and stress reactivity emphasize the likelihood that there are intermediate 

psychological and biological processes at play. Cognitive and affective processes have 

been identified as important mediators in African Americans’ physiological responses to 

discrimination (Clark et al., 1999; Harrell, Hall, & Taliaferro, 2003; Harrell, 2000). 

Cognitive appraisal and attribution to discrimination or prejudice have long been central 

to understanding stress reactivity to discrimination (Lazarus & Folkman, 1984; Major, 

Quinton, & McCoy, 2002). Others have pointed to the complex emotional responses to 

discrimination as another mediator in stress responses. Indeed, college-aged adolescents 
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experience multiple emotions in response to discrimination, and may fall into distinct 

groups of affective profiles (Jones, Lee, Gaskin, & Neblett, 2014). Similarly, negative 

affect in response to discrimination specifically could be an important mediator in 

illuminating individual responses to stressors (Doane & Zeiders, 2014; Jones et al., 

2014). 

Along these lines, the standard TSST protocol utilized in this study may not be an 

appropriate analogue for assessing responses to discrimination. Other studies capturing 

both cortisol and cardiac response variables in the context of discrimination use 

laboratory paradigms that are explicitly designed to mimic discriminatory experiences 

(e.g., Merritt et al., 2006; Smart Richman & Jonassaint, 2008). These include vignettes of 

blatant or subtle racism, or prompting the participant to describe a personal experience 

with discrimination in front of judges. Further, Smart Richman and Jonassaint (2008) 

captured differences in cortisol production when students are faced with real-life acts of 

discrimination, versus the relatively weak impact of their laboratory discrimination 

paradigm. A recent meta-analysis suggests that blunted versus heightened responses to a 

laboratory stressor may depend on the extent to which the stressor is discriminatory in 

nature (Busse et al., 2017). Youth in this sample demonstrated hyper-reactivity and 

blunted responses, and these different patterns may have depended on individual 

perceptions of the nature of the TSST. Thus, reconciling variability in cortisol reactivity 

to laboratory paradigms likely depends on assessing the extent to which the stressor was 

seen as discriminatory, and the affective responses that follow. Thus, including youths’ 

evaluation of laboratory-based stressors may be an essential component of experimental 

tests of culturally-relevant models, to accurately elucidate stress-response processes. 
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Non-discrimination stressors, captured by the LEI, emerged as the strongest 

predictor of reduced cortisol recovery and of higher prospective depressive symptoms, 

echoing more mainstream models of stress-reactivity and risk for depression that posit a 

link between HPA-axis and depressive symptoms only for youth experiencing stressful 

life events (e.g., Mazurka et al., 2015). Although the LEI assesses “general stress,” as 

argued elsewhere (Jones & Neblett, 2017), general stress measures such as the LEI do not 

give youth the opportunity to indicate the extent to which stressors are perceived as 

racially-relevant, as the DLE does. Further, our measure of general stress attempts to 

objectively qualify stressors, to eliminate reporting biases that accompany cognitive 

biases of depression. It could be that many of these interpersonal stressors, which include 

peer victimization and getting into trouble with teachers, are perceived as due, in some 

part, to race among minority adolescents (Tynes, Rose, & Williams, 2010; Tynes, 

Umaña-Taylor, Rose, Lin, & Anderson, 2012). Conversely, subjective and attributional 

responses to discrimination are essential in stress response and coping responses (Lazarus 

& Folkman, 1984). Thus, within the specific context of discrimination experiences, it 

may be essential to account for, rather than control for, adolescents’ subjective 

interpretation of various events.  Thus, it is possible that the present study misses some 

effect of discrimination within the general stress measures that, if clarified, captures a 

significant connection between discrimination and stress reactivity in this sample. 

Cortisol variables were not related to depressive symptoms in this sample, either 

in terms of mean differences or predictive relationships. Although the majority of studies 

associated elevated cortisol levels with depression, others have demonstrated that other 

response patterns, such as a suppression of cortisol, are related to depression, particularly 
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related to age and history of depressive syndromes (Calhoun et al., 2012; Hankin, 

Badanes, et al., 2010). The youth in this study had variable response patterns to the 

TSST; about half demonstrated a decrease in cortisol levels between baseline and the 

proposed reactivity time point (30 minutes following the TSST). There were also 

concerns that the original methodology for measuring cortisol reactivity and recovery, 

that is, around a uniform time point for all participants, was too simplistic to illustrate the 

connections between cortisol reactivity and depressive symptoms. It has been proposed 

elsewhere that standardized assessment points, based on population estimates for the 

timing of peak salivary cortisol production (20-40 minutes following a stressor) and a 

return to baseline (40-60 minutes), are not sufficiently methodologically sensitive 

(Lopez-Duran, Mayer, & Abelson, 2014). However, defining reactivity and recovery 

from the TSST around individual peak cortisol samples, an attempt to account for 

individual differences in HPA-axis phase as well as amplitude, did appear to function as 

better predictors in my hypotheses. That these methods in capturing HPA-axis activity 

did not replicate even well-documented effects (i.e., high reactivity predicting depressive 

symptoms) points to the possible importance of identifying classes of response patterns of 

cortisol secretion and depression to elucidate multiple profiles (i.e., over-secretion and 

blunted responses) predictive of depressive outcomes. Alternatively, hyper-reactive 

versus blunted cortisol emission in response to stressors may result in different outcomes, 

depending on other biological stress processes. For example, others have suggested that 

higher nocturnal cortisol responses may indicate suppression of inflammation (Brody et 

al., 2014), and the interplay of these biological systems may contribute to conflicting 

findings related to cortisol alone. Thus, in the future, statistical methods that capture 
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individual time-course patterns of cortisol responses, such as landmark registration or 

growth curve modeling (Lopez-Duran et al., 2014), may more accurately capture stress 

reactivity processes, and allow for more nuanced and naturalistic analyses. 

To my knowledge, this is the second study to examine a possible biological 

mechanism that may explain the protective function of racial identity in the context of 

cortisol reactivity and recovery, and the first to do so with an adolescent sample. 

Although higher private regard trended in predicting fewer concurrent depressive 

symptoms, as reflected elsewhere in the literature (Rivas-Drake, Syed, et al., 2014), there 

was limited evidence that racial identity acts on physiological stress regulation systems to 

buffer the relationship between discrimination and depressive symptoms. Similarly, other 

studies have found no moderating effects of racial identity dimensions between 

discrimination and subsequent depressive symptoms (Seltzer et al., unpublished 

manuscript; Smith-Bynum et al., 2014).  

Of note, we examined the role of each dimension of racial identity in isolation, 

and others have suggested that the interplay of these dimensions, understood as profiles 

or as indicators of identity formation over time (Scottham, Cooke, Sellers, & Ford, 2010; 

Seaton, 2009; Seaton, Scottham, & Sellers, 2006) contributes to the adjustment of 

African American youth and young adults. This study tried to identify a physiological 

mechanism that explains the protective role of racial identity, yet there may be many 

psychosocial mechanisms through which racial identity confers protection (Jones & 

Neblett, 2017). This includes variability in how racial identity content may relate to 

affective reactions to discrimination (Neblett & Carter, 2012; Neblett & Roberts, 2013), 

or how certain racial identity content may prompt more active and effective coping 
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strategies in the face of stressors (Seaton, Upton, Gilbert, & Volpe, 2014). Finally, it may 

be that extent to which youth’s racial identities have developed and consolidated, not 

content alone, impact outcomes related to discrimination and adjustment (Yip, Seaton, & 

Sellers, 2006). These studies point to the importance of the complex and nuanced 

interplay of racial identity, developmental processes, affective responses, and coping that 

would certainly mediate physiological mechanisms of cultural assets in conferring 

protection to youth facing discrimination. 

Limitations 

Notably, the aims of the present study were hindered by unexpected roadblocks 

posed by its ad-hoc longitudinal research design. In short, an unexpectedly low sample of 

discrimination reports, and, to a lesser extent, viable cortisol variables necessitated a 

reframing of statistical approaches and grossly reduced statistical power that might yield 

statistically meaningful results (see Appendix B). Some specific design pitfalls include 

the unstandardized introduction of the TSST, and the low rates of participants’ 

completion of the visits at which discrimination was assessed. Ultimately, idiosyncrasies 

in participant visits impacted the available data for the proposed design of this study, and 

the absence of sufficient numbers of discrimination data greatly impacted our ability to 

robustly test racially-coded stressors and their biological sequelae in risk for depression. 

Thus, it is imperative that future studies include study designs that are well-powered for a 

test of an integrated, culturally sensitive, biopsychosocial model of risk for depression.  

That our experimental stressor did not include an explicit element of 

discrimination is another limitation of this study. Although discussed above, it is 

important to note that this limited the extent to which the present study is a faithful test of 



  55 

culturally-relevant models of risk for depression. Further, the present study did not code 

for race/ethnicity of the interviewers and confederates, which has elsewhere been shown 

to predict responses to potentially discriminatory social interactions (Mendes et al., 2008). 

The present study was not able to capture the extent to which youth experience 

chronic discrimination, nor did it capture the variety of forms that discrimination can take. 

In addition to individual responses to stressors, chronicity and the timing of stressor 

chronicity contribute to the emergence of flattened HPA-axis patterns (Miller et al., 2007), 

and a period of 6 months may not be a faithful representation of the discrimination youth 

have experienced across their lives. Similarly, by only capturing one form of 

discrimination, the present study design fails to capture many other domains of chronic 

racial stressors. Vicarious discrimination, in which youth feel the extent of racism 

through reports from close others or on the news, may be of particular importance for 

African American youth, due to the pervasive level of police brutality against African 

American men, women, and teenagers that has been so highly publicized in the media 

during the beginning of the 21st century. These types of local and national events cause 

significant harm to communities of color by increasing worries about personal and 

children’s safety (Blackmon & Thomas, 2015; Thomas & Blackmon, 2015). They also 

have a very proximal impact on cortisol response patterns (Smart Richman & Jonassaint, 

2008). Thus, measuring discrimination exposure in a cross sectional manner, and only 

accounting for subtle discrimination, may not accurately capture the relevant events 

impacting stress levels in African American youth. 
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Future Directions 

This study is the first to test a culturally-relevant model of depression for African 

American youth from an integrated, prospective approach. First and foremost, the field 

must begin to move away from studies that assess components of such complex models, 

and instead develop longitudinal, prospective studies with younger adolescents that 

assess both culturally specific stressors and protective factors, alongside more 

mainstream aspects of risk for depression.  

The pitfalls of the present study provide important guidance for how these studies 

can be structured. First, multiple assessments of discrimination can help illustrate the 

comparative frequency or chronicity of adolescents’ experiences. Second, cortisol 

reactivity, as well as other biological stress response markers, such as heart rate, blood 

pressure, and inflammation, should be assessed around laboratory stressor paradigms that 

include elements of discrimination.  

Further, although there have been broad-ranging meta-analyses of social stress 

paradigms that illustrate protocols most likely to elicit stress responses (Gunnar, Talge, et 

al., 2009), no such survey of discrimination paradigms exist. Thus, in order to push the 

field forward and disentangle some of the variability in cortisol findings, it is imperative 

to identify methodological approaches that are sensitive and effective for minority youth. 
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CHAPTER 2 

PRELIMINARY EXAMINATION TO THE DISSERTATION 

Introduction 

There have long been calls for etiological models of depression (and 

psychopathology more generally) that account for cultural processes and strengths 

relevant to urban Black youth (Clark et al., 1999; García-Coll et al., 2000; Quintana, 

2006; Spencer & Markstrom-Adams, 1990). Historically, theories of risk for depression, 

and developmental psychopathology generally speaking, have been rooted in Eurocentric 

philosophical and methodological perspectives (Hammack, 2003; Helms, 1992), and 

often ignore the role of culture in shaping development (García-Coll, 1990). These 

generalist theories do not incorporate the specific historical and ongoing experiences of 

the African American community, rooted in oppression, discrimination, and struggle to 

achieve self-actualization free from sociological barriers (Kardiner & Ovesey, 1962). A 

number of comprehensive models exist that integrate mainstream theories of depression 

in youth with experiences specific to Black youth. These theories tend to focus on 

discrimination, racism, and socioeconomic disadvantage, as they apply to or exacerbate 

stress-vulnerability models of depression. In addition to integrating culturally-specific 

factors into risk pathways for depression, there is equal impetus to identify and 

understand culturally specific moderators and mediators that contribute to resilient 

outcomes in Black youth. One such factor is racial identity, which is closely tied to the 

unique cultural history of African Americans that has laid groundwork for persistent 

mental health disparities (Gaylord‐Harden et al., 2012). 
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The goals of this paper are three-fold. First, it aims to summarize current 

understanding of racial discrimination, physiological stress reactivity, and risk for 

depression in Black youth. This will include an overview of existing theoretical models 

that integrate mainstream risk factors and processes and culturally-specific factors, as 

well as relevant data on discrimination-specific stress reactivity and depression. Second, 

it will review racial identity as a culturally-relevant moderator of the risk processes for 

depression in Black youth. Finally, it will propose a model integrating the above, with the 

goal of more thoroughly describing a smaller component of larger proposed processes 

(e.g., Hammack, 2003) by incorporating both mediators and moderators in the 

relationship between a specific stressful experience (discrimination), a specific stress 

response (hypothalamic-pituitary-adrenal axis regulation), and a specific psychological 

outcome (depression).  

