RACIAL AND SOCIOECONOMIC DISPARITIES IN SLEEP AND CHRONIC DISEASE:
RESULTS OF A LONGITUDINAL INVESTIGATION

Objectives: Sleep problems appear to differ-
entially affect racial minorities and people of
lower socioeconomic status (SES). These pop-
ulation subgroups also have higher rates of
many debilitating diseases such as obesity,
type 2 diabetes mellitus (T2DM), hyperten-
sion, coronary heart disease, stroke, and
mortality. Considering the presence of social
disparities in sleep and chronic disease, this
research aims to assess the role of sleep
disparities in the incidence of obesity, T2DM,
hypertension, and/or cardiovascular disease
(CVD).

Design: The Boston Area Community Health
(BACH) Survey is a population-based random-
sample cohort of 5502 participants aged 30—
79. Sleep restriction (=5 hours/night) and
restless sleep were assessed at baseline. Health
status was ascertained at baseline and approx-
imately 5 years later among 1610 men and
2535 women who completed follow-up.

Setting: Participants completed an in-person,
home visit, interview at baseline (2002-2005)
and follow-up (2006-2010).

Participants: Boston, Massachusetts residents
(2301 men, 3201 women) aged 30-79 years
from three racial groups (1767 Black, 1876
Hispanic, 1859 White) participated in the
BACH Survey.

Results: There were significant differences in
the prevalence of sleep-related problems at
baseline by both race and SES as well as
significant  disparities in the incidence of
T2DM, high blood pressure and cardiovascular
disease at follow-up. Restless sleep was asso-
ciated with an increased risk of obesity, T2DM,
and CVD. However, we found that sleep does
not mediate social disparities in health out-
comes.

Conclusions: Results from the BACH Survey
confirm large social disparities in health
outcomes as well as large social disparities in
short sleep duration and restless sleep. How-
ever, sleep did not appear to mediate the
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INTRODUCTION

In the United States, 25-30% of the
adult population suffers from a chronic
sleep disorder or sleep deprivation that
are proven contributors to disability,
morbidity and mortality." Tt is estimat-
ed that hundreds of billions of dollars
are spent each year on direct medical
costs for sleep restriction and impair-
ment."? Scientists are now beginning to
recognize the downstream health conse-
quences of sleep-related problems, in-
cluding increased risk for obesity,>*
type 2 diabetes mellitus (T2DM),”®
hypertension,”'® coronary heart dis-

1213 and mortality.'*

ease,'! stroke,
Sleeping fewer than five hours a night
more than doubles the risk of pre-
diabetes, "’ angina, coronary heart dis-
ease, heart attack or stroke.'® Restless
sleep is associated with a 50% increased
risk of myocardial infarction M1)."
Recent research indicates that sleep
restriction results in physiological
changes that may have profound impli-
cations for these common chronic
diseases.'® There are several mechanisms
by which sleep disturbances and/or
deprivation may contribute to weight
gain and incident obesity. Short sleep
increases cortisol and insulin secretion
thereby promoting fat storage. Increases
in ghrelin and reductions in leptin
which stimulate appetite and inhibit
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satiety regulating signals to the brain,
respectively, can lead to increased intake
of high fat and high carbohydrate
foods.* In addition, insufficient or
inadequate sleep may lead to decreased
energy expenditure, further increasing
the risk for weight gain and incident
obesity.'”*°

tion coupled with impaired glucose

Increased insulin produc-

metabolism, greatly increase the risk
for type 2 diabetes, as well.”! Short sleep
increases blood pressure and sympathet-
ic hyperactivity which provide two
potential mechanisms for the link
between sleep and cardiovascular
events.' Sleep restriction and poor sleep
quality are now being seen as major risk
factors for obesity and obesity-related
disease, right along with the two of the
most commonly identified risk factors:
lack of exercise and overeating.***

Sleep problems appear to differen-

232
325 and

tially affect racial minorities
those of lower socioeconomic status
(SES).”>?® Research suggests that the
racial disparities in sleep are partally
explained by SES and other related
factors (eg, occupation and financial
strain).?>?”%*2 Most studies examin-
ing social determinants of sleep have
documented worse sleep among minor-
ity groups,”*?>*7 however there is
still some disagreement among stud-
ies.””*® For example, Patel et al found
that African-Americans were 65% more
likely than Whites to report poor sleep
quality and Hispanics were 59% more
likely.*® However, a study conducted by
the same authors found no differences
in trouble falling/staying asleep among
African Americans vs Whites and found
that Hispanics were actually less likely
to report these sleep complaints. These
conflicting findings underscore the need
for additional research estimating the
prevalence of sleep-related complaints
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among racially diverse populations.
Low income, education, and overall
SES were frequently associated with
reduced opportunities to obtain suffi-
cient sleep and with adverse environ-
mental conditions that compromise
sleep quality.””*”

