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Abstract

Perceived racial discrimination (PRD) has been associated with altered diurnal cortisol rhythms in
past cross-sectional research. We investigate whether developmental histories of PRD, assessed
prospectively, are associated with adult diurnal cortisol profiles. One-hundred and twelve (N = 50
Black, N = 62 White) adults from the Maryland Adolescent Development in Context Study
provided saliva samples in adulthood (at approximately age 32 years) at waking, 30 min after
waking, and at bedtime for 7 days. Diurnal cortisol measures were calculated, including waking
cortisol levels, diurnal cortisol slopes, the cortisol awakening response (CAR), and average daily
cortisol (AUC). These cortisol outcomes were predicted from measures of PRD obtained over a
20-year period beginning when individuals were in 7th grade (approximately age 12).

Greater average PRD measured across the 20-year period predicted flatter adult diurnal cortisol
slopes for both Black and White adults, and a lower CAR. Greater average PRD also predicted
lower waking cortisol for Black, but not White adults. PRD experiences in adolescence accounted
for many of these effects. When adolescent and young adult PRD are entered together predicting
cortisol outcomes, PRD experiences in adolescence (but not young adulthood) significantly
predicted flatter diurnal cortisol slopes for both Black and White adults. Adolescent, but not young
adult PRD, also significantly predicted lower waking and lower average cortisol for Black adults.
Young adult PRD was, however, a stronger predictor of the CAR, predicting a marginally lower
CAR for Whites, and a significantly larger CAR for Blacks. Effects were robust to controlling for
covariates including health behaviors, depression, income and parent education levels. PRD
experiences interacted with parent education and income to predict aspects of the diurnal cortisol
rhythm. Although these results suggest PRD influences on cortisol for both Blacks and Whites, the
key findings suggest that the effects are more pervasive for Blacks, affecting multiple aspects of
the cortisol diurnal rhythm. In addition, adolescence is a more sensitive developmental period than
adulthood for the impacts of PRD on adult stress biology.

Keywords

Cortisol; Hypothalamic; pituitary; adrenal axis; Hypocortisolism; Diurnal cortisol rhythms; Racial
discrimination; Adolescence; Early experience

1. Introduction

1.1. Overview

Racial and ethnic disparities exist across a wide range of adult health conditions (Williams
and Collins, 1995; Mensah et al., 2005; Myers, 2009; Williams and Mohammed, 2009).
Differing health care access and health behaviors do not appear to fully account for these
disparities, leading investigators to propose that race-based social stress such as perceived
racial discrimination (PRD) may play a role, by way of its influence on stress biology
(Kuzawa and Sweet, 2009; Williams and Mohammed, 2009). The hypothalamic—pituitary—
adrenal (HPA) axis and its primary product cortisol are frequently implicated in theoretical
models of race-based stress and health (Myers, 2009). Racial/ethnic differences have been
found in diurnal cortisol rhythms (Cohen et al., 2006; DeSantis et al., 2007), and perceived
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discrimination has been associated with altered basal/diurnal levels of cortisol in past
research (Kaholokula et al., 2012; Zeiders et al., 2012).

Most existing research on discrimination and cortisol, including the current study, has
focused primarily on interpersonal forms of discrimination, including daily hassles and
microaggressions related to race/ethnicity (Harrell, 2000; Sue et al., 2007). Past research on
discrimination and cortisol has also been cross-sectional, focusing on current or recent PRD,
rather than cumulative histories of past PRD exposure. In the current study, we examined
the impact of cumulative exposure to PRD assessed prospectively over a 20-year period. We
also examined whether PRD experiences measured in adolescence were more strongly
related to adult cortisol than PRD experiences measured in early adulthood. We controlled
for potential confounds related to cortisol levels and/or discrimination experiences,
including health behaviors, socioeconomic variables, and depressive symptoms. We also
tested whether effects of histories of PRD on cortisol are stronger for Black adults and for
individuals with lower socioeconomic status. Before describing our methods, we give a brief
introduction of perceived discrimination and on HPA axis activity, then review past research
on associations between them. Methodological issues, such as the importance of considering
developmental timing, socioeconomic context, and potential confounds are discussed.
Finally, the current project is described.

1.2. Perceived discrimination

Perceived discrimination involves an individual perceiving that they are receiving or have
received unfair treatment on the basis of membership in a group (Tajfel, 1982; Fishbein,
1996; Brown and Bigler, 2005; Major and Kaiser, 2008). When asked about perceived
discrimination across a range of categories (e.g., gender, race, ethnicity, age, religion,
physical appearance, sexual orientation), racial and ethnic minorities in the U.S. describe
higher levels of discrimination than their White counterparts (Kessler et al., 1999). Due to
the fact that racial/ethnic categorization is relatively stable, and as result of historical
mistreatment and oppression based on race within U.S. society, discrimination based on
race/ethnicity (perceived racial/ethnic discrimination, PRD) may have particularly strong
effects on the well-being of racial/ethnic minority individuals, including Black Americans
(Branscombe et al., 1999; Harrell, 2000; Feagin et al., 2001).

1.3. Stress-related changes in diurnal cortisol rhythms

Basal cortisol levels follow a strong circadian or diurnal rhythm, involving high levels upon
waking, a substantial (50-60%) increase in the 30—-40 min after waking (the cortisol
awakening response or CAR), and a subsequent decline across the day, reaching a nadir
around midnight (Pruessner et al., 1997; Adam and Kumari, 2009).

Periodic activation of the HPA axis is considered adaptive and necessary to cope with acute
stress, and cortisol levels are particularly responsive to stress of a social-evaluative nature
(Dickerson and Kemeny, 2004). Stress-related changes in several aspects of the diurnal
cortisol rhythm have been identified. The CAR has been found to increase in the presence of
acute daily stressors (Adam et al., 2006; Chida and Steptoe, 2009; Fries et al., 2009). It has
been found to be lower, however, in the presence of traumatic stress, particularly when
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accompanied by post-traumatic stress symptoms or disorders (Rohleder et al., 2004; Wessa
et al., 2006). Chronic stress has also been associated with lower waking cortisol levels flatter
diurnal cortisol slopes (Adam, 2012; Doane et al., 2013). Flatter cortisol slopes have been
linked to higher depression (Doane et al., 2013), fatigue (Bower et al., 2005; Kumari et al.,
2009), and cardiovascular disease (Matthews et al., 2006; Kumari et al., 2011). Chronic, and
particularly traumatic stress, also predicts overall reductions in cortisol across the day,
known as hypocortisolism (Heim et al., 2000; Fries et al., 2005; Miller et al., 2007).
Hypocortisolism is associated with the presence of fatigue and pain syndromes, and
overactivation of immune and inflammatory systems (Fries et al., 2009).

1.4. Perceived discrimination and diurnal cortisol rhythms

Past research has consistently found flatter diurnal cortisol rhythms in African Americans as
compared to Whites (Cohen et al., 2006; DeSantis et al., 2007, 2015; Skinner et al., 2011;
Martin et al., 2012). Higher PRD has been proposed as a potential mediator between race/
ethnicity and flatter diurnal cortisol slopes (DeSantis et al., 2007). There are relatively few
empirical studies of associations between PRD and diurnal cortisol rhythms. Some studies
have examined major life events related to racism, although most have focused primarily on
everyday interpersonal discrimination (daily race-related hassles and microaggressions).

One study of young adults (Skinner et al., 2011) assessed retrospective lifetime racism and
racial daily hassles and found that discrimination predicted flatter diurnal cortisol slopes
among both Black and White youth. Another study found associations between everyday
PRD and flatter diurnal cortisol slopes among racial/ethnic minority young adults, but not
racial/ethnic majority group members (Zeiders et al., 2014). This latter result is in line with
prior evidence showing that racial/ethnic minorities are more sensitive to the effects of stress
on the cortisol diurnal rhythm (DeSantis et al., 2015). In pregnant women, Suglia et al.
(2010) found cumulative stress, including measures of major and everyday PRD, predicted
lower morning cortisol and flatter waking to bedtime cortisol slopes for Black, but not
Hispanic women. By contrast, one study of adults found that everyday discrimination
predicted flatter diurnal cortisol slopes in White adults, but steeper diurnal cortisol slopes in
Black adults (Fuller-Rowell et al., 2012b). Another study of preadolescents did not find
significant associations between everyday discrimination and cortisol diurnal rhythms
(Martin et al., 2012).

Less research has focused on PRD and average cortisol levels, however a study of
Hawaiians found perceived racism to be associated with an overall lowering of cortisol
levels across the day among Native Hawaiians (Kaholokula et al., 2012). Thus, with a few
exceptions, existing research suggests that PRD is associated with a flattening of the diurnal
cortisol rhythm and potentially an overall lowering of the diurnal cortisol curve across the
day, with some evidence that effects are stronger for racial/ethnic minorities.

1.5. The importance of developmental histories

Prior empirical research on discrimination and cortisol has focused on recent discrimination,
rather than taking into account histories of exposure. As a result, past work has not been able
to assess effects of chronic PRD exposure, or the relative impacts of PRD exposure at
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different developmental stages. Life-span developmental theories suggests that experiences
may have cumulative impacts on biology over time; events occurring during times of rapid
developmental transition are, however, likely to have larger effects, becoming “built-in” to
an individual's changing biology or psychology (Halfon and Hochstein, 2002). The
biological “embedding” of experiences during infancy and early childhood have received
considerable attention (Hertzman, 1999; Shonkoff et al., 2009; Miller and Chen, 2013;
Nelson, 2013). More recently, adolescence has been recognized as an additional sensitive
period, in part due to notable changes in brain and neuroendocrine development during this
time period (Spear, 2000; Chambers et al., 2003; Dahl, 2004).

Adolescence is also a key period in the development of identity (Kroger, 2006), and for
racial/ethnic minority youth, developing a racial/ethnic identity becomes salient (French et
al., 2006; Umaria-Taylor et al., 2014). The presence of a strong racial/ethnic identity,
conferred in part through racial/ethnic socialization by parents, has been found to be
protective against the negative impact of discrimination (Neblett et al., 2008, 2012). For
adolescents, however, racial/ethnic socialization and racial/ethnic identity development are
still in progress (Boykin and Toms, 1985). Adolescents may also be less ready to employ
important coping skills, ranging from support seeking to emotion regulation (Brondolo et al.,
2009). PRD experiences may thus have stronger effects in adolescence as compared to
adulthood, due to immature buffering mechanisms and coping resources. Adolescent PRD
may also affect adult outcomes by becoming “built in” to developing biological and
psychological systems (for example, by impacting self-esteem). As a result, we hypothesize
that PRD experiences during adolescence will be a stronger predictor of adult HPA axis
functioning than PRD experiences in young adulthood, particularly for Black Americans.

1.6. Contexts of race-based discrimination

Racial discrimination and racial disparities in stress hormones are not experienced in a
vacuum; they occur in particular neighborhood, family and socioeconomic contexts
(Brondolo, 2015). The socioeconomic context in which perceived discrimination occurs may
be particularly important in several ways (Harrell, 2000; Meyers, 2009). First, given that
Blacks are more likely to live in lower income families, it is important to ensure that effects
attributed to perceived racial discrimination for Blacks are not accounted for by the
economic conditions of the family, and co-occurring stressors (Meyers, 2009). Second, the
additional stress associated with living in a low-income environment may exacerbate the
negative effects of perceived discrimination, multiplying the negative impacts of PRD. By
contrast, individuals living in higher SES environments may be exposed to more or differing
kinds of racial discrimination, due to exposure to more multiracial contexts (Harrell, 2000).
Research should therefore both covary the effects of SES and consider interactions between
SES and PRD when considering its relationships with stress biology and health outcomes
(Harrell, 2000; Myers, 2009).

