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Objective: Although chronic discrimination negatively impacts sleep, the cross-sectional nature of most
research limits the understanding of how changes in discrimination over time are associated with sleep
health. Therefore, the aims of this study were to explore the: (1) longitudinal association between daily
discrimination and subjective and objective sleep; (2) mediating roles of anxiety and social well-being; and
(3) moderating role of change in discrimination over time.

I;Z ::ior;ﬁation Methods: An archival analysis was completed using data from the Midlife in the United States study across 3
Sleep timepoints. Participants were primarily female-identifying, white, and college-educated. Measures included
Actigraphy Pittsburgh Sleep Quality Index (N = 958), sleep diaries (N = 307), and actigraphy (N = 304). Daily dis-
Anxiety crimination, the Social Well-Being Scale, and the Mood and Anxiety Symptom Questionnaire were also
Social well-being administered. Moderated parallel mediations were performed using the PROCESS macro controlling for
Sleep diary depressive symptoms.

Results: More discrimination at time 1 was associated with worse global sleep quality (b = 0.10 and p =.001)
and daily sleep quality (b = 0.03 and p = .02) and worse objective sleep-onset latency (b = 0.93 and p =.02),
wake after sleep onset (b = 1.09 and p = .002), and sleep efficiency (b = -0.52 and p < .001) at time 3. Social
well-being mediated the associations between discrimination and subjective global sleep quality 95% CI
[0.00, 0.03] and daily sleep quality 95% CI [0.00, 0.01] and objective TST 95% CI [0.00, 0.96] when dis-
crimination was increasing or chronic. Anxiety mediated the discrimination—global sleep quality associa-
tion regardless of changes in discrimination.
Conclusions: Discrimination showed durable associations with a broad array of sleep outcomes across a 10-
year period. Anxiety and social well-being linked discrimination to subjective sleep outcomes, illustrating
the importance of psychosocial well-being for sleep health in those experiencing discrimination.

© 2023 National Sleep Foundation. Published by Elsevier Inc. All rights reserved.

Despite ongoing efforts to reduce social inequalities, dis-
crimination remains a common occurrence in the United States with
severe implications for physical and mental health. Higher risk of
mortality,! hypertension,” and incident breast cancer,” as well as
depression and anxiety disorders,** all are associated with exposure
to discrimination. Moreover, individuals who perceive discrimina-
tion engage in fewer positive health behaviors.® Discrimination is

* Corresponding author: Natalie D. Dautovich, PhD, Virginia Commonwealth
University, 800 West Franklin St, Room 203, Box 842018, Richmond, VA 23284-
2018, USA.

E-mail address: ndautovich@vcu.edu (N.D. Dautovich).

https://doi.org/10.1016/j.sleh.2023.06.007

known to have a particularly adverse impact on sleep. A recent
systematic review showed that experiences of discrimination are
associated with sleep problems assessed via self-report and objec-
tive measures, such as actigraphy and polysomnography.” Specifi-
cally, discrimination across various aspects of identity is a risk factor
for shorter sleep duration, increased sleep complaints, greater wake
after sleep onset (WASO), and less slow-wave, restorative sleep.®"'”
Furthermore, although there is evidence that chronic discrimination
over time has more harmful effects on sleep than does discrimina-
tion at any 1 particular timepoint,'' the cross-sectional nature of
most research in this area prevents exploration of how changes in
discrimination over time might impact sleep health. The small body
of existing longitudinal research has shown durable associations
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between greater discrimination and worse self-reported sleep in
Australian indigenous children (across a 5-year period)”” and in
Latinx and African American undergraduates (across several
months).'"*!” The current study aims to build on this research by
assessing the discrimination-sleep association across a wide range of
sleep outcomes, in an adult sample (majority white, midlife, and
female), and across a longer time period.

Ongoing investigations of the mechanisms that underlie the asso-
ciation between discrimination and sleep reveal that these may vary
depending on the aspects of identity and type of discrimination (ie,
structural versus interpersonal and chronic versus acute) under study.'®
Both discrimination and sleep are complex constructs; thus, biological,
psychological, social, and cultural factors are at play. The current study
focuses particularly on psychosocial mechanisms. Psychologically, de-
pression has been primarily regarded as a confounding variable within
the literature due to the known associations between depression and
both discrimination and sleep.'® There is growing interest in the role of
anxiety, as both cognitive (eg, worry and rumination) and physical (ie,
autonomic arousal) symptoms of anxiety are linked to discrimination
and can also inhibit restorative sleep.'”'® Exposure to discrimination, or
even the anticipation of potential discrimination, induces cognitive and
physical hypervigilance, as people worry about the impacts of dis-
crimination and, in some cases, fear for their safety.'® This state of
chronically persistent arousal may negatively impact sleep for in-
dividuals experiencing discrimination. Thus, both depression and an-
xiety were included as covariates or mediators in the present study.