Racial minorities and people of
lower SES also have higher rates of
many debilitating diseases such as
obesity, T2DM, hypertension, coronary
heart disease, stroke, and mortality.
Compared with non-Hispanic White
adults, the risk of obesity is 51% and
21% higher among Black and Hispanic
adults, respectively.” Prevalence of
diagnosed T2DM is 77% higher among
Black, and 66% higher among His-
panic adults, compared with White
adults.*>*! High blood pressure is twice
as common among Blacks as Whites.*?
Blacks are more likely to die of heart
disease than Whites, and die younger.42
Research has indicated that SES plays a
role in the causal pathway in many of
these chronic diseases.*>** The public
health implications of these social
disparities are profound and have ele-
vated calls for achieving health equity
and eliminating disparities to national
priority status.*>4

The impact of sleep on health
outcomes is an area of active research
as is our understanding of social
inequalities in health. It has been
proposed that sleep loss and poor sleep
quality may increase the “allostatic”
load among racial minorities and people
of lower SES thereby facilitating the
development of chronic conditions such
as obesity, diabetes, hypertension and
CVD.?? Therefore, the objective of this
research is to examine the role of sleep
in the relationship between race, socio-
economic factors and adverse health
outcomes. To test the hypothesis that
sleep may explain part of the racial or
SES gradient in health, we analyzed data
from a population-based, racially diverse
longitudinal cohort study, the Boston
Area Community Health (BACH)

Survey.47’48
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The objective of this research
is to examine the role of sleep
in the relationship between
race, socioeconomic factors

and adverse health outcomes.

METHODS

The BACH Survey recruited a ran-
dom sample of 5502 Boston, Massachu-
setts residents (2301 men/3201 women)
aged 30-79 years from three racial
groups (1767 Black/1876 Hispanic/
1859 White). Participants completed
an in-person interview at baseline
(2002-2005) and approximately 5 years
later (2006-2010). Further details on
methods have been previously pub-
lished.*”#® Al participants provided
written informed consent. The study
was approved by the New England
Research Institutes’ Institutional Review
Board. Completed follow-up interviews
were obtained for 4145 individuals,
resulting in an overall conditional re-
sponse rate of 80.5%. The mean (SD)
time to follow-up was 4.8 (.6) years.

Measures

Race was self-reported by survey
participants according to two separate
survey questions: “Do you consider
yourself to be Spanish, Hispanic, or
Latino (Latina)?” and “What do you
consider yourself to be? Select one or
more of the following” with response
categories of American Indian or Alaska
Native, Asian, Black or African Amer-
ican, Native Hawaiian or other Pacific
Islander, White or Caucasian, and
Other (Specify). These are the standard
questions used in the United States as
recommended by the Office of Man-
agement and Budget.49 The racial
categories used in this research are: 1)
non-Hispanic Black, referred to as Black
(individuals who self-identified as Black
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or African American and includes
individuals who indicated multiple ra-
cial response categories); 2) Hispanic of
any race, referred to as Hispanic; and 3)
non-Hispanic White, referred to as
White (individuals who self-identified
as White or Caucasian). Socioeconomic
status was determined as a combination
of standardized levels of education and
income in the Northeast™ and catego-
rized such that 1/4 of the sample was
lower, 1/2 middle, and 1/4 upper SES.

Sleep restriction and restless sleep at
baseline were assessed by self-report.
Sleep restriction was defined as typically
experiencing =5 hours of sleep per
night, the greatest risk category for
angina, coronary heart disease, heart
attack and stroke,'® and was assessed
among men as part of a hypogonadism
screener.”’ Restless sleep was defined as
experiencing restless sleep much of the
time during the past week.

Obesity was defined as a body mass
index (BMI) = 3Okg/m2. Height and
weight were measured by trained field
staff. High blood pressure was ascer-
tained by a combination of self-report of
a high blood pressure diagnosis, mea-
sured SBP = 140mm Hg or DBP =
80mm Hg, or anti-hypertensive medica-
tion. Type 2 diabetes and cardiovascular
disease (myocardial infarction, angina,
congestive heart failure, coronary artery
bypass, or angioplasty) were ascertained
by self-report. Incident cases of disease
were defined as new cases at follow-up,
among those who were free from the
disease of interest at baseline.