1.7. Current research

We examined relations between histories of PRD reported from adolescence through young
adulthood and diurnal cortisol rhythms measured in adulthood. We accomplished this by
adding diurnal cortisol measures to the Maryland Adolescent Development in Context Study
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(MADICS) (Eccles et al., 1997; Wong et al., 2003; Eccles et al., 2006). MADICS is a
longitudinal study in which PRD was measured over a 20-year period from early
adolescence through approximately age 32. In addition to examining average/cumulative
measures of PRD over a 20-year period, we examined whether PRD in two different time
periods — adolescence and young adulthood — differentially predicted adult diurnal cortisol
profiles. We also examined whether associations between perceived discrimination and adult
stress biology differed for self-identified Blacks and Whites, and whether effects were
moderated by socioeconomic status. Finally, we examined whether racial disparities existed
in diurnal cortisol rhythms, and whether histories of racial discrimination from adolescence
through adulthood helped to explain these disparities.

2. Method

2.1. Study overview

Participants and data were drawn from the MADICS Study, a longitudinal study of 1482
adolescents (n = 879 Black, 49% women) from Prince Georges County, Maryland (Eccles et
al., 1997, 2006; Wong et al., 2003). Participants were recruited in 7th grade, at age 12, and
followed for 20 years, through approximately age 32. There were eight waves of data
collection across the follow-up period, including assessments in the 7th grade (Waves (W) 1
and 2), 8th grade (W3), 11th grade (W4), 1 year after high school (W5), 3 years after high
school (W6), approximately age 30 (W7), and approximately age 32 (W8) (Brodish et al.,
2011; Fuller-Rowell et al., 2012a).

At W8, a subset of participants, selected based on past histories of discrimination were
invited to enroll in an add-on study in which biomarkers of stress and health were assessed.
Participants in the add-on study completed a variety of measures, including a 7-day cortisol
data collection protocol. The current study examines the relation between PRD, as reported
across waves, and individuals' W8 diurnal cortisol profiles. All procedures were carried out
with the adequate understanding and written consent of the participants, and were approved
by Institutional Review Boards at Northwestern University, the University of Michigan,
Harvard University, and the University of California at San Francisco.

2.2. Participants

One hundred and twenty four participants were enrolled in the MADICS health study. Based
on a variable reflecting cumulative history of discrimination across the first seven waves of
the MADICS study (see Appendix A of Supplementary information for discrimination
questions), we recruited approximately equal numbers of Blacks and Whites, and both males
and females with low, medium, and high levels of perceived racial discrimination.
Individuals were excluded from the study due to use of corticosteroid-based medication (N =
2) or illicit substance use (N = 1). Individual days of data from the week-long diary study
were excluded if that day was missing a morning or an evening cortisol sample, if it had a
wake time before 0400 h or after 1400 h, if the individual slept less than four or more than
twelve hours the prior night, or if the individual stayed awake for more than 20 h. One
participant was excluded for not having any valid days of data. Eight additional participants
were excluded for having extensive missing data on perceived discrimination: either more
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than 50% of their items missing or fewer than 2 waves of data available. Ultimately, our
sample included 112 individuals: 32 Black females, 36 White females, 18 Black males, and
26 White males across low, medium and high PRD groups.

2.3. Demographic data

Most of the demographic data were taken from the W1 MADICS youth and parent surveys.
Race and ethnicity were assessed by having participants self-report whether they identified
as Black, White, Asian, Latino, or other. Parent education level at W1 was reported on a
scale ranging from “Less than High School” to “College or More” (see Table 1). The highest
of mother's and father's education levels was used (Adam et al., 2011). Parents self-reported
on the total fam-ilyincomelevelatW1 on a scale ranging from 1 (Lessthan$5,000)to 16 (More
than $75,000). Income at W8 (simultaneous with cortisol measurement) was self-reported on
a scale in $5,000 increments, ranging from “less than $5,000” to “more than $200,000”. The
mean of the selected income category was used to examine family income in dollar units.
Participant age at W8 was also self-reported.

2.4. Perceived racial discrimination (PRD)

Current PRD was assessed by youth self-report in Waves 3-7, using a variety of questions
reflecting the extent to which individuals perceived unfair treatment due to race. Questions
for W3 through W6 were designed by our team and have been used in prior publications
(Wong et al., 2003). At W7, in addition to 4 questions designed by our team, 14 questions
modified slightly from the Daily Life Experiences (Racial Hassles) scale of the Racism and
Life Experience Scales (RaLES) were used (Harrell et al., 1997; Utsey, 1998). Questions
varied over time to take into account the changing developmental stages and social contexts
present at each wave. Various types of PRD were assessed, including interpersonal
discrimination within the school setting (e.g., How often have you felt that teachers/
counselors discourage you from taking certain classes because of your race?), racism-related
daily hassles (e.g., how often do you feel that kids do not want to hang out with you because
of your race?) and microaggressions (e.g., Because of your race, how often have other
reacted to you as if they were afraid or intimidated?). See Appendix A of Supplementary
information for the full set of PRD questions, and means and comparisons for each item by
race/ethnicity.

PRD items were standardized and averaged within each wave, and then averaged together
across waves to create three different standardized PRD history measures. First, a
cumulative PRD history measure was created (W3 through W7; a = 0.92 across all included
items). Next, an adolescent PRD measure was created by averaging the scales assessed at
W3 and W4 (a = 0.87). Finally, a young adult PRD measure was created by averaging the
scales assessed at W5-W?7 (a = 0.94). Individuals with missing items in a given wave had
the item replaced with the individual's average for that wave; the proportion of missing data
replaced per wave ranged from 0 to 2% of items, given 98-100% item completion rates for
waves in which individuals were present. For individuals with missing waves of data the
mean of their available waves was utilized. The majority (74%) of the sample had least 4 out
of 5 waves of data present: 52% had all 5 waves of data, 22% had 4 waves of data, 21% had
3 waves of data, and 7% had 2 waves of data. Adolescent and young adult PRD were only
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moderately correlated with one another (r = 0.42, p = 0.000), suggesting that they are
related, but sufficiently distinct that they could make unique contributions to the prediction
of adult cortisol.

2.5. Salivary cortisol

Saliva samples were gathered three times daily each day for one week: at waking, 30 min
after waking, and at bedtime (Adam and Kumari, 2009). The passive drool technique was
used, in which participants expelled unstimulated saliva through a small plastic straw into a
2 mL polypropylene vial. During a reminder call the evening prior to data collection,
participants were instructed to place sampling materials by their bed and to take their first
sample as soon as possible after opening their eyes. A kitchen timer preset to 30 min was
provided to aid in the timing of the 2nd sample. Participants were instructed not to eat,
drink, or brush their teeth during the 30 min prior to the sample collection times, and to
record their exact times of collection on labels provided for each vial. They were asked to
store samples in their refrigerators after collection, and to return samples to us by regular
postal mail. Cortisol samples are stable in saliva at room temperature for several days and
are not affected by a regular postal journey (Clements and Parker, 1998). Samples were
stored at —20 °C, then shipped on dry ice to Trier, Germany, and were assayed in duplicate
using time-resolved fluorescent-detection immunoassay (DELFIA; Dressendorfer et al.,
1992). Intra-assay variation ranged from 4.0% to 6.7%, while inter-assay variation ranged
from 7.1% to 9.0%. Cortisol values are reported in pg/dl units. Log-transformed cortisol
values were used in analysis; descriptive statistics and figures are presented in raw units
(ng/dl) for ease of interpretation. Objective monitoring of compliance was not available in
this study. However, due to the importance of accurate sample timing for estimation of the
CAR (Kudielka et al., 2003), 30-min post-awakening samples that were reported to be taken
more than 10 min early or 10 min late were eliminated from analysis.

2.6. Health covariates

Health covariates known to affect concurrent cortisol levels were measured by questionnaire
at W8, including time of waking on the days of cortisol testing, birth control use and
smoking status. Depressive symptoms were also measured multiple times from Wave 3
through W7, using items from the Children's Depression Inventory (Kovacs, 1992). The
number of items assessed at each Wave ranged from 6 to 26 items (alphas ranged from 0.82
to 0.87). Items were averaged and standardized within each wave, and then averaged
together across waves to create measures of cumulative (Waves 3-7), adolescent (Waves 3
and 4), and young adult (waves 5-7) depressive symptoms.

2.7. Contextual variables

To better describe the contexts in which participants live and discrimination experiences
were encountered, we assessed several aspects of social, school and neighborhood contexts
at W3 and W4. Participants reported the proportions of their friends that were Black and
White at W3. Parents reported the perceived quality of the schools in their neighborhood and
the perceived safety of their neighborhood (W3). Census data was obtained at W3 regarding
the percent of black households in participants' neighborhoods (W3). The percent of
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students in participants' schools who were Black was obtained from school administrative
data at WA4. See Table 1 for means by race/ethnicity.

2.8. Analysis

A 3-level multilevel model was run in HLM 7 in order to model each individual's diurnal
cortisol levels across the day and to predict individual differences in the diurnal cortisol
rhythm. This approach, which has been utilized and recommended in past diurnal cortisol
research (Hruschka et al., 2005; Adam, 2006), models the non-independence associated with
the nested data structure (Raudenbush and Bryk, 2002) and has the ability to model the
diurnal rhythm of cortisol while adding in moment-level (Level 1), day-level (Level 2), and
person-level (Level 3) predictors. The general decline of cortisol levels across the day was
modeled by regressing time of day of sampling (calculated as time since waking and entered
at Level (1) on each individual's cortisol level (the dependent variable). A slowing of the
decline was modeled by including quadratic time term (time since waking squared, entered
at Level 1). Time was centered as hours since waking (e.g., waking time = 0), so that the
intercept reflected the cortisol level at waking. To model the size of the CAR, a dummy
variable was added at Level 1 (sample 2 = 1, all other samples = 0). At Level 2, time of
waking and length of sleep for each individual, each day, were entered as day-level
covariates. At Level 3, we entered PRD variables, race (0 = White, 1 = Black), SES
variables, interactions between race and PRD, gender and PRD, and SES and PRD, and
person-level control variables (e.g., gender, age, oral contraceptive use, average time of
waking).

The race and gender dummy variables and the time variables were centered at their own zero
points. Day-level variables were group-mean centered, and person-level variables were
grand-mean centered. Analyses proceeded in the following order. First, we examined
descriptive information on how our cortisol variables and covariates vary by race. Next, we
analyzed how race, PRD, and our set of race, gender, and SES by PRD interactions related
to morning cortisol (the intercept), the CAR, and the diurnal cortisol slope, controlling for
our set of covariates. Covariates were only retained in the model if they showed significant
associations with at least one of the cortisol outcomes, and interactions were retained only
for cortisol outcomes for which they were significant.

In addition to focusing on waking levels, the size of the CAR, and slope, we calculated an
area under the curve from the available data points each day in order to model the average
elevation of the diurnal cortisol curve across the day (average or total cortisol levels). We
then conducted a 2-level HLM model predicting total cortisol (AUC) from the cumulative,
adolescent, and young adult PRD measures and covariates, from race, from race, gender and
SES by PRD interactions, and our set of covariates.