Discrimination and sleep do not simply exist in a personal vacuum,
however. Rather, they are constructs embedded within the social
world." Social well-being refers to one’s appraisal of their own ability
to navigate the social world, including one’s self-evaluation of their
perceived integration into and potential to contribute to society, as well
as an appraisal of societal kindness and acceptance.’® Discrimination is
associated with increased loneliness, decreased feelings of safety and
trust in society,”! and overall lower perceived social capital.® Particu-
larly when experienced chronically, discrimination can erode one’s
confidence in their ability to navigate the social landscape, as well as
their optimism toward the social world itself.

Social well-being has also been tied to sleep. Social isolation has
been cross-sectionally and longitudinally associated with insomnia
and daytime fatigue,”>** and individuals with insomnia endorsed
significantly less trust in their neighbors and lower feelings of
community belonging.?® This association between social well-being
and sleep may be bidirectional; studies show that those with poor
sleep are more likely to mistrust others and rate others as less so-
cially desirable. Conversely, others are more likely to disengage from
those with insomnia, furthering feelings of social disconnection.’*

In sum, the cross-sectional association between discrimination
and sleep has been well-established; however, less is known about
the longitudinal associations, particularly within adult samples
across the long term. Therefore, the first aim of the present study is
to explore the longitudinal association (approximately 10 years)
between daily discrimination and a wide variety of sleep outcomes,
including retrospective self-report, daily diary, and actigraphy
methods. In addition, this paper explores the mediating roles of both
anxiety and social well-being in this association to better under-
stand both psychological and social factors underpinning the nega-
tive discrimination-sleep association. Finally, this paper aims to shed
light on how changes in discrimination over time moderate these
associations, an underdeveloped realm of literature.

Methods
Participants

An archival analysis was completed using data from the Midlife
in the United States (MIDUS) datasets, a nationally representative
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Table 1
Demographic characteristics for each sleep sample
PSQI sample Sleep diary Actigraphy
(N=958) sample sample
(N=307) (N=304)
Age M=55.16 M=54.79 M=54.77
SD=11.80 SD=12.06 SD=12.05
Range=34-84 Range=34-83 Range=34-83
Sex
Female 528 (55.1%) 169 (55.0%) 168 (55.3%)
Male 430 (44.9%) 138 (45.0%) 136 (44.7%)
Race
White 901 (94.1%) 296 (96.4%) 293 (96.4%)
Black/African American 25 (2.6%) 5 (1.6%) 5 (1.6%)
Native American/ 5 (0.5%) 1(0.3%) 1(0.3%)
Aleutian Islander/
Eskimo
Asian/Pacific Islander 2 (0.2%) 1(0.3%) 1(0.3%)
Multiracial 7 (0.7%) 2 (0.7%) 2 (0.7%)
Other 18 (1.9%) 2 (0.7%) 2 (0.7%)
Education
Less than HS 33 (3.4%) 11 (3.6%) 10 (3.3%)
HS or equivalent 200 (20.9%) 71 (23.2%) 70 (23.1%)
Some college 195 (20.4%) 63 (20.6%) 62 (20.5%)
Associates 72 (7.5%) 22 (7.2%) 22 (7.3%)
Bachelors 221 (23.1%) 71 (23.2%) 71 (23.4%)
Masters work or degree 192 (20.0%) 58 (19.0%) 58 (19.1%)
Doctorate or professional 43 (4.5%) 10 (3.3%) 10 (3.3%)

degree

PSQI, Pittsburgh Sleep Quality Index. HS, high school

sample across the adult lifespan. MIDUS-I, the baseline study, was
conducted between 1995 and 1997. MIDUS-II, the first MIDUS
follow-up, was conducted between 2004 and 2009. As part of
MIDUS-II, a subset of participants completed Project 4, the
Biomarker project, to collect sleep and other biomarker data. Thus,
participants included in the current study were those who had
complete self-reported sleep data (ie, Pittsburgh Sleep Quality Index
[PSQI]; N = 958), sleep diaries (N = 307), and actigraphy (N = 304).

Participants in the PSQI sample (Mage = 55.16) most commonly
identified as female (55.1%), white (94.1%), and college graduates
(23.1%). See Table 1 for participant characteristics for each sample
(PSQ], sleep diary, and actigraphy).