An Integrated Model of Culturally-Relevant Biopsychosocial Risk for Depression 

Hammack (2003) developed an integrated model of the origins of depression in 

urban, Black youth that draws from four branches of research on risk for depression: 

socioecological, cognitive, family stress, and biopsychosocial. His model strives to 

capture the social, historical context of oppression, while illustrating how these factors 

lead to the presence of risk factors for depression at various levels of a child’s ecology: 

internal experiences, family processes, economic factors, and cultural processes. What 

emerges from his review is a model that has three parallel processes, nested within the 

context and consequences of a history of slavery, legal discrimination, and pervasive 

social marginalization. Socioecological stress (i.e., racism, socioeconomic disadvantage) 

acts as a catalyst for risk in three domains: family, bio-behavioral, and 
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internal/psychological. In the first domain, socioecologically-based family stress and 

disrupted family dynamics, oppression, poverty and racism trigger family stress, which 

precipitates parental psychopathology and poor parenting. The second pathway, a 

biological stress reactivity domain, begins in experiences with racism, which can lead to 

chronic stress, and dysregulated biobehavioral reactivity; family stress can also lead to 

alterations in this pathway. The third pathway is largely concerned with personality or 

cognitive-emotional processes that stem from the cultural alienation, racism, and limits to 

self-actualization rooted in oppression. These factors influence internal phenomenon such 

as internalized racism, low self-esteem and negative self-schema, and depressogenic 

worldviews. These three pathways of risk ultimately culminate in adolescent depression. 

Hammack’s model has many strengths, the least of which is its utilization of 

ecological systems theories (Bronfenbrenner, 1979) to identify how racism introduces 

distal and proximal risk for depression. It also carefully considers existing theoretical 

models of depression and successfully contextualizes them in historical and personal 

experiences of racial oppression and discrimination. Further, it delineates recursive 

pathways between various person-centered systems, which acknowledges that discrete 

constructs can mutually effect one another over development. One significant limitation 

of Hammack’s (2003) model is the limited exploration of culturally-specific moderators 

of discrimination-related risk at the individual, family, and community levels, such as 

cultural pride and racial socialization. Further, he argued against focusing on biological 

processes included in the model, as such attention may inadvertently justify the exclusion 

of oppression in cultural models for depression (i.e., reinforce a generalist approach for 

theories of depression). However, failure to fully explore these processes, and particularly 
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how any culturally-specific intra- and interpersonal processes (e.g., coping with 

discrimination, cultural pride) might impact these biological risk factors, greatly 

undermines our ability to identify protective processes that might inform psychosocial 

intervention, even as larger societal issues pertaining to racial oppression are targeted and 

eradicated.  

Other Models for Physical and Mental Health Disparities 

There are two biopsychosocial models of physical health disparities that detail the 

interplay between discrimination, biological stress responses, and cultural factors, which 

can be applied to theories of mental health risk in Black youth. (Sanders-Phillips et al., 

2009) proposed a model integrating youth exposure to discrimination, parent racial 

socialization, and biopsychological and psychoemotional responses to discrimination, as 

these factors might explain physical health disparities. Experiences with racial 

discrimination are delineated at the individual and societal/structural level, and the model 

includes both negative experiences (i.e., stressors) and protective factors (e.g., parenting). 

These experiences trigger sequelae of psychological distress (e.g., decreased self-efficacy, 

depression, perceptions of injustice) and allostatic load (e.g., heart rate, blood pressure). 

Disruptions in these systems then result in myriad health problems, from low birth weight 

to risky behaviors.   

This model has notable strengths, including highlighting the role of normative 

developmental processes (e.g., social cognition) that influence the salience of 

discrimination during different periods of childhood and adolescence, as well as the role 

of parenting factors (e.g., indirect exposure to discrimination via parental experiences, 

parental racial socialization). However, there are significant limitations: this model is 
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linear, rather than dynamic, and as such, there are limits to its ability to detail the manner 

in which psychological factors (e.g., perceptions and attributions of discrimination 

events) shape ongoing exposure to discrimination. Additionally, there is little room for a 

full explanation of how psychological distress and changes in physiological stress 

systems can co-develop and shape each other.   

Myers (2009) proposed a similar, yet much more dynamic, model of the 

relationship among race/ethnicity, socioeconomic status (SES), psychosocial adversity, 

and resulting vulnerabilities for negative health outcomes, and this model leaves room for 

reciprocal processes among these primary phenomena and moderating factors. Myers 

proposes that race/ethnicity and SES interact over the lifespan, shaping exposure to 

psychosocial stress (including discrimination) through cognitive-emotional, behavioral 

(e.g., health/lifestyle behaviors), and biological (e.g., racial differences in cardiovascular 

functioning) processes. Myers also describes psychosocial reserve capacity, a model of 

stress and coping (Gallo & Matthews, 2003), which might include cultural assets such as 

racial identity as an important moderator of risk following exposure to race-related stress. 

Myers’ (2009) model is truly thorough in its attention to life-span processes, social 

context at multiple ecological levels (e.g., broader society and family/community), and 

the reciprocal interactions between stressors, psychological reactions and resources, 

biological stress processes, and ultimate health outcomes. However, mental health 

disparities, including in symptoms, syndromes, and service utilization, are almost entirely 

left out of Myers’ review.  

Gaylord-Harden and colleagues (2012) proposed a resilience-focused, 

developmental framework of stress exposure and responses that is contextualized in 
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culturally-relevant stressors and protective assets. This model is perhaps the most specific 

to the interplay of discrimination, culturally-specific intra- and interpersonal moderators, 

including racial identity and parental racial socialization, and positive youth outcomes. 

Thus, this model highlights specific sociocultural, identity, and family factors that are 

referenced or alluded to in Myers’ (2009), Hammack’s (2003), and Sanders-Phillips and 

colleagues’ (2009) models. This cultural-assets framework identifies how youth racial 

identity, experiences of racial socialization, and culturally-specific coping strategies 

independently promote positive development in the face of discrimination, and how they 

reciprocally interact and co-develop. The primary focus of this model is to identify 

moderators only; it excludes reviews of biophysiological stress responses to 

discrimination, and thus elaborates a very small corner of the broader models. It does not 

explain specific mechanisms that might lead to various negative outcomes, such as 

depression. However, this elaboration can be drawn upon to further specify models that 

integrate processes across biological and cultural pathways to depression. 

 Discrimination, Stress-Reactivity, Cultural Assets, and Risk for Depression 

Discrimination as a Stressor 

Adolescence is a period of increased risk for depression. Depression is one of the 

most common disorders during adolescence (Alloy & Abramson, 2007; Merikangas et al., 

2010), with a well documented surge in prevalence beginning around age 13, and 

increasing with significant magnitude between ages 15 and 18 (Alloy & Abramson, 2007; 

Burke, Burke, Regier, & Rae, 1990; Hankin et al., 1998). Rates of depression have been 

estimated to be less than 1% of the population before age 12, but rise to rates between 17-

25% by the end of adolescence (Kessler, Avenevoli, & Merikangas, 2001; Merikangas et 
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al., 2010).  

This phenomenon may be due to the confluence of developmental changes that 

create vulnerability to depression paired with greater stress exposure in adolescence 

(Alloy et al., 2000, 2012; Ge et al., 1994; Hyde, Mezulis, & Abramson, 2008). 

Adolescence, which is loosely defined as lasting from the onset of puberty to the 

achievement of adult independence (Cicchetti & Rogosch, 2002), brings with it 

significant biological, psychological, and social role changes that exceed those of any 

other life stage, aside from infancy (Ebata, Petersen, & Conger, 1990; Feldman & Elliott, 

1990; Holmbeck & Kendall, 2002; Spear, 2000). These changes extend to functional 

brain and hormonal changes (e.g., Andersen & Teicher, 2008), cognitive abilities (e.g., 

Alloy et al., 2012; Hyde et al., 2008) and changes in peer and family dynamics, including 

peer rejection and negotiating independence (Ebata et al., 1990). These manifold 

developments, and their co-occurrence, make adolescence a period rife with opportunity 

for adverse changes, with which an individual may cope effectively or ineffectively 

(Cicchetti & Rogosch, 2002; Ebata et al., 1990). 

Indeed, it is well supported that the surge in depression is in part due to the abrupt 

increase in the number of stressful life events (SLEs) experienced during this 

developmental stage (Ge et al., 1994; Grant et al., 2004; Hankin, 2008; Mazurka et al., 

2015; Michl, McLaughlin, Shepherd, & Nolen-Hoeksema, 2013). Although interpersonal 

and uncontrollable stressors tend to be the focus for adolescents in the context of stress-

diathesis models of depression (Goodyer, Tamplin, Herbert, & Altham, 1985; Hyde et al., 

2008; Nolen-Hoeksema & Girgus, 1994), racism is an extremely pervasive, salient 

stressor for Black Americans, and is essential in understanding the course of stress-
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related psychopathology for Black youth (Fisher et al., 2000; Gaylord-Harden & 

Cunningham, 2009; Hammack, 2003; Swanson, Cunningham, & Spencer, 2003). Racism 

as a social stressor has been defined as the outcome of a person-centered interaction, 

within the broad social environment and with the knowledge or assumptions of a person’s 

race or ethnicity, that leads to the anticipation of psychological or physical harm, or the 

conclusion that such harm has already occurred (Contrada et al., 2001). Further, racism 

results in “nullifying or impairing...human rights and fundamental freedoms 

in…any…field of public life” (U.N. General Assembly, 43rd Session, 1966) and as such 

has ubiquitous and wide reaching negative consequences for members of ethnoracial 

minority groups. Racism can manifest overtly or covertly, and can exist at a societal level 

(e.g., segregation laws, police profiling practices) and an interpersonal level (e.g., 

delivery of racial slurs; Hammack, 2003; Spencer, Cross, Harpalani, & Goss, 2003). 

Although multiple pathways from racism to depression have been proposed at all levels 

of a child’s ecological system (see Hammack, 2003), conceptualizing racism as a 

psychosocial stressor, rather than a systemic force that leads, for example, to economic 

stress, provides a natural link to mainstream stress-diathesis models of depression.  

Although there is little standardization in the field for measuring discrimination, 

most research around racism typically focuses on so-called perceived discrimination 

(Landrine, Klonoff, Corral, Fernandez, & Roesch, 2006; Pachter & García-Coll, 2009). 

Such experiences can present in the form of major events or daily stressors (Seaton et al., 

2011), and are nearly universal for African American youth. Over 90% of African 

American youth experience discrimination at some point in their lifetime (Brody et al., 

2006), with about 77% endorsing at least one discrimination experience in the last 3 
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months (Prelow et al., 2004). African American youth experience discrimination at a rate 

higher than that of White, Asian, and Latino youth (Fisher et al., 2000; Gibbons, Gerrard, 

Cleveland, Wills, & Brody, 2004; Greene, Way, & Pahl, 2006; Romero & Roberts, 1998; 

Scott, 2003; Sellers et al., 2006). Additionally, many African American youth report 

increases in perceived discrimination over the course of their adolescence and into 

adulthood. The percentage of youth who fall into increasing-discrimination trajectories 

are somewhat low (10%) during 7th-10th grade (Smith-Bynum et al., 2014), but may grow 

to much larger proportions during late adolescence (Brody et al., 2014). The fact that it is 

extremely common for Black youth to report experiencing discrimination as early as 

during elementary school years makes racism central to the understanding of adaptive 

development, psychological wellness, and pathology of ethnoracial-minority youth. 

