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Emotional Pathways to the Biological Embodiment of
Racial Discrimination Experiences
Emily F. Hittner, MS and Emma K. Adam, PhD

ABSTRACT

Objective: Racial discrimination experiences are common among youth with an ethnic minority background, and such experiences affect
health. Stress-sensitive systems like the hypothalamic-pituitary-adrenal (HPA) axis have been proposed as one mechanism. HPA-axis ac-
tivity, measured through daily patterns of salivary cortisol, is altered among individuals who experience discrimination. We know little
about the day-to-day processes by which discrimination experiences become embodied in stress biology. The HPA axis is responsive to
negative social-evaluative (NSE) emotion. The present study investigated whether NSE emotions are a pathway by which discrimination
dysregulates HPA-axis functioning as measured by cortisol levels.
Methods: Perceived discrimination, diurnal cortisol, and changes in NSE emotion were assessed in a sample of 102 young adults. Emo-
tions and cortisol were measured across the day for seven consecutive days in naturalistic settings. Multilevel modeling and regression
analyses were used to examine average and day-to-day associations between discrimination, NSE emotion, and cortisol. Mediation and
specificity analyses were conducted.
Results: Discrimination was associated with NSE emotion (β = 0.34, p = .001). Day-to-day changes (β = 0.10, p = .002) and average
levels (β = 0.03, p = .013) of NSE emotion were associated with dysregulated cortisol. NSE emotion mediated the association between
discrimination and diurnal cortisol slopes (β = 0.10 [95% confidence interval = 0.01–0.21]). Findings were robust for covariates including
stressful life events, more pronounced for NSE emotion compared with negative affect at the day level, similar for NSE emotion and gen-
eral negative affect at the person level, and specific to cortisol slopes.
Conclusions: Findings suggest that daily NSE and average negative emotions are important pathways by which racial discrimination gets
under the skin, or is embodied, in stress biology.
Key words: emotion, discrimination, diurnal cortisol slope, shame.

INTRODUCTION

Feelings of intense embarrassment or shame are often more than
fleeting emotion states. These negative social-evaluative (NSE)

emotions are linked to physiological changes in stress-responsive
systems, including the hypothalamic-pituitary-adrenal (HPA) axis.
The HPA axis, measured through daily patterns of salivary cortisol,
has been shown to be affected by past experiences of discrimination
(1). Discriminationmay also be a powerful elicitor of NSE emotion.
Bringing together several past lines of research, the current study
tests whether average and day-to-day changes in NSE emotion,
above and beyond general negative affect, are pathways by which
experiences of perceived racial discrimination (PRD) get under
the skin, or is embodied, to predict dysregulated diurnal cortisol.

Stress, Diurnal Cortisol, and Health
Perceptions of psychosocial stress, particularly those that involve
uncontrollable or social-evaluative experiences, trigger changes
in the HPA axis as evidenced by acute increases in cortisol, a
key hormonal product of the HPA axis (2,3). Both acute and
chronic stressors have also been related to changes in the diurnal
cortisol rhythm (4–6). Cortisol follows a diurnal pattern, which
is characterized by high cortisol levels at waking, a sharp increase
in cortisol reaching its highest point approximately 30 minutes

after waking, and a decline across the rest of the day (7–9). Re-
search has shown changes in this diurnal cortisol rhythm in antic-
ipation of and in response to acute stressors and acute increases in
negative emotions (2,10), daily challenges (11–13), and chronic
stressors (14). Although acute stressors and acute increases in neg-
ative emotions are associated with temporary surges in cortisol
(15–19), more prolonged and repeated experiences of negative
emotions are associated with changes in the diurnal cortisol rhythm.
In particular, persistent negative emotions often elicit a flattening of
the rhythm, emerging from a combination of lower morning and
higher evening cortisol (4). A small and temporary flattening of
the rhythm can be seen even in response to daily increases in
negative emotions (11,20), with stronger and more lasting changes ob-
served in response to accumulated stress, trauma, or more trait-
like differences in emotion (21–25). Unlike average cortisol, which
is harder to interpret given that either high levels or low levels can
be interpreted as signs of “dysregulation,” the literature is much
more consistent in showing both stress-related flattenings of the di-
urnal cortisol rhythm (6), and associations between flatter diurnal
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cortisol rhythms and negative health outcomes (for a meta-analysis
supporting the latter point, see Ref. 26).

Racial Discrimination and Diurnal Cortisol Slopes
HPA-axis functioning has been shown to vary by race and ethnic-
ity, with persons of color found to have flatter diurnal cortisol
rhythms (27–30). One potentially relevant feature of the lives of
individuals of color is exposure to PRD. Perceived discrimination
can be defined as an individual feeling that one is being treated un-
fairly based on the affiliation they have with a particular group
(e.g., race, sex, sexual orientation, religion, physical appearance,
and age) (31); PRD occurs when an individual feels he/she are be-
ing treated unfairly because of race. PRD is experienced as a psy-
chosocial stressor, and experiences of discrimination contribute to
chronic stress (32–37). Indeed, previous research has shown that
PRD is associated with dysregulated diurnal cortisol as evidenced
by flatter diurnal cortisol slopes (1,38), with effects most pro-
nounced in individuals of color.1 Thus, PRD is one important con-
tributor to racial and ethnic differences in diurnal cortisol rhythms.

NSE Emotions as a Mediator
One potential mechanism for how perceived discrimination may
result in changes in diurnal cortisol rhythms is through the experi-
ence of negative emotions and more specifically, through NSE
emotions. Past theoretical (41) and empirical research has posited
that negative emotions may act as a mediator for the association
between PRD and adjustment outcomes. For instance, indirect em-
pirical evidence shows that affective responding (e.g., anger) me-
diated longitudinal associations between discrimination and health
status and health behavior (42,43). In a similar vein, thoughts lin-
gering on negative emotions (i.e., rumination) have been shown to
mediate the association between PRD and health (e.g., depressive
symptoms, hostility, and aggression (44)). PRD and threats to the
social self (i.e., threats to one’s self-esteem or feelings of accep-
tance) have been associated with NSE emotions like shame in
laboratory-based settings (45,46). In naturalistic settings, same-
day and prior-day negative emotions such as loneliness have be
linked to changes in diurnal cortisol (11,20). To our knowledge,
NSE emotion has not been assessed in relation to cortisol in natu-
ralistic contexts. Further research is needed to address a) whether
findings that past PRD is associated flatter diurnal cortisol (1,38)
replicate for concurrent PRD-cortisol associations in this young
adult community sample; b) whether, in naturalistic settings, PRD
relates to NSE emotion; c) whether average and day-to-day changes
in NSE emotion are associated with diurnal cortisol; and d) whether
the association between PRD and diurnal cortisol is mediated by
NSE emotion in particular. Moreover, further research should ex-
plore how proximity (i.e., day-to-day changes versus average
emotion) and specificity (i.e., NSE emotion compared with gen-
eral negative affect) of emotion relate to discrimination and corti-
sol parameters.

The Present Study
The current study used an analytic sample of 102 participants from
the eighth wave of theMaryland Adolescent Development in Con-
text Study (MADICS). It was hypothesized that the association be-
tween current levels of PRD and aspects of diurnal cortisol
(particularly, the diurnal cortisol slope) would be explained by
higher levels of NSE emotion. To test this hypothesis, analyses ex-
amined a) whether current PRD is associated with flatter diurnal
cortisol slopes, b) whether PRD is associated with NSE emotion,
c) how average levels of and daily changes in NSE emotion related
to changes in diurnal cortisol slopes, and d) whether associations
between PRD and diurnal cortisol slopes were mediated by levels
of NSE emotion at the time of cortisol measurement. Secondary
analyses further examined the specificity and generalizability of
our findings through testing i) whether associations extend to gen-
eral negative affect and whether NSE emotions are significant
above and beyond general negative affect, ii) which specific emo-
tions and emotion antecedents were driving the associations, and
iii) whether findings extended to other cortisol parameters like
morning, bedtime, and total cortisol levels.

METHODS

Study Overview
The present study focused on wave 8 of the MADICS (47). MADICS is a
prospective longitudinal study of 1482 Black and white adolescents
(n = 879 Black adolescents; 49% women) followed up for 20 years.
Reflecting the demographics of the location at the time of recruitment,
the sample consisted only of Black and white youth. Students were re-
cruited at age 12 years in the fall of 1991 and were interviewed during eight
waves: 7th grade (waves 1 and 2; 1991–1992), 8th grade (wave 3; 1993),
11th grade (wave 4; 1996), a year after high school (wave 5; 1997),
3 years after high school (wave 6; 1999), around age 30 years (wave 7;
2009), and around age 32 years (wave 8; 2010–2011). In wave 8, the study
added physiological data and daily dairies that examined stress reactivity,
regulation, and emotional functioning. These participants were sampled
based on their levels of PRD in prior waves. Levels of PRDwere calculated
for Black and white participants for each wave and were then indexed as be-
ing above or below the median for each wave (with individuals above the
median consider high discrimination for that wave). A count variable was
then computed across waves to indicate the number of waves each individ-
ual encountered high discrimination. Equal numbers of participants were
then selected from low, medium, and high discrimination within-race
tertiles on this count variable and recruited into the present subsample. In
wave 8, participants again were asked about their PRD, which was used
for the present analyses. Prior articles assessed for systematic attrition of
earlier waves (48,49), and showed that participants who remained in the
study had higher income and were more likely to be women.Written consent
was obtained from all participants. Procedures were approved by the institu-
tional review boards of Northwestern University, the University ofMichigan,
Harvard University, and the University of California at San Francisco. In-
formation on the full procedures for each wave is available from the Henry
A. Murray Research Archive (https://murray.harvard.edu/dataverse).