Procedures

MIDUS-I and MIDUS-II were selected for the current study as
they provided data on perceived discrimination (MIDUS-I and
MIDUS-II), social well-being (MIDUS-II), anxiety (MIDUS-II), and
sleep (MIDUS-II, Project 4). Both MIDUS-I and MIDUS-II consisted of
30-minute phone interviews and 2 self-administered questionnaires.
The Biomarker Project (MIDUS-II, Project 4) consisted of a 2-day
clinic visit and 7 days of at-home monitoring carried out at 1 of 3
sites (Univeristy of California, Los Angeles (UCLA), the University of
Wisconsin, and Georgetown University) based on the region in
which each participant lived (West Coast, Midwest, and East Coast,
respectively). The midpoints of data collection across the 3 time
periods were 1996 (MIDUS-I, time 1), 2005 (MIDUS-II, time 2), and
2007 (Biomarker Project, time 3). Ethical approval for the studies
was obtained from the Institutional Review Board at each partici-
pating site.

Measures

Perceived discrimination

Daily discrimination was measured by a scale created for MIDUS
and administered as part of the survey in MIDUS-I and MIDUS-IL
Items used in the scale were taken from a prior study®’ and based on
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qualitative studies of discrimination.”® Participants were asked to
report the frequency with which they experienced 9 types of dis-
crimination (eg, “You are treated with less respect than other
people”) on a “day-to-day basis,” using a scale from 1 (never) to 4
(often). Total Discrimination scores range from 4 to 36, with higher
scores indicating greater frequency. The scale demonstrated good
reliability in the current sample (Cronbach’s «=0.91). A Dis-
crimination Change score was computed for each participant by
subtracting their Total Discrimination score at time 2 from their
Total Discrimination score at time 1; change scores could range from
-36 to 36, with negative numbers suggesting greater discrimination
at time 2. Change in discrimination was included as: (1) a continuous
variable predicting sleep outcomes in the hierarchical regression and
mediation analyses and (2) as a categorical moderating variable in
the moderated mediation analyses (consisting of 3 group-
s—decreasing discrimination stable discrimination and increasing
discrimination from time 1 to time 2). In addition, participants were
asked whether the following aspects of identity contributed to the
discrimination that they faced (yes/no): age, gender, race, ethnicity,
religion, height/weight, appearance, physical disability, sexual or-
ientation, and others.

Social well-being

The Social Well-Being Scale’® was administered as part of the
survey in MIDUS-IL. This 14-item scale measures five dimensions of
well-being: social coherence, social integration, social acceptance,
social contribution, and social actualization. Participants rated their
level of agreement with statements (eg, “I feel close to other people
in my community”) on a scale from 1 (strongly agree) to 7 (strongly
disagree). Items are reverse coded so that higher aggregate scores
(range: 14-98) indicate greater social well-being. The scale demon-
strated fair reliability in the current sample (Cronbach’s «=0.63),
consistent with prior research.?’

Anxiety and depression

The Anxious Symptoms subscale of the short version of the Mood
and Anxiety Symptom Questionnaire?” was administered as part of
the survey in MIDUS-II. Participants are asked to rate how much they
have felt various symptoms (eg, “felt keyed up or ‘on edge’) over the
past week on a scale from 1 (very slightly or not at all) to 5 (ex-
tremely). Total scores range from 11 to 55, with higher scores in-
dicating greater anxiety. The scale demonstrated good reliability in
the current sample (Cronbach’s « = 0.79). In addition, the Depressive
Symptoms subscale of the Mood and Anxiety Symptom Ques-
tionnaire®” was used to assess depressive symptoms. The Depressive
Symptoms subscale uses the same format; however, there are 12
items (eg, “felt like crying”) yielding a total score that ranges from 12
to 60, with higher scores indicating greater depression. The scale
demonstrated good reliability (Cronbach’s « =0.90).

Sleep
Sleep data were collected as part of the Biomarker Project
(Project 4) in MIDUS-II in the following ways.