Baseline variables were considered as
potential confounding variables, includ-
ing age (categorical, decades), sex (M/F),
marital status, alcohol use (low/medium/
high), physical activity (low, medium,
high), smoking (current/former/never),
and anti-depressant use. Race (Black/
Hispanic/White) was considered in the
SES analyses and SES (lower/middle/
upper) was considered as a mediator in
the race analyses. Additionally, the
following medication coalitions were
considered as potential confounders:
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Table 1. Descriptive characteristics of the cohort by baseline sleep parameters®

Sleep Restriction®, n=1610 Poor Sleep Quality, n=4145

% Reporting Sleep Complaint (95% CI) 18.2 (14.9-22.0) 37.8 (35.1-40.7)
Race
Black 31.7 (26.0-37.9) 42.9 (38.8-47.0)

Hispanic 20.0 (14.1-27.5) 43.3 (37.5-49.4)

White 12.5 (8.3-18.3) 34.5 (30.7-38.4)
SES

low 27.8 (21.9-34.5) 49.1 (44.5-53.7)

medium 19.8 (14.8-26.0) 38.1 (34.1-42.3)

high 8.3 (4.5-14.8) 26.7 (22.1-31.9)
Age

<40y 20.2 (13.8-28.5) 34.9 (30.0-40.1)

40-49y 20.5 (14.8-27.6) 42.6 (37.3-48.0)

50-59y 14.9 (10.6-20.6) 41.4 (37.1-45.8)

60-69y 13.9 (9.3-20.3) 36.5 (31.5-41.9)

70+ 12.9 (6.9-22.9) 33.3 (25.9-41.5)
Sex

Male NA 33.5 (29.5-37.8)

Female 41.6 (38.2-45.1)
Married 17.0 (12.2-23.2) 32.7 (28.5-37.1)
Alcoholic drinks

0 16.8 (12.7-21.8) 42.1 (37.8-46.6)

<1 drink/day 19.1 (13.4-26.3) 35.2 (31.0-39.6)

1-<3 drinks/day 14.9 (9.6-22.4) 35.9 (30.4-41.7)

3+ drinks/day 27.4 (17.7-39.9) 40.3 (30.7-50.6)

Body mass index

Normal 13.1 (8.9-18.7) 31.8 (26.7-37.4)
Overweight 16.6 (12.0-22.4) 36.2 (31.9-40.8)
Obese 23.8 (17.4-31.7) 44.3 (40.2-48.4)

Physical activity

Low 19.6 (12.4-29.6) 48.5 (43.8-53.3)
Middle 14.4 (10.9-19.0) 35.5 (31.7-39.5)
High 23.4 (17.0-31.3) 30.7 (25.6-36.3)

Smoking status
Non-smoker
Former
Current

Self reported health

Good/excellent
Fair/poor

Comorbidities

16.0 (10.7-23.3)
11.9 (8.4-16.6)
27.7 (20.7-35.9)

16.4 (12.8-20.7)
30.8 (24.0-38.5)

35.7 (31.7-39.8)
34.3 (29.8-39.1)
46.2 (40.9-51.7)

34.9 (32.0-38.0)
55.9 (50.6-61.1)

Diabetes
Yes 27.3 (18.5-38.3) 58.6 (50.1-66.7)
No 17.4 (13.9-21.7) 36.3 (33.4-39.3)
HBP
Yes 25.5 (19.8-32.3) 45.1 (40.7-49.6)
No 15.6 (11.9-20.2) 35.3 (32.1-38.6)
CVD
Yes 26.6 (18.5-36.7) 47.8 (39.5-56.1)
No 17.5 (14.1-21.6) 37.1 (34.3-40.0)
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Table 1. Continued

% Reporting Sleep Complaint (95% CI)

Sleep Restriction®, n=1610

Poor Sleep Quality, n=4145

18.2 (14.9-22.0)

37.8 (35.1-40.7)

Medication usage

Secondary sedation coalition
Yes
No

Primary stimulation coalition
Yes
No

Secondary stimulation
Yes
No

Antidepressant

Yes
No

25.0 (16.2-36.3)
16.3 (13.0-20.3)

9.5 (2.7-28.8)
18.4 (15.1-22.4)

20.5 (12.3-32.2)
17.4 (14.1-21.4)

22.0 (9.6-42.9)
17.6 (14.5-21.3)

51.8 (46.6-56.9)
33.3 (30.1-36.5)

44.6 (33.5-56.3)
37.6 (34.8-40.5)

43.4 (38.0-49.0)
35.7 (32.6-39.0)

54.4 (46.9-61.7)
34.9 (32.0-37.9)

* Weighted row % and 95% confidence interval for categorical variables; weighted mean and 95% confidence interval for continuous variables.

