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Abstract
African Americans have been consistently shown to have less deep (slow wave sleep; SWS) and
more light (Stages 1 and 2) sleep than Caucasian Americans. This paper explored whether
discrimination, a stressor that uniquely impacts certain ethnic groups, contributes to differences in
sleep architecture. The sleep of 164 African and Caucasian Americans was examined with
laboratory based polysomnography (PSG). Experiences of perceived discrimination (The Scale of
Ethnic Experience) and sociodemographic factors were also assessed. After adjusting for age,
body mass index (BMI), socioeconomic status (SES) and smoking status, African Americans slept
approximately 4.5% more total sleep time (TST) in Stage 2 sleep and 4.7% less TST in SWS than
Caucasian Americans (ps< .05). Perceived discrimination was a partial mediator of ethnic
differences in sleep architecture. Individuals who reported experiencing more discrimination slept
more time in Stage 2 and less time in SWS (ps< .05). Results suggest that the impact of stress
related to ethnic group membership plays a part in explaining differences in sleep architecture.
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Sleep is a critical component of physical and psychological functioning and is linked to a
range of adult health issues (Ferrie et al. 2007; Gangwisch et al. 2007; Ikehara et al. 2009),
learning and memory processes (Diekelmann et al. 2009), mood (Tsuno et al. 2005) as well
as neuroendocrine and immune system function (Meerlo et al. 2008; Van Cauter et al. 2008).
Understanding factors that promote and detract from optimal sleep is critical when
investigating human health outcomes.

Consistent differences in sleep architecture between African and Caucasian Americans have
been reported, such that African Americans sleep a smaller proportion of time in deep sleep
(slow wave sleep; SWS) and more time in light sleep (Stages 1 and 2) each night (Mezick et
al. 2008; Redline et al. 2004; Profant et al. 2002; Thomas et al. 2006; Hall et al. 2009; Ruiter
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et al. 2011; Beatty et al. 2011). A recent meta-analysis also suggests that African Americans
sleep for less total time, take longer to fall asleep and have less efficient sleep than their
Caucasian counterparts (Ruiter et al. 2011). Results of the meta-analysis suggest that
differences in sleep continuity and duration were moderated by biopsychosocial factors such
as adiposity, employment status, mental illness and medication use; however, explanatory
variables did not account for racial differences in sleep architecture (Ruiter et al. 2011).

Stress exerts a prominent influence on sleep physiology (Kim and Dimsdale, 2007); while it
remains unclear what is driving ethnic differences in sleep architecture, an appealing, but
unresolved hypothesis is that sleep differences may be reflective of unique aspects of stress
related to ethnicity. One candidate mediator of this association is perceived discrimination, a
variable linked to a variety of health outcomes (Williams and Mohammed, 2009; Williams
et al. 1997; Pascoe and Smart Richman, 2009). Previous work has demonstrated that
perceived discrimination mediated ethnic differences in Stage 4 sleep (Thomas et al. 2006);
however, the finding has yet to be replicated in an independent sample.

Objectives
The current study characterized differences in sleep architecture between African and
Caucasian Americans. All participants underwent laboratory-based polysomnography (PSG)
and provided information about perceived discrimination, socioeconomic status and health
practices. The primary objective was to replicate previous findings showing that ethnic
discrimination mediates racial differences in sleep architecture in an independent sample of
participants. Further, the current study controlled for socioeconomic status, a variable linked
to sleep variables but not considered in the previous investigation. Based on previous work,
we hypothesized that discrimination would mediate ethnic differences in SWS.

Methods
Subjects were recruited from the local San Diego, California area to participate in a larger
study investigating differences in vascular health between African and Caucasian
Americans. Recruitment occurred through local papers, online advertisements, community
flyers, participation in health fairs and word-of-mouth. Exclusion criteria included:
diagnosis of and/or ongoing treatment for any clinical illness other than hypertension (e.g.,
asthma, diabetes), blood pressure (BP) ≥170/105 mm Hg, current substance abuse, previous
diagnosis of a sleep disorder, or a history of psychosis. Participants were also excluded if
they were pregnant or were taking any prescription medication (including hormonal
contraception or hormone replacement therapy) and subjects were asked to refrain from
taking any over the counter medications for 24 hours prior to admission. Three patients
being treated for hypertension were accepted into the study after being tapered off their
antihypertensive medications by the study physician and maintaining BP < 170/105 mm Hg
for 3 weeks. All participants in the study reported working ≥20 hours/week. The project was
approved by the Institutional Review Board of the University of California San Diego
(UCSD).