Pittsburgh Sleep Quality Index. The PSQI’® was used as a global
subjective measure of sleep. The PSQI consists of 19 items, which
are grouped to form 7 component scores: sleep quality (SQ), sleep
latency, sleep duration, habitual sleep efficiency (SE), sleep
disturbance, use of sleep medications, and daytime dysfunction.
Component scores are then summed to yield a global SQ score
ranging from 0 to 21, with higher scores indicating worse SQ. In
previous research, the PSQI global score has shown good
discriminant validity with 89.6% sensitivity and 86.5% specificity
for differentiating between good and poor sleepers.?® In the current
sample, the global score demonstrated fair reliability across
component scores (Cronbach’s « =0.67).
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Sleep diary. Participants completed a daily sleep diary*® for 8
consecutive days. Participants reported bed and wake times, in
addition to the number of awakenings, minutes to sleep onset, SQ,
napping behavior, caffeine consumption, and use of prescribed and
over-the-counter medication. Three sleep diary variables—sleep-
onset latency (SOL: minutes to sleep onset after going to bed),
number of awakenings, and SQ (perceived SQ on a scale from 1 to 5,
with higher scores indicating worse SQ)—were included in the
analyses. Unfortunately, WASO or total sleep time (TST) was not
available within the sleep diary due to the method of capturing
awakenings (frequency rather than duration). The sleep diary has
been shown to be a valid and reliable measure of sleep.”’

Actigraphy. The Mini-Mitter 64 activity monitor was used as an
objective assessment of sleep. Actigraphy is considered a reliable,
convenient alternative to polysomnography for clinical trials and
multimeasure studies.>® The device was worn on the nondominant
wrist for 8 consecutive days. Activity movements were used to
determine sleep-wake states every 30s. Actigraphy variables of
interest for the present study were SOL, SE (ratio of time spent
asleep to total time in bed), WASO, and TST. The sleep diary bed and
wake times were used to set the actigraphic sleep period for
analysis.

Data analysis

Multiple moderated mediation analyses were conducted using
Model 59 of Hayes™' PROCESS macro for SPSSv.26, in which dis-
crimination at time 1 predicted sleep outcomes at time 3 via social
well-being and anxiety (both at time 2) as parallel mediators (see
conceptual model; Fig. 1). Separate models were conducted for each
sleep variable (ie, PSQJ, diary SOL, diary number of awakenings, diary
SQ, actigraphy SOL, actigraphy WASO, actigraphy TST, and actigraphy
SE). Furthermore, due to the known associations between depres-
sion and sleep,'® depression was included as a covariate in all
models. Change in perceived discrimination from time 1 to time 2
was examined as a moderator of all model paths. Change in dis-
crimination was included as a continuous variable for the hier-
archical regression and mediation analysis, and a categorical variable
consisting of 3 levels—decreasing, stable, or increasing—for the
moderation of the mediation. Using PROCESS, we conducted a
nonparametric bootstrapping procedure across 5000 samples to
compute a confidence interval around the indirect, mediational ef-
fects. Missing data were handled by listwise deletion. Power analysis
using G*Power>? showed that, for a multiple regression analysis with
15 predictors, a sample size of at least 199 is needed to predict an R?
of at least 0.15 at an alpha level of 0.05 and a power level of 0.80,
suggesting that the present study is adequately powered (Ns =304,
307, and 958).

Results
Discrimination over time

Descriptive statistics for variables of interest were calculated (see
Table 2). The most endorsed perceived reasons for discrimination
were gender (22.0%) and age (10.0%; see Fig. 2). Both the type of
perceived reason for discrimination and the total number of reasons
did not moderate the discrimination and sleep associations (p > .05).
Globally, there was not a significant difference in the frequency of
perceived discrimination from time 1 to time 2, t(1008)=-0.706,
and p=.480. However, categorizing the change in discrimination
over time revealed that 34.0% of the sample reported greater dis-
crimination at time 2, 30.4% reported stable discrimination at both
timepoints, and the remaining 35.6% reported decreased dis-
crimination at time 2. Change in discrimination was, thus,
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Change in
Discrimination Over
Time (T1-T2)
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Social Well-Being

Moderator in All (Time 2)
Associations
Discrimination Sleep Outcomes
(Time 1) (Time 3)
Ancxiety
(Time 2)

Fig. 1. Conceptual model of moderated mediations

Table 2
Descriptive statistics for each sleep sample

PSQI sample (N =958)

Sleep diary sample (N =307)

Actigraphy sample (N =304)

Discrimination at time 1 12.58 (4.25) 12.26 (4.01) 12.21 (3.93)

Discrimination at time 2 12.67 (4.29) 12.35 (3.96) 12.31 (3.90)

Change in discrimination -0.09 (3.93) -0.09 (3.80) -0.10 (3.81)

Social well-being 68.93 (12.76) 68.35 (12.99) 68.47 (12.98)

Anxiety 16.55 (4.52) 16.20 (4.22) 16.20 (4.24)

Depression 18.35 (6.53) 18.19 (6.18) 18.17 (6.20)

Sleep PSQI 5.87 (3.43) Sleep-onset latency 18.99 (14.43) Sleep-onset latency 25.03 (22.10)

Sleep quality 2.34 (0.72)
Number of awakenings 2.03 (1.43)

Sleep efficiency 82.21 (8.47)
Wake after sleep onset 43.93 (18.92)
Total sleep time 381.10 (61.46)

PSQ, Pittsburgh Sleep Quality Index

conceptualized as a moderator in these 3 groups (ie, increased dis-
crimination at time 2, stable discrimination over time, and decreased
discrimination at time 2).