Participants
From the initial sample, a wave 8 subsample was selected, as specified pre-
viously, to represent participants who had low, medium, and high levels of
discrimination across prior waves and were willing to participate in addi-
tional measures that included a 7-day diurnal cortisol data collection period
and a 7-day daily diary study (n = 124). The sample only included Black
and white participants, which was representative of the county where the
study was conducted at the time of recruitment. Participants were excluded

1

According to critical race perspectives, it is not possible for white individuals
to experience racial discrimination because of their past and present position
of privilege in US society. However, we note that our study measured per-
ceived discrimination, which assessed whether individuals feel that they are
being treated unfairly, regardless of whether that is truly the case. We also
note that in the case of individuals of color, these perceptions correspond to
an objective reality in which individuals of color are treated unfairly at both
structural and interpersonal levels (39,40).
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(n = 12) from analyses if they used corticosteroid-based medication, used
illicit drugs, or had atypical sleep patterns (e.g., shift work), which have
each been shown to have implications on diurnal cortisol rhythms. Partici-
pants were also excluded if they did not complete questionnaire data for
PRD (n = 10) in the current wave. The remaining analytic sample included
102 participants, which comprised 45%African American and 61% female
with an average (SD) family income of $75,905 ($45,645) and mean parent
education of 12.82 years of school (some college).

Measures

Salivary Cortisol
Cortisol was measured from saliva samples provided by participants at
waking, 30 minutes after waking, and at bedtime each day for 1 week. Par-
ticipants were instructed to passively drool through a small straw into a
2-ml polypropylene vial, not to eat or drink 30 minutes before each sample,
to record the time of each sample, and to refrigerate all samples after collection.

From these cortisol data, the diurnal cortisol slope, defined by the
change of cortisol from waking to bedtime, was estimated as a latent vari-
able2 (11). A latent estimate of the postawakening cortisol surge (cortisol
awakening response, or CAR) was also calculated and included in models
to account for variance associated with this surge, but not used as an out-
come of interest given that our approach to measuring the CAR does not
meet current measurement standards (50). Total cortisol was measured by
the area under the curve for the wake and bedtime samples averaged across
the 7 days of testing. This was calculated separately for each day using the
trapezoidal function (51), then averaged across the week (the CAR sample
was not included, as the postawakening cortisol surge is influenced by dif-
ferent biological mechanisms than the underlying diurnal rhythm (52)). The
present article examined diurnal cortisol slope and total cortisol as outcome
variables in addition to morning and bedtime cortisol levels. As noted pre-
viously, we did not predict individual differences in the CAR because it did
not meet current measurement standards (50).

Perceived Racial Discrimination
PRD was assessed during wave 8 and encompassed interpersonal experi-
ences within work and school environments during young adulthood (16
items; e.g., “Overall, how much harder do you think your life has been be-
cause of unfair treatment based on your race/ethnicity?” “Do you think it
will be harder or easier for you to get ahead in life because of your race/
ethnicity?” 1 = not at all to 5 = much harder; α = .91) and were adapted
from the Racism and Life Experiences Scale (53). Prior research on this
sample used earlier waves of PRD measurement that were also adapted
from the Racism and Life Experiences Scale (1,54). PRD was measured
for all participants. PRD was significantly higher for Black (mean
[SD] = 3.04 [0.93], min = 1.00, max = 5.13, skewness = 0.34 [SE = 0.37])
compared with white (mean [SD] = 1.81 [0.52], min = 1.00, max = 3.6,
skewness = 1.1 [SE = 0.31]) participants (t = 8.52, p < .001). PRD distribu-
tions by race are plotted in Figure S1 (Supplemental Digital Content, http://
links.lww.com/PSYMED/A612).

Daily Diary
Daily diarieswere collected each day for 7 days including self-report levels
of average emotion experience that day, rated at the end of each day. Daily
emotions were assessed using an adapted version of the Positive and Neg-
ative Affect Schedule (55), in which additional items were added that were
relevant to understanding HPA-axis activity, including depressed, anxious,

rejected, judged, and embarrassed. Thus, each day, participants completed
daily ratings for sad, anxious, alert, depressed, irritable, judged, excited,
rejected, calm, nervous, angry, lonely, tired, embarrassed, happy, ashamed,
and energetic (1 = not at all, 5 = very much). Factor analysis confirmed two
subscales, negative (i.e., sad, anxious, depressed, irritable, nervous, lonely,
tired, embarrassed, ashamed, and judged, rejected; α = .93) and positive af-
fect (i.e., alert, excited, calm, happy, and energetic; α = .84). However,
given our focus on social-evaluative experiences and emotions as a poten-
tial mediator (45), we also constructed a subscale of negative affect that iso-
lates emotion antecedents and specific NSE emotions (i.e., embarrassed,
ashamed, judged, and rejected; α = .94). Finally, we constructed a negative
affect scale without NSE emotion (i.e., sad, anxious, depressed, irritable,
nervous, angry, lonely, and tired; α = .92) to be used in secondary analyses
testing the specificity of the average and day-level NSE emotion findings.

Covariates
Covariates include key demographic constructs known to be associated
with diurnal cortisol rhythms, including race (i.e., indicator for Black race),
sex (i.e., indicator for female), parental education (years of parental educa-
tion), family income (measured in thousands of dollars), and stressful life
events. Stressful life events were adapted from the Social Readjustment
Rating Scale (56) and consisted of a sum of the occurrence of stressful
events (16 items; i.e., death of a spouse, divorce, fired at work; 0 = did
not occur; 1 = occurred; mean [SD] = 2.45 [2.55]). Race was also examined
as a key moderator across analyses given that prior research has shown that
the association between discrimination and diurnal cortisol is most pro-
nounced for Black participants (1,38).

Data Analyses
Preliminary analyses first examined zero-order correlations between key
study variables. To test our main hypotheses, primary analyses addressed
the following: Question 1: Does current PRD relate to flatter diurnal corti-
sol slopes?Question 2: Do PRD experiences relate to NSE emotion?Ques-
tion 3: Do average and day-to-day changes in NSE emotion relate to diurnal
cortisol slopes? Question 4: Does NSE emotion mediate associations be-
tween PRD and diurnal cortisol slopes?

Question 1. We examined whether current PRD is associated with flatter diurnal
cortisol slopes. A three-level hierarchical linear model used HLM 7.0 (57) with re-
stricted maximum likelihood estimates to assess each person’s diurnal cortisol
rhythm by predicting momentary cortisol levels across the day from moment-
level predictors entered at level 1 including the following: time since waking (with
the coefficient reflecting the cortisol slope from waking to bedtime), time since
waking squared (with the coefficient reflecting the acceleration or deceleration of
the cortisol slope across the day), and an indicator used to estimate the size of
the CAR (1 = sample taken 30 minutes after waking). Time was centered at the
time of waking so that the intercept of the model reflected cortisol level at waking
for each individual. Day-specific wake times were entered at level 2, and current
PRD was entered at level 3. Random effects were included at level 2 predicting
cortisol intercept and slope and at level 3 predicting average cortisol parameters.
Day-level variables were group mean centered, and person-level continuous vari-
ables were grand mean centered. We first ran an unadjusted model, testing whether
PRDwas associated with flatter diurnal cortisol slopes.We then examinedwhether
the association between PRD and diurnal cortisol differed by race using a race in-
teraction with PRD, accounting for themain effects of PRD and race. In addition to
race, we then adjusted for sex, parental education, family income, and stressful life
events. Because PRD and race are likely largely overlapping in this sample, we
also examined whether PRD is associated with diurnal cortisol adjusting for covar-
iates without race in the model (i.e., sex, parental education, family income, and
stressful life events).
Question 2. We examined whether PRD is associated with NSE emotion by calcu-
lating, for each person, the average of their NSE emotion for each day across the
week. Multiple linear regressions were used to examine person-level associations
between PRD and average NSE emotion. We first ran an unadjusted model. We
then added a race interaction with PRD, accounting for the main effects of race
and PRD. Next, we additionally adjusted for sex, parental education, family in-
come, and stressful life events. As done previously, we also ran an adjusted model