Procedure
Once written informed consent was obtained, participants met with a study physician to
undergo a physical exam and answer questions about their medical history. If study criteria
were met, sleep monitoring was conducted with standard polysomnography (PSG) which
occurred over two consecutive nights at the UCSD General Clinical Research Center Gillin
Laboratory of Sleep and Chronobiology (GCRC-GLSC). On each night, PSG set-up began
at 21:00 hrs and lights off occurred between 22:00 and 24:00 hrs. Each morning, participants
were wakened at 06:00 hrs and PSG recording equipment was removed. The first night of
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monitoring served as an acclimation night and data from the second night of sleep recording
are the focus of this study. Psychosocial questionnaires were given to participants upon
admission and were collected prior to discharge.

Measures
Sociodemographic Information and Health Practices—Information about gender,
racial identity (Caucasian American coded as −1 and African American coded as 1), age,
years of education, occupation and health practices were collected via self-report. BMI was
calculated from height and weight measurements (to the nearest 0.1 kg and 0.1 cm) taken
during the physical exam and was defined as the ratio of body weight in kilograms divided
by square height in meters (kg/m2). Participants were classified as smokers if they reported
smoking cigarettes daily (No coded as 0 and Yes as 1).

Discrimination—Discrimination was assessed using The Scale of Ethnic Experience
(Malcarne et al. 2006), a 32-item, self-report questionnaire developed to measure the
cognitive experience of ethnicity across several dimensions. The scale yields a perceived
discrimination scale, which assesses the extent to which an individual believes that members
of his or her ethnic group have been discriminated against in society. Higher scores are
indicative of greater endorsement of perceived discrimination. The questionnaire was
developed using a college sample from diverse ethnic backgrounds. Initial studies showed
the perceived discrimination scale to have good internal consistency in African American
participants (Cronbach’s α= 0.86). In our sample, Cronbach’s α for the perceived
discrimination scale was 0.88. Concurrent validity of the questionnaire was established
through significant associations in the expected direction with existing group-specific
instruments (Malcarne et al. 2006).

Socioeconomic Status—Current SES was assessed with the clinician-rated,
Hollingshead 2-Factor Index of Social Position. This scale assesses highest level of formal
education attained and current occupation. The two factors are summed, weighted and
combined into a continuous measure of social index. Scores range from 11 to 77, with lower
social index scores indicating higher SES (Hollingshead. 1957).

Sleep Monitoring—Sleep data acquisition was performed using the Embla A10
polysomnography system (Embla Systems Inc., Broomfield, CO USA). We assessed:
Electroencephalography (C4/C3), electrooculography, chin electromyography, leg
electromyography, airflow with an oronasal thermal sensor, airflow with an air pressure
transducer, snore events with a piezo snore sensor, respiratory effort with piezo thoracic and
abdominal belts, oxygen saturation with a pulse oximetersensor, and body position with a
position indicator.

Records were hand scored by experienced polysomnographic technicians using the criteria
of Rechtschaffen and Kales (1968) and Somnologica software (Embla, Broomfield, CO).
Records were scored for TST, sleep onset latency (SOL), sleep efficiency (SE), percentage
wake after sleep onset (WASO), percentage of Stage 1, Stage 2, SWS (composed of Stages
3 and 4 sleep) and REM sleep. TST was considered the total time asleep (in minutes) minus
any waking time and was the sum of all time spent in Stages 1 and 2, SWS and REM. SOL
was defined as the time from lights out to the first epoch of Stage 2 sleep. SE was calculated
as (TST × 100/time in bed). The percentages of Stage 1, Stage 2, SWS and REM were
calculated as the percentage TST spent in each stage. Percent WASO was defined as
(minutes awake after sleep onset/TST).
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Statistical Analysis
Data were analyzed using SPSS 17.0 (SPSS Inc., Chicago, IL). Simple mediation analyses
were performed using the INDIRECT SPSS macro (version 4) (Preacher and Hayes. 2004).
Before conducting analyses, skewed sleep data (Stage 1, SOL, SE and WASO) were log-
normalized to approximate a normal distribution.

Ethnic differences on continuous outcome measures were assessed using ANOVA; Chi-
Squared tests were used to assess differences on categorical outcome measures. We
conducted bivariate correlations to assess associations between variables in the study.
ANCOVA analyses were used to assess if ethnic differences in sleep architecture variables
remained once covariates that differed across ethnicity (age, BMI, SES and smoking status)
were considered.