Analyses are conducted first for average/cumulative PRD, followed by models with
adolescent and young adult PRD serving as the predictors. Finally, to examine whether
histories of PRD account for racial/ethnic disparities in cortisol rhythms, we compared the
effects of race on cortisol diurnal rhythms in models without PRD variables, to the effects of
race on cortisol diurnal rhythms in models including the PRD variables.
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3. Results

3.1. Descriptive information

Descriptive information on levels of cortisol, PRD, covariates, and contextual variables for
the full sample and for Black and White participants are presented in Table 1. Independent
sample t-tests revealed that Blacks had marginally lower waking cortisol (0.236 vs. 0.274
ug/dL) and significantly higher bedtime cortisol (0.085 vs. 0.050 pg/dL) than Whites. Racial
differences were also apparent for time of waking; Black participants reported later waking
times than White participants. Racial differences were observed in all of the PRD variables,
and particularly in young adult PRD; Black participants reported 0.85 standard deviations
(SDs) higher levels of cumulative PRD, 0.39 SD higher PRD in adolescence, and 1.00 SD
higher levels of young adult PRD than White participants.

For the covariates, Blacks and Whites did not differ in levels of depression in adolescence or
young adulthood, nor did they differ on smoking or birth control use. There were significant
differences between Blacks and Whites on the demographic and contextual variables.
Whites had significantly higher family income than Blacks at W1. These income differences
were no longer present at Wave 8. Blacks came from families with significantly lower
parent education at W1. Blacks reported significantly more friends that were Black and
fewer friends that were White, and Whites reported significantly more friends that were
White and fewer that were Black. There were non-significant trends for Blacks to report
higher school quality and lower neighborhood safety than Whites. Blacks, as compared to
Whites, lived in neighborhoods with a higher proportion of Black households (60% for
Blacks vs. 21% for Whites), and in schools with a higher proportion of Black students (77%
for Blacks vs. 56% for Whites). Thus, although racial/ethnic segregation in friendships,
neighborhood and school contexts is apparent, there is still evidence of opportunity for
interracial encounters between Blacks and Whites.

3.2. Preliminary analyses

Preliminary analyses revealed that the social, school and neighborhood context variables had
limited effects on the cortisol outcomes, and associations between PRD and cortisol were
not altered notably by their inclusion in the models. As a result, these variables are not
considered further in our analyses. However, key demographic variables such as gender,
family income at W1 and W8 and parent education at W1 were included. We tested
interactions between gender and PRD in predicting cortisol; no significant effects were
found. As a result, only main effects of gender are retained as covariates. Several non-
significant covariates were removed from the model (i.e., hours of sleep, age, and oral
contraceptive use). The remaining covariates (i.e., gender, W1 and W8 income, and both
day-level and average wake times) were significant in at least one model and therefore
retained in all HLM models. Depressive symptoms were included in the final models to
demonstrate that associations between PRD and cortisol were not explained by the
potentially confounding impact of depressive symptoms on PRD reporting and cortisol.
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3.3. Covariates effects

There were relatively few significant effects of demographic and health covariates (see
Table 2 for wake, CAR and slope results; AUC results are reported in text). Females had 2%
flatter diurnal cortisol slopes than males (p = 0.030). They also had a significantly larger
CAR. Day-specific waketimes predicted a smaller CAR (p < 0.001); CARs decreased by
10% for every hour later waketime. AUC cortisol was lower on days that individuals woke
up later (b =-3.54, SE = 0.21, p< 0.001). Later average waketimes across the 7 days
predicted flatter slopes; 1% flatter per hour later average waking. Finally, there was trend for
higher baseline family income to predict lower AUC cortisol (b =-0.09, SE =0.05, p=
0.099).

3.4. Race, cumulative discrimination and cortisol

Our key models examined race, cumulative PRD, and their interactions in predicting diurnal
cortisol rhythms. Interactions between PRD and income and parent education are also
examined.

3.4.1. Waking cortisol—As seen in Table 2, waking cortisol levels for Whites were on
average 0.23 pg/dl. Blacks had, on average, 16% lower waking cortisol than Whites. There
were no significant effects of cumulative PRD on waking cortisol for Whites. A significant
race by cumulative PRD interaction revealed that for Blacks, waking cortisol decreased 17%
for every 1 SD higher cumulative PRD from adolescence through young adulthood. There
was also a significant PRD by parent education interaction, with cumulative PRD predicting
a 10% greater drop in waking cortisol for each SD higher parent education.

3.4.2. Cortisol awakening response—There was a significant CAR present for both
males and females; males' cortisol levels increased 54% from waking to 30 min after waking
and females' cortisol levels increased 71%. There were no main effects of race on the CAR.
There was however a significant effect of cumulative PRD on the CAR, with the CAR being
18% lower for every SD increase in cumulative PRD. There was also a significant income
by cumulative PRD interaction: effects of PRD on the CAR were lessened by higher family
income at W1, with the impact of cumulative PRD on the CAR being 4% less for every
$10,000 increase in family income.

3.4.3. Diurnal cortisol slope—There was, as expected, a significant decline in cortisol
levels across the day, with cortisol levels declining 26% per hour (at waking), and that
decline decelerating (due to a significant quadratic term) 1% per hour starting at waking.
There was a significant effect of cumulative PRD on diurnal cortisol slope, with cortisol
slopes declining 1% per hour more slowly (being 1% flatter) for every SD increase in
cumulative PRD from adolescence through young adulthood for both Blacks and Whites.
The interaction between race and cumulative PRD was not significant in predicting diurnal
cortisol slopes (b =0.012, SE = 0.008, p = 0.149), but there was a significant PRD by parent
education interaction, with the impact of PRD on cortisol slopes being 1% greater (1%
flatter) for every SD increase in parent education.
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3.4.4. Average cortisol across the day (AUC)—There were no significant differences
between Blacks and Whites in average cortisol levels across the day (b =2.37, SE = 2.02, p
=0.24), nor was there a significant effect of cumulative PRD on AUC cortisol (b = 1.22, SE
=2.69, p = 0.65) or a race by cumulative PRD interaction (b = - 2.70, SE = 2.13, p=0.21).

3.5. Developmental timing of discrimination effects

In order to consider whether the developmental timing of PRD exposure mattered, we
examined whether adolescent PRD (W3 & W4) and young adult (W5-W7) PRD, as well as
their interactions with race, income and parent education, were associated with diurnal
cortisol rhythms (Table 3). Results for covariates are not described again as they were very
similar to those in the cumulative PRD model.

3.5.1. Waking cortisol—When adolescent PRD and young adult PRD were entered
separately in the model predicting waking cortisol, there were no main effects of PRD, but
there were significant interactions with race. Adolescent PRD predicted lower waking
cortisol levels for Blacks (b = -0.15, SE = 0.056, p = 0.01). There was a trend for young
adult PRD to also predict lower waking cortisol (b = —0.15, SE = 0.079, p = 0.06).

When adolescent and young adult PRD were entered simultaneously to examine their unique
effects (Table 3), adolescent PRD continued to predict lower morning cortisol for Blacks (b
=-0.13, SE = 0.060, p = 0.04). Morning cortisol levels were 12% lower for every SD
increase in adolescent PRD for Black participants. There were no significant unique effects
of young adult PRD on waking cortisol. There was, however, a significant parent education
by adolescent PRD interaction, with adolescent PRD being associated with a larger decline
in waking cortisol at higher levels of parental education.

3.5.2. Cortisol awakening response—When adolescent and young adult PRD were
entered separately, there was a trend for higher adolescent PRD to predict a lower cortisol
awakening response (b = -0.15, SE = 0.079, p = 0.054), with no significant race by
adolescent PRD interaction (b = —0.05, SE = 0.06, p = 0.43). Higher young adult PRD
predicted a significantly greater CAR(b = —0.23, SE = 0.08, p = 0.003), however there was
also significant race by PRD interaction (b = 0.152, SE = 0.06, p = 0.016), with Whites with
higher young adult PRD having a lower CAR, but Blacks with high young adult PRD
having a significantly larger CAR.

When both adolescent and young adult PRD were entered simultaneously in the model
(Table 3), there was a trend for young adult PRD to be associated with a lower CAR for
Whites (b=-0.171, SE = 0.09, p = 0.062), and a significant Black by young adult PRD
interaction (b = .174, SE = .07, p = .009), with Blacks showing a 19% larger CAR for every
SD increase in PRD (see Table 3). There was a trend for higher income to be associated with
greater increases in the CAR per unit of young adult PRD (b = .002, SE =.001, p =.088).

3.5.3. Diurnal cortisol slope—When entered separately, both adolescent and young
adult PRD showed significant main effects on diurnal cortisol slopes (PRD, b = .010, SE =.
004, p=.011 and b =.010, SE = .005, p = .043, respectively), with higher PRD during both
age periods predicting flatter diurnal cortisol slopes. When entered simultaneously (Table 3),
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there was a significant effect of adolescent PRD on flatter slopes (b =.008, SE =.003,p=.
017), however young adult PRD was no longer significant (b =.007, SE = .005, p =.131).
There were no significant race by PRD interactions for either adolescent or young adult
PRD (b =0.008, SE = 0.007, p=.259; b =.004, SE = .10, p = .663).

3.5.4. Average cortisol across the day (AUC)—When adolescent and young adult
PRD were entered in the model separately, adolescent PRD was associated with lower
average cortisol across the day for Blacks (b =-3.71, SE = 1.55, p = .019), but not for
Whites (b =.72, SE = 2.29, p=.75). Young adult PRD (b = .73, SE = 2.92, p = .802) and its
interaction with race (b = -.94, SE = 2.28, p = .681) were not significant predictors of AUC
cortisol.

When adolescent and young adult PRD were entered simultaneously, there was again a
significant race by adolescent PRD interaction, with adolescent PRD (b = -4.12, SE = 1.64,
p = .014), but not young adult PRD (b =.992, SE = 2.29, p = .667) predicting lower average
cortisol levels for Blacks. The lower AUC for Blacks with high adolescent PRD is depicted
in Fig. 1; the non-significant association between young adult PRD and AUC cortisol is seen
in Fig. 2.

3.6. Does discrimination account for racial/ethnic disparities in diurnal cortisol rhythms?

In a reduced model examining associations between race and cortisol diurnal rhythms
without any discrimination variables, strong effects of race were evident for waking cortisol
and the diurnal cortisol slope, but not the CAR or AUC. Specifically, Black respondents'
waking cortisol levels were 25% lower (b = -.285, SE = .09, p = .002) and their diurnal
cortisol slopes were 3% flatter per hour compared to White participants (b = .026, SE =.
010, p =.009). In models that included cumulative PRD, the size of these effects were
reduced slightly, to Blacks having 16% lower waking cortisol levels (b = -.173, SE = .08, p
=.033) and 1.5% flatter slopes, with the main effect of race on cortisol slope no longer
being significant (b =.019, SE = .069, p = .785). Slightly stronger reductions in effect size
were found for the model that included adolescent and young adult PRD, with the
association between race and morning cortisol being reduced to a trend level, and
associations between race and diurnal cortisol slope no longer being significant (see Table
3).