Benchmarks in social-cognitive development play a significant role in when 

racism comes “on-line” as an interpersonal (rather than socioecological) stressor, a 

developmental phenomenon that parallels mainstream cognitive theories of depression. 

The salience of discrimination is variable across individuals and dependent on social-

cognitive development and socialization. These skills include understanding of social 

categories (i.e., race), knowledge of group-based stereotypes and their social implications, 

the ability to associate members of a social group with the stereotypes of that group, and 

to identify themselves as a member of any group to which stereotypes apply. This 

particularly applies to the ability to identify discrimination as an interpersonal transaction, 

rather than for discrimination to impact the development of black youth as an ecological 

stressor. Overall, these social-cognitive abilities begin to emerge around age 6, and by 

age 10, many children can perceive discrimination at the interpersonal level in ways 
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similar to that of adults, and report such experiences at high frequencies as early as 

elementary school (Brown & Bigler, 2005; Spencer, Fegley, & Harpalani, 2003). As 

children progress through adolescence, they become more aware of discrimination at the 

societal, institutional, and systemic level (Brown & Bigler, 2005). 

Discrimination-related stress has been found to be a more powerful risk factor for 

psychological distress in African Americans than other forms of stress (Chae, Lincoln, & 

Jackson, 2011; Utsey, Giesbrecht, Hook, & Stanard, 2008). This relationship is one 

directional and prospective: perceived discrimination is predictive of future psychological 

distress, rather than the other way around (Brown et al., 2000). Additionally, 

interpersonal discrimination, as opposed to reports of institutionalized racism, may be 

more salient and troubling for African American adolescent boys (Nyborg & Curry, 

2003), although other samples of youth experience depressive symptoms in response to 

both interpersonal discrimination and institutionalized discrimination (Seaton, 2009). In 

both adolescents and pre-adolescents, perceived discrimination has been associated with 

higher rates of concurrent depressive symptoms (Lambert, Herman, Bynum, & Ialongo, 

2009; Nyborg & Curry, 2003; Prelow et al., 2004; Seaton, 2009; Sellers et al., 2006; 

Simons et al., 2002). This relationship holds in studies with African American youth 

between the ages of 13 and 19 years and those in 6th-8th grades, even when other risk 

factors for depression (e.g., stressful life events) and risk factors related to social 

inequality (e.g., socioeconomic status) are accounted for (Gaylord-Harden & 

Cunningham, 2009; Prelow et al., 2004). Of possible import to developmental risk for 

depression, perceived discrimination has also been related to hopelessness, a 
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developmental precursor for depression (Gibb & Alloy, 2006; Nyborg & Curry, 2003; 

Polanco-Roman & Miranda, 2013).  

Also, African American youth who experience discrimination face prospective 

risk for depressive symptoms. In one study, perceived discrimination reported in 8th grade 

was significantly predictive of depressive symptoms in 10th grade, and this relationship 

was more severe for African American girls than boys (Lambert et al., 2009). Others 

have found that youth who report increases in perceived discrimination across the 7th to 

10th grades are most likely to also experience an increase in depressive symptoms, 

compared to their peers who experience stable or decreasing rates of discrimination 

(Smith-Bynum et al., 2014). In another study, 13-year-old African American boys and 

girls with higher reports of perceived discrimination did not endorse increases in 

depressive symptoms approximately 9 months later, but girls in this study did experience 

higher rates of hopelessness prospectively (Seltzer et al., unpublished manuscript).  

Stressful Events, HPA-Axis, and Depression 

An important biological mechanism connecting stressors to depression is the 

hypothalamic-pituitary-adrenal (HPA) axis. The HPA axis, and its functional output 

cortisol, is one mechanism through which stressors are thought to “get under our skin” to 

impact illness and psychological disorders (Miller et al., 2007). When individuals are 

faced with a threat to psychological or physical well being, a biochemical chain reaction 

initiates, ultimately leading to a release of cortisol from the adrenal cortex (see Gunnar & 

Quevedo, 2007 for review). As the ultimate biological outcome of the HPA axis, salivary 

cortisol is frequently used as a marker of HPA activity specifically, and stress responses 

generally. In the face of an acute stressor, cortisol secretion increases, and, depending on 



  68 

the intensity and duration of the stressor, cortisol gradually returns to baseline (Guerry & 

Hastings, 2011; Gunnar & Quevedo, 2007; Miller et al., 2007; Rao et al., 2009). However, 

both over-activation of the HPA-axis and suppressive HPA-axis responses to stress are 

thought to be potential pathways to stress-related illness. Two patterns of dysregulation 

have been identified: hypercortisolism in reaction to stress, in which reactivity is 

heightened and recovery prolonged; and hypocortisolism, in which cortisol is blunted 

during both reactivity and recovery periods. Hypercortisolism is more strongly predictive 

of depressive syndromes than of other psychopathologies (Kaufman et al., 1997; Miller et 

al., 2007). Inasmuch as the HPA-axis works as a negative feedback loop, repeated 

exposure to stress across time, and repeated activation of the HPA-axis, leads to bodily 

wear and tear, known as allostatic load, leaving an individual more susceptible to 

heightened neuroendocrine reactivity, and subsequently psychological and physical 

illness (Gurguis, Meador-Woodruff, Haskett, & Greden, 1990; McEwen & Stellar, 1993). 

This physiological model has been applied specifically and directly to the development of 

depressive disorders (McEwen, 2003). 

In the adult literature, the link between depression and dysregulated HPA-axis 

reactivity is quite strong. Although there is not a perfect correlation between elevated 

cortisol levels and diagnoses of depression, a recent meta-analysis indicates that 

hypercortisolism is over-represented in depressed adult populations (Guerry & Hastings, 

2011). However, these same differences in cortisol levels frequently observed in adults 

have not always been found in comparisons of depressed children and adolescents to 

healthy or non-depressed peers (e.g., Zalsman et al., 2006). Generally, most studies 

investigating basal differences in cortisol levels in depressed versus non-depressed youth 
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find non-significant trends of hypercortisol secretion in depressed youth (Calhoun et al., 

2012; Guerry & Hastings, 2011; Hankin, Badanes, et al., 2010). Further, a number of 

prospective, longitudinal studies have demonstrated that dysregulated HPA-axis 

functioning, and specifically, higher levels of cortisol at baseline assessments, precedes 

and predicts depression (Adam et al., 2010; Goodyer et al., 2003; Mathew et al., 2003; 

Rao et al., 2009). 

Not only is there evidence of elevated cortisol levels in actively depressed adults 

and youth, but there is also evidence of an interactive effect of dysregulated cortisol 

reactivity and stress exposure, leading to increased risk for depression. Studies that have 

examined cumulative lifetime or chronic stress suggest that, for both adults and 

adolescents, lifetime and chronic stress exposure results in higher baseline cortisol levels 

and prolonged cortisol production, resulting in a slower return to baseline and longer 

exposure to stress hormones (Alexander et al., 2009; Bosch et al., 2012; Elzinga et al., 

2008; Heim, Plotsky, & Nemeroff, 2004; Miller et al., 2007; van Eck, Berkhof, Nicolson, 

& Sulon, 1996). These findings lend support to depressive risk trajectories in which 

dysregulated HPA-axis functioning results from higher exposure to stress (e.g., 

Southwick, Vythilingam, & Charney, 2005).  

Additionally, depressed individuals tend to have higher levels of cortisol over the 

course of stressful experiences (for reviews see Burke, Davis, Otte, & Mohr, 2005; 

Guerry & Hastings, 2011). The Trier Social Stress Test (TSST; Kirschbaum et al., 1993) 

is a frequently used paradigm that simulates a social-evaluative threat event, similar to 

the events most likely to precipitate depressive symptoms and syndromes (Goodyer et al., 

1985; Lewinsohn, Joiner, & Rohde, 2001), that has been shown to reliably engage the 
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HPA-axis (Gunnar, Talge, et al., 2009). Although some studies have found blunted 

cortisol responses to the TSST in depressed youth (Calhoun et al., 2012; Hankin, Badanes, 

et al., 2010; Mazurka et al., 2015), most studies with adolescents and children show that 

depressed youth over-secrete cortisol, in reaction to both physiological stressors (e.g., 

chemically induced stress challenges) and psychological stressors (Guerry, Hastings, 

2011; Rao et al, 2008; Hankin, 2010), like the TSST. There is similar evidence that 

hypercortisol secretion during stressors is related to higher risk for depressive symptoms 

in community samples, not only teens with current depressive diagnoses (Hankin, 

Badanes, et al., 2010; Natsuaki et al., 2009; Shapero et al., 2017). Further, in both 

adolescents and adults, cortisol levels during psychosocial stressors predict the onset of 

future episodes of depression (Morris et al., 2012; Rao et al., 2010). 

This biological stress dysregulation also seems to play a significant role in 

adolescents’ larger ecology: hypercortisol secretion, both at baseline and in response to 

experimental stress-induction paradigms, in combination with higher rates of lifetime and 

recent stressful life events (SLEs) confer the most risk for depressive syndromes 

(Mazurka et al., 2015; Rao et al., 2010; Rao, Hammen, Ortiz, Chen, & Poland, 2008). 

Rao and colleagues (2008) demonstrated that youth with higher rates of lifetime and 12-

month SLEs had the highest peak cortisol responses to the TSST, regardless of diagnostic 

status. Mazurka and colleagues (2015) found somewhat more nuanced patterns in relation 

to SLE rates in depressed, remitted, and non-depressed adolescents. Youth without SLEs 

in the previous 9 months demonstrated less cortisol reactivity to the TSST than did youth 

with SLEs. Further, differences in cortisol patterns during the TSST predicted first onset, 

recurrent episodes, or depression-free trajectories for youth with SLEs. Thus, adolescent 
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research with the TSST suggests a pathway from early life stress to higher sensitivity to 

individual stressors to depressive symptoms. 

HPA-axis Reactivity to Discrimination 

As previously outlined, perceived discrimination is a pervasive and chronic 

stressor in the lives of African American youth that sets into action physiological 

processes, including cortisol secretion (Clark et al., 1999; Harrell et al., 2003; Pascoe & 

Smart Richman, 2009), but is not often included in common measures of SLEs (e.g., 

Adolescent Life Events Questionnaire, Hankin & Abramson, 2002; Junior High Life 

Experiences Survey, Ge et al., 1994). Further, stressful life events surveys tend to 

underestimate the differences in stress exposure between African American and European 

American adults (Turner & Avison, 2003). This limits our ability to conclusively 

integrate culturally-sensitive risk factors and strengths into biobehavioral models of 

depression. There is evidence that connects repeated exposure to discrimination to worn 

down stress response systems, but this evidence overwhelmingly comes from studies 

investigating cardiovascular risk and reactivity (Goodman, McEwen, Huang, Dolan, & 

Adler, 2005; Guyll, Matthews, & Bromberger, 2001), with some important exceptions 

examining more holistic allostatic load in youth (e.g., Brody et al., 2014). Thus, despite 

the ubiquity of racism-related stress for Black youth and adults, and significant evidence 

that racial discrimination acts as a challenge to the cardiovascular system, the field has 

been slow to generate information about discrimination’s effect on HPA-axis functioning 

(Myers, 2009; Pascoe & Smart Richman, 2009), particularly as it applies to reactivity and 

recovery patterns.  

There is evidence that exposure to discrimination disrupts HPA-axis regulation, 
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but unlike findings with stress reactivity in depression, there is less consistency in 

specific patterns of dysregulation in both adults and adolescents. Racial differences in 

diurnal cortisol have been observed in both adolescents (DeSantis et al., 2007; Martin et 

al., 2012) and adults (Cohen et al., 2006; Skinner et al., 2011), such that African 

Americans have consistently flatter diurnal cortisol rhythms compared to European 

Americans across age groups. Whereas many studies have considered 

socioenvironmental disparities (e.g., economic disadvantage) rooted in historical and 

structural racism in HPA-axis dysregulation (Jackson & Knight, 2006), there is only a 

small body of literature specifically investigating the impact of self-reported perceived 

discrimination on the HPA-axis. Although limited in number, cross-sectional and 

prospective studies have demonstrated that perceived discrimination is associated with 

deviant basal and daily cortisol levels (Adam et al., 2015; Doane & Zeiders, 2014; 

Kaholokula et al., 2011; Zeiders et al., 2014). Studies on within-group effects for 

minority adolescents have been more consistent and suggest that youth who reported 

higher incidence of discrimination have higher cortisol output than peers within their 

ethnic or racial group. Kahoulokla et al. (2011) found that Native Hawaiians reporting 

higher rates of perceived discrimination had significantly lower average daily cortisol 

levels, even after controlling for socioeconomic and health factors. Zeiders and 

colleagues (2012) found that Mexican American youth had greater overall cortisol output 

over the course of a day when they reported higher levels of perceived discrimination; 

this again controlled for other biological (e.g., pubertal status) and sociological factors, 

including non-discrimination stress. 