We next tested whether perceived discrimination mediated ethnic differences in sleep
architecture in those variables that (1) were significantly different between ethnicities after
covariates were considered and (2) were associated with perceived discrimination. We
controlled for known covariates of sleep architecture (age, BMI, SES and smoking status) in
all analyses.

Mediation effects were examined using a bootstrapped (5000 times) multivariate test of
mediation (Preacher and Hayes, 2004; Preacher and Hayes, 2008). This strategy compares
the indirect effects of an independent variable (IV; ethnicity) on a dependent variable (DV;
sleep stage) though a mediator (perceived discrimination) while taking covariates into
consideration. Using this regression-based mediation strategy, regression coefficients are
calculated for the effect of the IV on the mediating variable (path a), the mediating variable
on the DV (path b), and the IV on the DV without the inclusion of mediators (path c), and
finally, the IV on the DV after the mediator is considered (path c′). The product-of-
coefficients (paths a*b) are calculated using a bootstrapping procedure to yield a point
estimate for the indirect (mediating) effect.

Bootstrapping is a nonparametric statistical technique that can be used to derive an estimate
of a statistic’s sampling distribution (Mooney et al. 1993). Bootstrapping involves randomly
sampling subsets of data and calculating a desired statistic. This process is repeated
thousands of times yielding a sampling distribution for that statistic. The desired statistic (in
this case a point estimate for the indirect effect) and accompanying confidence intervals are
then derived from the sampling distribution. The resulting confidence interval of the point
estimate provides a test of significance that evaluates whether the theorized mediator
statistically accounts for a significant part of IV’s prediction of DV (Preacher and Hayes,
2004; Efron et al. 1993).

Results
Ethnic Differences

Information about demographics and sleep variables is presented in Table 1. The final
sample consisted of 164 participants; approximately 44.5% were women, 39.6% self
identified as African American. Participants were between the age of 19 and 53 years. The
mean years of education completed in the sample was 14.8 (SD = 2.2) years. African
American participants were significantly older and had higher BMI’s than Caucasian
American participants. African American participants were also more likely to smoke, had
higher Hollingshead total scores (reflective of lower SES) and endorsed more perceived
discrimination.
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Average time in bed was 427.00 min (SE=3.58) and average TST was 393.02 min
(SE=3.85). African American participants evidenced relatively adverse sleep profiles (took
longer to fall asleep, had less efficient sleep, spent more time awake after sleep onset, spent
more time in Stages 1 and 2 sleep and less time in SWS) compared to Caucasian American
participants.

Associations Between Sleep Architecture, Perceived Discrimination and
Covariates—Age, BMI, SES, smoking status and discrimination were all associated with
relatively adverse sleep. Increasing age and BMI were both associated with less efficient
sleep, more time awake after sleep onset, more time slept in Stage 1 and 2 sleep and less
time slept in SWS. Participants who smoked had less TST, with increased time slept in
Stage 1 and 2 sleep and less time slept in SWS. Lower SES was related to less efficient
sleep, more time awake after sleep onset and increased time slept in Stage 1 sleep. Finally,
perceived discrimination was associated with increased time slept in Stage 2 sleep and
decreased time slept in SWS. Bivariate correlations relating covariates and perceived
discrimination to sleep architecture are listed in Table 2.

There were significant ethnic differences in age, BMI, SES and smoking status and each of
these covariates was also associated with sleep architecture. We therefore conducted a series
of ANCOVAs to investigate whether controlling for covariates accounted for ethnic
differences in sleep architecture. After controlling for age, BMI, SES and smoking status,
ethnicity was no longer significantly associated with SE, F(5,159) = 2.98, p=.09, WASO,
F(5,159) = .20, p=.66, or Stage 1 sleep, F(5,159) = 0.66, p=.42. However, ethnic differences
persisted in SOL, [F(5,159) = 6.69, p< 0.05, partial η2 = 0.04], Stage 2 sleep [F(5,159) =
8.54, p<.01, partial η2 = 0.05] and SWS [F(5,159) = 9.45, p<.01, partial η2 = 0.06]. After
covariates were considered, AA’s spent approximately 4.5% more TST in Stage 2 sleep and
4.7% less TST in SWS than Caucasian Americans. The racial difference in SWS is
equivalent to an approximately 20% reduction in SWS in AA’s when compared their
Caucasian counterparts. See Figure 1.