4. Discussion

Our results suggest that greater developmental histories of PRD are related to a pattern of
flatter diurnal cortisol slopes, lower waking cortisol levels, and lower average cortisol across
the waking day. The pattern of flatter slopes with high PRD was present for both Blacks and
Whites, whereas the lowering of waking and average cortisol levels was specific to Blacks
reporting high PRD. These results are in accord with past studies that have found higher
PRD to be associated with flatter diurnal cortisol slopes (Suglia et al., 2010; Skinner et al.,
2011 Zeiders et al., 2014) and lower average cortisol (Kaholokula et al., 2012). They
contrast somewhat with one study that found flatter diurnal cortisol slopes for Whites but
steeper slopes for Blacks (Fuller-Rowell et al., 2012b). Overall, the bulk of the evidence,
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including the current study, suggests a pattern of flatter diurnal cortisol slopes and lower
average cortisol with higher PRD.

A pattern of lower average cortisol across the day is an indicator of hypcortisolism—a
pattern of low and less dynamic cortisol levels that is thought to result from past chronic
stress or traumatic stress, and is associated with negative health outcomes (Heim et al.,
2000; Fries et al., 2005). It has been suggested that patterns of low or attenuated cortisol
levels may emerge over time after a period of over-activation of the HPA axis due to
extreme or chronic stress experiences (Miller et al., 2007). Susman et al. have referred to
this as the attenuation hypothesis (Susman, 2006; Trickett et al., 2010).

Most of the tendency towards hypocortisolism appears to be driven by experiences of
discrimination occurring during adolescence, more so than young adulthood. When entered
simultaneously with young adult PRD levels, only adolescent PRD significantly predicted
lower waking cortisol, a flatter diurnal cortisol slope and lower AUC cortisol. Adolescence
is a developmental period in which the ability to perceive and understand experiences of
discrimination increases (Brown & Bigler, 2005; Eccles et al., 2006; Wong et al., 2003;
Umana-Taylor et al., 2014). For Black adolescents, this developing awareness of both
current and historical racial discrimination could make experiences of discrimination during
adolescence particularly impactful. In addition, the protective mechanisms (such as
socialization of a strong/racial ethnic identity) that have been shown to buffer youth from
the negative impact of discrimination are likely to be less well established in adolescence
(Boykin and Toms, 1985; Coard and Sellers, 2005; Eccles et al., 2006; Neblett et al., 2012).
Rapid changes in social, emational, identity and biological processes are also occurring
during the adolescent time period. Consistent with the notion of adolescence as a sensitive
period (Halfon and Hochstein, 2002), racial discrimination experiences during adolescence
may become embedded in developing identities, emotion and coping processes, and
neurobiology of racial/ethnic minority youth. Finally, given that the discrimination questions
used in the current study changed with development, it is possible that the questions asked
during adolescence captured more physiologically activating types of discrimination
experiences.

Results for the cortisol awakening response were complicated, and were the exception to the
rule of greater impacts of adolescent as compared to young adult PRD. Higher cumulative
discrimination predicted a lower CAR, on average. When adolescent and young adult PRD
were examined, however, PRD experiences in young adulthood were stronger predictors of
the CAR than adolescent PRD. In addition, the direction of effect was opposite for Blacks
and Whites. For Whites, higher young adult PRD marginally predicted a lower CAR,
whereas for Blacks, higher young adult PRD predicted a significantly larger CAR. The CAR
is hypothesized to increase in response to anticipated daily challenges, and to serve as a
preparatory response for coping with the demands of the day (Adam et al., 2006; Fries et al.,
2009). Perhaps Blacks who are reporting PRD experiences in young adulthood are actively
mobilizing to cope with the anticipated discriminatory experiences.

Do the observed HPA axis changes found to be associated with PRD matter for health or
developmental wellbeing? Both an overall lowering of cortisol and a flattening of the diurnal
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slope have been found to have important health implications. Flatter diurnal cortisol slopes
have been linked to a wide range of negative health outcomes, including increased risk for
cardiovascular disease, metabolic disorders, and mortality (Sephton et al., 2000; Steptoe et
al., 2004; Kumari et al., 2009). An overall lowering of the diurnal cortisol curve
(hypocortisolemic pattern) has further been linked with fibromyalgia, higher fatigue and
chronic fatigue syndrome, autoimmune disorders, and PTSD (Crofford et al., 1994; Yehuda
et al., 1996; Heim et al., 2000; Fries et al., 2005). The higher CAR found among Blacks with
high young adult PRD may also have mental health relevance. Past evidence has linked an
elevated CAR to the onset of depression and anxiety disorders in adolescents and young
adults (Adam et al., 2010, 2014; Vrshek-Schallhorn et al., 2013).

There are numerous strengths to the current study, the largest of which is our use of 20 years
of prospective longitudinal data to measure histories of discrimination. We also collected 7
days of cortisol data to measure diurnal cortisol rhythms, and employed sophisticated
analytic techniques controlling for multiple demographic and health covariates, including
both baseline and follow-up socioeconomic characteristics. In line with recent models that
emphasize the cumulative impact of multiple stressors, including both socioeconomic, and
race-related stressors (Myers, 2009; Brondolo, 2015), we also tested interactions between
PRD and socioeconomic variables.

Our covariate effects were consistent with prior research showing that waketimes have a
strong impact on cortisol rhythms, with later waking predicting a smaller CAR and AUC
and flatter slope (Federenko et al., 2004; Zeiders et al., 2012). We also replicated prior
research showing a slightly larger CAR for females as compared to males (Fries et al.,
2009). More novel are findings of females having flatter slopes; this latter finding should be
replicated in future research.

Our PRD-cortisol findings were not accounted for histories of depression occurring at the
same time as the PRD measurement, despite prior research showing associations between
depression and diurnal cortisol (Doane et al., 2013). We did not, however, assess
developmental histories of trauma and PTSD symptoms. Given that individuals with PTSD
show a pattern of hypocortisolism similar to that seen in the current study (Rohleder et al.,
2004; Wessa et al., 2006), the possible role of PTSD symptoms in explaining associations
between PRD and cortisol diurnal rhythms should be assessed in future research.

Our findings for socioeconomic variables were mixed. Higher parent education was
associated with a greater lower of waking cortisol with higher cumulative and adolescent
PRD, and a stronger flattening of the diurnal cortisol slope with higher cumulative PRD.
The findings for education suggest that, if anything, there may be greater impacts of PRD on
cortisol at higher levels of education. One possibility is that individuals with higher
education live and work in contexts in which they are exposed to greater PRD, particularly
microaggressions. For income, there was a trend for higher baseline family income to
predict lower AUC cortisol. Higher baseline income was also associated with a significant
reduction in the effect of cumulative PRD on a lower CAR. Thus, there is some sign of
income conferring some protection against the impact of PRD on cortisol. However, these
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findings should be replicated, and additional research should explore differences in the
amount, type, and impact of PRD encountered at different levels of income and education.

There are a number of limitations to the current study. First, although we included 20 years
of prospective longitudinal data in perceived discrimination, only one wave of cortisol was
available in adulthood. Thus, we were unable to control for individuals' prior diurnal cortisol
patterns. As a result, we were unable to assess changes in cortisol over time. Second, we did
not have information on even earlier PRD experiences — those occurring during early
childhood or the prenatal period (maternal PRD exposure). These earlier PRD exposures
may influence children's developing HPA axes (Thayer and Kuzawa, 2015), and should be
considered in future research. However, it is worth noting that the one study that has
examined PRD and cortisol in preadolescence did not find associations (Martin et al., 2012).
An increasing awareness of PRD during the adolescent period, paired with greater emotional
and biological reactivity (Stroud et al., 2009) may help potentiate larger effects of PRD
during the adolescent time period. Third, our sample is non-representative and
geographically constrained; as such, it is not clear whether results will generalize to other
geographic areas or populations. Fourth, although we examined some contextual factors that
may interact with PRD exposures to affect outcomes (Myers, 2009; Brondolo, 2015), future
research should examine additional contextual factors such as non-racial stressors from
employment and family domains. Fifth, there were limitations to our cortisol measurement.
We did not use objective measures of compliance with the requested timing of cortisol
samples, and our cortisol measurement involved a fairly minimal protocol, in terms of
number of samples per day. However, similar protocols have been widely used in past
research (Adam et al., 2006; Adam and Kumari, 2009) and our measurement of cortisol over
a full 7 days helps to increase the reliability of the cortisol measures (Hellhammer et al.,
2007).

Sixth, our measures of discrimination were for the most part, designed for our study,
although a standardized measure was introduced in more recent assessments. Missing from
our measure were questions on targeting of and discrimination against Black youth by
police, which could be a major source of stress. Also, although our PRD measures contained
a mixture of items that assess overt and more subtle discrimination, they were not
systematically designed to assess subtypes of discrimination. Future research should more
systematically assess, and clearly differentiate between subtypes of PRD experiences, and
should also examine how multiple subtypes of PRD might interact to affect outcomes.
Nonetheless, the fact that our incomplete measure of discrimination still showed significant
effects suggests that the impacts of discrimination on cortisol are notable; even larger effects
might have been found with a more comprehensive measure.

Finally, absent from the current analysis is a detailed examination protective factors that
may buffer youth, and particularly minority youth, from the negative impact of race-based
social stress. These may include race-based protective factors, such as strong racial
socialization and a strong racial—ethnic identity, as well as more general protective factors
such as strong social support (Neblett et al., 2008, 2012; Brondolo et al., 2009). An
important next step in research will be to identify resilience-promoting factors that may
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prevent or lessen the impact of PRD on stress, stress biology, and stress-related health and
behavioral outcomes.

Despite these limitations, this study is groundbreaking in that it is the first prospective study
to examine developmental histories of PRD (over a 20 year period) in relation to cortisol
profiles in adulthood. Past studies examining the effects of PRD on cortisol have focused on
concurrent experiences of discrimination, thus missing the effects of a potential
accumulation of race-related stress over time on cortisol levels, and being unable to test the
effects of particular developmental timings of PRD exposure. We found that high
cumulative PRD significantly predicted flatter diurnal cortisol slopes relative to those with
lower PRD. Our PRD measures accounted for much of the Black—White difference in the
slope of diurnal cortisol rhythm that was present prior to entering the PRD variables in the
model, suggesting that cumulative histories of discrimination maybe an important factor
accounting for racial/ethnic differences in cortisol slopes found in other studies. We find that
PRD during both adolescence and young adulthood are associated with adult cortisol
functioning. Adolescent PRD had more pervasive effects, however, particularly for Blacks,
contributing to a hypocortisolemic pattern of lower average cortisol that has been associated
with numerous health risks. The extent to which PRD contributes to racial/ethnic disparities
in mental health, physical health, and academic attainment by way of altered HPA axis
functioning, remains to be established in future work.
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Acknowledgments

The first three waves of the study were funded by the MacArthur Network on Successful Adolescent Development
in High Risk Settings (Chair: R. Jessor). Waves 4, 5 were funded by NICHD Grant #R01HD33437 to JSE and
Arnold J. Sameroff. Wave 6 was funded by Spencer Foundation Grant MG #200000275 to Tabbye Chavous and
JSE. Waves 7, 8 were funded by NICHD Grant #R01HD048970 to JSE and SCP and the Wave 8 biomarker data
were funded by NIA Grant #RC2AG03678001 to JSE, SCP, EKA, JR, MK, and Wendy Berry Mendes. Support
was also provided by BCS-0843872 & BCS-0921728 to J.R., faculty fellowships from the Institute for Policy
Research at Northwestern University to E.KA and J.R., and F32HD076563-01 to K.E.