However, it is unclear whether discrimination influences stress reactivity 
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differently across race. In some samples, greater perceived discrimination has been 

predictive of flatter cortisol patterns for both Black and White adults (Skinner et al., 

2011). A number of studies have found that discrimination disrupted cortisol patterns, but 

differentially based on race. Perceived discrimination predicted steeper diurnal patterns 

for Black Americans, but flatter patterns for White Americans (Fuller-Rowell et al., 

2012). Yet another study found that stressor effects on HPA-axis reactivity were 

relatively weaker for Black Americans compared to White Americans (Skinner et al., 

2011), which may represent an inflexibility of stress-responses for Black individuals that 

may be indicative of higher wear-and-tear on biological systems (possibly from more 

chronic stress exposure). Another study found that discrimination experiences were 

predictive of flatter diurnal cortisol levels for ethnic minority young adults only, and 

there were no effects for majority participants (Zeiders et al., 2014). Finally, one study 

conducted with Black, Hispanic, and White pre-adolescents (9-12 years old) found no 

relationship between perceived discrimination and deviant cortisol patterns (Martin et al., 

2012).  

Two studies to date have examined the prospective impact of perceived 

discrimination during adolescence on cortisol levels over time (Adam et al., 2015; Brody 

et al., 2014). Both studies suggest that perceived discrimination during adolescence 

impacts general physiological stress functioning, both over the short term (Brody et al., 

2014) and into adulthood, 20 years later (Adam et al., 2015), and the respective designs 

of these studies provide additional insights. Adam et al.’s (2015) study included Black 

and White participants, who reported perceived discrimination at 8 waves of data 

collection, ranging from 7th grade to age 30, and provided saliva-based cortisol samples at 
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age 32. On average, greater exposure to discrimination across these 20 years predicted 

flatter diurnal cortisol patterns, regardless of race. However, Black participants had 

higher waking levels of cortisol. Further, discrimination experienced during adolescence 

was a stronger predictor of cortisol deviations in Black participants than was 

discrimination experienced later in life, during young adulthood. Thus, although 

discrimination affects individuals’ stress regulation systems regardless of race, disruption 

seems to be greater for ethnic minority groups. Additionally, discrimination experienced 

during adolescence may be particularly potent in long-term changes in stress-regulation 

functioning.   

Brody and colleagues (2014) found that, for Black youth in the rural American 

South, high and stable rates of perceived discrimination across the ages of 16-18 

significantly predicted higher allostatic load, a composite variable of various 

physiological stress markers, including cortisol. This relationship held even after 

controlling for common confounders, such as general stress exposure and depressive 

symptoms. Here, allostatic load in general and cortisol independently were not correlated 

with any specific trajectory of exposure to discrimination, suggesting that during late 

adolescence, rates of discrimination may not significantly influence cortisol reactivity.  

Along with an inconsistent picture of how perceived discrimination leads to 

differences in naturalistic or ambulatory cortisol levels, there is even less known about 

how perceived discrimination is related to reactivity to and recovery from social stress. 

Only one experimental study was identified to date that utilized laboratory-based 

discrimination stress paradigms with cortisol as an outcome measure of stress reactivity. 

In this study, Black American college students were largely unresponsive to a lab-based 
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manipulated racial stressor (Smart Richman & Jonassaint, 2008). However, after an 

unexpected, highly publicized racial stressor took place on campus (the Duke Lacrosse 

scandal), the authors did find that, although students remained unresponsive to the lab 

manipulation, those assessed post-scandal had highly elevated cortisol levels, whereas 

their pre-scandal peers did not. Although this study alone may suggest that laboratory 

paradigms do not effectively challenge the HPA-axis, there is a wealth of research with 

cardiovascular (CV) stress that would suggest otherwise. 

A review of both survey research (e.g., naturalistic assessment of perceived 

discrimination and CV responses) and experimental research (e.g., lab-based 

discrimination paradigms) found no consistent pattern of CV responses and experiences 

of discrimination, regardless of context: some studies demonstrated an exacerbated CV 

response in the face of discrimination experiences, whereas others observed no 

significant discrimination-related differences in CV responses to stressors (Harrell et al., 

2003). Thomas et al (2006) found racial differences in blood pressure reactivity to a 

biological stressor (phenylephrine) that was significantly mediated by the higher rates of 

exposure to discrimination in the study’s Black adult participants.  

Psychological stress paradigms that simulate experiences of discrimination are 

perhaps more complex or nuanced than non-discriminatory social threat paradigms, like 

the TSST. In one study investigating CV responses in an acceptance and rejection 

paradigm in which Black and White participants were paired with both in-group and out-

group members, participants of both races demonstrated higher blood pressure when 

rejected by out-group rather than in-group members. However, Black participants 

exhibited persisting, elevated blood pressure even when they were accepted by a White 
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confederate (Mendes et al., 2008). Although perceived discrimination was not 

investigated as a mediator in explaining this effect, these findings suggest that both 

acceptance and rejection in cross-racial interactions activate stress responses for Black 

individuals. Merrit and colleagues (2006) found that Black males who perceived higher 

discrimination in ambiguous versus blatant discriminatory vignettes had higher blood 

pressure responses than males who perceived less discrimination. The variability in stress 

reactivity to discrimination paradigms points to the importance of appraisal processes in 

determining whether (and eventually, perhaps, concluding that) discrimination is 

occurring, and self-reports of discrimination, in the absence of explicit measures of 

appraisal, may be a proxy through which to explain this variability. 

Taken together, CV and cortisol responses to both experimental and naturalistic 

discrimination experiences are highly nuanced. To some extent, extant research on HPA 

reactivity to discrimination reflects generalist theories of stress reactivity. However, 

questions remain as to whether flatter diurnal cortisol rhythm is protective, indicative of 

greater stress accumulation, or reflects racially-based differential risk (Skinner et al., 

2011), and these questions are even greater when we consider our knowledge of 

discrimination-reactivity in youth. The answers to these questions and inconsistencies 

likely will be found by including important within-individual characteristics in responses 

to racially-based stressors, such as attribution or salience of discrimination, coping 

responses, and social support (Clark & Gochett, 2006; Harrell et al., 2003). 

First and foremost, more studies must be designed and executed that utilize 

psychosocial paradigms to understand stress response processes during interactions that 

may be perceived as discriminatory. The studies that have utilized such designs suggest 
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that stress responses only may be sufficiently activated when a person is taxed actively 

navigating a social interaction; thus, paradigms that rest on recollection or personal 

narration may not be sufficient analogs to real-world exposure to discrimination (Smart 

Richman & Jonassaint, 2008). It follows from this that such studies also must incorporate 

means of assessing whether the stressful interpersonal experience is attributed to 

discrimination (e.g., Merritt et al., 2006). Assessments of attribution may help to explain 

some of the variability in stress reactivity across studies, but it is likely that other 

moderating factors also play a role in exacerbating or regulating HPA-axis responses. 

Once reliable and valid paradigms have been established, we also may begin to answer 

questions about whether reactivity to discriminatory interactions mirrors reactivity to 

other social stressors. Additionally, laboratory-based studies should be combined with 

lifetime and/or recent discrimination exposure surveys, much like what has been done in 

the bodies of research with HPA-axis reactivity and general chronic and recent stress, 

which may help our understanding of the interplay between discrimination-related 

chronic and acute stress reactivity over time.  

Discrimination, HPA-axis, and Depression  

Notably, despite a focused interest in understanding how perceived discrimination 

negatively impacts stress regulation systems and reactivity, very few studies also have 

investigated how such a relationship might contribute to the etiology of depression during 

adolescence specifically.  

One study investigated the connection between the daily cortisol patterns of Black 

adolescents transitioning to college and momentary reports of negative affect, while 

including discrimination as a mediator (Doane & Zeiders, 2014). Higher levels of 
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negative affect were related to increased cortisol secretion, and these responses were 

exaggerated for students who reported higher levels of discrimination. This study is 

limited in that negative affect is not synonymous with depression, nor does it provide 

insight into the directionality of these relationships. However, these preliminary results 

support a relationship between HPA activity and negative affect, and between 

discrimination and HPA activity. Conversely, a study conducted with Black and White 

adults found no connection between HPA reactivity and depression, regardless of rates of 

discrimination-related stress or race (Skinner et al., 2011). 

Overall, there is a paucity of research that investigates the links between 

discrimination, HPA-axis response, and depression. Thus, future research should focus on 

designs that can specifically examine the connection between HPA-axis reactivity to 

discrimination-related stress and subsequent depressive syndromes and symptoms. Such 

studies ideally should include lifetime report and/or more proximal self-report of 

discrimination experiences, as this would provide an indication of accumulated stress, 

highly relevant to allostasis models (Skinner et al., 2011) and chronic stress models of 

HPA-axis reactivity, as well as laboratory, momentary racial stress paradigms. Further, 

combining baseline HPA-axis assessments with assessments of reactivity and recovery to 

a stress paradigm would provide information as to individual differences in physiological 

regulation to discrimination stressors. Finally, nesting such paradigms within a 

longitudinal design would permit an investigation of the prospective risk for depression 

conferred by dysregulated HPA-axis functioning within the context of culturally specific 

discrimination stress. 
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Culturally-Relevant Moderators of Risk 

Equally important in understanding risk for and resilience against depression is to 

identify culturally specific protective factors belonging to the African American 

community that help to explain resilience in youth facing discrimination (Gaylord‐Harden 

et al., 2012; Neblett et al., 2012). Positive adjustment in the face of significant distress is 

evidence of the availability of adequate coping resources, and so, in addition to coping 

resources that can be accessed in the face of general, race-unrelated stress, we must look 

for coping resources that help African American youth navigate racism-related stressors 

(Clark et al., 1999). Many moderating socio-ecological factors have been considered to 

help explain heterogeneous outcomes related to discrimination generally, and HPA-

dysfunction specifically, but racial1 identity during adolescence may be of particular 

importance. Identity exploration and definition in general is an integral process of 

adolescence, and this is no less true of racial identity development for Black youth 

(Umaña-Taylor et al., 2014). Further, racial identity consistently has been shown to 

promote positive adjustment across many levels of risk, as well as prevent negative 

outcomes related to increased risks posed by discrimination (Neblett et al., 2012). Indeed, 

racial identity is a set of psychosocial processes that consistently are cited as essential to 

understanding positive development for African American youth (Gaylord‐Harden et al., 

2012; Miller & MacIntosh, 1999; Neblett et al., 2012) Thus, it is important to consider its 
                                                
1 Race and ethnicity are at times used interchangeably, but significant discussion in both psychology and 
sociology literature makes distinctions between the two. Race and ethnicity are both social constructs, 
rather than biological determinations, that represent a combination of cultural heritage, place of origin, and, 
in some cases, a particular phenotype. Race is often used to identify the specific cultural history and 
experiences of members of the African diaspora in the United States and Black-versus-White sociocultural 
histories (Hughes et al., 2006). I use the term race here, rather than ethnicity, to specify this particular 
group with a shared culture and social history, rather than a group of individuals with endemic biological 
differences. 
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role in moderating the effects of discrimination and HPA activity on depression outcomes 

in Black youth, as we work to understand culturally-specific resilience at many levels of 

an adolescent’s developmental ecology (Bronfenbrenner, 1979; Umaña-Taylor et al., 

2014). 

Racial Identity 

Racial identity is essentially multidimensional, composed of multiple facets of 

beliefs and attitudes about oneself, one’s group, and the relation of each to the societal 

context (Phinney, 1989; Quintana, 2006; Sellers et al., 1998). With multidimensionality 

at the core, there are also multiple theoretical traditions in approaching racial identity as a 

construct. Certain theories focus on the developmental aspects of identity exploration, 

and corresponding measures assess the progression from various degrees of awareness of 

racial identity towards consolidation of and satisfaction with the meaning of being a 

member of one’s race (Cross, 1978; Cross, Parham, & Helms, 1998; Phinney, 1989). 