2

Using an uncontrolled three-level multilevel model that only included cor-
tisol parameters (i.e., outcome: log-transformed cortisol; level 1: time since
waking, time since waking squared, cortisol awakening response; level 2:
day-level wake times), the ICC for each level was calculated (level 1:
ICC = 0.34; level 2: ICC = 0.23; level 3: ICC = 0.43) to ensure the appropriate
analytic strategy. The reliability estimates of random level 1 coefficients were
0.56 for the intercept and 0.66 for time since waking.
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using all covariates except for race for the model that tests associations between
NSE emotion and PRD.
Question 3. We tested whether daily changes in and average levels of NSE emotion
related to changes in diurnal cortisol slopes. Day-to-day changes in emotion states
and within-day clustering of cortisol variance, as well as day-specific wake times,
were accounted for at level 2. Average NSE emotion was entered at level 3. Both
same-day NSE emotion and prior-day NSE emotion (i.e., a 1-day prior lagged var-
iable) were entered simultaneously to predict day-to-day changes in cortisol slope
(Equation 1).3

Equation 1
Level 1 Model

Log Cortisolijk ¼ π0jk þ π1jk* Time Since Wakingijk
� �

þ π2jk* Time Since Waking2 ijk
� �

þ π3jk* CARijk

� �

þ eijk

Level 2 Model

π0jk ¼ β00k þ β01k* Wake Timejk
� �þ β02k* NSE Emotionjk

� �

þ β03k* Prior−Day NSE Emotionjk
� �þ r0jk

π1jk ¼ β10k þ β11k* Wake Timejk
� �þ β12k* NSE Emotionjk

� �

þ β13k* Prior−Day NSE Emotionjk
� �þ r1jk

π2jk ¼ β20k þ β21k* Wake Timejk
� �þ β22k* NSE Emotionjk

� �

þ β23k* Prior−Day NSE Emotionjk
� �

π3jk ¼ β30k þ β31k* Wake Timejk
� �þ β32k* NSE Emotionjk

� �

þ β33k* Prior−Day NSE Emotionjk
� �

Level 3 Model

β00k ¼ γ000 þ γ001 Average NSE Emotionð Þ þ u00k

β01k ¼ γ010

β02k ¼ γ020

β03k ¼ γ030

β10k ¼ γ100 þ γ101 Average NSE Emotionð Þ þ u10k

β11k ¼ γ110

β12k ¼ γ120

β13k ¼ γ130

β20k ¼ γ200 þ γ201 Average NSE Emotionð Þ þ u20k

β21k ¼ γ210

β22k ¼ γ220

β23k ¼ γ230

β30k ¼ γ300 þ γ301 Average NSE Emotionð Þ þ u30k

β31k ¼ γ310

Note : i ¼ person; j ¼ day; k ¼ moment

We first ran an unadjusted model. Next, we added a race interaction
with average NSE emotion, also accounting for the main effects of NSE
emotion and race. Finally, we additionally adjusted for sex, parental educa-
tion, family income, and stressful life events.

Question 4. We tested whether associations between PRD and diurnal cortisol
rhythms were mediated by levels of NSE emotion using PROCESS 3.0 (58) with
5000 bootstrapped samples and seed set to 17 (59). Given that PRD was captured
at the person level, we computed person-level estimates of NSE emotion and diur-
nal cortisol slopes so that all measurements were at the same time scale of analysis.
To do this, we exported the fitted diurnal cortisol slopes (β10k) from the uncondi-
tional three-level multilevel model to be used as the outcome variable. For the me-
diator, we averaged the daily NSE emotion across the week. As done previously,
we first ran an unadjusted model. Although we hypothesized that this mediation
model was moderated by race, we were underpowered and did not execute this
analysis. Next, in addition to race, we adjusted for sex, parental education, family
income, and stressful life events. We also tested the mediating pathway adjusting
for all covariates except for race. Coefficients and confident intervals reported
for mediation analyses reflect bootstrapped estimates. Using MedPower (60), with
a sample size of 102 and an α of .05, we had a power of 0.91 to detect a β indirect
effect of 0.13. For ease of interpretation, all continuous variables in the model were
in SD units.

Secondary analyses examined specificity and generalizability of the
main findings. First, we tested whether NSE emotion was more predictive
of PRD and dysregulated cortisol slopes than general negative affect. To do
this, we repeated our analyses using general negative affect (i.e., sad, anx-
ious, depressed, irritable, nervous, angry, lonely, and tired). We then tested,
when in the same model, whether daily and average NSE emotion were re-
lated to diurnal cortisol slopes above and beyond daily and average nega-
tive affect and covariates.

Second, we examined whether daily and average changes in specific
discrete emotions and emotion antecedents drove the relationship between
emotion and diurnal cortisol.With this aim,we repeated analyses using spe-
cific NSE emotion items (i.e., embarrassed, shame, rejected, and judged) and
specific negative affect items (i.e., sad, anxious, depressed, irritable, nervous,
angry, lonely, and tired) at both the day and person levels. We also tested
whether these findings were specific to negative emotion or whether they
generalized to positive affect and specific positive emotion (i.e., excited,
energetic, alert, happy, and calm). We probed whether specific emotions
mediated the relationship between PRD and diurnal cortisol slopes at the
person level.

Third, we examined whether the relationship between PRD, average
and daily NSE emotion, and HPA-axis activity extended to other cortisol

3

Random effects were included for the intercept (r0jk) and slope (r1jk) along
with intercepts for level 2 variables (u00k, u10k, u20k, u30k). Model compar-
isons supported this analytic decision as deviance decreased when we
added a random effect for the intercept (r0jk) and slope (r1jk) compared with
the intercept (r0jk) only (χ

2 = 158.95, df = 2, p < .001). Similarly, deviance
significantly decreased in the model with random intercepts for all level 2
parameters (χ2 = 241.94, df = 2, p < .001). Of note, our cortisol awakening
response measurement does not abide by the current criterion standard of
measurement (50); we therefore did not predict individual differences in
the CAR in our results and did not assign random effects for this vari-
able. Similarly, we did not believe we had sufficient rationale to expect
random effects for the (de)acceleration of the cortisol slope, and given
our relatively small sample size, we needed to be conservative with
our use of random effects.
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parameters such as waking cortisol level, bedtime cortisol level, and total
cortisol. Waking cortisol levels were estimated from the intercept of the
three-level HLM cortisol model (e.g., time was centered at waking). Next,
we recentered time at bedtime so that the intercept of the model reflected
cortisol level at bedtime for each individual. In these models, we examined
whether PRD and NSE emotion were related to changes in the correspond-
ing cortisol waking and bedtime levels andwhether NSE emotionmediated
the association between PRD and waking/bedtime cortisol levels. Next, we
repeated analyses using total cortisol instead of diurnal cortisol slope.
We used a two-level hierarchical linear model to predict a natural log-
transformed total cortisol from day-level (i.e., wake time, same-day NSE
emotion, and prior-day NSE emotion) and person-level (i.e., average
NSE emotion) variables. As done with diurnal cortisol slope, we exported
the fitted total cortisol coefficients from the unconditional two-level multi-
level model to be used as the outcome variable. Specificity and general-
izability analyses mirrored the structure of the main analyses. When
appropriate, unadjusted analyses were presented first, then a race interac-
tion (when the main analyses reported significant moderation) was pre-
sented followed by the fully adjusted models (i.e., including race, sex,
parental education, family income, and stressful life events for all analyses
except for the relationship between PRD and diurnal cortisol slope where
PRD and race were largely overlapping).

RESULTS
Zero-order intercorrelations for key study variables are presented
in Table 1 and showed that a) current discrimination was related
to flatter diurnal cortisol slopes, extending prior research using ear-
lier waves of discrimination data (1); b) NSE emotion was related
to higher levels of discrimination; and c) NSE emotion was related
to flatter diurnal cortisol slopes.

Is Current PRD Related to Flatter Diurnal
Cortisol Slopes?
Using a three-level hierarchical linear model, current PRD was re-
lated to flatter diurnal cortisol slopes (β = 0.05, SE = 0.02, t = 2.33,
p = .022). This effect did not differ by race (β = 0.01, SE = 0.05,
t = 0.27, p = .80), accounting for the main effect of race and
PRD. Adjusting for race, sex, parental education, family income,
and stressful life events, PRD was not associated with flatter diur-
nal cortisol slopes (β = 0.02, SE = 0.02, t = 0.93, p = .36).
Adjusting for sex, parental education, family income, and stressful

life events (and not race given its large overlap with PRD), PRD
was associated with flatter diurnal cortisol slopes (β = 0.05,
SE = 0.02, t = 2.12, p = .037).

Is PRD Related to NSE Emotion?
Using regression-based approaches, analyses probed whether
PRD was related to average levels of NSE across the week. As
seen in Table 1, PRD was associated with average NSE emotion
(β = 0.40, SE = 0.09, t = 4.31, p < .001). Accounting for the main
effect of race and PRD, there was a significant interaction between
race and PRD for NSE emotion (β = 0.43, SE = 0.19, t = 2.24,
p = .027), with Black participants showing signs of stronger NSE
emotion at higher levels of PRD. These results remained largely
stable when adjusting for race, sex, parental education, family in-
come, and stressful life events for both the main effect relationship
between PRD and NSE emotion (β = 0.34 SE = 0.10, t = 3.32,
p = .001) and interaction effect between race and PRD on NSE
emotion (β = 0.29, SE = 0.20, t = 1.98, p = .050). Of note, while
in the expected direction, the adjusted interaction was at the
threshold for statistical significance. PRD also was related to
NSE emotion when adjusting for all covariates (i.e., sex, parental
education, family income, and stressful life events) except for race
(β = 0.35 SE = 0.09, t = 3.67, p < .001).