Using Pillai’s trace, there was a significant difference in socio-
demographics across the 3 types of discrimination change, V=0.07, F
(14, 1952)=5.22, and p < .001 in terms of age, gender, self-rated
health, neighborhood quality, education, and depressive symptoms.
In particular, the stable discrimination group was more likely to be
older, male, and have worse self-rated health compared to in-
dividuals reporting decreasing or increasing frequency of dis-
crimination. Those reporting stable discrimination also reported
lower perceived neighborhood quality compared to those reporting
decreasing discrimination but higher neighborhood quality com-
pared to those with increasing discrimination. Education was sig-
nificantly higher in those reporting increasing discrimination
compared to those reporting decreasing discrimination, and those
with stable experiences of discrimination reported less depression
than those with increasing or decreasing experiences of dis-
crimination.

Self-reported PSQI global sleep outcomes

Greater perceived discrimination at time 1 was associated with
worse global SQ at time 3 (see Table 3). However, change in dis-
crimination over time neither buffered nor enhanced the association
between discrimination and global SQ. Social well-being mediated
the association between perceived discrimination and global SQ, but
only for particular groups. Specifically, for participants reporting
increased discrimination, but not those with stable or decreased
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discrimination, discrimination at time 1 predicted poorer social
well-being at time 2, which was associated with worse global SQ at
time 3. In contrast, anxiety mediated the association between per-
ceived discrimination and global SQ for all participants regardless of
changes in reported discrimination (see Table 3). Thus, regardless of
the change in discrimination over time, greater discrimination at
time 1 predicted higher anxiety at time 2, which then predicted
poorer SQ at time 3.

Sleep diary outcomes

Discrimination at time 1 did not predict SOL or number of
awakenings as measured by the sleep diary at time 3 (see Table 4),
and there was no moderating effect of change in discrimination over
time. There were no indirect effects of either social well-being or
anxiety.

Discrimination at time 1 predicted SQ as reported via sleep diary
at time 3 (see Table 4), with greater discrimination associated with
poorer day-to-day SQ; change in discrimination over time did not
moderate this effect. Social well-being mediated the association
between discrimination at time 1 and SQ as reported via sleep diary
for participants with stable discrimination over time but not for
participants with increased or decreased discrimination (see
Table 4). Thus, for those who experienced similar discrimination at
both timepoints, greater discrimination at time 1 predicted worse
social well-being at time 2, which then predicted worse SQ at time 3.
Anxiety did not significantly mediate the association between dis-
crimination and SQ for any group, as anxiety was not significantly
related to SQ assessed with this method.
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Gender

Age

Race

Height/Weight

Appearance

Religion

Ethnicity

Sexual Orientation

Physical Disability

Other Reason

[=]
wn
(=]

100
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150
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(=]

250

Number of Participants (»)

Fig. 2. Perceived causes of discrimination

Table 3

Unstandardized coefficients for moderated mediation model with self-reported global sleep quality

Social well-being (M1)

Anxiety (M2) PSQI sleep quality (Y)

Daily discrimination time 1 (X)
Social well-being (M1)

Anxiety (M2)

Change in discrimination (W)
XxW

M1 x W

M2 x W

Depression (U)

-0.50(0.11)***

0.49(0.32)
-0.01(0.02)

-0.65 (0.06)* **
F(4, 947)=45.87
p <.001
R*=016

0.09(0.03)*** 0.10(0.03)***
-0.01(0.01)***
0.18(0.03)"**
-0.58(0.22)"
-0.00(0.01)
0.01(0.00)*
0.01 (0.01)*
-0.10 (0.02)* **
F(8, 943)=29.43
p < .001
R2=0.20

-0.10(0.09)
-0.00(0.01)

0.45 (0.02)* **
F(4, 947)=201.80
p < .001
R2=046

Note: X refers to the independent variable; Y refers to the dependent variable; M1 and M2 refer to the 2 parallel mediators (social well-being and anxiety, respectively); W refers to
the moderator (change in discrimination measured as a continuous variable for the hierarchical regression and mediation analysis, and a categorical variable consisting of 3
levels—decreasing, stable, or increasing—for the moderation of the mediation); and U refers to the covariate. * signifies p < .05, ** signifies p < .01, and *** signifies p < .000