Others are focused on the content of ethnic identity, including personal attitudes and 

evaluations about one’s own race, and the attitudes and evaluations of out-group 

members (Sellers et al., 1998). Regardless of these approaches, most models of racial 

identity include cognitive, behavioral, and affective features (Rivas-Drake, Seaton, et al., 

2014; E. Smith, 1991). One of the most frequently used models with African American 

populations is the Multidimensional Model of Racial Identity (MMRI; Sellers et al., 

1998), which assesses the content of racial identity at any point in time, regardless of 

developmental stage. This approach has been explicitly tailored for adolescent 

populations as well (Scottham et al., 2008).  
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The initial MMRI model, developed with adults, has four overarching 

dimensional components: salience (how important race is in the moment); centrality 

(race’s importance to overall sense of self); regard (private and public); and ideology 

(four philosophies about how Black Americans should act/interact in larger society). 

However, just as social-cognitive development shapes the salience and impact of 

discrimination (Brown & Bigler, 2005), these cognitive achievements accomplished 

across childhood and adolescence shape the aspects of racial identity that are accessible 

(Corenblum & Armstrong, 2012; Murray & Mandara, 2002; Spencer & Markstrom-

Adams, 1990). The Multidimensional Inventory of Black Identity-Teen (MIBI-T; 

Scottham, Sellers, & Nguyen, 2008), the developmentally sensitive scale based on 

Seller’s MMRI theory, retains the dimensions of centrality and regard; the measure’s 

authors proposed that dimensions related to ideology may not yet be developmentally 

salient, and so were excluded. Specifically, centrality refers to the importance of race to 

an adolescent’s general self-concept. High centrality would suggest that an adolescent 

feels her race is an integral part of who she is. Regard refers to one’s own (private 

regard) and others’ (public regard) evaluations of one’s race. High private regard would 

suggest that our adolescent feels positively about Black individuals, and strong public 

regard would suggest that she believes others outside her racial group also have good 

opinions about her race. Notably, these dimensions strongly represent cognitive and 

affective attitudes about African American cultural identity, rather than provide an 

assessment of behavior. Thus, given the strong evidence demonstrating that certain 

cognitive vulnerabilities are specific risk factors for depression (e.g., negative cognitive 

styles; see Alloy, Abramson, Keyser, Gerstein, & Sylvia, 2008), the MIBI-T may be 
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particularly related to culturally relevant processes for depression in African American 

youth. 

The MMRI theory has been mapped onto more developmental models in 

adolescents using cluster analyses and latent growth curve modeling (Scottham et al., 

2010; Seaton et al., 2006; Seaton, Yip, Morgan-Lopez, & Sellers, 2012), and the MIBI-T 

can appropriately reflect growth and change in racial identity that is consistent with 

developmental and dynamic theories of identity formation. Indeed, the majority of youth 

experience some change or fluctuation in their racial identities over the course of 

adolescence (French, Seidman, Allen, & Aber, 2000; French, Seidman, Allen, & 

Lawrence, 2006; Seaton et al., 2012, 2009). Compared to college aged and adult 

individuals, adolescents are most likely to be exploring their racial identities, rather than 

have developed an achieved or stable racial identity (Yip et al., 2006). Further, the 

process of identity development is not an exclusively linear process of resolution, with 

some adolescents reaching what is considered identity achievement, and then returning to 

earlier phases of exploration (Seaton et al., 2012; Yip et al., 2006).  

Within these general trends, there is significant heterogeneity in racial identity 

development and content for African American youth (Altschul, Oyserman, & Bybee, 

2006; Chavous et al., 2003; French et al., 2006; Hughes, Way, & Rivas-Drake, 2011; 

Seaton et al., 2009; Yip et al., 2006). Private regard is relatively stable across adolescence, 

but public regard tends to decline over time for African American youth (Hughes et al., 

2011; Yip et al., 2006). These changes are likely related to shifts in a child’s environment, 

in terms of both the expansion of their social world (e.g., transition to high school, French 

et al., 2000), contact with discrimination experiences (e.g., Pahl & Way, 2006; Romero & 
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Roberts, 2003), and family processes, like parenting practices (e.g., Umaña-Taylor et al., 

2014).  

 

Racial Identity and Depression  

A number of identity development theories provide the basis for how adolescent 

racial identity relates to depression. For example, a sense of belonging to a particular 

group, positive affect around one’s racial group, or an internalization of negative 

stereotypes all are reasonably tied into aspects of self that are predictive of depressive 

symptoms (Cox, Abramson, Devine, & Hollon, 2012; Rivas-Drake, Syed, et al., 2014; E.  

Smith, 1991; Spencer & Markstrom-Adams, 1990). Racial identity development or 

content has been examined as a predictor of a wide variety of indicators of positive 

adjustment, including school achievement (Altschul et al., 2006; Arroyo & Zigler, 1995; 

Chavous et al., 2003; Miller & MacIntosh, 1999; Neblett et al., 2012; Tatum, 2004; 

Wong et al., 2003; Yasui, Dorham, & Dishion, 2004), self-esteem (e.g., Buckley & Carter, 

2005; Romero & Roberts, 2003; Twenge & Crocker, 2002b), emotional reactivity (e.g., 

Blackmon & Thomas, 2015; Rucker, Neblett, & Anyiwo, 2014), psychological well-

being and positive adjustment (Caldwell et al., 2002; Contrada et al., 2001; Sellers et al., 

2006; Sellers & Shelton, 2003; T. Smith & Silva, 2011; Wakefield & Hudley, 2007; 

Williams, Anderson, Francois, Hussain, & Tolan, 2014), antisocial behavior (Caldwell, 

Kohn-Wood, Schmeelk-Cone, Chavous, & Zimmerman, 2004; Williams, Aiyer, Durkee, 

& Tolan, 2013), and peer pressure  (Derlan & Umaña-Taylor, 2015). However, the 

overview that follows examines studies that specifically utilized measures of depression 

as outcomes, in the interest of understanding the processes between discrimination, stress 
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reactivity, and depressive symptoms and syndromes as a specific negative sequence 

during adolescence. 

A meta-analysis of youth positive ethnic affect, a construct that includes private 

regard, found across studies an overall moderate effect size (r = -.30 (Seltzer et al., 

unpublished manuscript) with depressive symptoms, suggesting that youth with lower 

private regard experience higher levels of depression. Further, the effect size for 

depressive outcomes was stronger than for other negative adjustment variables, such as 

physical health outcomes and externalizing problems (Rivas-Drake, Syed, et al., 2014). In 

specific cross-sectional studies, higher affirmation or private regard has been associated 

with fewer depressive symptoms for African American youth in early adolescence (Street, 

Harris-britt, & Walker-barnes, 2009; Yasui et al., 2004), older adolescents (Sellers et al., 

2006), and into emerging adulthood (Polanco-Roman & Miranda, 2013). Longitudinally, 

higher centrality during middle adolescence has been shown to predict lower depressive 

symptoms during late adolescence, whereas higher public regard (i.e., beliefs that your 

race is perceived positively by others) predicts lower depressive symptoms in early 

adulthood (Sellers et al., 2003). 

Similarly, the stability of racial identity may play a role in the presence of 

depression during multiple phases of adolescence. Increases in positive feelings about 

one’s race over middle school predicted decreases in depressive symptoms over the same 

time period (Mandara, Gaylord‐Harden, Richards, & Ragsdale, 2009). Here, racial 

identity predicted depression independent of self-esteem. In cross-sectional investigations 

of different phases of adolescence and emerging adulthood, there were no differences in 

concurrent depressive symptoms for adolescents based on the process of identity 
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exploration or affirmation (Yip et al., 2006). This tendency appeared to change during 

late adolescence/early adulthood. Diffuse identities, which tend to be lower in private 

regard and centrality, during college tended to predict higher depressive symptoms. Thus, 

uncertainty of racial identity, characterized by less positive feelings about one’s own race 

and a reduced importance of race to sense of self, may be a risk factor during adolescence 

for future depression. 

However, racial identity during adolescence is not consistently directly related to 

depressive symptoms. A number of studies have found no relationship between centrality 

(Arroyo & Zigler, 1995; Caldwell et al., 2002), private regard (Arroyo & Zigler, 1995; 

Caldwell et al., 2002; Simons et al., 2002), or public regard (Arroyo & Zigler, 1995; 

Sellers et al., 2006) and depression. Others have found that racial identity has a stronger 

direct relationship with depressive symptoms for adolescent boys than girls (Gaylord-

Harden, Ragsdale, Mandara, Richards, & Petersen, 2007; Mandara et al., 2009). Overall, 

centrality and public regard less often are directly predictive of depressive symptoms in 

youth, whereas private regard has a stronger direct relationship (Rivas-Drake, Syed, et al., 

2014). 

The variation in these findings may be due to the precise construct of racial 

identity being measured, such as historical or cultural knowledge, versus positive group 

affect (Mandara et al., 2009; Murray & Mandara, 2002). However, it may be that no 

absolute levels of racial identity are beneficial for all youth (French et al., 2006); the 

benefit of racial identity may be understandable only in the context of other intervening 

factors, such as discrimination. That private regard has the strongest direct relationship 

with depression may be due to its similarity to self-esteem. Centrality and public regard 
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may be more closely tied to experiences in the larger social environment (e.g., how others 

see me), and thus, their role in risk for depression may be more appropriately one of 

moderation of the effects of perceived discrimination. 

Racial identity as a moderator of discrimination. Many groups have assessed how 

racial identity may attenuate the impact of perceived discrimination. This relationship has 

been theorized to be based on appraisal of negative interaction and making specific 

attribution to racism, discrimination, or prejudice (King, 2005; Pascoe & Smart Richman, 

2009; Sellers et al., 2001). Indeed, higher centrality of race and lower public regard (i.e., 

others have a more negative opinion about African Americans) tend to be predictive of 

higher rates of self-reported perceived discrimination (Fuller-Rowell et al., 2012; Romero 

& Roberts, 1998; Seaton et al., 2011; Sellers et al., 2003; Sellers & Shelton, 2003).  

A number of studies demonstrate that different dimensions of racial identity 

attenuate the negative impact of perceived discrimination. Public regard has been shown 

to significantly moderate the relationship between discrimination and depression (Sellers 

et al., 2006). Specifically, Black adolescents who believed that other groups felt 

negatively about their racial group experienced fewer symptoms of depression and less 

stress than peers with higher public regard. This was despite the fact that the adolescents 

with low public regard also reported higher rates of discrimination.  

Other studies suggest that the extent to which discrimination leads to higher stress 

levels is a key to the path from perceived discrimination to depressive symptoms. 

Findings from a study with African American adolescents in high school indicate that 

moderate or low levels of racial centrality buffered the impact of discrimination on 

perceived stress, but not on the relationship between discrimination or perceived stress 
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and depressive symptoms (Sellers et al., 2003). Similarly, in twelfth grade African 

American adolescents, higher levels of private regard were associated with lower levels 

of perceived stress (not discrimination, per se; Caldwell et al., 2002), which then 

indirectly predicted lower symptoms of depression. Thus, it may be important to assess 

the extent to which discrimination influences subjective or objective levels of stress.  

There is some evidence that specific combinations or profiles of racial identity 

dimensions attenuate the relationship between discrimination and depressive symptoms. 

Seaton (2009) found that for youth with Buffering-Defensive (comprised of high 

centrality, high private regard, and low public regard) and Idealized (high centrality, 

private regard, and public regard) identity profiles, there was no significant connection 

between perceived discrimination and depression. Black youth with an Alienated profile 

(low centrality, private regard, and public regard) did not have similarly resilient 

outcomes to discrimination. However, very few studies take the approach of examining 

racial identity dimensions as a whole-person construct, making it difficult to draw 

conclusions about how racial identity dimensions coalesce and function as a holistic 

protective factor during adolescence.  

The moderating effect of racial identity is not always supported within the 

literature. African American adolescents who experienced discrimination in 7th grade did 

experience higher symptoms of depression in 8th grade, but their racial identities did not 

influence this relationship (Wong et al., 2003). Yet another group found that racial 

identity only prospectively moderated the negative effects of race-neutral stressful life 

events, and for African American adolescent girls only, and had no impact on outcomes 

of perceived discrimination (Seltzer et al., unpublished manuscript). In another study with 
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late-adolescent African American males, private regard only attenuated the relationship 

between discrimination and anxiety symptoms, not depression (Smith-Bynum et al 2008). 