Is Average and Day-to-Day Changes in NSE Emotion
Related to Diurnal Cortisol Slopes?
Higher average NSE emotion across the week was associated with
flatter cortisol slopes (β = 0.03, SE = 0.01, t = 2.31, p = .023) as
reflected in a significant person-level effect of NSE emotion on
the cortisol slope intercept in a three-level multilevel model
(Figure 1). At level 2 (the day level) of the same model, same-
day NSE emotion was not related to same-day diurnal cortisol
slopes (β = −0.03, SE = 0.03, t = −1.20, p = .23), but higher
prior-day NSE emotion was associated with a significant flattening
of diurnal cortisol slopes the next day (β = 0.10, SE = 0.03,
t = 3.31, p = .001; Table 2). There was not a significant moderation
by race for the association between diurnal cortisol slopes and av-
erage NSE emotion (β = −0.03, SE = 0.02, t = −1.67, p = .098) or
prior-day NSE emotion (β = −0.08, SE = 0.06, t = −1.23, p = .22),

TABLE 1. Zero-Order Correlations Between Key Variables (n = 102)

2 3 4 5 6 7 8 9 10 11 12

1. Wake time cortisol, μg/dl −0.41** 0.15 0.59** −0.11 −0.14 −0.20* −0.17 0.06 −0.05 0.16 0.02

2. Cortisol awakening response −0.18 0.32** −0.16 −0.07 −0.07 0.09 0.27** −0.05 0.11 −0.22*
3. Wake to bed cortisol slope 0.14 0.33** 0.25** 0.29** 0.35** 0.03 −0.08 0.07 0.18

4. Average total cortisol −0.18 −0.07 −0.20 −0.06 0.26** −0.10 0.21* −0.09
5. NSE emotion across week 0.87** 0.40** 0.14 0.00 0.07 −0.22* 0.25*

6. Negative affect 0.33** 0.05 0.09 0.03 −0.28** 0.19

7. Perceived racial discrimination 0.36** −0.07 −0.10 −0.11 0.30**

8. Black race indicator 0.06 −0.30** 0.01 0.07

9. Female sex indicator −0.02 0.02 −0.03
10. Parental education −0.03 0.14

11. Family income −0.11
12. Stressful life events

* p < .05. ** p < .01.

NSE = negative-social evaluative.
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accounting for the main effect of race and NSE emotion. All re-
sults for NSE emotion and diurnal cortisol slope remained robust
when adjusting for race, sex, parental education, family income,
and stressful life events such that both person-level average NSE
emotion and prior-day NSE emotion were related to flatter diurnal
cortisol slopes (person-level: β = 0.03, SE = 0.01, t = 2.53,
p = .013; prior-day: β = 0.10, SE = 0.03, t = 3.09, p = .002).

DoesNSE EmotionMediate Associations Between PRD
and Diurnal Cortisol Slopes?
Formal partial mediation analyses revealed that NSE emotion sig-
nificantly mediated the association between PRD experiences and
diurnal cortisol slopes (β = 0.10 [95% confidence interval
{CI} = 0.004–0.254]) at the person level (Figure 2).4 The mediat-
ing association between PRD, NSE emotion, and diurnal cortisol
slopes remained stable when adjusting for race, sex, parental edu-
cation, family income, and stressful life events (β = 0.10 [95%
CI = 0.01–0.21]). The mediating association remained stable when
not including race as a covariate (β = 0.10 [95% CI = 0.01–0.23]).

Secondary Analyses
Additional analyses examined the specificity and generalizability
of the main findings and tested whether results a) extended to gen-
eral negative affect, b) were driven by discrete emotions, and c) ex-
tended to other cortisol parameters including waking cortisol,
bedtime cortisol, and total cortisol levels.

Is NSE EmotionMore Related to PRD andDysregulated
Cortisol Slopes Than Negative Affect?
NSE emotion and negative affect were highly correlated, particu-
larly at the person level (person level: r = 0.88; day-level:
r = 0.44). Adjusting for race, sex, parental education, family in-
come, and stressful life events, PRD was also associated with

negative affect (β = 0.32, SE = 0.10, t = 3.09, p = .003). The rela-
tionship between PRD and negative affect did not significantly dif-
fer by race (β = 0.22, SE = 0.20, t = 1.11, p = .27), accounting for
the main effect of race and PRD. Adjusting for race, sex, parental
education, family income, and stressful life events, average nega-
tive affect predicted diurnal cortisol slopes (β = 0.04, SE = 0.02,
t = 2.18, p = .031), whereas the association between same-day
(β = 0.02, SE = 0.04, t = 0.66, p = .511) and prior-day
(β = 0.07, SE = 0.03, t = 1.91, p = .057) negative affect and diurnal
cortisol slope did not reach the threshold of significance.

When daily and average NSE emotion and general negative af-
fect were entered in the samemodel, adjusting for race, sex, paren-
tal education, family income, and stressful life events, neither
average NSE emotion (β = 0.03, SE = 0.04, t = 0.69, p = .49)
nor average negative affect (β = 0.00, SE = 0.04, t = 0.11,
p = .91) was associated with diurnal cortisol slope. In contrast,
when in the same model, prior-day NSE emotion (β = 0.09,
SE = 0.04, t = 2.26, p = .025) was related to flatter diurnal cortisol
slope, above and beyond prior-day negative affect (β = 0.01,
SE = 0.03, t = 0.40, p = .69) and covariates.

Finally, adjusting for race, sex, parental education, family in-
come, and stressful life events, general negative affect also medi-
ated the association between racial discrimination and diurnal
cortisol slopes (β = 0.08 [95% CI = 0.01–0.17]).

Do Average and Daily Changes in Emotion
Antecedents and Specific Emotions Drive the
Relationship Between Daily Emotion and Diurnal
Cortisol Slopes?
The associations between daily and average specific emotions and
emotion antecedents and diurnal cortisol slopes were explored.
Adjusting for race, sex, parental education, family income, and
stressful life events, the relationship between average negative
emotion and diurnal cortisol slopes were driven by average feeling
rejected (β = 0.06, p < .001), judged (β = 0.05, p = .009), irritable
(β = 0.04, p = .024), and anxious (β = 0.06, p < .001), and, at the
day level, by prior-day feeling embarrassed (β = 0.09, p < .001),
shame (β = 0.08, p = .019), depressed (β = 0.11, p = .005), and
tired (β = 0.06, p = .034). Of these emotions, NSE emotion items

FIGURE 1. Diurnal cortisol rhythms were associated with average negative social-evaluative (NSE) emotion by race.

4

Mediation analyses were examined at the person-level because perceived
racial discrimination was only available at the person-level. As such, mul-
tilevel mediation techniques were not conducted to ensure that measures
were kept at the same time scale of analysis.
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such as rejected (β = 0.14 [95% CI = 0.01–0.28]), and judged
(β = 0.09 [95% CI = 0.01–0.21]), and other negative emotion
items such as feeling anxious (β = 0.05 [95% CI = 0.01–0.13])
mediated the association between PRD and diurnal cortisol slope,
adjusting for covariates.

Next, we tested whether the relationship between average and
daily negative emotions extended to positive affect and specific
positive emotions. Average positive affect (β = −0.03, p = .25),
prior-day positive affect (β = 0.00, p = .98), and same-day positive
affect (β = −0.05, p = .084) were not associated with diurnal

TABLE 2. NSE Emotion and Diurnal Cortisol (n = 102)

Fixed Effect Coefficient SE t p Interpretation

Model for waking cortisol level, π0
Average waking cortisol level, β00

Intercept, γ000 −1.52 0.04 −36.23 <.001 Waking level = 0.22 μg/dla

Average NSE Emotion, γ001 −0.08 0.04 −2.23 .028 8% less for every +1 SD NSE emotionb

Wakeup time, β01
Intercept, γ010 0.01 0.03 0.21 .834 n.s.

Current-day NSE emotion, β02
Intercept, γ020 −0.01 0.03 −0.41 .682 n.s.

Prior-day NSE emotion, β03
Intercept, γ030 −0.04 0.03 −1.18 .240 n.s.

Model for time since waking, π1
Average effect of time since waking, β10

Intercept, γ100 −0.25 0.03 −9.11 <.001 −22% per hour at waking

Average NSE emotion, γ101 0.03 0.01 2.31 .023 +3% flatter for +1 SD NSE emotion

Wakeup time, β11
Intercept, γ110 −0.01 0.01 −1.26 .208 n.s.