PSQI, Pittsburgh Sleep Quality Index

Actigraphy outcomes

Discrimination at time 1 predicted worse sleep-onset latency,
WASO, and SE as measured by actigraphy but not TST (see Table 5).
However, more discrimination at time 1 predicted worse social well-
being at time 2, and worse social well-being at time 2 predicted
longer TST at time 3. Social well-being also mediated the dis-
crimination and total-sleep time association for those with stable
experiences of discrimination. Neither social well-being nor anxiety
predicted SOL, SE, or WASO, and there were no significant mediation
or moderation effects for these sleep outcomes.
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Discussion

The overall objective of the current study was to assess whether
discrimination was longitudinally associated with sleep and which
psychosocial factors accounted for this association. In addition, we
explored whether changes in the frequency of discrimination over
time exacerbated these associations. Overall, greater exposure to
discrimination at time 1 was associated with worse global and daily
subjective sleep and worse objective sleep at time 3. The current
findings add to existing research on discrimination and sleep, which
has primarily found links between discrimination and subjective
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Table 4

Unstandardized coefficients for moderated mediation model with sleep diary outcomes

Sleep Health: Journal of the National Sleep Foundation 9 (2023) 654-661

Social well-being Anxiety (M2)

Sleep diary: sleep-onset

Sleep diary: sleep quality (Y) Sleep diary: number of

(MT1) latency (Y) awakenings (Y)
Daily discrimination time 1 (X) -0.54 (0.21)* 0.20 (0.06)* ** 0.34 (0.26) 0.03 (0.01)* 0.00 (0.03)
Social well-being (M1) -10(0.07) -.01(0.00)* -0.01 (0.01)
Anxiety (M2) -.04(0.26) 0.02(0.01) 0.02 (0.03)
Change in discrimination (W) 0.26(0.59) -.31(0.17) -0.07(1.76) -.11(0.08) 0.08 (0.18)
XxW 0.01(0.04) 0.01(0.01) -0.00(0.05) -.00(0.00) 0.00 (0.01)
M1 x W -.00(0.02) 0.00(0.00) -0.00 (0.00)
M2 x W .01(0.06) 0.00(0.00) 0.00 (0.01)
Depression (U) -0.75 (0.11)"** 0.37 (0.03)*** 0.02 (0.18) 0.02 (0.01) -0.01 (0.02)
F(4,299)=15.38 F(4, 299)=43.51 F(8,295)=0.71 F(8, 295)=6.15 F(8, 295)=
p <.001 p <.001 p=.69 p <.001 p=.88
R?=017 R?=0.37 R?=0.02 R?=014 R?=0.01

Note: X refers to the independent variable; Y refers to the dependent variables; M1 and M2 refer to the 2 parallel mediators (social well-being and anxiety, respectively); W refers
to the moderator (change in discrimination measured as a continuous variable for the hierarchical regression and mediation analysis, and a categorical variable consisting of 3
levels—decreasing, stable, or increasing—for the moderation of the mediation); and U refers to the covariate. * signifies p < .05, ** signifies p < .01, and *** signifies p < .000

Table 5

Unstandardized coefficients for moderated mediation model with actigraphy outcomes

Social well- Anxiety (M2) Actigraphy: sleep- Actigraphy: sleep Actigraphy: total Actigraphy: wake
being (M1) onset latency (Y) efficiency (Y) sleep time (Y) after sleep onset (Y)
Daily discrimination time -0.49(0.21)* 0.21(0.06)* ** 0.93(0.41)* -0.52(0.15)* ** -2.09(1.12) 1.09(0.34)* *
1(X)
Social well-being (M1) 0.02(0.11) -0.03(0.04) -0.80(0.30)"* * -0.05(0.09)
Anxiety (M2) -0.42(0.39) 0.07(0.15) 0.79(1.07) -0.04(0.33)
Change in -1.76(2.66) 0.44(1.01) -4.11(7.34) -2.72(0.23)
discrimination (W)
XxW 0.01(0.04) 0.01(0.01) 0.00(0.08) -0.01(0.03) -0.20(0.23) 0.02(0.07)
M1 xW 0.03(0.03) -0.01(0.01) 0.05(0.07) 0.01(0.02)
M2 x W -0.02(0.09) 0.02(0.03) 0.19(0.24) 0.07(0.07)
Depression (U) -0.76(0.11)* ** 0.37(0.03)* ** 0.19(0.27) -0.01(0.10) -1.49(0.73) -0.28(0.23)
F(4, 296)=14.98 F(4,296)=43.60 F(8,292)=1.51 F(8,292)=2.20 F(8,292)=2.08 F(8,292)=1.80
p <.001 p < .001 p=.15 p=.02 p=.04 p=.08
R*=017 R?=037 R?=0.04 R?*=0.06 R?*=0.05 R%*=0.05