Similar findings came from a study investigating African American adolescents’ 

responses to internet-based discrimination: youth racial identity buffered against 

increased anxiety but not depressive symptoms (Tynes et al., 2012). In one study, a 

child’s individual racial identity did not weaken the link between discrimination and 

depressive symptoms; however, racial identity at the community level did reduce a 

child’s internalizing symptoms (Simons et al., 2002). 

There are meaningful theoretical gaps that may account for the inconsistent 

support for racial identity as a protective moderator. First, there are theoretical and 

measurement inconsistencies across the above studies. Studies with adolescents do not 

always include both stage-development measures and content measures (i.e., MIBI). Thus, 

variability may be due to these differences in approach, the resolution of which has been 

called for elsewhere (e.g., Rivas-Drake, Seaton, et al., 2014). Part of these 

methodological concerns relate specifically to the dimensional utilization of racial 

identity. Analyses typically investigate the role of isolated dimensions rather than 

multidimensional profiles, and although this analytical approach helps inform the facets 

of influence stemming from racial identity, it detracts from person-focused approaches to 

psychological study, and may be too reductive to be ecologically useful.  

Second, the existing literature on racial identity in African American youth 

inconsistently accounts for development over the course of adolescence; given the 

proposed relevance of social cognition in perceived discrimination and racial identity 

(Brown & Bigler, 2005; Spencer & Markstrom-Adams, 1990) as well as the timing of 
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identity exploration, age or phase of adolescence (e.g., early versus late) may play an 

important role in whether or not racial identity is protective. Indeed, one meta-analysis on 

ethnic identity (not African American racial identity specifically) found that the buffering 

effects of racial identity are stronger for individuals under the age of 40, but do not 

discriminate between relative ages of adolescence or early adulthood (T. Smith & Silva, 

2011). Currently, although some studies have utilized a truly longitudinal design (e.g., 

Mandara et al., 2009; Seltzer et al., unpublished manuscript), most studies are cross-

sectional, even as they attempt to investigate developmental differences in the role of 

racial identity (e.g., Yip et al., 2006). Truly longitudinal approaches are likely to better 

account for the dynamic development of adolescent racial identity and risk for depression.  

That adolescent racial identity usually, but not always, moderates the negative 

impact of discrimination suggests that other intervening mechanisms come into play. 

Indeed, some studies of this moderating relationship point to the importance of perceived 

stress levels (e.g., Sellers et al., 2003). These inconsistencies could be due to the 

connection between racial identity constructs and specific coping mechanisms (e.g., 

Brondolo, Halen, Pencille, Beatty, & Contrada, 2009; Scott, 2003) or biological 

processes in stress regulation. Indeed, few existing studies include explicit tests of the 

proposition that racial identity prompts discrimination-specific coping responses or that 

certain racial identity profiles are related to adaptive or protective stress-regulation 

processes. Thus, future research should explicitly test these theories and include measures 

that can tap into the complex interplay of social, psychological, and biological processes 

that are activated in Black youth facing discrimination. 
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Racial Identity and the HPA-Axis 

To date, few studies have integrated the protective functions of racial identity into 

the pathway of discrimination-HPA dysregulation-depression, particularly in adolescents. 

There is a very small body of research that assesses cortisol reactivity in the context of 

controlled experiences with discrimination, and some of these studies have investigated 

the moderating role of racial identity in biological stress reactivity. No studies could be 

found that included psychosocial outcomes, such as depression. Together, these few 

studies yield inconclusive results about the moderating nature of racial identity in 

biological stress processes to laboratory-based discrimination or stress paradigms.  

In one study, Black college students were recruited to provide cortisol samples 

while participating in a social stress paradigm in which either racial identity or student 

identity was primed prior to describing a personal experience with discrimination (Smart 

Richman & Jonassaint, 2008). Over the course of this study, a naturalistic and highly 

publicized racial scandal (Duke Lacrosse scandal) occurred on the university’s campus: a 

Black woman accused a number of white male athletes of racial and sexual assault. Thus, 

there was an opportunity to assess cortisol reactivity to a controlled laboratory stressor, as 

well as to an ongoing discrimination-related social stressor. Students who completed the 

study prior to the naturalistic stressor showed no difference in their stress reactivity while 

recounting personal experiences with discrimination, regardless of whether or not their 

racial identity was primed. Rather, only students who completed the study after the 

advent of the naturalistic stress showed dysregulated cortisol responses, specifically an 

elevated and blunted pattern during the laboratory stressor. Specifically, the higher rate of 
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HPA-axis dysregulation in post-scandal participants was driven by gender differences: 

women, but not men, had the highest rates of elevated baseline cortisol and blunted 

reactivity patterns. In this study, there was no explicit measure of racial identity. 

However, we can conclude that priming racial pride led to no differences in stress 

reactivity to a laboratory stressor. Further, recounting personal experiences of 

discrimination may not be a sufficient analog to an immediate experience with 

discrimination. 

Neblett and colleagues (2013) and (2012) investigated the influence of racial 

identity on arousal (autonomic nervous system [ANS] activity and blood pressure [BP], 

respectively) in young adults, and found that levels of private regard, public regard, and 

centrality differentially predicted ANS reactivity, largely contingent upon the race of the 

perpetrator in discrimination vignettes (Neblett & Roberts, 2013). Individuals with higher 

centrality and private regard evidenced greater sympathetic activation when the other 

actors in the vignette were Euro-American (rather than African American). A study with 

a similar sample found that low public regard attenuated the connection between high BP 

and discrimination (Neblett & Carter, 2012).  Together, these studies suggest that a 

common trend for Black young adults is to experience higher reactivity in the face of 

events that are inconsistent with worldviews connected to racial identity. Thus, it is not 

the experience itself that dictates physiological stress reactivity, but the patterns in which 

such events are congruent with Black Americans’ racial identity-informed worldview. 

Despite the existence of a number of theories delineating interconnected processes 

of racial discrimination, racial identity, stress reactivity, and depression, there is a dearth 

of research that adequately assesses these constructs that would permit a test of such 
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theoretical models. First, there is minimal research that investigates how racial identity 

might moderate cortisol reactivity using controlled laboratory stressors. Second, there is 

no research that incorporates depressive outcomes as functional end points of these 

biological processes. Finally, there is minimal research conducted with adolescent 

populations specifically, a group for whom identity development, stress reactivity, and 

risk for depression are incredibly pertinent developmental phenomena. Thus, although we 

are inching towards a better understanding of the interplay between social stress and 

biological reactivity to discrimination stress, we have little knowledge about whether this 

particular biological mechanism actually plays a role in adolescent psychosocial 

adjustment. 

Summary and Future Directions 

An Integrated Pathway to Depression 

Considering the extant theoretical models and empirical evidence reviewed above 

together, a proposal can be generated about a culturally sensitive, integrative, 

developmental pathway from discrimination exposure to depressive symptoms and 

syndromes, emphasizing the biological risk mechanism of HPA-axis dysregulation as a 

mediator, and the moderating role of culturally-specific assets such as racial identity. 

Adolescence is a time of critical development for all of these factors: the salience of 

discrimination increases; the process of identity exploration surges; and risk for 

depression increases for all youth, independent of discrimination or other race related 

factors. Given this, it may very well be that adolescence is a time during which seeds are 

planted for risk for discrimination-reactive depression, the fruits of which are sown in 

early or later adulthood. Figure 1 is a proposed model of the pathways linking these 
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variables to lead to depression outcomes in African American adolescents, informed by a 

number of existing cultural-asset and cultural risk models. As Figure 1 demonstrates, the 

pathways among these factors are complex and often interact at multiple points of entry 

to confer risk for depression in African American youth. However, existing theories 

suggest that chronic discrimination stress over childhood and adolescence should lead to 

disruptions in biobehavioral reactivity, which could directly increase risk for depression 

(Hammack, 2003). Racial identity, however, may moderate this risk pathway at two 

points, and different aspects of racial identity may intervene in different ways. 

Discrimination may have a reciprocal relationship with racial centrality and public regard 

over time, and these dimensions of racial identity also may attenuate the biophysiological 

risk posed by discrimination experiences by providing explanations for the interactions 

that are external to self. Further, private regard and centrality might attenuate the risk 

pathway between biobehavioral reactivity and depressive outcomes, by providing 

positive connections to one’s group (i.e., attitudes and values) that compensates for 

denigrating messages from discrimination experiences (Sellers & Shelton, 2003). 

State of the Evidence 

To date, the field has amassed research to provide evidence of a connection 

between some pairs of these factors (e.g., discrimination and depressive symptoms, HPA-

axis dysregulation and depression). For example, there is a body of literature that 

examines the relationship between discrimination and HPA-axis, but very few studies 

that include depression as an ultimate outcome. At this time, then, there are no data that 

provide a full test of this risk pathway, despite notable areas of research on separate parts 
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of this model. Further, for a majority of the pathways in Figure 1, there is, at best, 

inconsistent evidence to draw broad conclusions, and at worst, no data at all.  

Discrimination is a risk factor for adolescent maladjustment that results in 

significant multifinality, but it is frequently predictive of increased depressive symptoms 

in youth. Most of what we know about the co-occurrence of discrimination and 

depressive symptoms is based on cross-sectional studies, with few important and valuable 

exceptions (e.g., Smith-Bynum et al., 2014). Additionally, no studies have investigated 

depressive disorders as an outcome of discrimination during adolescence. 

In linking discrimination to depression through cortisol functioning, there is 

strong evidence that in adulthood, exposure to discrimination can affect the HPA-axis. 

However, it is unclear how discrimination specifically impacts the HPA-axis, despite 

there being evidence that discrimination disrupts other physiological stress-regulation 

processes. As it stands, the literature is inconclusive about the specific nature of HPA-

axis dysregulation in response to discrimination: some studies indicate that discrimination 

is related to hyporeactivity, others suggest discrimination is associated with 

hyperreactivity. This is mostly due to a paucity of HPA-axis related outcomes in the 

literature, as most studies have favored investigating cardiovascular risk. This area is 

lacking particularly as it applies to adolescent African Americans, rather than adults, 

which is troubling given the importance of social-cognitive development in the salience 

and experience of discrimination (Brown & Bigler, 2005). Indeed some of the literature 

has not found differences in biophysiological risk during adolescence, despite there being 

evidence of a relationship between discrimination and cortisol dysregulation even in early 

adulthood (Adam et al., 2015; Brody et al., 2014).  
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Based on theory in the literature, an adolescent’s experience with discrimination 

over time should influence stress reactivity within the HPA-axis system. The majority of 

the literature focuses on differences in basal levels of cortisol as a result of discrimination, 

leaving much to be learned about how accumulative discrimination experiences impact 

momentary reactions to discriminatory experiences. Further, the extent to which 

perceived discrimination, specifically, impacts HPA-axis reactivity and regulation during 

adolescence is unclear (Brody et al., 2014; Smart Richman & Jonassaint, 2008), as very 

few studies to date utilize cortisol patterns in response to discrimination-related or other 

laboratory social stress paradigms. 

Additionally, there is strong evidence that HPA-axis functioning is disturbed in 

depressed adults; yet there are less consistent findings for younger populations. There are 

more consistent findings for adolescents in terms of prolonged cortisol secretion during 

stressful social experiences: in both actively depressed and community samples, longer 

cortisol recovery patterns are related to increased risk for depressive symptoms, future 

episodes, or more severe course of depression.   

Racial identity does frequently serve to buffer the effect of discrimination on 

depressive symptoms, but this information relies largely on self-report measures of 

identity, depression, and in some cases, subjective stress. Although research explains how 

racial identity may moderate risk for depression through certain cognitive processes (e.g., 

attribution) and other psychological constructs (e.g., self-esteem), very little information 

is known about how racial identity might be related to biobehavioral reactivity to stress. 

Very few studies have examined biophysiological reactivity in the context of different 

racial identity dimensions or profiles, and thus, there is little basis on which to say 
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whether these constructs are related at all. Understanding individual differences at this 

level of risk may help identify why and for whom racial identity can be a salient and 

effective protective factor. 