SOL was unrelated to discrimination and was not examined in subsequent analyses. The
following paragraphs report the results of the mediation analyses testing whether perceived
discrimination mediated the relationship between ethnicity, Stage 2 and SWS. Covariates
(age, BMI, SES and smoking status) were controlled for in each step of the subsequent
analyses. Regression coefficients were calculated and are reported in the path diagrams in
Figure 2. Point estimates for the indirect (mediated) paths and corresponding confidence
intervals were obtained using the bootstrapping method and are reported below.

Perceived Discrimination as a Mediator of Ethnic Differences in Stage 2 Sleep
Perceived discrimination was a significant mediator of the relationship between ethnicity
and Stage 2 sleep. In other words, the effect of ethnicity was significantly reduced (path c to
path c′) after accounting for differences in perceived discrimination (point estimate =
0.0055; BCa = 0.0002 – 0.0131). However, perceived discrimination was only a partial
(rather than full) mediator with the direct effect (path c′) remaining significant (t = 2.02, p =.
05), indicating that additional variables mediate this relationship.

Perceived Discrimination as a Mediator of Ethnic Differences in SWS
Perceived discrimination was also a significant partial mediator of the relationship between
ethnicity and SWS (point estimate = −0.0071; BCa = −.0146 – −.0018), with the direct
effect (path c′) remaining significant (t = −2.00, p =.05).
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Discussion
This study investigated the relationship between ethnicity, discrimination and multiple
dimensions of sleep. Substantial ethnic differences were detected in PSG-assessed sleep
architecture. Consistent with previous investigations, after controlling for differences in age,
BMI, SES and smoking status, African American participants took longer to fall asleep,
slept more time in Stage 2 and less time in SWS than Caucasian participants.

Perceived discrimination emerged as a partial mediator of ethnic differences in Stage 2 and
SWS. A previous investigation on a different sample reported similar findings, but did not
account for the potential influence of SES on the relationship between discrimination and
sleep (Thomas et al. 2006). Our results suggest that perceived discrimination plays a role in
the relationship between ethnicity and sleep above and beyond the influence of demographic
characteristics.

Given the pervasive influence that sleep has on health, investigating factors, such as
discrimination, that detract from optimal sleep is important. Specifically, SWS is associated
with suppression of the sympathetic nervous system, lowered blood pressure and decreased
heart rate (Van Cauter et al. 2008; Dijk, 2008). SWS suppression studies have demonstrated
that short term SWS deprivation is associated with reduced insulin sensitivity and decreased
blood pressure dipping (Dijk, 2008; Tasali et al. 2008; Sayk et al. 2010). It is unclear what
the effects of chronic, reduced SWS are on health, but one can hypothesize that it may be
linked to the development of adverse health profiles and is potentially a mechanism
contributing to health disparities between African and Caucasian Americans.

The mechanisms underlying the relationship between discrimination and sleep are not
entirely clear. Chronic stress associated with discrimination has been proposed as a
mechanism though which discrimination may affect other health outcomes (Pascoe and
Smart Richman, 2009; Williams et al. 2008). With regards to sleep, a variety of chronic and
experimental stressors have been associated with reductions in SWS (Kim and Dimsdale,
2007). Chronic stress may lead to hypothalamic-pituitary-adrenal (HPA) axis dysfunction
and sympathetic nervous system (SNS) hyperactivation, each of which have been shown to
influence sleep architecture by decreasing time slept in SWS and increasing time slept in
light sleep(Buckley and Schatzberg, 2005). Potentially, chronic stress in the form of
perceived discrimination leads to the pattern of shifted sleep architecture (more time slept in
light and less time slept in deep sleep) observed in our sample.

The findings from this study should be interpreted in light of potential limitations. Previous
work has found that ethnic differences in sleep are more pronounced when sleep is assessed
within the hospital setting versus at home (Stepnowsky et al. 2003). Thus, the SWS
differences observed in our study may have been artificially exaggerated by the study
protocol. The uniqueness of the sample under investigation is another potential limitation of
the study. Participants were all healthy, of a restricted age range and residents of Southern
California, it is unclear the extent to which these findings would generalize to a wider
population. Additionally, the parent study was interested in health outcomes in working
individuals, therefore participants in our sample all reported working greater than or equal to
20 hours per week. This limited the range of SES available in the sample and, as has been
suggested in previous investigations of SES and sleep, it may have curtailed the detection of
potential relationships (Hall et al. 2009). Further, we assessed SES using the Hollingshead
2-Factor Index of Social Position, which does not assess aspects of SES such as income,
wealth, perceived social status, or adequacy of income, variables which may be significantly
associated with sleep (Braveman et al. 2005). Finally, the study did not control for mental
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illness with the exception of excluding subjects with a history of psychosis or who were in
ongoing treatment.