Note: X refers to the independent variable; Y refers to the dependent variables; M1 and M2 refer to the 2 parallel mediators (social well-being and anxiety, respectively); W refers
to the moderator (change in discrimination measured as a continuous variable for the hierarchical regression and mediation analysis, and a categorical variable consisting of 3
levels—decreasing, stable, or increasing—for the moderation of the mediation); and U refers to the covariate. * signifies p < .05, ** signifies p < .01, and *** signifies p < .000

sleep.'® In particular, in terms of subjective sleep, participants in the
current study reporting greater exposure to discrimination at time 1
reported worse overall global SQ and worse daily SQ about 10 years
later while controlling the potential confounding influence of de-
pression. In addition to contributing to the prospective literature on
this topic, the length of time between assessments adds to our un-
derstanding of the duration of this association. Discrimination was
longitudinally associated with subjective sleep outcomes across a
10-year period, which adds to existing research identifying links
across a 1-5 years period in children and undergraduate stu-
dents.”>"'> Although subjective sleep outcomes may diverge from
objective sleep measurements, they remain an important predictor
of health outcomes*® and are the key marker for individuals’ ex-
periences of SQ, including insomnia diagnoses.

More discrimination exposure at time 1 was also linked to acti-
graphic measures of longer sleep onset latency, more WASO, and less
efficient sleep 10 years later. Fewer studies have examined dis-
crimination in association with objective assessments of sleep,'® and
none has studied this association longitudinally. The current findings
provide objective support for the subjective perceptions of sleep
problems in relation to discriminatory experiences and suggest the
durability of these associations over time. Objective findings also
add to our understanding of the specific components of sleep, which
are linked to discrimination. Given the potential anxiety-provoking
and threatening effects of discrimination (as described in the fol-
lowing), it is not surprising to see worse sleep onset, WASO, and
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efficiency tied to discrimination as has been demonstrated pre-
viously.***°

The second aim of the current study was to try to understand
how discrimination may be tied to sleep outcomes. We examined the
psychosocial mechanisms of social well-being and anxiety as med-
iators of discrimination and sleep associations while controlling
depressive symptoms. Social well-being emerged as a mediator of
the association between discrimination and subjective SQ (global
and daily) and objectively assessed TST. However, these mechanistic
effects only emerged when discrimination was chronic (eg, wor-
sened over time or remained stable). Thus, for those who reported
worsening or stable discrimination over time, social well-being ac-
counted for the association between discrimination and worse sleep.
For SQ assessed via daily diary and actigraphic TST, social well-being
underlays the association between discrimination and sleep only for
those with stable discriminatory experiences. Thus, more exposure
to discrimination was linked to worse social well-being (ie, the
perception of one’s integration into society) for this group.
Examining sociodemographic differences across the 3 types of dis-
crimination change suggest that those experiencing stable/chronic
discrimination over time were more likely to be older, have worse
self-rated health and lower perceived neighborhood quality, identify
as male, and have fewer depressive symptoms compared to those
with increasing and/or decreasing discrimination. Although the
current study did not isolate specific identity targets of discrimina-
tion, the results suggest that, for this group, social disconnection was
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linked to experiencing discrimination and supports existing research
tying discrimination to loneliness and feelings of societal mis-
trust.’"*° Second, trust in one’s community and social world is a
basic requirement for the perceptions of safety necessary for healthy
sleep.’” As such, 1 pathway from daily experiences of discrimination
to poorer subjective sleep and longer actigraphic sleep duration
appears to be lower overall social well-being. For actigraphic TST,
more experiences of discrimination at time 1 predicted worse social
well-being at time 2, which was associated with longer TST at time 3.
Although longer TST may initially appear to be a positive outcome, it
is apparent that some participants exceeded recommended sleep
duration guidelines of 7-9 h for adults and 7-8 h for older adults®®
(TST maximum of approximately 10 h). Therefore, the poorer social
well-being-longer TST association for actigraphic sleep may not
necessarily reflect healthy sleep and could indicate hyposomnia as-
sociated with mood or health conditions. The group experiencing
more stable discrimination was more likely to report worse self-
rated health but fewer depressive symptoms.