Longitudinal research also is significantly lacking in many areas of this model, 

particularly within the domain of racial identity as a moderator of the relationship 

between HPA-axis functioning and depressive symptoms. There is good evidence that 

stress exposure, generally, and discrimination, specifically, can increase risk for 

depression over time, and that discrimination can contribute to broad measures of 

biophysiological risk (e.g., Brody et al., 2014) for many negative outcomes, including 

depression. However, the emergent nature of racial identity is crucial to informing 

culturally-relevant and integrated models of depression. Longitudinal models, particularly 

those that provide opportunity to examine how identity, biological regulation, and 

depression co-develop over time, will better inform how these essentially adolescent 

processes impact both short-term and long-term risk for African American youth.  

Aims of Future Research 

Future research should first focus on testing the relationships of these variables at 

the key points in the model. Specifically, this should include the moderating effect of 

adolescent racial identity on the association between perceived discrimination and HPA-

axis reactivity, and the moderating effect of adolescent racial identity on the extent to 

which HPA-axis dysregulation predisposes adolescents to depressive symptomology. In 

such tests of this model, study designs should be longitudinal in nature, composed of 

multiple assessments across significant periods during adolescence (at the very least, pre- 

and post-puberty), and utilize statistical modeling methods to assess individual 
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trajectories. Finally, future studies should include experimental psychosocial stress 

challenges with cortisol assays, in which patterns of reactivity can be assessed in the face 

of simulated discrimination. Such paradigms can provide an objective and biological 

check on the extent to which discriminatory experiences are stressful, as well as serve as 

an outcome measure to better understand the physiological impact of discrimination. For 

example, this may help clarify whether discrimination impacts baseline cortisol levels, or 

whether it also leads to different and maladaptive patterns in the moments that youth are 

experiencing and coping with a discrimination threat. This methodology will help to 

provide a clearer picture of the temporal relationships between discrimination, biological 

stress reactivity and recovery, racial identity development, and depression, and allow for 

an assessment of the role undeniably played by individual variation in experiences within 

these domains during adolescence. 

The cultural make-up of the United States is becoming ever more diverse, and 

with these changes, developmental and clinical psychology is emphasizing theories and 

conceptual models of risk that apply to ethnic-minority youth. Moreover, there exists a 

wealth of knowledge and experimental methodology from decades of generalist, main-

stream research, which may easily be amended to aid in better understanding 

discrimination’s effects on youths’ emotional and psychological well being. Yet, rather 

than just establish that race-related adversity poses an increased risk, both in terms of 

biological stress processes and more distal mental health outcomes, we must move to test 

these culturally sensitive models to identify and understand mechanisms of resilience as 

well.  
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APPENDIX A 

WAVE 2 TSST PROTOCOL 

TSST Study Protocol 
BEFORE PARTICIPANT ARRIVES 
Materials 

o Consent and Assent for TSST study (Phlebotomist) 
o TSST Packet (Cortisol Questionnaire, Time and ANS (Autonomic 

Nervous System) log, 4 Stress Scales, SERS) 
- This protocol for instructions and what to say 

Supplies Needed 
- 4 Salivettes 
- 1 Ziploc bag 
- 5 labels for cortisol (put ID and Date on all labels; time will come after) 

o 1 to label ziploc bag, 4 for salivettes 
- Computer with webcam setup Rooms (746 or 749) 
- Small whiteboard with dry erase marker (with ID and Date written on it) 
- ANS system (Blood pressure cuff) 
- Stop Watch and clipboard 

Set up experiment room  
a. Turn on the computer and login with your TuID. 
b. You will be opening one program: 

i. Video equipment – Debut Video Capture (shortcut on desktop) 
1. Certify that this program is being used for non-commercial 

use (top button) 
2. Do not plug in camera yet – once camera is plugged in it 

will identify the webcam 
a. If this does not happen – click the icon in the top 

left of the program – Device 
c. On the whiteboard, indicate the participants ID and Date. 

 
- Timing is important. We are going to log timing with double redundancy (on log 

and on labels) 
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WHEN PARTICIPANT ARRIVES 
1.    For Phlebotomist: Welcome the participant and let them know we are giving 

participants an option to participate in an additional portion of the study for an 
additional $75 payment. 

 Sample script: “Hello my name is ______ and I am the phlebotomist today.  
If due for regular yearly BD: So you are due for your yearly blood draw as part of the 
study, would you like to have your blood taken today? 
 If YES or NO: Alright, well today in addition to your regular session, we are 
offering another part of the ACE study that your child may be interested in participating 
in. It is an optional part of the study and you saying yes or no does not affect you 
participation in the main ACE study. You would earn an additional $75 dollars for 
completing this part. 
What it involves is a blood draw in the beginning, and 4 saliva sample during the session 
which will be collected using a little cotton swab that you roll around in your mouth for a 
couple minutes and place in a plastic tube. We will also be taking your pulse and blood 
pressure. In between the saliva sample collection you will be giving a short speech in 
front of the camera. At the end of the procedure you will have another blood draw 
completed. During the session you’ll be completing your regular surveys and interviews.  
The one caveat to the procedure is that due to the strict timing of the sample you will 
likely be here the entire three hours that we have you scheduled for.  
This is a one-time part of the study and if you can’t do it today we can offer it the next 
time you are in.  
Any questions? 
FAQ: 
Q: How long will it take? A: Due to the timing of the procedure it will likely take the 
entire 3 hours of the scheduled appointment. 
Q: What do I have to talk about during the speech? A: That will be discussed during the 
interview. 
How does that all sound? 
IF YES: Proceed by giving the consent and assent for review and signatures and inform 
interviewers of TSST. 
IF NO: Ask if the child outright does not want to participate in TSST, if time is an issue 
at the moment, or if unwilling to do TSST due to BD. Is there any part of the procedure 
in particular that concerns you? 
 IF due to BD – Offer to conduct TSST with saliva only for a payment of $50. If 
participant agrees to only the saliva, do not conduct the Pre/Post BD (unless subject 
consents to conducting the regular yearly BD) 
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Key Points: 
d. Participation in this additional piece in no way affects their participation in 

the broader study. 
e. They will be completing a social stress task – to see how people react to 

stressful events. 
f. We will be collecting blood (show them a vacutainer and tell them it’s just 

like giving blood at a doctor’s office) and saliva (show them a salivette), 
and BP/HR. 

g. No known risks except many find social task stressful 
h. All data is kept confidential – just like the broader study (we put IDs only 

on info). 
i. The teen will get an additional $75! 

 
2. For Phlebotomist ONLY: DO THE FIRST BLOOD DRAW as usual (with BD 

Questionnaire and Sleep Questionnaire).  LABEL THE FIRST VACUTAINER AND 
BE SURE TO INCLUDE PRE-TSST ON THE LABEL.  RECORD THE TIME OF 
THE FIRST BD ON THE VACUTAINER LABEL AND ON THE TIME LOG.  
TAKE BASELINE SALIVA SAMPLE 45 MIN AFTER FIRST BD. 

3.  Once done with the blood draw, the phlebotomist will let you know when the 
participant is ready. When ready begin the RPA as usual by taking the teen into the 
room 746 or 749 (separate from parent) 

a. BEGIN RPA by completing the Cortisol Questionnaire (interviewer 
admin) and administering the questionnaires online 

AT 45 MINUTES AFTER THEY COMPLETE FIRST BD (ie., This does not mean 45 
minutes after they come in initially, this is after the first BD and once they are in a calm 
setting – we want them to acclimate to get a true baseline stress assessment). Go to 
Sample 1 
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BASELINE – SALIVA 1 AND ANS 1 
 
[Show participant Salivette] In a moment I’m going to ask you to put a 
cotton swab in your mouth for 2 minutes so that it can collect saliva. To 
make this as comfortable as possible, please try now to make sure your 
mouth is moist before putting the swab in. 

Remove white swab from tube and hand to participant – or allow participant to take swab 
from tube. 

Please roll the swab around in your mouth gently for the next 2 minutes 
to produce saliva. Please try very hard not to swallow frequently. And 
please do not chew on the swab. 

Start timer (2 minutes), RECORD time (when it is put in the participant’s mouth) on log 
sheet (Saliva Time 1) 
Administer the Heart Rate/Blood Pressure Test: Record HR and BP 

• Put Omron system on desk in front of them.  
• Have them give you their arm (hopefully left; Long sleeve shirts will 

disrupt the reading) 
• Put cuff on their arm (follow the directions on the cuff) 

o Cuff should be snug, 1/2 inches above elbow, chord pointing down 
• Hold Start until the A/B in the top right go away (a few seconds), then let 

go 
o Check calibration (should be lit up) 
o Bottom right – should read OK – if not, then you put the cuff on 

wrong 
• The system will do the rest – record when done. 

Hand participant the STRESS SCALE 
  Please fill this scale out according to how you feel right now. 
After two minutes, collect STRESS SCALE and hand the participant the Salivette tube 
and say: 

Ok, the two-minutes are up. Please take the swab out of your mouth and 
put it into this tube. 

Screw lid onto tube. 
Record on tube’s label the Participant ID, Time 1, date, and time (start time).  Put tube in 
Ziploc bag. 
 
 
 
 
 
 
 
 
 

1 
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TRIER SOCIAL STRESS TEST  (2 interviewers in the room with the during the 
speech) 

1. Read these Instructions: 

You are going to give a 3 minute speech in front of the camera.  You will be 
pretending that you want to be accepted to a social peer group of your 
choice (e.g., the popular group at school or a social activity group) and 
describe why you should be accepted into that group. Only kids who are 
smart, likeable, and fun will be accepted. We would like you to do your best 
to impress the judges and make them like you and want to accept you into 
the group.  You will be speaking into a camera and seeing yourself on the 
screen and we will rate how well you did on the speech when you are done.  
Keep in mind that it is very important to give the best talk you can – it 
should be convincing, as the judges will be evaluating you on how effective 
you are able to give the talk. Of all the kids who do this speech, whoever 
does the best is going to get a prize. You will have 5 minutes to prepare once 
I am done with the instructions. I will also leave the room for you to prepare.  
Do you have any questions? 

 Important: Do not reassure teen about their performance – this is supposed to be 
stressful 

If teen states: “I don’t know what to say”, or has other questions you can tell 
them: 

Think about why you should be accepted into the group and what makes 
you a good choice for the group. 

You can provide other responses that are in the instructions: Do not give 
additional info/provide reassurance 

2. After you give the instructions you will leave the room (start your timer for 5 
minutes) 

a. Plug in the camera and place it on top of the computer (Do not turn it on 
yet) 

b. Tell participants to turn their cell phones/Ipods off before leaving. 
c. Go let the 2nd interviewer know that the participant is about to give the 

speech. 
3. After 5 minutes, come back in the room with the second interviewer 

a. Ask the participant to stand and push the chair back (have them step a few 
steps back from the desk). 

b. Position the camera so that it is recording the teen’s face/shoulders. Make 
sure their face/shoulders are large enough on the screen so the teen can see 
him/herself. 

c. Say: 

Remember, the committee of judges will evaluate you on the basis of how 
well you are able to speak about being accepted into the group and why you 
are the best choice. You will be recorded by a video camera. Keep in mind 
that it is very important to give the best talk you can. This is especially 
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important because the judges may ask you questions if anything about your 
speech is unclear. 
 
d. Start the recording using the computer software (Debut program hit the 

red record button) 
1. Note: if program unable to record or recognize the camera, 

still have the participant see themselves on the screen even 
if not recording.  

ii. Place the white board (with ID/Date) in front of the camera (so it is 
visible). Then sit down.  

iii. Tell them to begin and that they have 3 minutes. 
iv. Start the Timer 

Again, if the teen states: “I don’t know what to say”, tell them: 
Think about why you should be accepted into the social group and what 
makes you a good choice. Do the best that you can! 
e. Both interviewers sit in the chairs facing the teen with clipboard and timer. 

You should not talk or laugh or make any reference to the role-play at this 
point, but should instead remain silent and serious. If the participant has 
any questions about the experiment you should be curt and to the point.  

i. While the participant is speaking make notes or maintain eye 
contact during the entire speech. It is important NOT to be 
encouraging or smile. The purpose of this task is to cause distress. 

ii. If the participant stops talking, or has a pause of 20 seconds or 
more say: 
 “You still have time remaining, please continue.”  
If they continue to not speak say: 
“It is important that you do well on this so you will be accepted.” 
If the participant continues to struggle for at least another ten 
seconds, the interviewer may use the following prompts. The 
phrasing of these additional questions is left to the interviewer’s 
discretion and may be based on the participant’s previous 
statements. The purpose of the questions is not to embarrass or 
humiliate the participant! 