® Men only.

secondary sedation (medications with
sedating effects without primary indica-
tion for sleep disorders), primary stimu-
lation (medications with stimulant effects
with primary indication for sleep disor-
ders), and secondary stimulation (medi-
cations with stimulant effects without
primary indication for sleep disorders).

Statistics

Logistic regression was used to model
the relation of race and SES with incident
outcomes (obesity, T2DM, hypertension,
and cardiovascular disease), controlling
for confounding variables. Mediation was
tested using Baron and Kenny’s four steps
by estimating the following: 1) the
association between the determinants
(race or SES) and the outcome(s) (ie,
obesity, T2DM, HBP, and CVD), 2) the
association between the determinants and
the mediator (sleep), 3) the association
between the mediator and the out-
come(s), and 4) the effect that the
mediator has on the determinant —
outcome relationship.”> The last two
steps were accomplished by introducing
sleep parameters into a logistic regression
model with the exposure variables (race
and SES). The odds ratios (ORs) and

95% confidence intervals (CI) were
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reported. Results were considered statisti-
cally significant if null hypotheses could
be rejected at the .05 level (two-sided).

In order to reduce the bias due to data
that are not missing completely at ran-
dom®*™ and minimize reductions in
precision, multiple imputation was imple-
mented using the Multivariate Imputation
by Chained Equations (MICE)*® algo-
rithm in R.>’ Fifteen multiple imputation
datasets were created. Imputations were
conducted separately for each racial by sex
combination to preserve interaction effects,
and the complex survey sample design was
taken into account. The proportion of
missing data was <1% on all variables
except for SES, which was missing for
5.5% primarily because of missing data on
household income. Observations were
weighted inversely to their probability of
selection and weights were post-stratified
to the Boston census population in 2000.
Analyses were conducted in SUDAAN
9.0.1 (Research Triangle Institute, Re-
search Triangle Park, NC).

RESULTS

Table 1 provides characteristics of
the BACH survey population by baseline
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sleep parameters. Among men, 18.2%
(n=331) reported short sleep duration.
The baseline prevalence of restless sleep
was 37.8% (men and women). Sleep
restriction was more prevalent among
racial minorities, lower SES groups,
younger age groups, heavy drinkers
(=3 drinks per day), obese participants,
current smokers, and among participants
who reported fair or poor health at
baseline. Trends with restless sleep were
similar. The cumulative incidence of
obesity, T2DM, HBP and CVD were
13% (334 incident cases), 3% (194
incident cases), 13% (494 incident
cases), and 3% (193 incident cases),
respectively.

There were significant differences in
the prevalence of sleep-related problems
at baseline by both race and SES
(Figure 1). Black and Hispanic men
were more likely to report sleeping =
5 hours per night than White men
(Black: 32%, Hispanic: 20%, White:
12%, P=.0001). Lower and middle
class men were also more likely to
report short sleep duration compared
to men of higher SES (lower: 28%,
middle: 20%, upper: 8%, P<<.0001).
The racial disparities in short sleep
persisted when SES was accounted for.
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{a) Short sleep duration by race

I I 3

(b) Short sleep duration by SES
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Fig 1. Social disparities in sleep in the BACH Survey

Likewise, the SES disparities persisted
when race was included. There were
significant disparities in restess sleep as
well with Blacks and Hispanics having a
higher prevalence of restless sleep (Black:
43%, Hispanic: 43%, White: 34%,
P=.004). Lower and middle class adults
were also more likely to report restless sleep
at baseline (lower: 49%, middle: 38%,
upper: 27%, P<.0001). The racial dispar-
ities in restless sleep were greatly attenuated
within SES strata indicating SES was the
greater driver of these disparities.