We also thank the following for their support of this project (alphabetically): Todd Bartko, Elaine Belansky,
Heather Bouchey, Nick Butler, Celina Chatman, Courtney Cogburn, Diane Early, Kari Fraser, Leslie Gutman,
Katie Jodl, Ariel Kalil, Linda Kuhn, Sarah Lord, Karen McCarthy, Alice Michael, Melanie Overby, Robert Roeser,
Sherri Steele, Erika Taylor, Janice Templeton, Cindy Winston, and Carol Wong.

The first 6 waves of data are archived at the Henry A. Murray Research Archive at Harvard University. <http://
www.murray.harvard.edu/contact-us/>.

Funding: The funding sources listed in the acknowledgements had no influence of study design, collection or
analysis or interpretation of the data; they did not influence the writing of the report or the decision to submit the
article for publication.

References

Adam EK. Transactions among adolescent trait and state emotion and diurnal and momentary cortisol
activity in naturalistic settings. Psychoneuroendocrinology. 2006; 31:664-679. [PubMed:
16584847]

Psychoneuroendocrinology. Author manuscript; available in PMC 2016 December 01.


http://www.murray.harvard.edu/contact-us/
http://www.murray.harvard.edu/contact-us/

1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Adam et al. Page 18

Adam, EK. Emotion-cortisol transactions occur over multiple time scales in development: implications
for research on emotion and the development of emotional disorders. In: Dennis, TA.; Buss, KA;
Hastings, PD., editors. Physiological Measures of Emotion from a Developmental Perspective: State
of the Science. Vol. 77. Monogr Soc Re in Child; 2012. p. 17-27.

Adam EK, Chyu L, Hoyt LT, Doane LD, Boisjoly J, Duncan GJ, Chase-Lansdale PL, McDade TW.
Adverse adolescent relationship histories and young adult health: cumulative effects of loneliness,
low parental support, relationship instability, intimate partner violence, and loss. J Adolesc Health.
2011; 49:278-286. [PubMed: 21856520]

Adam EK, Doane LD, Zinbarg RE, Mineka S, Craske MG, Griffith JW. Prospective prediction of
major depressive disorder from cortisol awakening responses in adolescence.
Psychoneuroendocrinology. 2010; 35:921-931. [PubMed: 20079576]

Adam EK, Hawkley LC, Kudielka BM, Cacioppo JT. Day-to-day dynamics of experience-cortisol
associations in a population-based sample of older adults. Proc Natl Acad Sci U S A. 2006;
103:17058-17063. [PubMed: 17075058]

Adam EK, Kumari M. Assessing salivary cortisol in large-scale, epidemiological research.
Psychoneuroendocrinology. 2009; 34:1423-1436. [PubMed: 19647372]

Adam EK, Vrshek-Schallhorn S, Kendall ASM, Zinbarg RE, Craske MG. Prospective associations
between the cortisol awakening response and first onsets of anxiety disorders over a six-year
follow-up—2013 Curt Richter Award winner. Psychoneuroendocrinology. 2013; 44:47-59.
[PubMed: 24767619]

Bower JE, Ganz PA, Dickerson SS, Peterson L, Aziz N, Fahey JL. Diurnal cortisol rhythm and fatigue
in breast cancer survivors. Psychoneuroendocrinology. 2005; 30:92-100. [PubMed: 15358446]

Boykin, AW.; Toms, FD. Black child socialization: a conceptual framework. In: McAdoo, HP;
McAdoo, JL., editors. Black Children: Social, Educational and Parental Environments. Sage Focus
ed. Sage; Beverly Hills, CA: 1985. p. 33-51.

Branscombe NR, Schmitt MT, Harvey RD. Perceiving pervasive discrimination among African
Americans: implications for group identification and well-being. J Pers Soc Psychol. 1999;
77:135.

Brodish AB, Cogburn CD, Fuller-Rowell TE, Peck SC, Malanchuk O, Eccles JS. Perceived racial
discrimination as a predictor of health behaviors: the moderating role of gender. Race Soc Probl.
2011; 3:160-169. [PubMed: 22844386]

Brondolo E. Racial and ethnic disparities in health: examining the contexts that shape resilience and
risk. Psychosom Med. 2015; 77:2-5. [PubMed: 25551202]

Brondolo E, Ver Halen NB, Pencille M, Beatty D, Contrada RJ. Coping with racism: a selective
review of the literature and a theoretical and methodological critique. J Behav Med. 2009; 32:64—
88. [PubMed: 19127420]

Brown CS, Bigler RS. Children's perceptions of discrimination: a developmental model. Child Dev.
2005; 76:533-553. [PubMed: 15892777]

Chambers RA, Taylor JR, Potenza MN. Developmental neurocircuitry of motivation in adolescence: a
critical period of addiction vulnerability. Am J Psychiatr. 2003; 160:1041-1052. [PubMed:
12777258]

Chida Y, Steptoe A. Cortisol awakening response and psychosocial factors: a systematic review and
meta-analysis. Biol Psychol. 2009; 80:265-278. [PubMed: 19022335]

Clements AD, Parker CR. The relationship between salivary cortisol concentrations in frozen versus
mailed samples. Psychoneuroendocrinology. 1998; 23:613-616. [PubMed: 9802131]

Coard, Sl.; Sellers, RM. African american families as a context for racial socialization. In: McLoyd,
NE.; Hill, NE.; Dodge, KA., editors. African American Family Life: Ecological and Cultural
Diversity, Duke Series in Child Development and Social Policy. Guilford; New York: 2005. p.
264-284.

Cohen S, Schwartz JE, Epel E, Kirschbaum C, Sidney S, Seeman T. Socioeconomic status, race and
diurnal cortisol decline in the coronary artery risk development in young adults (CARDIA) study.
Psychosom Med. 2006; 68:41-50. [PubMed: 16449410]

Psychoneuroendocrinology. Author manuscript; available in PMC 2016 December 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Adam et al. Page 19

Crofford LJ, Pillemer SR, Kalogeras KT, Cash JM, Michelson D, Kling MA, Sternberg EM, Gold PM,
Wilder RL. Hypothalamic-pituitary-adrenal axis perturbations in patients with fibromyalgia.
Arthritis Rheumatol. 1994; 37:1583-1592.

Dahl RE. Adolescent brain development: a period of vulnerabilities and opportunities. Ann N Y Acad
Sci. 2004; 1021:1-22. [PubMed: 15251869]

DeSantis AS, Adam EK, Doane LD, Mineka S, Zinbarg RE, Craske MG. Racial/ethnic differences in
cortisol diurnal rhythms in a community sample of adolescents. J Adolesc Health. 2007; 41:3-13.
[PubMed: 17577528]

DeSantis AS, Adam EK, Hawkley LC, Kudielka BM, Cacioppo JT. Racial and ethnic differences in
diurnal cortisol rhythms: are they consistent over time? Psychosom Med. 2015; 77:6-15.
[PubMed: 25548989]

Dickerson SS, Kemeny ME. Acute stressors and cortisol responses: a theoretical integration and
synthesis of laboratory research. Psychol Bull. 2004; 130:355-391. [PubMed: 15122924]

Doane LD, Mineka S, Zinbarg RE, Craske M, Griffith JW, Adam EK. Are flatter diurnal cortisol
rhythms associated with major depression and anxiety disorders in late adolescence? The role of
life stress and daily negative emotion. Dev Psychopathol. 2013; 25:629-642. [PubMed: 23880381]

Dressendorfer R, Kirschbaum C, Rohde W, Stahl F, Strasburger C. Synthesis of a cortisol-biotin
conjugate and evaluation as a tracer in an immunoassay for salivary cortisol measurement. J
Steriod Biochem. 1992; 43:683-692.

Eccles JS, Early D, Fraser K, Belansky E, McCarthy K. The relation of connection, regulation, and
support for autonomy to adolescents' functioning. J Adolesc Res. 1997; 12:263-286.

Eccles JS, Wong CA, Peck SC. Ethnicity as a social context for the development of African—American
adolescents. J Sch Psychol. 2006; 44:407-426.

Feagin, JR.; Vera, H.; Batur, P. White Racism: The Basics. Psychology Press; 2001.

Federenko I, Wust S, Hellhammer DH, Dechoux R, Kumsta R, Kirschbaum C. Free cortisol
awakening responses are influenced by awakening time. Psychoneuroendocrinology. 2004;
29:174-184. [PubMed: 14604599]

Fishbein, HD. Peer Prejudice and Discrimination: Evolutionary, Cultural, and Developmental
Dynamics. Westview Press; 1996.

French SE, Seidman E, Allen L, Aber JL. The development of ethnic identity during adolescence. Dev
Psychol. 2006; 42:1-10. [PubMed: 16420114]

Fries E, Dettenborn L, Kirschbaum C. The cortisol awakening response (CAR): facts and future
directions. Int J Psychophysiol. 2009; 72:67-73. [PubMed: 18854200]

Fries E, Hesse J, Hellhammer J, Hellhammer DH. A new view on hypocortisolism.
Psychoneuroendocrinology. 2005; 30:1010-1016. [PubMed: 15950390]

Fuller-Rowell TE, Cogburn CD, Brodish AB, Peck SC, Malanchuk O, Eccles JS. Racial discrimination
and substance use: longitudinal associations and identity moderators. J Behav Med. 20123;
35:581-590. [PubMed: 22113318]

Fuller-Rowell TE, Doan SN, Eccles JS. Differential effects of perceived discrimination on the diurnal
cortisol rhythm of African Americans and Whites. Psychoneuroendocrinology. 2012b; 37:107—
118. [PubMed: 21689889]

Halfon N, Hochstein M. Life course health development: an integrated framework for developing
health, policy, and research. Milbank Q. 2002; 80:433-479. [PubMed: 12233246]

Harrell SP. A multidimensional conceptualization of racism-related stress: implications for the well-
being of people of color. Am J Orthopsychiatr. 2000; 70:42-57.

Harrell, SP.; Merchant, MA.; Young, SA. Psychometric Properties of the Racism and Life Experiences
Scales (RaLES). American Psychological Association; Chicago, IL: 1997.

Heim C, Ehlert U, Helhammer D. The potential role of hypocortisolism in the pathophysiology of
stress-related bodily disorders. Psychoneuroendocrinology. 2000; 25:1-35. [PubMed: 10633533]

Hellhammer J, Fries E, Schweisthal OW, Schlotz W, Stone AA, Hagemann D. Several daily
measurements are necessary to reliably assess the cortisol rise after awakening: state- and trait
components. Psychoneuroendocrinolgy. 2007; 32:80-86.

Psychoneuroendocrinology. Author manuscript; available in PMC 2016 December 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Adam et al.

Page 20

Hertzman C. The biological embedding of early experience and its effects on health in adulthood. Ann
N Y Acad Sci. 1999; 896:85-95. [PubMed: 10681890]

Hruschka DJ, Kohrt BA, Worthman CM. Estimating between- and within-individual variation in
cortisol levels using multilevel models. Psychoneuroendocrinology. 2005; 30:698-714. [PubMed:
15854786]

Kaholokula JKA, Grandinetti A, Keller S, Nacapoy AH, Mau MK. Association between perceived
racism and physiological stress indices in Native Hawaiians. J Behav Med. 2012; 35:27-37.
[PubMed: 21360284]

Kessler RC, Mickelson KD, Williams DR. The prevalence, distribution, and mental health correlates
of perceived discrimination in the United States. J Health Soc Behav. 1999; 40:208-230.
[PubMed: 10513145]

Kovacs, M. Children's Depression Inventory: Manual. Multi-Health Systems; North Tonawanda, NY:
1992.