   Additional prompts:  
• What makes you in particular a good choice for this group? 
• Why do you think that you are the best person for the 

group? 
• What about your personality or appearance or other 

characteristics show a special fit for this group? 
• What else would you do if your acceptance to the group 

would not succeed? 
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f. Allow participant the full 3 minutes to complete the speech. Then tell 
them to STOP but remain standing 
 

g. Mental Arithmetic  
 

i. Inform participant about the second part of the task. Say: 
 
Your three minutes for the speech are up. Now I now want you to solve a 
calculation task. Please count aloud backwards from 2,083 to zero in 13-step 
sequences. Please calculate as quickly and correctly as possible. Should you 
miscalculate, I will point out your mistake by saying “Error, 2,083” and you 
have to start calculating all over again. Do you have any questions? Please 
begin. [start timer] 

Allow the participant 1 minute to work on this task. Follow along, referring to the correct 
answers below. Each time the participant makes a mistake, the interviewer responds 
by saying, 

Error. 2,083. [Indicating to the participant to start from the beginning] 
2083; 2070; 2057; 2044; 2031; 2018; 2005; 1992; 1979; 1966; 1953; 1940; 1927; 1914; 
1901; 1888; 1875; 1862; 1849; 1836; 1823; 1810; 1797; 1784; 1771; 1758; 1745; 1732; 
1719; 1706; 1693; 1680; 1667; 1654; 1641; 1628; 1615; 1602 

 
ii. When done. Stop the recording. Save the recording with their ID 

number. 
1. In Debut, Hit the recordings button. Then click the most 

recent Untitled video 
2. Click save as; save it in the Cope Drive under ACE 

Cortisol Study 
iii. Thank the participant for completing the stress task. 
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IMMEDIATELY POST-TRIER: SALIVA 2 AND ANS 2  
OK, time for a saliva sample. Again, try to make your mouth as moist as 
possible before putting the swab in, and please try not to swallow frequently. 
Hand participant the swab to put in their mouth. Say: 

Please roll the swab around in your mouth gently for the next 2 minutes 
to produce saliva. Please try very hard not to swallow frequently.  

Start timer, RECORD time (when they start the swab) on log sheet (Saliva Time 2) 
Administer the Heart Rate/Blood Pressure Test: Record HR and BP 
Hand participant the STRESS SCALE 
  Please fill this scale out according to how you feel right now. 
After two minutes, collect STRESS SCALE and hand the participant the Salivette tube 
and say: 

Ok, the two-minutes are up. Please take the swab out of your mouth and 
put it into this tube. 

Screw lid onto tube. 
Record on tube’s label the Participant ID, Time 2, date, and time (start time) 
Put tube in Ziploc Bag. 

Say: That is the end of the social behavior task. For the rest of today’s 
appointment, you’re simply going to provide two more saliva samples and 
one more blood sample while you complete the rest of today’s assessment. 
This will include questionnaires and an interview as usual.  

Continue with the RPA as usual. IMPORTANT. You need to keep the time running. 
You will be collecting 2 more saliva samples/HR/BR and one more blood sample 
throughout the interview. These will occur 30 minutes and 60 minutes after the 2nd saliva 
sample. 
 
 
30 MINUTES LATER: SALIVA 3 AND ANS 3 (30 minutes after last saliva sample) 

OK, time for a saliva sample. Again, try to make your mouth as moist as 
possible before putting the swab in, and please try not to swallow 
frequently. 
Hand participant the swab to put in their mouth. Say: 
Please roll the swab around in your mouth gently for the next 2 minutes 
to produce saliva. Please try very hard not to swallow frequently.  

Start timer, RECORD time on log sheet (Saliva Time 3) 
Administer the Heart Rate/Blood Pressure Test: Record HR and BP 
Hand participant the STRESS SCALE 
  Please fill this scale out according to how you feel right now. 
After two minutes, collect STRESS SCALE and hand the participant the Salivette tube 
and say: 

Ok, the two-minutes are up. Please take the swab out of your mouth and 
put it into this tube. 

Screw lid onto tube. 
Record on tube’s label the Participant ID, Time 4, date, and time (start time) 
Put tube in Ziploc Bag. 
 

2 

3 
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30 MINUTES LATER: SALIVA 4 + ANS 4 (30 minutes after last saliva sample) 
OK, time for a saliva sample. Again, try to make your mouth as moist as 
possible before putting the swab in, and please try not to swallow 
frequently. 
Hand participant the swab to put in their mouth. Say: 
Please roll the swab around in your mouth gently for the next 2 minutes 
to produce saliva. Please try very hard not to swallow frequently.  

Start timer, RECORD time on log sheet (Saliva Time 4) 
Administer the Heart Rate/Blood Pressure Test: Record HR and BP 
Hand participant the STRESS SCALE 
  Please fill this scale out according to how you feel right now. 
After two minutes, collect STRESS SCALE and hand the participant the Salivette tube 
and say: 

Ok, the two-minutes are up. Please take the swab out of your mouth and 
put it into this tube. 

Screw lid onto tube. 
Record on tube’s label the Participant ID, Time 4, date, and time (start time) 
Put tube in Ziploc Bag. 
4. Special note: If the participant is in the middle of the LEI or KSADS it is still 

important to keep to the timing. If you are in the middle of the TEACH, wait until the 
end of the subtest to administer the Stress reactivity measures.  If the participant is 
completed with all aspects of the current RPA but there is still time needed to get the 
next/last measurement, have the participant wait in the room alone (do not have 
him/her go sit with his/her parents as a discussion about the new task may affect 
reactivity). 
 

5. IMMEDIATELY AFTER SALIVA 4 + ANS 4, TAKE THE PARTICIPANT TO 
THE PHLEBOTOMY ROOM AND GET THE PHLEBOTOMIST 

 
a. For Phlebotomist Only: DO THE SECOND BLOOD DRAW LABEL 

THE SECOND VACUTAINER AND BE SURE TO INCLUDE POST-
TSST ON THE LABEL.  RECORD THE TIME OF THE SECOND BD 
ON THE VACUTAINER LABEL AND ON THE TIME LOG.  

b. ADMINSTER THE SERS QUESTIONNAIRE LOCATED IN THE 
DRAWER WITH THE OTHER BD QUESTIONNAIRES 
 
 

6. At the end of the day make sure you thank the participant for completing the 
additional measures. Inform them that they did a great job. Also, let them know that 
their performance will not be rated. Let them know that the reason we let them 
know this was to increase the difficulty.  Pay them the additional $75. 
 

Have them complete a separate receipt for the TSST in the receipt book next to 
the scale. 

4 
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Go out with the participant to their parent. Report that the teen gave a short speech, 
did a good job, and thank them for their continued participation. 

AFTER PARTICIPANT LEAVES 
Complete the Tracking Database sheet and the Blood Draw Database and indicate that 
they completed the TSST study. 
Make sure all 4 salivettes are in the labeled Ziploc bag.  
Put this bag into the freezer in the lab (There is a small box for this).  
Centrifuge and freeze the pre- and post-TSST blood samples in the ultracold freezer in 
Room 902. 
Enter the TSST data into the TSST datebase under ACE TSST in the COPE Drive. 
Put all additional questionnaires in the Blood Draw/TSST filing drawer in the file room 
(Cortisol Questionnaire, BD Questionnaire, Time and ANS Log, STRESS SCALES).  
Put the new consent forms in Tyesha’s mailbox (These will go with their other consent 
forms). 
Write any additional notes on the cover sheet of the Cortisol Study Packet. 
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APPENDIX B 

DISSERTATION PROPOSAL AMENDMENT 

Problems that emerged during data cleaning phase: 
1. Significantly fewer cases that met criteria for proposed growth curve analyses 

a. Original estimations indicated between 80-100 participants who were 
African American, had completed an initial TSST trial, and had 2+ reports 
of discrimination PRIOR to their TSST trial 

b. Taking into account missing data for discrimination (DLE) and TSST 
variables (cortisol assays missing or too low), only approximately 40 
participants who were African American, completed an initial TSST trial, 
and had at least ONE report of discrimination Prior to TSST 

2. The base-rate of discrimination is extremely zero-skewed 
a. At least 50% of participants meeting inclusion criteria for my dissertation 

recorded a 0-frequency of discrimination in any 6 month period prior to 
the TSST 

Amendments to proposal: 
1. Expanding inclusion criteria 

a. Goal: Increase the sample of participants who have viable TSST data 
(cortisol), and have at least one report of DLE between baseline and TSST 

b.  Solutions 
i. Included biracial participants  

ii. Included second run of TSST as applicable, such that TSST 
variables will be pulled from most recent TSST for each 
participant 

iii. Included DLE/discrimination reports collected at the TSST visit 
(previously, proposed to collect only prior); the DLE is a 
retrospective self-report measure (stress in the 6 months prior to 
report), so this will preserve a prospective relationship between 
discrimination and stress reactivity 

iv. For analyses within secondary aims that do not include DLE, 
sample will be expanded to all African American/biracial TSST 
completers who have completed an assessment of racial identity at 
the time of the TSST or within one year prior (see below for 
hypotheses and sample estimation) 

c. Outcome: 54 participants with 1 discrimination (DLE) report at OR 
before their most recent TSST trial; biracial and African American youth 

d. Concerns (to be addressed in discussion) 
i. Possible theoretical and statistical differences between African 

American and biracial youth, particularly related to secondary aims 
ii. Possible statistical differences for youth repeating TSST paradigm 

(so far, t-tests for the sub-sample yielded no significant differences 
between first and second TSST) 

2. Statistical approach 
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a. Goal: given status of discrimination data (e.g., minimal repeated measures; 
limited variability), restate hypotheses that permit for investigation of 
original study aims, as faithfully as possible, given likely problem of 
under-powered sample 

b. Solutions 
i. Regressions, instead of latent growth curve approach 

ii. Re-code discrimination as a categorical variable, rather than a 
continuous variable 
 

Reframing of Study Aims Hypothesis 
Primary Aim. The primary aim of the current study is to determine whether 

HPA-axis reactivity mediates the relationship between perceived discrimination and 
depressive symptoms in Black adolescents, so as to provide much needed data on 
biological mechanisms linking discrimination to depression in younger samples.  

Primary Hypothesis 1: More exposure to discrimination will predict to higher 
cortisol reactivity and slower recovery. 

Approach: Regression: A positive report of discrimination predicts higher 
reactivity and less recovery.  

Primary Hypothesis 2: Cortisol reactivity and recovery will mediate relationship 
between discrimination exposure and depression. 

Approach: Approximated mediated regression. Small sample makes a full-model 
analysis of mediation impractical; will look at each component relationship in mediation. 
Positive report of discrimination will predict higher cortisol reactivity and less recovery; 
subsequently, higher reactivity and less recovery will each predict more depressive 
symptoms. Analyses will include both concurrent (depression at time of TSST) and 
prospective (depression at TSST+1 visit) tests of these relationships. 

Secondary Aim. A secondary aim of the current study is to test culturally 
relevant protective factors within a framework of risk for depression. Specifically, I aim 
to determine whether dimensions of racial identity (centrality, private regard, public 
regard) attenuate the risk for depressive symptoms posed by exposure to racial 
discrimination. I will investigate whether racial identity dimensions moderate the 
association between perceived discrimination and HPA-axis functioning in response to a 
social stressor, and whether racial identity moderates the connection between HPA-axis 
functioning and concurrent depressive symptoms. 

Secondary Hypothesis 1: MIBI/racial identity dimensions moderate differently 
between discrimination, and cortisol reactivity and recovery. Higher Private Regard and 
Centrality: lower reactivity, lower recovery, compared to lower MIBI. Public regard, no 
impact. 

Approach: Insignificant power to test full moderation model; cannot test for 
indirect effects of role of racial identity. The explanation for this is a little complicated, 
but in the most simple terms, due to the timing of when we collect the DLE and the MIBI 
in Project ACE, we lose a significant number of usable cases when looking at this 
particular model.  

Secondary Hypothesis 2: MIBI/racial identity dimensions moderate connection 
between cortisol reactivity, recovery, and depressive symptoms. 
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Approach: Moderated regression. Higher private Regard and Centrality; and 
lower Public Regard will weaken relationship between high cortisol reactivity and lesser 
recovery and depressive symptoms. Analyses will include concurrent (N=114) and 
prospective (N=109) depressive symptoms. 

 

 

 