Figure 2 shows the main effect of
sleep on the incidence of the outcomes

of interest. Experiencing restless sleep
at baseline was associated with a 66%
increase in the incidence of obesity
(OR=1.66, 95% CI: 1.10-2.49,
P=.02) and a 50% increase in the
incidence of T2DM and CVD (OR=
1.50, P=.08 and OR=1.53, P=.06,
respectively), although these latter re-
sults were not statistically significant.
The incidence of T2DM was higher
among racial minorities and people of
lower SES (Table 2, Models 1 and 3),
controlling for age and sex. Black and
Hispanic participants were 2 times more

likely to develop T2DM than Whites.

Ethnicity & Disease, Volume 23, Autumn 2013

Men and women of lower SES were 9
times more likely to develop T2DM,
and middle class adults 3.6 times more
likely, when compared to their upper
class counterparts. Similarly, the inci-
dence of HBP was higher among Blacks,
Hispanics, and lower SES participants.
The incidence of CVD was 2.8 times
higher among lower SES versus upper
SES adults. There were no significant
differences in the incidence of obesity
by race or SES.

Table 2 (Models 2 and 4) show
mediation analyses of restless sleep on
racial and SES disparities in obesity,
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10

——i

Odds Ratios and 95% ClI
=1
|_

0.1 T T

Obesity T2DM HEP CvD

ShortSleep Duration (Men)?

5 Ane and race adjusted models
thAge. race, and sex adjusted models

Cl=Confidence Interval

CObesity T2DM HEP CvD

Restless Sleep®

Fig 2. What is the main effect of sleep on incidence of disease in the BACH Survey?

T2DM, HBP, and CVD. These models
demonstrate that although there were
significant racial disparities in the
incidence of T2DM and HBP, and
significant SES disparities in the inci-
dence of T2DM, HBP, and CVD—the
introduction of restless sleep to the
model did influence the measure of
effecc (OR). The same analyses were
conducted to test for a mediation effect
of short sleep duration among men,
with no evidence of mediation (results
not shown).

DISCUSSION

Data from this population-based
longitudinal study provide further evi-
dence that sleep loss and restless sleep
are common problems and that sleep
has important implications for overall
health. Restless sleep was associated with
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an increased risk of obesity and mar-
ginally associated with an increased
risk of T2DM and CVD. These results
underscore the public health conse-
quences of sleep related problems,
which are among the most common
and readily treatable health problems.

The prevalence of sleep-related
problems,” the incidence of chronic
disease”®>? and the magnitude of social
disparities®>*""**! in the BACH Sur-
vey were similar to other population
health studies. The BACH Survey
demonstrated large racial and SES
disparities in both short sleep duration
and restless. The incidence of T2DM,
HBP and CVD were significantly
higher among racial minorities and/or
lower SES individuals.

The primary question that we posed
here was whether upstream disparities in
sleep were reflected in disparities in
adverse health outcomes. To our knowl-
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edge, this is among the first studies to
examine whether sleep disparities in
racial or SES groups are involved in
disparities in health outcomes. While
social disparities in sleep and in the
incidence of obesity, T2DM, HBP, and
CVD were highly significant and even
mirrored one another, we found that
sleep does not have a significant role in
mediating racial or SES differences in
health outcomes. To add context, when
we examined the contribution of BMI, a
prominent risk factor for T2DM, to
SES disparities in T2DM, BMI reduced
the OR for SES approximately 10%,
whereas adding restless sleep to the same
model only reduced the measure of
effect by 2%.