Kroger, J. Identity development during adolescence. In: Adams, GR.; Berzonsky, MD., editors.
Blackwell Handbook of Adolescence. Blackwell Publishing Ltd; Oxford, UK: 2006. p. 205-226.

Kudielka BM, Broderick JE, Kirschbaum C. Compliance with saliva sampling protocols: electronic
monitoring reveals invalid cortisol daytime profiles in noncompliant subjects. Psychosom Med.
2003; 65:313-319. [PubMed: 12652000]

Kumari M, Badrick E, Chandola T, Adam EK, Stafford M, Marmot MG, Kirschbaum C, Kivimaki M.
Cortisol secretion and fatigue: associations in a community based cohort.
Psychoneuroendocrinology. 2009; 34:1476-1485. [PubMed: 19497676]

Kumari M, Shipley M, Stafford M, Kivimaki M. Association of diurnal patterns in salivary cortisol
with all-cause and cardiovascular mortality: findings from the Whitehall 11 study. J Clin
Endocrinol Metab. 2011; 96:1478-1485. [PubMed: 21346074]

Kuzawa CW, Sweet E. Epigenetics and the embodiment of race: developmental origins of US racial
disparities in cardiovascular health. Am J Hum Biol. 2009; 21:2-15. [PubMed: 18925573]

Major, B.; Kaiser, CR. Perceiving and claiming discrimination In: Handbook of Employment
Discrimination Research. Springer; 2008. p. 285-299.

Martin CG, Bruce J, Fisher PA. Racial and ethnic differences in diurnal cortisol rhythms in
preadolescents: the role of parental psychosocial risk and monitoring. Horm Behav. 2012; 61:661—
668. [PubMed: 22414445]

Matthews K, Schwartz J, Cohen S, Seeman T. Diurnal cortisol decline is related to coronary
calcification: CARDIA study. Psychosom Med. 2006; 68:657-661. [PubMed: 17012518]

Mensah GA, Mokdad AH, Ford ES, Greenlund KJ, Croft JB. State of disparities in cardiovascular
health in the United States. Circulation. 2005; 111:1233-1241. [PubMed: 15769763]

Meyers HF. Ethnicity- and socio-economic status-related stresses in context: an integrative review and
conceptual model. J Behav Med. 2009; 32:9-19. [PubMed: 18989769]

Miller GE, Chen E. The biological residue of childhood poverty. Child Dev Perspect. 2013; 7:67-73.
[PubMed: 24032051]

Miller GE, Chen E, Zhou ES. If it goes up, must it come down? Chronic stress and the hypothalamic-
pituitary-adrenocortical axis in humans. Psychol Bull. 2007; 133:25-45. [PubMed: 17201569]
Myers HF. Ethnicity- and socio-economic status-related stresses in context: an integrative review and

conceptual model. J Behav Med. 2009; 32:9-19. [PubMed: 18989769]

Neblett EW, Rivas-Drake D, Umana-Taylor AJ. The promise of racial and ethnic protective factors in
promoting ethnic minority youth development. Child Dev Perspect. 2012; 6:295-303.

Neblett EW, White RL, Ford KR, Philip CL, Nguyén HX, Sellers RM. Patterns of racial socialization
and psychological adjustment: can parental communications about race reduce the impact of racial
discrimination? J Res Adolesc. 2008; 18:477-515.

Nelson CA. Biological embedding of early life adversity. JAMA Pediatr. 2013; 167:1098-1100.
[PubMed: 24165859]

Pruessner JC, Wolf OT, Hellhammer DH, Buske-Kirschbaum A, von Auer K, Jobst S, Kaspers F,
Kirschbaum C. Free cortisol levels after awakening: a reliable biological marker forthe assessment
of adrenocortical activity. Life Sci. 1997; 61:2539-2549. [PubMed: 9416776]

Psychoneuroendocrinology. Author manuscript; available in PMC 2016 December 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Adam et al.

Page 21

Raudenbush, SW.; Bryk, A. Hierarchical Linear Models: Applications and Data Analysis Methods.
2nd. Sage; Thousand Oaks: 2002.

Rohleder N, Joksimovic L, Wolf JM, Kirschbaum C. Hypocortisolism and increased glucocorticoid
sensitivity of pro-inflammatory cytokine production in Bosnian war refugees with posttraumatic
stress disorder. Biol Psychiatr. 2004; 55:745-751.

Sephton SE, Sapolsky RM, Kraemer HC, Spiegel D. Diurnal cortisol rhythm as a predictor of breast
cancer survival. J Natl Cancer Inst. 2000; 92:994-1000. [PubMed: 10861311]

Shonkoff JP, Boyce WT, McEwen BS. Neuroscience, molecular biology, and the childhood roots of
health disparities: building a new framework for health promotion and disease prevention. JAMA.
2009; 301:2252-2259. [PubMed: 19491187]

Skinner ML, Shirtcliff EA, Haggerty KP, Coe CL, Catalano RF. Allostasis model facilitates
understanding race differences in the diurnal cortisol rhythm. Dev Psychopathol. 2011; 23:1167—
1186. [PubMed: 22018088]

Spear LP. The adolescent brain and age-related behavioral manifestations. Neurosci Biobehav Rev.
2000; 24:417-463. [PubMed: 10817843]

Steptoe A, Kunz-Ebrecht SR, Brydon L, Wardle J. Central adiposity and cortisol responses to waking
in middle-aged men and women. Int J Obes. 2004; 28:1168-1173.

Stroud LR, Foster E, Papandonatos GD, Handwerger K, Granger DA, Kivlighan KT, Niaura R. Stress
response and the adolescent transition: performance versus peer rejection stressors. Dev
Psychopathol. 2009; 21:47-68. [PubMed: 19144222]

Sue DW, Capodilupo CM, Torino GC, Bucceri JM, Holder A, Nadal KL, Esquilin M. Racial
microaggressions in everyday life: implications for clinical practice. Am Psychol. 2007; 62:271—
286. [PubMed: 17516773]

Suglia SF, Staudenmayer J, Cohen S, Enlow MB, Rich-Edwards JW, Wright RJ. Cumulative stress
and cortisol disruption among Black and Hispanic pregnant women in an urban cohort. Psychol
Trauma. 2010; 2:326. [PubMed: 21423846]

Susman EJ. Psychobiology of persistent antisocial behavior: stress, early vulnerabilities and the
attenuation hypothesis. Neurosci Biobehav Rev. 2006; 30:376-389. [PubMed: 16239030]

Tajfel H. Social psychology of intergroup relations. Ann Rev Psychol. 1982; 33:1-39.

Thayer ZM, Kuzawa CW. Ethnic discrimination predicts poor self-rated health and cortisol in
pregnancy: insights from New Zealand. Soc Sci Med. 2015; 128:36-42. [PubMed: 25589034]
Trickett PK, Noll JG, Susman EJ, Shenk CE, Putnam FW. Attenuation of cortisol across development

for victims of sexual abuse. Dev Psychopathol. 2010; 22:165-175. [PubMed: 20102654]

Umafia-Taylor AJ, Quintana SM, Lee RM, Cross WE, Rivas-Drake D, Schwartz SJ, Syed M, Yip T,
Seaton E. Ethnic and racial identity during adolescence and into young adulthood: an integrated
conceptualization. Child Dev. 2014; 85:21-39. [PubMed: 24490890]

Utsey SO. Assessing the stressful effects of racism: a review of instrumentation. J Black Psychol.
1998; 24:269-288.

Vrshek-Schallhorn S, Doane LD, Mineka S, Zinbarg RE, Craske MG, Adam EK. The cortisol
awakening response predicts major depression: predictive stability over a 4-year follow-up and
effect of depression history. Psychol Med. 2013; 43:483-493. [PubMed: 22652338]

Wessa M, Rohleder N, Kirschbaum C, Flor H. Altered cortisol awakening response in posttraumatic
stress disorder. Psychoneuroendocrinology. 2006; 31:209-215. [PubMed: 16154709]

Williams DR, Collins C. U.S. socioeconomic and racial differences in health: patterns and
explanations. Ann Rev Sociol. 1995; 21:349-386.

Williams DR, Mohammed SA. Discrimination and racial disparities in health: evidence and needed
research. J Behav Med. 2009; 32:20-47. [PubMed: 19030981]

Wong CA, Eccles JS, Sameroff A. The influence of ethnic discrimination and ethnic identification on
African American adolescents' school and socioemotional adjustment. J Pers. 2003; 71:1197-
1232. [PubMed: 14633063]

Yehuda R, Teicher RL, Trestman R, Siever LJ. Cortisol regulation in posttraumatic stress disorder and
major depression: a chronobiological analys. Biol Psychiatr. 1996; 40:79-88.

Psychoneuroendocrinology. Author manuscript; available in PMC 2016 December 01.



1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Adam et al. Page 22

Zeiders KH, Doane LD, Roosa MW. Perceived discrimination and diurnal cortisol: examining
relations among Mexican American adolescents. Horm Behav. 2012; 61:541-548. [PubMed:
22342577]

Zeiders KH, Hoyt LT, Adam EK. Associations between self-reported discrimination and diurnal
cortisol rhythms among young adults: the moderating role of racial-ethnic minority status.
Psychoneuroendocrinology. 2014; 50:280-288. [PubMed: 25262035]

Psychoneuroendocrinology. Author manuscript; available in PMC 2016 December 01.



1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Adam et al.

0.45

0.4

0.35

0
n
1"
=
1
[

'
03—}
10
1

025 —#—1

[} ]

\

\

Cortisol (pg/dl)

0.2 ﬁl
\
N,
0.15

0.1

0.05

7am

Time of Day

Fig. 1.

10pm

Page 23

White, +1 SD PRD
White, -1 SD PRD
= Black, +1 SD PRD
=== Black, -1 SD PRD

Adolescent perceived racial/ethnic discrimination and adult cortisol rhythms across the day

by race/ethnicity.

Psychoneuroendocrinology. Author manuscript; available in PMC 2016 December 01.



1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Adam et al. Page 24

0.45
0.4
0.35
0.3
s
20.25
=z White, +1 SD PRD
£ 02 White, -1 SD PRD
=3
© = Black, +1 SD PRD

o
[

=== Black, -1 SD PRD

o

o
=3
b

Tam
10.5
11.5
12
12.5
9.5
10pm

Fig. 2.
Young adult perceived racial/ethnic discrimination and adult cortisol rhythms across the

day, by race/ethnicity.

Psychoneuroendocrinology. Author manuscript; available in PMC 2016 December 01.



Page 25

Adam et al.