Current-day NSE emotion, β12
Intercept, γ120 −0.03 0.03 −1.20 .230 n.s.

Prior-day NSE emotion, β13
Intercept, γ130 0.10 0.03 3.31 .001 +11% increase for +1 SD prior-day NSE emotion

Model for time since waking squared, π2
Intercept, β20

Intercept, γ200 0.01 0.00 5.39 <.001 1% deceleration in slope per hour after waking

Average NSE emotion, γ300 0.00 0.00 −2.19 .031 −0.2% deceleration in slope for +1 SD NSE emotion

Wakeup time, β21
Intercept, γ210 0.00 0.00 1.13 .261 n.s.

Current-day NSE emotion, γ22
Intercept, γ220 0.00 0.00 1.39 .169 n.s.

Prior-day NSE emotion, γ23
Intercept, γ230 −0.01 0.00 −3.12 .002 −0.6% deceleration in slope for +1 SD NSE emotion

Model for cortisol awakening response, π3
Average cortisol awakening response, β30

Intercept, γ300 0.53 0.04 13.63 <.001 +70% CAR

Average NSE emotion, γ301 −0.07 0.06 −1.16 .249 n.s.

Wakeup time, β31
Intercept, γ310 −0.10 0.02 −4.70 <.001 −9% for every hour later waking

Current-day NSE emotion, β32
Intercept, γ320 0.01 0.03 0.14 .886 n.s.

Prior-day NSE emotion, β33
Intercept, γ330 −0.01 0.03 −0.36 .722 n.s.

All level 1 predictors are uncentered; level 2 variables were group mean centered; level 3 continuous variables were grand mean centered.
a Because the outcome was log transformed, the inverse of that transformation (exponential function) was applied to the coefficient to transform the units back to the original scale
of measure.
b Using log-transformed outcomes allows coefficients to be interpreted as percent change in the outcome per unit change in the independent variable. As such, the following
transformation was applied: B%change = [exp(Braw)] − 1.

NSE = negative social-evaluative; n.s., not significant; CAR = cortisol awakening response.
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cortisol slopes. There were no significant associations for specific
positive emotions (i.e., energetic, alert, happy, and calm) and diur-
nal cortisol slopes, with one exception. Current-day feelings of ex-
citement (β = −0.07, p = .029), was associated with steeper
diurnal cortisol slopes, with findings robust when accounting for
race, sex, parental education, family income, and stressful life events
(β = −0.07, p = .018). Feeling excited did not mediate the relation-
ship between PRD and diurnal cortisol slopes, adjusting for race,
sex, parental education, family income, and stressful life events.

Does the Relationship Between PRD, Average and
Daily NSE Emotion, andDiurnal Cortisol Slopes Extend
to Other Cortisol Parameters?
When examining waking cortisol levels using a three-level multi-
level model, higher levels of PRD were associated with lower
waking cortisol (β = −0.10, SE = 0.04, t = −2.58, p = .011), with
results remaining stable when adjusting for sex, parental educa-
tion, family income, and stressful life events (β = −0.10,
SE = 0.04, t = −2.62, p = .010). Average NSE emotion (β = −0.08,
SE = 0.04, t = −2.23, p = .028), but not prior-day NSE emotion
(β = −0.04, SE = 0.03, t = −1.18, p = .24), was associated with lower
waking cortisol levels. Adjusting for race, sex, parental education,
family income, and stressful life events, the relationship between
average NSE emotion and waking cortisol level did not reach the
threshold of significance (β = −0.05, SE = 0.04, t = −1.39, p = .17).
Person-level NSE emotion did not mediate the association between
PRD andwaking cortisol level (β = −0.00 [95%CI = −0.01 to 0.01]).

When examining bedtime cortisol levels using a three-level
multilevel model, PRD was not associated with bedtime cortisol
levels (β = 0.01, SE = 0.02, t = 0.79, p = .43). Although average
NSE emotion was not associated with bedtime cortisol levels
(β = −0.00, SE = 0.04, t = −.12, p = .91), prior-day NSE emotion
was associated with higher bedtime cortisol levels (β = 0.10,
SE = 0.04, t = 2.10, p = .028). Adjusting for race, sex, parental ed-
ucation, family income, and stressful life events, the relationship
between prior-day NSE emotion and bedtime cortisol levels re-
mained significant (β = 0.09, SE = 0.04, t = 2.19, p = .029). Fi-
nally, person-level NSE emotion did not mediate the association
between PRD and bedtime cortisol (β = −0.00 [95% CI = −0.00
to 0.01]).

When examining total cortisol across the day using a two-level
multilevel model, PRD was not related to total cortisol (β = 0.23,
SE = 0.89, t = 0.26, p = .80). There was also no significant race

interaction for this association (β = −0.46, SE = 1.85, t = −.25,
p = .80). Same-day (β = 0.16, SE = 0.43, t = 0.38, p = .70),
prior-day (β = −0.07, SE = 0.28, t = 0.24, p = .81), and average
NSE emotion (β = −0.91, SE = 0.65, t = −1.41, p = .16) were
not associated with total cortisol. However, a significant race by
average NSE emotion interaction for total cortisol emerged
(β = −2.63, SE = 1.25, t = −2.11, p = .038), such that the link be-
tween higher levels of NSE emotion related to lower levels of total
cortisol was present for only Black participants (Table S1, Supple-
mental Digital Content, http://links.lww.com/PSYMED/A612).
Findings did not reach the threshold for significance when adjusting
for race, sex, parental education, family income, and stressful life
events (β = −2.41, SE = 1.24, t = −1.95, p = .054).

In contrast to the significant mediating role of NSE emotion for
the association between PRD and diurnal cortisol slope, we did not
find a significant mediation of NSE emotion for the association be-
tween PRD and total cortisol level across the day (β = −0.04 [95%
CI = −0.19 to 0.03]). We also did not find a significant mediation
of NSE emotion for the association between PRD and total cortisol
when looking only at Black participants (β = −0.20 [95%
CI = −0.48 to 0.03]). Thus, for each of the research questions ex-
amined, results were more robust in predicting diurnal cortisol
slopes than they were for other diurnal cortisol measures.

DISCUSSION
The present study provided evidence that NSE emotion is one
pathway through which stressful experiences like discrimination
can become embodied in stress biology. These findings were ro-
bust when adjusting for race, sex, parental education, family in-
come, and stressful life events and were typically stronger for
Black participants compared with white participants. Secondary
analyses showed that findings were more pronounced for NSE
emotion compared with negative affect at the day level and were
similar for NSE emotion and general negative affect at the person
level, did not generalize to positive affect (although links between
positive affect and diurnal cortisol slopes were in the expected di-
rection; 61), were driven by a combination of higher bedtime and
lower waking cortisol levels, and were more robust for diurnal cor-
tisol slopes as compared with other cortisol parameters.

There has been a wealth of research that reveals how stressful
experiences get under the skin to influence biology (57–59). Con-
sistent with prior theory and research that highlight emotions as a
mechanism connecting stressors to biology, we find that a particular

FIGURE 2. Negative social-evaluative (NSE) emotion partially mediates the association between perceived racial discrimination (PRD)
and diurnal cortisol slope. **p < .01. *p < .05. ~p < .10.
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type of emotion (NSE emotion) arising from experiences of PRD
may facilitate both acute and more chronic biological changes
in the HPA axis (2,43,60–62). This is consistent with prior
laboratory-based research that has shown that NSE emotion such
as shame is associatedwith cortisol reactivity (2,63,64). Importantly,
however, we are observing shame-cortisol links in response to
real-life stressors in everyday settings, as participants go about
the course of their daily lives.

One of our most interesting findings is that NSE emotion re-
ported at the end of one day was associated with flatter diurnal corti-
sol slopes the next day. These findings suggest that the accumulation
of negative moments across a day seems to have a spillover biologi-
cal signature in next-day diurnal cortisol slopes. When interpreting
diurnal cortisol slopes, flatter patterns can arise from lower morning
levels and/or higher bedtime cortisol levels (e.g., Ref. (29)). Our
findings show that the association between prior-day NSE emo-
tion and flatter diurnal cortisol slopes was driven by higher bed-
time cortisol levels. There are multiple pathways by which NSE
emotion can influence cortisol levels the next day. For instance,
higher bedtime cortisol levels could reflect higher levels of rumi-
nation, or repetitive negative thinking, across the day. Prior re-
search indeed shows that rumination over social-evaluative threats
can persist across the week and is driven by NSE emotion like shame
(65). It is possible that, in the short-term, individualsmay have trouble
“letting go” of thememories of their bad day as they try towind down
and prepare for bed. Across days, higher levels of rumination in the
evenings may disrupt sleep patterns (66) cascading into further dys-
regulation of diurnal cortisol rhythms (67). We find that across the
week, person-level PRD and average NSE emotion were related to
lower waking cortisol, which may reflect more chronic alterations
in sleep during the week of data collection (68). Further research is
needed to test these hypotheses. For example, further research
can examine whether daily rumination and sleep troubles mediate
the relationships between NSE emotion and basal cortisol levels.