Despite limitations, our findings suggest that discrimination plays an important role in the
relationship between ethnicity and sleep. Using polysomnographic measures of sleep
architecture, we found that individuals who reported more perceived discrimination slept
more time in Stage 2 and less time in SWS. Further, perceived discrimination served as a
partial mediator of the ethnicity and sleep relationships even after covariates were
considered.

In the future, other potential moderators and/or mediators of the discrimination and sleep
association should be explored. For example, meta-analysis of the literature has shown that
perceived discrimination is longitudinally predictive of negative mental health consequences
(Pascoe and Smart Richman, 2009; Pavalko et al. 2003; Brown et al. 2000). In turn, poor
mental health in the form of anxiety, depression and worry has been associated with worse
sleep(Beatty et al. 2011; Kecklund and Åkerstedt, 2004; Hall et al. 2000; Åkerstedt et al.
2007). Considering the potential impact of ethnic disparities in mental illness on sleep
architecture is an important next step in the literature (Ruiter et al. 2011). Investigation of
the role of coping styles is an additional avenue for future work. The impact of
discrimination on blood pressure has been dependent on coping style in several
investigations (James et al. 1984; Krieger, 1990; Krieger and Sidney, 1996). Potentially,
certain active coping strategies may be more advantageous in buffering the negative
consequences of discrimination on sleep outcomes. In sum, future work should continue to
unpack the race-sleep quality relationship, by examining especially those mediators that may
be amenable to change.
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Highlights

• There are ethnic differences in sleep architecture.

• African Americans sleep more time in light and less deep sleep than Caucasian
Americans.

• Perceived discrimination was a partial mediator of ethnic differences in sleep
architecture.

• Increased discrimination was associated with more time in light and less time in
deep sleep.
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Figure 1.
Estimated marginal means (standard error of the mean) of percentage of sleep stage
controlling for age, BMI, SES and smoking status in African and Caucasian American
participants.
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Figure 2.
Perceived discrimination significantly mediated ethnic differences in Stage 2 Sleep and
SWS (covariates age, BMI, SES and smoking were controlled for in the model). Path values
are unstandardized regression coefficients with SE in parentheses. The point estimates
represent the mediated (indirect) effects derived from the bootstrapped product of paths a
and b. (A) Ethnicity significantly predicted time slept in Stage 2 sleep. (B) Perceived
discrimination was a partial mediator of the effects of ethnicity on Stage 2 sleep (point
estimate = 0.0055; BCa = 0.0002 – 0.0131). (C) Ethnicity significantly predicted time slept
in SWS. (D). Perceived discrimination was a partial mediator of the effects of ethnicity on
SWS (point estimate = −0.0071; BCa = −.0146 – −.0018).
*p < .05, ** p < .01, ***p < .001.
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Table 1

Sample Demographics and Characteristics

Variable African American (n = 65) Caucasian American (n = 99)

Women 31 (47.7) 42 (42.4)

Smoking* 13 (20.0) 7 (7.1)

Age ** 38.2 ± .99 33.4 ± 1.10

BMI** 28.04 ± .51 24.67 ± .40

Perceived Discrimination** 3.49 ± .09 2.54 ± .09

Hollingshead ** 45.0 ± 1.60 37.9 ± 1.54

Time in bed (min) 428.1 ± 5.38 426.2 ± 4.78

TST (min) 385.54 ± 6.12 397.93 ± 4.92

Sleep Efficiency* 90.01 ± .82 93.34± .49

Sleep Latency (min)* 17.01 ± 2.47 8.70 ± 9.78

WASO (%)* 6.93 ± .77 5.18 ± .53

Stage 1* 6.92 ± .63 5.02 ± .34

Stage 2** 54.46 ± 1.09 49.29 ± .83

SWS** 16.10 ± 1.15 23.73 ± 1.00

REM 22.52 ± .77 21.96 ± .57

Note. Gender and smoking data are n (%). All others are M ± SEM.

Untransformed estimated marginal means and standard errors are presented for the variables sleep latency, Stage 1 sleep and WASO; however p
values reflect ANOVAs conducted with transformed variables as the outcome measure.

BMI = body mass index; TST = Total Sleep Time; WASO = wake after sleep onset; REM = rapid eye movement; M = mean; SEM = standard error
of the mean.

*
p < .05,

**
p < .01
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