‘sojdwies allYAA pue yae|g Jo suostiedwod Buipnjour ‘ajdwres a1lypn pue ‘ajduies yaeg ‘ajduwres Apnis ||n) uo uonew.ojul aAndiIdsag

Author Manuscript

G600 ¥89T-  0S0°0 vEG0 8570 €690  0TE0 8.50 sa|dwes puodss pue ISty USIMISY BWI L
1870 8690 GO 8v€'9  T6T'T 0029  OTTT 2829 daa|s Jo sinoy [ejoL
9200 §9zC-  6ITT 2L0L TeST LE9'L  LEET vee'L (sanoy-Jewosp ur) st} e
1700 9652-  €V0°0 0500  ¥60°0 G800 2L00 9900 (Ip/BrY) josiui00 swnpeg
ovg0  T8T'T  80T0 9/£0  TSTO LYE0 6210 €9€°0 (1p/B11) 0S11109 O + S
8900 O¥8T  80T0 vlz0 0T 9g20  60T0 1520 (1p/611) [on8] 10s1102 Buisiep
S9|qeLIeA |0SIL0) wa_m
8060 9TT'0- 906'TE€ 06CTT 9782 0002T  GITCE L09'TT (3us01ad) 88N |03U0D YIG
€EL'0 TYED- O0E£8'6E GGE'6T  SY8'TY 00022 8.50F 9€5°0¢ (wusd18d) Jadjows
7980 2LTO0- SSE9Y 699'GL  29T'Sy YOT'LL  L29'Sy 9€€°9L ($ 405,000 ur) swodur M
vv80 8610 6970 G9EZE  90¥°0 6YETE  OPF0 85€'2€ aby
S9|gelieA |0J1U0d JualInduod
0000 ¥6S'S- L¥¥9T 0€8'SS  vOL¥T 2199, 81L8T 281°G9  B+EM 12 ]00UJS Ul Sjuspnis 3oe|g Jusdlad
0000 GTI88-  SEST T950¢ 9T16'9¢ G67'09 8SE0E TLT6E y<POOUIOQUBIBU UI HH 30| Juadiad
6900 668T  ZS¥0 €207 %550 S5z 8050 2€9'2 o(€~T 2Ie3s) xAlajes pooyJoqubiaN
¥500 ¢S6'T- 0160 v08'C  00L°0 0ST'e  2€8°0 go6'z  p(v—T 21eas) LAufenb jooyas pooyioqubiaN
0000 2e8TT  8ZT0 608'€  0TT'0 SLLT 2621 v18¢ o+BUUM 8Je Jey) spusly Jo uoniodoid
0000 998'8-  EETO v€Te 29T G007 TEET 080°€ qi98Ig 818 Jeus spualy Jo uohiodoid
TI00  009C LET6Y 862'8€  839VE YISET 6987 18€°/2C aloul 4o ab8]|0D
Zv00 €907 69587 0LT'9E  9TT'9T 9TZ'9T 6987 18€'LC afia) |02 swios
TE00 66T2- L86'SE v68'7T  L6E8Y GET'SE  8Y8'TH 018°€C ewo|dip SH
9000 01872- 8€90T 869°0T  86€8Y GET'SE  6LTTH 627'1C SH Uey) ssa
p(saberusoiad) uoneonps Jualed
9200 €927  L107¢ 6T67S €26CC 00997 €69°6T S0Z'TS ($ 405,000 ur) swodur TA
1250 GE90- 8vL6Y G90'85 /87’8 00079  850'6F ¥12°09 (quaasad) aewad
S9|geLIeA |0JIU0D JUBISA|0PY
d 1 as  (%o) ues iy as (% o) uesn as (% Jo)ueen
uosiredwo) a|dwres a1y a|dwres yoe|g a|dwres ||n4

Author Manuscript

T alqel

Author Manuscript

Author Manuscript

Psychoneuroendocrinology. Author manuscript; available in PMC 2016 December 01.



Page 26

Adam et al.

“(SMUM S oeIQ GP) 66 = N d|dwes anAfeue -(y—gM) uolssaidep E8$_8<;

*|00Y2S Yaea UIyIIM SIUspnIs Xae|q Jo abeiuadlad ay) 03 siaal a|qeLieA “(BUUYM LE foeld ¥€) T. = N ajdwes onkjeue -|ooyas Ul sjuspnis 3oe|g Wia0Iads
‘pooyloquBisu siuedioiued yoes ul spjoyasnoy 3oe|q 4o afelusaiad ay) 01 siagal ajqeLIeA “(8NUA SS Yoeld 8v) 0T = N ajdwes onAeue -pooyiogybiau e ur spjoyssnoy 3oe|g Ewewa,.

*(3SOW Uey) ayes 8I0W = € aWes 3y} Inoge = Z 1SoW uey}
3Jes ssa|= T) € 01 T WO0J} 3|eds e ug ‘spooyioqybiau Jayio,, yim patedwod se ‘A1ages pooysoqybiau Jo Lodal-juated 01 siayal ajqelieA "(BMYM Ly Moeld 0v) 28 = N ajdwres anAjeue -A1ajes uooEon;m_me

NOUETEE]

=1 poob = ¢ Jre} = z Jood = T){ 01 T Woiy 3[eas e uo Ayjenb jooyds s,pooyloqubiau Jo 1odai-luaired 03 siayal ajqerreA “(81IUM 91 Yoe1d 0F) 98 = N a1dwes onAjeue -Aifenb jooyos uooEogsm_mz_o

“(Wayl JO [[e = G Way} JO 1S0W =  WaY} JO J|ey INOge = € Way} JO Ma} B = g Way} JO

3UOU = T) SHUAA 8JB YIIM s} 418y} JO 1sow pusds Aau} Jeyl spusatiy J18y3 Jo Auew moy 4o 1odal-ymnoA o3 siajal ajgeteA "(SHUM Ly Yoe1g 0F) 28 = N ajdwes anAjeue -a)iypA aJe Jeyi spualily Jo co_:oaen_o

“(WaY} 40 [1B = G Wy} JO 1S0W =  WaY} JO Jey INOGe = € WaY} JO M3} B = g Way}

JO BUOU = T) X9€|g 88 YIAM a1} 19y} J0 1sow puads Asy} 1ey) spusLly 113y Jo Auew moy Jo Hodai-yinoA 01 siayal ajgetteA “(SMUM L N9e|d 0v) 28= N ajdwes onAjeue -oe|g ate 1ey) spualiy J0 co_toao_n_n_

‘(BUYM Ly M2elg L€) ¥8= N 8]dwes dnAjeue -uoneonpa EEmAm

29 0S 4 N

0000 ¢v0'9- 1890 vy’ 0- 090°T €99°0 000°T 0000 (=SM) a@¥d ynpe BunoA

0¥0'0 8.07¢- 80 .T0- orT'T G120 000'T 0000 (€M) Q¥d adss|opy

0000 088'Y- 6T.°0 LLE°0- Y0T'T 897°0 000'T 0000 (Z-eM) Q¥d antreInwInd

000°T add

1S1°0 0T€0 956°0 9200 T90'T €€0°0- 000'T 0000 (£-GM) uoissaidap 3npe Buno A

580 60C0-  E£V60 6100~ 70T €200  000°T 0000 y(r=€M) uoyssaidap Jusass|opy

6.0 2920 7560 ¢c00 €90'T 820°0- 000'T 0000 (Z-€M) uoissaidap anne|nWND

uoissaida@

T1€0 810T- ¢e6'0 LEB'ST 86T 29097 €917 LE6'ST sa|dures paiys pue 1811y UsBAMIB] BWI L
d ) as (%Mo) uesy as (% lo)uesy as (% o) uesy
uosiredwo) a|dwres a1y a|dwres yoe|g a|dwres ||n4

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

PMC 2016 December 01.

in

available

Psychoneuroendocrinology. Author manuscript.



Page 27

Adam et al.

Author Manuscript

ast+ A1ane 10} %8T- 8000 ¥89¢- €00 L6T°0- 80T ‘qyd aAnenwnD
s'u 2690 60— TEOO Z10°0- LO0TL ‘uoissaidap aanreInwIND
su SYE0 876'0 900 €00 90T/ ‘uoireanpa juased
su 095°0 G850 ¥200 Y100 SOTL ‘axepn
su €0 T.6'0 T000 1000 YOTL ‘awodul g
su 1680 0€T'0- T000 0000 €074 ‘3wooul T
'su G68.°0 €L20 6900 6700 U Hjoelg
S9[eWdy 40} YO Jabre| %L T+ 8000 8¢/'¢ 6500 09T°0 1014 ‘glewa
S9Jew I0J YVO %vS+  T00°0> 9v6'L ¥S0°0 6¢v°0 7 LI ]|
0T¢/ *asuodsas Buiussieme |0s11109 abelany
Tiz ‘asuodsal Buiuaeme [0S11109 10} [8POIN
su ¥SL0 €1€0- G¢00 800°0- 010 ydsassu|
107 ‘awndnaxepn
uo11eanpa Juated Ul ST+ AJsAs J0J %0T— 6€0°0 680C- 8¥00 00T'0- 0T00{ ‘gyd aA1re|nWND x UOIEINPa Judled
sjuapuodsal xoe|g 10} QST+ A18N8 104 9%/ T- 9000 €8L¢— 1900 S8T°0- 6004 ‘Qyd anmreInwinoxoelg
su v.6°0 €600 900 2000 800{ ‘qyd anne|nwind
‘Su 9¥8'0  S6T'0- €€00 1000~ L004 ‘yoissaldap aaneINWND
s'u 1e2v'0 16L°0- TSO0 T70°0- 900{ ‘uorreanpa juased
sU TS0 L980-  €E0°0 Z10°0- ELVRENTYY
su GEE0 896'0 T000 T00°0 00 ‘awi0oul g
su 1500 8¢6'T- ¢000 ¥00°0- €004 ‘guiodul TN
£, SIUBPUOASBI YRIE 10} 9%69T- €600 8GT'Z- 0800 €LT'0- 2004 *yjoe|g
su ¢l80 ¢9T'0- 2900 T110°0- T00¢ ‘gjewa
P/ €z:0=1on0l BUBEM  T00'0>  02Gv2-  650°0 150 T- 000( “dsouau]
00/ ‘|ana| 10s11100 Buiyem abelony
O ‘|ana| |0S1L09 Bupjem Joy [apoN
uotrerid U] d 1 IS WeBIL0D 19948 paxi4

¢ ?olgel

Author Manuscript

Author Manuscript

"|0S11402 JJNpe pue UOIRUILILIOSIP JIUY18/[RIoR) PaAIsolad aAIRINWIND UaMIaQ SUOITRIDOSSE 8] JO [8pOL [2A[IINIA

Author Manuscript

Psychoneuroendocrinology. Author manuscript; available in PMC 2016 December 01.



Page 28

T-[(Meig)dxa] = abueyoosg :parjdde sem uorrewosues) Buimojjoy ay L

*¥

"2INSeaAW JO 9]e0S [euIBLIO BU) 0] 398 SHUN BY) WIOSUERI) 0} JUBID1}J802 8y} 0} paljdde sem uonouny erusuodxe ay) ‘pawiossuen-Ho| Sem aLwodINo sy} asneasg
M

"[100'0 > d ‘s2£°6€Z = (60T)z¥ '010'0= 0€n '100°0 > d '6T5°0ST = (66)z% ‘7¥'1°0= 02N '100'0 > d '182°€5Z = (00T)5 '€LT'0=
T0n '100'0 > d '0/5°T¥€ = (66)4% '262°0 = 00n] Japow [} 8y ut G0°0 > d 8y} 1e Jeaiubis alam sidadisiul € [aA8] IN0J L JO [ 104 S198jJ8 Wopuey '[800°0 =d '6.L'€v9 = (095)% '2€T'0 = 01] one|

Adam et al.