Indeed, although differences existed for the relationships
between waking and bedtime cortisol, day-level emotion and
person-level emotion, and experiences of racial discrimination,
there were no significant mediations when waking or bedtime cor-
tisol levels were the outcomes of interest. Instead, we found that
NSE emotion significantly mediated the association between
PRD and diurnal cortisol slope. These apparent differences be-
tween mediation for diurnal cortisol slope but not components of
the diurnal cortisol slope (i.e., waking and bedtime levels) were
likely due to the fact that wake time and bedtime cortisol levels
jointly contribute to the strength of the diurnal cortisol slope.
Zero-order correlations and multilevel models provided some ev-
idence that PRD and average NSE emotion were weakly related
to bedtime cortisol in the expected direction (i.e., higher bedtime
cortisol levels) in addition to being more strongly associated with
lower waking cortisol. Daily NSE emotion was also weakly re-
lated to waking cortisol in the expected direction (i.e., lower wak-
ing cortisol levels), in addition to being more strongly associated
with higher bedtime cortisol. What seems to be nonsignificant
movements toward lower waking levels and higher bedtime
levels, neither of which are robust on their own, may together sig-
nify a meaningful change in diurnal cortisol slope. In this case, the
variance associated with mediational variance of NSE emotion for
the association between PRD and cortisol slope could be a combi-
nation of nonsignificant variance associated with the morning and

evening cortisol levels. However, further research is needed to
continue to differentiate between instances when flatter diurnal
cortisol slopes are driven by lower waking cortisol, higher bedtime
cortisol, or both.

We also find that average NSE emotion and negative affect be-
haved similarly; both were significantly associated with PRD, re-
lated to diurnal cortisol slopes, and mediated the association
between PRD and diurnal cortisol slopes. This is not surprising be-
cause average NSE emotion and negative affect were highly corre-
lated (r = 0.88). NSE emotion and negative affect were less
correlated at the day level (r = 0.44). Differences between NSE
emotion and negative affect in relation to cortisol seemed to
emerge at the day level. For example, we showed that prior-day
NSE emotion was associated with flatter diurnal cortisol slopes
at the day level, over and above negative affect and covariates.
NSE emotion may be particularly distinct from general negative
affect at the day level because daily emotions are more proximal
to the context of the experienced stressors and thereforemay be ex-
perienced as more specific affect, more closely related to the psy-
chological content of the daily experience, as opposed to a more
diffuse negativity that may emerge as memories and interpreta-
tions of events become layered over time. In other words, com-
pared with more trait-like emotional experiences with greater
overlap between NSE emotion and negative affect, the emotional
experiences reported more proximal to an event may be more spe-
cific, less altered by reflection over time, and less influenced by
general personality characteristics (69,70). Further research is
needed to test these hypotheses.

Daily NSE emotion may be particularly relevant for cortisol
because the HPA axis has evolved to be sensitive to threat (71). So-
cial threat is thought to be particularly potent because humans
evolved as a social species. Negative social judgment devalues
an individual’s social status and increases the risk of ejection from
the social group (72). In our evolutionary and our current contexts,
group membership is necessary for survival and thriving. Interest-
ingly, we find that at the day level, discrete NSE emotions such as
shame and embarrassment drive flatter diurnal cortisol slopes,
whereas at the person level, NSE emotion antecedents such as feel-
ing rejected and judged drive flatter diurnal slopes. At the person
level, feeling rejected and judged also mediate the association be-
tween PRD and diurnal cortisol slopes. Dating back to Darwin and
Prodger (73), discrete emotions are thought to derive from evolu-
tionary adaptiveness (i.e., blushing when embarrassed signals gen-
uine remorse; shame motivate us to maintain and improve social
relationships (74,75)). Compared with emotion antecedents (e.g.,
rejected and judged) that reflect contexts that elicit discrete emo-
tions and may operate on a longer time scale, discrete emotions
likely are more acutely elicited by daily stressors.

In a similar vein, our results also highlight that features of
stressors matter when considering the corresponding emotional
experience and diurnal cortisol. For instance, we see that PRD,
above and beyond stressful life events, drives associations for
NSE emotion and diurnal cortisol. PRD experiences may evoke
NSE emotion because of the implied status differentials, social re-
jection, and negative social judgment associated with PRD experi-
ences. Of note, we ideally would have been able to control for
perceived life stress, instead of a count of stressful life events, to
be more parallel to the measure of PRD. It is possible, and perhaps
likely, that perceived life stress and PRD are more correlated than
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stressful life events and PRD. Indeed, further research can examine
differences between perceived life stress and PRD. In a similar
vein, future research can explore frequency of racial discrimination
events above and beyond other stressful life events, along with
other types of stressors that evoke threats to the social self (i.e.,
other types of discrimination, financial stress).

The present findings contribute to and extend prior research
that has shown that negative emotions can mediate the relationship
between stress and health (42) by highlighting the importance of
emotion (e.g., captured by day-level NSE emotion or an overlap
between person-level NSE emotion and negative affect) in
predicting a proximal biological outcome (i.e., diurnal cortisol
slope). For instance, we find that NSE emotion and general nega-
tive affect mediate the associations between discrimination and
flatter diurnal cortisol slope as compared with total cortisol. Our
results suggest that in response to more acute stressors, the HPA-
axis alterations include lower waking and higher bedtime cortisol
levels, which result in a flattening of the diurnal cortisol slope,
but not necessarily changes in total or average cortisol levels
across the waking day. Only with more chronic stressors, or re-
peated acute stressors accumulated over years, is there evidence
for changes in total cortisol level, such as the overall lowering of
cortisol levels found in individuals with high cumulative exposure
to discrimination over the course of adolescence and young adult-
hood (1). As such, the diurnal cortisol slopes may provide a stron-
ger signal for daily changes in emotion and current experiences of
discrimination. Moreover, the diurnal cortisol slope is one of the
most widely examined aspects of diurnal cortisol rhythms because
of its well-documented links to physical and psychological health
outcomes (e.g., Refs. (24,26,76–79)). Further research can ex-
amine whether NSE emotion elicited by racial discrimination is
related to long-term health outcomes by way of alterations in
HPA-axis activity. This line of research would advance our under-
standing of racial-ethnic disparities in health by further elucidating
some of the contributing mechanisms at play.

Taken together, these findings highlight that daily emotions
may be one pathway by which experiences of discrimination can
become embodied to shape biology, which may in turn bear conse-
quences for health.

Directions for Future Research
There are several promising directions for future research that
would extend the present findings. For example, the present study
examined whether NSE emotion across the week mediates the as-
sociations between person-level PRD and diurnal cortisol slopes.
However, cortisol diurnal rhythms reflect both trait and state vari-
ations that each provides unique information. Although the present
study design and sample constrained our ability to examine multi-
level mediation, further research should examine whether day-level
experiences of NSE emotion mediate the association between day-
level experiences of discrimination and diurnal cortisol slopes.
Further examination of the dynamic interactions between emotion
and cortisol across other time scales would extend the present
study to better understand within-person and between-person con-
tributors to HPA-axis activity. Moreover, the present study focuses
on concurrent associations. We extend prior research that has
shown that past experiences of discrimination during developmen-
tally sensitive periods are associated with adult stress biology (1)

to further show that current discrimination is similarly related to
flatter diurnal cortisol slopes. We additionally show that current
NSE emotion mediates the association between current PRD and
current diurnal cortisol slopes at the person level. However, an un-
answered question is whether past discrimination predicts changes
in current stress biology by way of past emotional and biological
states. Further research that includes longitudinal measurement
of diurnal cortisol and daily emotions across developmental pe-
riods is needed to begin to answer this question.

Limitations and Strengths
The present study has some important limitations. First, the sub-
sample of participants who had physiological data was relatively
small (n = 102), and a larger sample would have provided greater
statistical power that could allow for tests such as moderated me-
diation analyses. For instance, one might expect that the mediation
of NSE emotion on the association between discrimination and di-
urnal cortisol slopes might be different across race and ethnicity.
Second, although the present sample captured many diverse as-
pects of sociodemographic characteristics, the study only includes
white and Black participants. The ethnic-racial composition was
representative of the county where the study was conducted at
the time of recruitment. However, the results have limited general-
izability across other demographic groups. Moreover, white and
Black participants were selected from the bottom, middle, and
top thirds of their respective distributions of PRD from prior waves
of data collection to be recruited into the present subsample. As
such, white participants who report PRD were likely oversampled
compared with the generalized population. It is important that fu-
ture research with a larger sample tests the generalizability of our
findings within different ethnic-racial samples across varying
levels of PRD. Third, although there was a relatively diverse socio-
economic sample, the mean for education and income for Black
participants is higher than the national average. This was an inten-
tional component of the study, as it allowed for disentangling the
influences of race and income to focus on the race-related stressors
independent of income-related stressors, which are often con-
founded. However, it is unknown whether the present findings
would extend to samples of other economic contexts. Fourth, anal-
yses presented are concurrent (although longitudinal in nature at
the day-level using lag-dependent modeling) and correlational at
the person level. Precautions should be taken around the interpre-
tation regarding directionality of results.