Relatedly, anxiety also emerged as a mechanism underlying the
longitudinal discrimination-sleep association, but only for PSQI
global SQ. Individuals with more discrimination at time 1 reported
greater anxiety at time 2, which, in turn, was associated with worse
global SQ at time 3. This mediation effect was robust: anxiety
emerged as a mediator regardless of a change in discrimination over
time. Exposure to discrimination or even anticipation of dis-
criminatory experiences can create a cognitive and physical hy-
pervigilance'” that results in an aroused state that is a barrier to
healthy, restorative sleep.

Importantly, both anxiety and social well-being concurrently
mediated the association between discrimination and sleep, sug-
gesting a unique role for both mechanisms. Social well-being may
reflect more macroperceptions or diffuse perceptions of be-
longing, whereas anxiety may reflect the micromanifestation of
this lack of belongingness. Regardless, both psychosocial factors
are important targets for future investigations into the develop-
ment and maintenance of poorer sleep in individuals who ex-
perience discrimination. We did not find psychosocial
mechanisms tying discrimination to objective sleep outcomes
beyond the association with actigraphic TST. Discrimination has
traditionally been more strongly tied to subjective perceptions of
sleep,'® perhaps due to actigraphy’s inability to capture re-
storative sleep or shared measure variance across self-appraisal
measures. Regardless, continuing to employ multiple measures of
sleep will help to create a more nuanced understanding of sleep’s
links with discrimination.

The current study has implications for our understanding of
psychosocial factors underlying the discrimination-sleep asso-
ciation, the role of changes in discrimination over time, and the
durability of these associations. The findings suggest the im-
portant role of psychosocial well-being for sleep in those experi-
encing discrimination. Although sleep is a physiological process, it
is embedded in a social world'® and is modulated by our mental
well-being. Both microfactor (anxiety) and macrofactor (social
well-being) are negatively associated with discrimination and
have poor links with sleep; thus, behavioral sleep interventions
for those experiencing discrimination need to attend to both mi-
crofactor and macrofactor. In addition, two-thirds of the sample
reported worsening or stable discrimination over time, alongside
poorer global SQ. Thus, those who are at higher risk for more
chronic discrimination over time should be prioritized in future
sleep research and intervention development. Longitudinal stu-
dies of discrimination and sleep are comparatively rare,'® and
examinations across multiple timescales are needed to under-
stand these temporal links.

A major limitation of the current study was the lack of racial or
ethnic diversity in the sample. Although discrimination often
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occurs based on other aspects of identity—including age, sex,
gender identity, religion, sexual orientation, height, weight, and
disability—racial and ethnic discrimination are pervasive in the
United States and are a critical area of study. Furthermore, although
we examined specific aspects of identity (eg, age, race, and gender)
as moderators of the discrimination-sleep association, we were
unable to conduct nuanced examinations of specific intersections
of identity (eg, Black female and older female). With the use of the
MIDUS dataset, however, we aimed to identify psychosocial me-
chanisms in a longitudinal dataset that can be explored in future,
more diverse samples with consideration of marginalized inter-
sections of identity. Although we examined the macromechanism
of social well-being, we recognize that social well-being is likely
conflated with other factors, such as neighborhood quality and
socioeconomic status. Future research should continue to delve
into the complex interplay of microfactor and macro-
factor associated with one’s social location and the implications of
these factors for sleep. Similarly, although we examined multiple
sleep outcomes, the nature of the sleep diary prevented us from
including sleep diary TST and WASO. In addition, although we in-
corporated actigraphically assessed TST and WASO, this approach is
limited given that subjectively assessed sleep duration is only
modestly correlated with objectively assessed duration, especially
for Black individuals.>>*° Our inability to control for obstructive
sleep apnea or insomnia also prevents us from accounting for the
role of disordered sleep in the discrimination-sleep outcomes as-
sociation. Future research is needed to assess associations with
these covariates and outcomes in longitudinal designs. The 10-year
time period in the current study revealed information about the
durability of the discrimination and sleep associations. However,
future research is needed to assess intermediate timepoints as well
(eg, monthly, annually, and five years) to ascertain the temporal
associations between discrimination and sleep. Relatedly, although
we identified flux in the experience of discrimination as a mod-
erator in the current study, it emerged as a direct predictor over
time only for global SQ. The overall lack of direct associations runs
counter to research suggesting that chronic discrimination is a risk
factor for poorer sleep.!! Future research such as daily diaries de-
signs are needed to unpack the role of dynamic changes in dis-
crimination as a predictor of sleep.

In conclusion, discrimination showed durable associations with a
broad array of sleep outcomes across a 10-year period. Anxiety and
social well-being linked discrimination to subjective and objective
sleep outcomes, illustrating the importance of psychosocial well-
being for sleep health in individuals reporting discrimination.
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