G0'0>d ay1 Je Juedyiubis sem 1dadlaiul g 98] 8y} 40 S108)43 WOpURY “WOPUES Se 19S a1 SJUSIDNJA02 JBUI0 |[B BIUM ‘S pue Z S|9A3] 18 Pax1y alam YD pue ‘sadojs ‘sanfe Bupjem Jo sio3o1paid jans]-Aeq
"PaJBJUIUN BI3M HIR|g PUE 3[eWd 3]IYM € [9A3] Ul PaIS)Uad UeaW pueld ale sajelten Qd pue ‘awil axem afielane ‘awoaul {paisusd ueaw dno.f ale sa|qelieA g [9A3] {paajuadun aJe siojaipaid T [9A9] |1V

Buryem Jayye unoy Jad adojs ur uoneIs|edep %T  TO00> 0829 2000 1100 008{ “ydaasa)u]
0&7 “1daosau|

€ ‘pasenbs Buiyem aduls awiy 1o} |8poN
s'u 6980 S9T'0 €000 0000 01%( “ydsasau]
&) ‘awndnaxep
uolyeonpa Juased Ul QST+ A4aAs 104 %T+ 60070 v.9'C  v000 ZT00 602 ‘Qyd aAIRINWND x UOIEINPa Judled
QasT-+iad Janeyy 9T 8000 989'¢  ¥00°0 ¢100 80%( ‘qyd aAnenwn
s'u ¥08°0 87¢’'0  S00°0 1000 L0%( ‘yoissaidap anlre|NWND
su 807°0 T€8'0 G000 7000 902( ‘uoireanpa juated
Bunjem abesane Jale| Jnoy Jad Jenel %T  ¥20°0 £62°C  +00°0 0100 5020 ‘e
su 8¢9°0 98%'0- 0000 0000 Y054 ‘awoaul g
su €180 1€2°0- 0000 0000 €0%{ ‘awooul T
su LT 09€'T  0T00 ¥100 20 joelg
Sa[eWd) Joj JNel %2+  0£00  20ZT 8000 6700 105( *afewad
Buryem ye anoy Jad %692-  T00'0> T8E'0T- 6200 96¢°0- 002¢ ydaoseiu|
0% ‘Buyem aduls awi) 4o 103)48 abeiany

. ‘Buiyem aouls awi 10} [9pO
Burxemisre] noy AIAs 104 %0T-  T00'0> €L6v- ¢C00 60T°0- 0114 “ydsoseiu]
T ‘awndnaxe
awooul [eluated Ut 000‘0T$ A1aAs 10} Y+ €000 ¢00'€  T000 €000 0T0T{ ‘q¥d 8AIIRINWINI x BWOJUI TAA
su ¥¢e0 22T 0900 €00 6074 ‘Qyd aAneInwng x 3ae|g

uoliesed BiU| d 1 3S  Wenieod 109445 paxid

Author Manuscript Author Manuscript

Author Manuscript Author Manuscript

PMC 2016 December 01.

in

available

Psychoneuroendocrinology. Author manuscript.



Page 29

Adam et al.

su G¢e0 [44a) 1000 T00°0 YOTL ‘3woaul g/
su G280 ¢ 0- T000 0000 €074 ‘awooul T
'SU TE60 /800 6900 9000 U Hjoelg
3[ewsay 40} YD 1ab1e| 9L T+ 800°0 Sel'e 8500 89T0 1014 ‘glewa
S3JeW 10} YVD %S+  T00°0> 119°L 1500 TEV'0 7 LI ]|
0T¢/ *asuodsas Bulusxieme |0s11109 abelany
Tiz ‘asuodsal Buluaxeme [0S11109 10} |8POIN
su ¢SL°0 LT€0- G200 800°0- 0104 ‘ydsoseyu]
107 ‘awun dnaxepn
su TOV'0 €780 9€0°0 0€0'0 Y100 ‘gyd ynpe BunoA x uomneanpa juaied
uoneonps Juased ut ST+ A1ans 10§ %TT- 00 ¥90°¢- 9500 GTT0- €100{ ‘@g¥d 1UaIS3|0pe X UOILINPa Judled
su 2920 6¢T'T- TL0°0 080°0- 100 ‘qyd ynpe BunoA x 3oe|g
syuapuodsal oe|g 10} QST+ AI9AS 104 %2 T- LE00 e 0900 92T 0- 1004 ' qyd Jusds3|0pE X HoB|g
su 8750 6¥9°0 2S00 ¥€0°0 0100{ ‘qyd ynpe Buno A
su 0€€0 086'0- 6v0°0 870'0- 600( ‘Qyd 1uadss|opy
su 8v.'0  €2g0- 6€0°0 Z10°0- 800¢ ‘uoissseldap 1jnpe BunoA
su 816'0  €0T0-  TS00 §00°0- L004 ‘uoisssaidap Jusdsa|opy
su §2S°0 6€9°0 6¥0°0- 2€00- 900{ ‘uorreanpa juased
Su 0560  €900-  ¥E00 200°0— ELVRENTYY
su 65¥°0 L0 T00°0 T00°0 00 ‘awi0oul g
awooul Ajiurey ut 000'0T$ A19A9 104 9%t~ 690°0 ov8'1- ¢000 ¥00°0- €004 ‘guiodul TN
£, SIUBPUOASBI YRIG 10} %9T-  py0'0  O¥O'Z- 8800 6.T°0~ 2004 *yjoe|g
su ¢86°0 ¢c00 990°0 T00°0 T00¢ ‘gjewa
*_u\ml €20 = I3A9] BUBBM  100'0>  8GL'EZ- T90°0 SSv'T- 0004 ‘ydsoseiu]
00/ ‘|ana| 10511100 Buiyem abelany
O ‘|ana| |0S1L09 Bupjem Joy [apoN
uolre ide| d 1 3S  WenIE0D 19848 poxi4

‘susaned |0s11102 Jjnpe pue gyd Jnpe BunoA pue JUsdS8|0p. USBMIS] SUOIBIJOSSE 3Y) JO [3pOW [3ASINIA

€9l|qel

Author Manuscript Author Manuscript

Author Manuscript

Author Manuscript

Psychoneuroendocrinology. Author manuscript; available in PMC 2016 December 01.



Page 30

Adam et al.

0 1daosau|
€y ‘pasenbs Buiyem aduls awiy 10} |SPOIN
su G880 SYT'0 €000 0000 [ZZaR T ERIE ]|

Tef ‘awn dnaxepn

su TETO TeS'T S000 £00°0 0102 ‘q¥d ynpe Buno A

asT+4ad Janey 9%T LT0°0 LEV'C €000 8000 602 ‘Qyd aIss|0pY

su 82¢0 ¥86'0 9000 9000 80%( ‘uoisssaidap npe Buno A

s'u 8920 PITT- 9000 9000~ L0g{ ‘yoisssaldap Juadsa|opy

s'u 670 9/,'0 5000 ¥00°0 902{ ‘uoireanpa juased

Bunjem abesone Jale| Jnoy Jad Jenel %T  Z¥0'0 9502 t00°0 6000 5020 “9¥eM
su 98.°0 ¢Le0- 0000 0000 Y084 ‘awoaul g

su 9250 9€9°0— 0000 0000 €02 ‘awooul T

U TPT0 S8yt 1100 9100 20 joelg

sa[ewdy Joj JeNel) %T+ €600  969T 8000 ¥10°0 105 *afewad

Aeppiw ye anoy AIons 104 9%Gz-  TO0'0>  LGZ'0T- 6¢0°0 ¥62°0- 0054 ‘ydaaseiu]

0% ‘Buiyem aduls awi) Jo 103)48 abeiany
2z ‘Buiem aouis awil 1o} [8poN
Buixemisre| Jnoy AIsns 104 %0T-  T00'0>  9€6'%- ¢e00 60T°0— 0114 “ydsoseiu]

TTgf ‘awn dnaxep

aoout [eyuased U 000'0T$ A1ana 10y %2+ 8800 LT 1000 2000 Y1074 *qyd HNnpe BunoA x awoour TAA
su LE€T°0 861'T 2000 2000 1074 ‘Qyd Juadsejope x awodul TAA
syuspuodsal e|g 10} ST+ AI9NS 10} %BT+ 6000 §89°¢C 9900 .10 104 ‘qyd 3npe BunoA x oe|g
su 6.T°0 GGET- €L0°0 660°0— TOLL Gy d Jusds3|0pe X Hoe|g
QaST+ AI8n8 10} 9%9T— 2900 S88°T- 1600 T.T0- 0107 ‘qyd ynpe Buno A
'SU G6E'0  SG8'0- 00T G800~ 6074 '@y d Jadsajopy
su 9760 90T'0 LEO00 ¥00°0 80T{ ‘uoisssaidap 3jnpe Buno A
su S/y'0  8TL0-  0¥00 620°0- LOTL ‘uoisssaidap Jusdsa|opy
su TST0 y'T SE0'0 0S0°0 901 ‘uoireanpa juased
su T€9°0 8¢9'0 G¢0'0 9100 SOTL ‘axepn
uolrerdRiu| d 1 IS WeRIRD 1994Jo paxid

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Psychoneuroendocrinology. Author manuscript; available in PMC 2016 December 01.



Page 31

Adam et al.

‘T-[(Melg)dxa] = abueyoosg :parjdde sem uorewoysues) Buimo|oy ay L

*¥

*2INSeaAW JO 8]e0s [euIBLIO BU) 01 Y98 SHUN BY) WOJSUERI) 0} UBID1}J802 8y} 0) paljdde sem uonouNy [erusuodxa ay) ‘pawiossuen-Ho] Sem aLwo2INo sy} asnessg
x

'[100°0 >d 'v¥8°0vZ = (60T)5% '0T0°0= 0€N '100°0 > d €22 'TST = (G6)5% '25T'0 = 02N 1100°0 > d '0£Z'€ST = (66) 77
v21°0="T0n 11000 > d '6v8'6€€ = (36) 7% ‘¥62'0= 00N] [apowl |1} 8y Ul G0°0 > d 8yp 1e JueoLIUBIS B1am s1dadislul € [aA8] IN0J 8L JO [ 104 S1984J8 Wopuey '[900°0 =d ‘2LT'8v9 = (099)# '2€T'0= 01] [one|
G0'0 >d ay1 Je Jueaiyiubis sem 1dadlslul Z |9A3] 8y} 104 S198)48 WOpUERY "WOPURI Se 18S 3. SJUBIJII30I JU1O0 |[B B|IYM ‘S PUE Z S[AS] Je pax1y 81am YD pue ‘sado|s ‘sanjeA Buiyem Jo si03o1paid [ans|-Aeq

"PaJIBIUBIUN BIBM XR|g PUB 3[eWd 3]IYM € [aAS] Ul PaISIUSD UeaW puelB aie sa|geLien Qd pue ‘awi axem abessAe ‘awoou| ‘palaiuad ueaw dnolb aie sa|geLieA Z [9A3] ‘palaiusoun ale s1031paid T [9As] ||V

Buiyem saye anoy Jad ado|s Ul uoneIs|Idp %I  TO0'0> LIT'9 2000 1100 00&{ ydaousyu]

uolrep.dRiu| d 1 3S  WeRIRD 1994Jo paxid

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Psychoneuroendocrinology. Author manuscript; available in PMC 2016 December 01.