The absence of objective sleep mea-
surements and the lack of sleep duration
data among women are important lim-
itations to this study. Although in-
clinic or ambulatory polysomnography
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Table 2. Logistic regression models of social disparities on incident disease outcomes
Odds Ratios (95% CI)
Model Covariates Obesity Diabetes HBP CvD
1. Base® Race
Black vs White 1.18 (.72-1.94) 1.38 (.77-2.48) 2.03 (1.35-3.04)° .82 (.46-1.45)
Hispanic vs White 1.26 (.75-2.10) 1.03 (.55-1.93) 1.28 (.80-2.05) .84 (.48-1.45)
SES
Lower vs Upper 1.16 (.66-2.04) 8.19 (2.62-25.58)° 2.38 (1.44-3.91)¢ 3.07 (1.45-6.52)°
Middle vs Upper 1.07 (.65-1.76) 3.35 (1.08-10.37)° 1.32 (.82-2.12) 1.75 (.83-3.70)
2. Base + Restless Sleep Race
Black vs White 1.16 (.72-1.89) 1.39 (.78-2.49) 2.03 (1.35-3.05)° .82 (.46-1.45)
Hispanic vs White 1.25 (.74-2.10) 1.04 (.56-1.93) 1.29 (.80-2.07) .84 (148-1.47)
SES
Lower vs Upper 1.04 (.59-1.83) 7.80 (2.54-23.93)° 2.30 (1.39-3.83)¢ 2.86 (1.35-6.05)°
Middle vs Upper 1.02 (.62-1.68) 3.28 (1.06-10.14)° 1.31 (.81-2.10) 1.68 (.79-3.55)
Restless sleep 1.65 (1.09-2.49)° 1.30 (.84-2.01) 1.19 (.85-1.66) .72 (47-1.11)
3. Fully Adjusted” Race
Black vs White 1.02 (.61-1.73) 1.16 (.62-2.16) 2.19 (1.42-3.38)¢ .71 (.39-1.29)
Hispanic vs White 1.20 (.68-2.12) 1.02 (.52-1.96) 1.40 (.83-2.36) .74 (.38-1.43)
SES
Lower vs Upper .76 (.42-1.39) 3.87 (1.25-12.03)° 1.93 (1.14-3.27)° 1.77 (.77-4.07)
Middle vs Upper .86 (.52-1.42) 2.32 (.72-7.46) 1.19 (.73-1.93) 1.41 (.65-3.07)
4. Fully Adjusted+ Restless Sleep  Race
Black vs White 1.01 (.60-1.69) 1.16 (.62-2.16) 2.19 (1.42-3.38)¢ .71 (.39-1.29)
Hispanic vs White 1.20 (.67-2.14) 1.02 (.53-1.97) 1.40 (.83-2.36) .74 (.38-1.44)
SES
Lower vs Upper .72 (.39-1.31) 3.84 (1.24-11.94)° 1.93 (1.13-3.29)° 1.76 (.76-4.05)
Middle vs Upper .84 (.51-1.38) 2.31 (.71-7.46) 1.19 (.73-1.94) 1.41 (.65-3.05)
Restless sleep .69 (.45-1.05) 1.05 (.67-1.64) 1.01 (.70-1.46) .97 (.60-1.56)

 Base model is adjusted for age and sex.

b The fully adjusted model includes all model parameters in the base model as well as all parameters inducing a 10% change in the estimate of race or SES (marital status,
physical activity, # of alcoholic beverages per day, smoking status, self-reported health status, obesity, diabetes, high blood pressure, CVD, use of stimulants, and use of anti-

depressants).
€ P<.05.

provides a more objective measure of
sleep loss and sleep quality than a
subjective measure of inadequate or
restless sleep, it was not feasible in the
context of this particular observational
survey. Furthermore, perceived inade-
quate or restless sleep are similar to sleep
complaint measures provided in a pri-
mary care setting to indicate a sleep

Restless sleep was associated
with an increased risk of
obesity and marginally
associated with an increased

risk of T2DM and CVD.

disturbances and other symptoms of
sleep disorders.®>® The restless sleep
measure utilized in this study has shown
to be consistently and positively associ-
ated with sleep symptoms, sleep burden,
and high risk obstructive sleep apnea, as
measured by the Berlin Sleep Question-
naire.®+%> Indeed, in a cross-sectional
analysis of the follow-up data we also
found a positive association between the
restless sleep measure and risk for sleep
apnea as measured by the Berlin Sleep
Questionnaire (OR= 1.63, 95% CI:
1.27-2.11), a result which was consistent
across age, sex, race, SES, and BMIL.
While some research has indicated that
self-reported data on sleep duration
typically overestimates the true duration
of sleep it has been demonstrated that the
reporting bias is non-differential across
sex and racial groups.>*°® In the context
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of our findings, it is thus possible that the
overall prevalence of short sleep duration
and restless sleep are underreported and a
true mediation effect between sleep
disparities and social disparities in disease
could be missed. We suggest that future
research is needed in order to fully
resolve this research question. Studies
with either objectively measured, or with
expanded measures of sleep assessed over
multiple time points in a longitudinal
setting, may find greater evidence of
mediation than we found in this study.
Strengths of the study include its
prospective design and the diverse,
community-based, random sample par-
ticipant population.

In conclusion, results from the
BACH Survey confirm large social
disparities in health outcomes as well
as large social disparities in short sleep
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duration and restless sleep. Although

sleep-related problems appeared to be
independently associated with adverse

heal

Ith outcomes, sleep did not appear to

mediate the relationship between race,

SES, and health disparities.
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