The present study has several methodological strengths. First,
MADICS is, to our knowledge, the most expansive data set that in-
cludes discrimination, daily emotion, and stress biology measure-
ment in naturalistic settings. Second, multiple time scales were
used to assess NSE emotion including day-to-day changes and av-
erage levels of NSE emotion. Third, there was strongmeasurement
of diurnal cortisol with cortisol sampled multiple times across the
day for seven consecutive days. This allowed for a more reliable
estimation of average levels of and daily changes in diurnal corti-
sol slopes in naturalistic settings.

CONCLUSIONS
The present study provides empirical evidence for the emotion
pathways by which experiences of PRD can become embodied
in stress biology. Findings revealed that PRD experiences were
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linked with flatter diurnal cortisol slopes and higher levels of NSE
emotions. Higher levels of day-to-day and average NSE emotion
were related to flatter diurnal cortisol slopes, and NSE emotion
in part mediated the association between PRD and diurnal cortisol
slopes. Broadly, the present study highlights the importance of
considering the role of emotion processes as a mechanism for
the impact of stressful events on stress biology. More specifically,
it highlights the unfortunate and unjust emotional and biological
costs of discrimination, particularly for persons of color.

The authors wish to thank all MADICS study participants and
the research team.

Author Contributions: Emma K. Adam and Emily F. Hittner
formed the project idea. Emily F. Hittner performed data analysis in
consultation with Emma K. Adam. Emily F. Hittner and Emma K.
Adam interpreted and discussed the results. Emily F. Hittner wrote
the manuscript, and Emma K. Adam provided critical revisions. All
authors approved the final version of the manuscript for submission.

Source of Funding and Conflicts of Interest: Wave 8 of the
Maryland Adolescent Development in Context Study was funded
by National Institute of Child Health and Human Development
Grant No. R01HD048970 to Jacquelynne Eccles and Stephen
Peck, and the wave 8 biomarker data were funded by National
Institute of Aging Grant No. RC2AG03678001 to Jacquelynne
Eccles, Stephen Peck, EmmaK. Adam, Jennifer Richeson, Margaret
Kemeny, and Wendy Berry Mendes. Support was also provided by
BCS-0843872 and BCS-0921728 to Jennifer Richeson and by
faculty fellowships from the Institute for Policy Research at
Northwestern University to Emma K. Adam. Emily F. Hittner is
funded through the Multidisciplinary Program in Education Sciences
(US Department of Education, Institute of Education Sciences,
Multidisciplinary Program in Education Sciences, Grant Award
No. R305B140042). The authors declared that they have no con-
flicts of interest with respect to their authorship or the publication
of this article.

REFERENCES
1. AdamEK,Heissel JA, Zeiders KH, Richeson JA, Ross EC, Ehrlich KB, LevyDJ,

Kemeny M, Brodish AB, Malanchuk O, Peck SC, Fuller-Rowell TE, Eccles JS.
Developmental histories of perceived racial discrimination and diurnal cortisol
profiles in adulthood: a 20-year prospective study. Psychoneuroendocrinology
2015;62:279–91.

2. Dickerson SS, Kemeny ME. Acute stressors and cortisol responses: a theoretical
integration and synthesis of laboratory research. Psychol Bull 2004;130:355–91.

3. Kirschbaum C, Hellhammer DH. Salivary cortisol in psychobiological research:
an overview. Neuropsychobiology 1989;22:150–69.

4. Adam EK. Emotion-cortisol transaction occur over multiple time scales in devel-
opment: implications for research on e motion and the development of emotional
disorders. Monogr Soc Res Child Dev 2012;77:17–27.

5. Kudielka BM, Schommer NC, Hellhammer DH, Kirschbaum C. Acute HPA axis
responses, heart rate, and mood changes to psychosocial stress (TSST) in humans
at different times of day. Psychoneuroendocrinology 2004;29:983–92.

6. 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.

7. Adam EK, Kumari M. Assessing salivary cortisol in large-scale, epidemiological
research. Psychoneuroendocrinology 2009;34:1423–36.

8. Linkowski P, Van Onderbergen A, Kerkhofs M, Bosson D, Mendlewicz J, Van
Cauter E. Twin study of the 24-h cortisol profile: evidence for genetic control
of the human circadian clock. Am J Physiol 1993;264:E173–81.

9. Schmidt-Reinwald A, Pruessner JC, Hellhammer DH, Federenko I, Rohleder N,
Schürmeyer TH, KirschbaumC. The cortisol response to awakening in relation to
different challenge tests and a 12-hour cortisol rhythm. Life Sci 1999;64:1653–60.

10. Kemeny ME. The psychobiology of stress. Curr Dir Psychol Sci 2003;12:124–9.

11. 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 2006;103:17058–63.

12. Michaud K, Matheson K, Kelly O, Anisman H. Impact of stressors in a natural
context on release of cortisol in healthy adult humans: a meta-analysis. Stress
2008;11:177–97.

13. Rohleder N, Beulen SE, Chen E, Wolf JM, Kirschbaum C. Stress on the dance
floor: the cortisol stress response to social-evaluative threat in competitive ball-
room dancers. Pers Soc Psychol Bull 2007;33:69–84.

14. Gunnar MR, Vazquez DM. Low cortisol and a flattening of expected daytime
rhythm: potential indices of risk in human development. Dev Psychopathol
2001;13:515–38.

15. Smyth J, Ockenfels MC, Porter L, Kirschbaum C, Hellhammer DH, Stone AA.
Stressors and mood measured on a momentary basis are associated with salivary
cortisol secretion. Psychoneuroendocrinology 1998;23:353–70.

16. Hanson EK, Maas CJ, Meijman TF, Godaert GL. Cortisol secretion throughout
the day, perceptions of the work environment, and negative affect. Ann Behav
Med 2000;22:316–24.

17. AdamEK. Transactions among adolescent trait and state emotion and diurnal and
momentary cortisol activity in naturalistic settings. Psychoneuroendocrinology
2006;31:664–79.

18. van EckMM,Nicolson NA, Berkhof H, Sulon J. Individual differences in cortisol
responses to a laboratory speech task and their relationship to responses to stress-
ful daily events. Biol Psychol 1996;43:69–84.

19. Kirschbaum C, Pirke K-M, Hellhammer DH. The ‘Trier Social Stress Test’—a
tool for investigating psychobiological stress responses in a laboratory setting.
Neuropsychobiology 1993;28:76–81.

20. Doane LD, Adam EK. Loneliness and cortisol: momentary, day-to-day, and trait
associations. Psychoneuroendocrinology 2010;35:430–41.

21. Adam EK, Gunnar MR. Relationship functioning and home and work de-
mands predict individual differences in diurnal cortisol patterns in women.
Psychoneuroendocrinology 2001;26:189–208.

22. Desantis AS, Kuzawa CW, Adam EK. Developmental origins of flatter cortisol
rhythms: socioeconomic status and adult cortisol activity. Am J Hum Biol
2015;27:458–67.

23. Young ES, Farrell AK, Carlson EA, Englund MM, Miller GE, Gunnar MR,
Roisman GI, Simpson JA. The dual impact of early and concurrent life stress on
adults’ diurnal cortisol patterns: a prospective study. Psychol Sci 2019;30:739–47.

24. 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;25:629–42.

25. Kuras YI, Assaf N, Thoma MV, Gianferante D, Hanlin L, Chen X, Fiksdal A,
Rohleder N. Blunted diurnal cortisol activity in healthy adults with childhood ad-
versity. Front Hum Neurosci [Internet]. 2017;11. Available at: https://www.ncbi.
nlm.nih.gov/pmc/articles/PMC5712303/. Accessed August 12, 2019.

26. Adam EK, QuinnME, Tavernier R, McQuillan MT, Dahlke KA, Gilbert KE. Di-
urnal cortisol slopes and mental and physical health outcomes: a systematic re-
view and meta-analysis. Psychoneuroendocrinology 2017;83:25–41.

27. Cohen JE. Human population: the next half century. Science 2003;302:1172–5.
28. Deer LK, Shields GS, Ivory SL, Hostinar CE, Telzer EH. Racial/ethnic dispar-

ities in cortisol diurnal patterns and affect in adolescence. Dev Psychopathol
2018;1–17.

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

30. 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.

31. Tajfel H. Social psychology of intergroup relations. Annu Rev Psychol 1982;33:
1–39.

32. Allison KW. Stress and oppressed social category membership. In: Swim JK,
Stangor C, editors. Prejudice: The Target’s Perspective. San Diego, CA: Aca-
demic Press; 1998:145–70.

33. Clark R, Anderson NB, Clark VR,Williams DR. Racism as a stressor for African
Americans. A biopsychosocial model. Am Psychol 1999;54:805–16.

34. Harrell CJ, Burford TI, Cage BN, Nelson TM, Shearon S, Thompson A, Green
S. Multiple pathways linking racism to health outcomes. Du Bois Rev 2011;8:
143–57.

35. Harrell SP. Amultidimensional conceptualization of racism-related stress: implica-
tions for the well-being of people of color. Am J Orthopsychiatry 2000;70:42–57.

36. Jones CP. Levels of racism: a theoretic framework and a gardener’s tale. Am J
Public Health 2000;90:1212–5.

37. Krieger N, Rowley DL, Herman AA, Avery B, Phillips MT. Racism, sexism, and
social class: implications for studies of health, disease, and well-being. Am J Prev
Med 1993;9:82–122.

38. Skinner ML, Shirtcliff EA, Haggerty KP, Coe CL, Catalano RF. Allostasis model
facilitates understanding race differences in the diurnal cortisol rhythm. Dev
Psychopathol 2011;23:1167–86.

39. Pager D, Bonikowski B,Western B. Discrimination in a low-wage labormarket: a
field experiment. Am Sociol Rev 2009;74:777–99.

ORIGINAL ARTICLE

Psychosomatic Medicine, V 82 • 420-431 430 May 2020

Copyright © 2020 by the American Psychosomatic Society. Unauthorized reproduction of this article is prohibited.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5712303/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5712303/


40. Quillian L, Pager D, Hexel O, Midtbøen AH. Meta-analysis of field experiments
shows no change in racial discrimination in hiring over time. Proc Natl Acad Sci
2017;114:10870–5.

41. Levy DJ, Heissel JA, Richeson JA, Adam EK. Psychological and biological re-
sponses to race-based social stress as pathways to disparities in educational out-
comes. Am Psychol 2016;71:455–73.

42. Gerrard M, Gibbons FX, Fleischli ME, Cutrona CE, Stock ML. Moderation of
the effects of discrimination-induced affective responses on health outcomes.
Psychol Health 2018;33:193–212.

43. Gibbons FX, Kingsbury JH, Weng C-Y, Gerrard M, Cutrona C, Wills TA, Stock
M. Effects of perceived racial discrimination on health status and health behavior:
a differential mediation hypothesis. Health Psychol 2014;33:11–9.

44. Borders A, Liang CT. Rumination partially mediates the associations between
perceived ethnic discrimination, emotional distress, and aggression. Cultur Divers
Ethnic Minor Psychol 2011;17:125–33.

45. Dickerson SS, Gruenewald TL, Kemeny ME. When the social self is threatened:
shame, physiology, and health. J Pers 2004;72:1191–216.

46. Matheson K, Anisman H. Anger and shame elicited by discrimination: moderat-
ing role of coping on action endorsements and salivary cortisol. Eur J Soc Psychol
2009;39:163–85.

47. Eccles J. MADICS study of adolescent development in multiple contexts,
1991–2012. Eccles J, editor. Harvard Dataverse; 1991. Available at: https://doi.
org/10.7910/DVN/TVXUIN.

48. Brodish AB, Cogburn CD, Fuller-Rowell TE, Peck S, Malanchuk O, Eccles JS.
Perceived racial discrimination as a predictor of health behaviors: the moderating
role of gender. Race Soc Probl 2011;3:160–9.

49. Harris AL. I (don’t) hate school: revisiting oppositional culture theory of blacks’
resistance to schooling. Soc Forces 2006;85:797–834.

50. Stalder T, Kirschbaum C, Kudielka BM, Adam EK, Pruessner JC, Wüst S,
Dockray S, Smyth N, Evans P, Hellhammer DH. Assessment of the cortisol
awakening response: expert consensus guidelines. Psychoneuroendocrinology
2016;63:414–32.

51. Pruessner JC, Kirschbaum C, Meinlschmid G, Hellhammer DH. Two formulas for
computation of the area under the curve represent measures of total hormone concen-
tration versus time-dependent change. Psychoneuroendocrinology 2003;28:916–31.

52. Clow A, Hucklebridge F, Stalder T, Evans P, Thorn L. The cortisol awakening re-
sponse:more than ameasure of HPA axis function. Neurosci BiobehavRev 2010;
35:97–103.

53. Harrell SP, Merchant MA, Young SA. Psychometric properties of the racism and
life experiences scales (RaLES). Poster session presented at: the Annual Conven-
tion of the American Psychological Association 1997; Chicago, IL.

54. Wong CA, Eccles JS, Sameroff A. The influence of ethnic discrimination and eth-
nic identification on African American adolescents’ school and socioemotional
adjustment. J Pers 2003;71:1197–232.

55. Watson D, Clark LA. The PANAS-X: Manual for the Positive and Negative Af-
fect Schedule—expanded form. Iowa City: University of Iowa; 1999.

56. Holmes TH, Rahe RH. The social readjustment rating scale. J Psychosom Res
1967;11:213–8.

57. Raudenbush SW, Bryk AS, Congdon R. HLM 7 for Windows. Computer Soft-
ware. Skokie, IL: Scientific Software International, Inc.; 2011.

58. Hayes AF, Preacher KJ. Statistical mediation analysis with a multicategorical in-
dependent variable. Br J Math Stat Psychol 2014;67:451–70.

59. Preacher KJ, Hayes AF. Asymptotic and resampling strategies for assessing and
comparing indirect effects in multiple mediator models. Behav Res Methods
2008;40:879–91.

60. Kenny DA. MedPower: an interactive tool for the estimation of power in tests of
mediation [computer software]. Available at: from https://davidakenny. shinyapps.
io/PowerMed; 2017. Accessed November 10, 2019.

61. Hoyt LT, Zeiders KH, Ehrlich KB, Adam EK. Positive upshots of cortisol in ev-
eryday life. Emotion 2016;16:431–5.

62. Lupien SJ, McEwen BS, Gunnar MR, Heim C. Effects of stress throughout
the lifespan on the brain, behaviour and cognition. Nat Rev Neurosci 2009;
10:434–45.

63. Dickerson SS, Mycek PJ, Zaldivar F. Negative social evaluation, but not mere
social presence, elicits cortisol responses to a laboratory stressor task. Health
Psychol 2008;27:116–21.

64. Gruenewald TL, Kemeny ME, Aziz N, Fahey JL. Acute threat to the social
self: shame, social self-esteem, and cortisol activity. Psychosom Med 2004;
66:915–24.

65. Zoccola PM, Dickerson SS, Lam S. Eliciting and maintaining ruminative
thought: the role of social-evaluative threat. Emotion 2012;12:673–7.

66. Thomsen DK, Yung Mehlsen M, Christensen S, Zachariae R. Rumination—
relationship with negative mood and sleep quality. Pers Individ Differ 2003;34:
1293–301.

67. Zeiders KH, Doane LD, Adam EK. Reciprocal relations between objectively
measured sleep patterns and diurnal cortisol rhythms in late adolescence. J
Adolesc Health 2011;48:566–71.

68. Backhaus J, Junghanns K, Hohagen F. Sleep disturbances are correlated with de-
creased morning awakening salivary cortisol. Psychoneuroendocrinology 2004;
29:1184–91.

69. Trull TJ, Ebner-PriemerUW.Using experience samplingmethods/ecological mo-
mentary assessment (ESM/EMA) in clinical assessment and clinical research: in-
troduction to the special section. Psychol Assess 2009;21:457–62.

70. Stone AA, Shiffman S. Ecological momentary assessment (EMA) in behavorial
medicine. Ann Behav Med 1994;16:199–202.

71. Kemeny ME. Psychobiological responses to social threat: evolution of a psy-
chological model in psychoneuroimmunology. Brain Behave Immun 2009;
23:1–9.

72. Baumeister RF, Leary MR. The need to belong: desire for interpersonal at-
tachments as a fundamental human motivation. Psychol Bull 1995;117:
497–529.

73. DarwinC, Prodger P. The Expression of the Emotions inMan andAnimals. Oxford,
UK: Oxford University Press; 1872.

74. Dijk C, De Jong PJ, Peters ML. The remedial value of blushing in the context of
transgressions and mishaps. Emotion 2009;9:287–91.

75. Sznycer D, Tooby J, Cosmides L, Porat R, Shalvi S, Halperin E. Shame closely
tracks the threat of devaluation by others, even across cultures. Proc Natl Acad
Sci 2016;113:2625–30.

76. Bhattacharyya MR, Molloy GJ, Steptoe A. Depression is associated with flatter
cortisol rhythms in patients with coronary artery disease. J Psychosom Res
2008;65:107–13.

77. Hackett RA, Steptoe A, Kumari M. Association of diurnal patterns in salivary
cortisol with type 2 diabetes in the Whitehall II study. J Clin Endocrinol Metabol
2014;99:4625–31.

78. 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 II study. J Clin Endocrinol Metabol 2011;96:1478–85.

79. 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.

Pathways to the Embodiment of Discrimination

Psychosomatic Medicine, V 82 • 420-431 431 May 2020

Copyright © 2020 by the American Psychosomatic Society. Unauthorized reproduction of this article is prohibited.

http://doi.org/10.7910/DVN/TVXUIN
http://doi.org/10.7910/DVN/TVXUIN
https://davidakenny

