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Objectives: Although multiple individual sleep measures (eg, sleep duration, satisfaction) have been linked
to awide range of physical andmental health conditions, scant research has examined how individual sleep
dimensionsmay act independently or additively to influence health. The current study investigates associa-
tions of 5 sleep dimensions (duration, satisfaction, efficiency, timing, and regularity), analyzed separately
and simultaneously, with psychological distress, body mass index, and physical functioning among a low-
income, predominantly African American population.
Design:Weconstructed a composite sleep health (SH) score from the sumof scores, representing “good’ and
“poor” ranges of 5 sleep measures (range 0-5).
Setting: Two low-income, predominantly African American neighborhoods in Pittsburgh.

Participants: Participants included 738 community-dwelling adults (78% female and 98% black).
Measurements: Actigraphy-based measures of sleep duration, regularity, timing, and efficiency, and self-
reported sleep satisfaction. Outcomes included self-reported psychological distress, physical functioning,
and measured body mass index (BMI).
Results: Each 1-unit higher SH scorewas associatedwith 0.55-unit lower psychological distress score (range
0-24) and 2.23-unit higher physical functioning score. Participants with at least 2, 3, or 4 sleep dimensions
in the “healthy” range, vs fewer, had lower psychological distress scores. Greater sleep satisfactionwas asso-
ciatedwith higher physical functioning, and longer sleep durationwas associatedwith lower physical func-
tioning. Neither the composite SH score nor any of the individual sleep dimensions were associated with
BMI.
Conclusions: Assessing multiple sleep dimensions may provide a more comprehensive understanding of
associations of sleep with psychological distress than assessing any single sleep dimension. Although no
sleep measures were related to BMI in the current sample, analyses should be replicated in other samples
to determine generalizability.

© 2019 National Sleep Foundation. Published by Elsevier Inc. All rights reserved.
Various sleep dimensions, including poor sleep quality, extreme sleep
durations, and irregular sleep timing, are demonstrated risk factors
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for a host of adverse physical and mental health outcomes.1e4 How-
ever, most studies to date linking sleep to health have focused on
sleep disorders or sleep duration, whereas fewer have considered
other sleep dimensions, such as sleep efficiency, timing, and
regularity.2 Moreover, multiple sleep dimensions occur simulta-
neously in all individuals regardless of the presence of clinical sleep
disorders, and the combination of multiple sleep dimensions may
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interact to influence health in a manner that is qualitatively different
than any single sleep dimension. Amore holistic view of sleep health,
with better understanding of how various sleep dimensions may be
complementary and exist upon a continuum, may support better
integration of the growing body of literature linking individual
sleep dimensions with specific health risks.5e25 In particular, sleep
regularity, timing, duration, efficiency, and satisfaction may act inde-
pendently, additively, or synergistically to influence health risks and
outcomes.8

Research conceptualizing sleep health in a multidimensional fra-
mework has increased in recent years.19 Matricciani et al present 3
methods for examining sleep as a multidimensional construct: ana-
lyzing 2 or more characteristics in a single model (partial least
squares regression), the most common approach; creating summary
scores; or creating person-centered sleep profiles (using cluster or
latent class analysis), which has been used to classify sleep quality
subtypes among Australian children.26 Recently, Furihata et al13

summed self-reported data across 5 sleep dimensions and found
that, after dichotomizing scores into “good” vs “poor” ranges, the
sum of “poor scores” was associated with clinical depression. The
Osteoporotic Fractures in Men (MrOS) Study25 similarly assessed 7
sleep dimensions and found that rhythmicity and continuity (min-
utes awake after sleep onset) were the most robust sleep predictors
of mortality.25

The National Sleep Foundation has previously used extensive self-
reported data to create a composite sleep health index (SHI).17 They
administered a 28-question telephone interview to a national sam-
ple, finding that 14 questions loaded on 3 factors: sleep duration,
sleep quality, and disordered sleep. Subindiceswere combined to cre-
ate an SHI and found that stress and overall healthwere the strongest
predictors of SHI, as well as sleep quality in particular.

The current analyses expand upon the limited existing literature
on multidimensional conceptualizations of sleep health. Most of the
extant literature that has examined multiple dimensions of sleep
health has focused on self-reported sleep outcomes, which are sub-
ject to bias, and has not focused on populations at high risk for
sleep problems.

Similar to Furihata et al,13 the current study analyzes the relative
contributions of individual sleep dimensions, in addition to analyzing
an aggregate measure of sleep that sums scores after dichotomizing
values on multiple sleep dimensions. Dichotomizing values based
on an a prioriedefined threshold enables the creation of a single
metric that may have clinical relevance, similar to the concept of
metabolic syndrome in the cardiovascular literature.27

Although a handful of studies have investigated composite SHIs in
associationwith several health outcomes,13,17,25 we extend upon this
by examining this question in a sample of low-income African Amer-
ican adults, an understudied population known to be at substantially
higher risk for shorter sleep duration and poorer sleep
quality,5,10,15,16,20 as well as experiencing poorer health,7,12 relative
to non-Hispanic whites. In fact, racial/ethnic differences in sleep
duration and quality have recently been proposed as one potential
explanation for various physical and mental health disparities.18

Also, it is conceivable that there may be sex differences in associa-
tions. One prior study, MrOS,25 focused on men, whereas our sample
includes a disproportionate number of women.

The primary aim of these analyseswas to investigate the degree to
which the composite SH scorewas associatedwith physical andmen-
tal health outcomes. Because sleep is likely to have different associa-
tionswith physical vs mental health outcomes, wewanted to include
both. Moreover, psychological well-being and bodymass index (BMI)
are among the most frequently studied risk factors in relation to
sleep, which eases comparisons to prior research. We hypothesized
that the SH score would be more strongly associated with health
than any single sleep dimension. We further hypothesized that
having more sleep dimensions in the “healthy” range would be
more strongly associated with better health than having fewer sleep
dimensions in the “healthy” range. We did not have a priori hypoth-
eses concerning which specific sleep dimensions would be most
strongly associated with the health risk factors. Therefore, we con-
sider these analyses exploratory in nature.
Methods

Data for the current analyses come from the Pittsburgh Hill/
Homewood Research on Neighborhoods, Sleep, and Health. This
study was designed to investigate changes in the neighborhood
environment and health behaviors and risk factors relevant to obe-
sity-related morbidity in 2 economically disadvantaged, predomi-
nantly African American neighborhoods with similar racial-ethnic
and socioeconomic characteristics in Pittsburgh, PA. The sample
includes randomly selected households from the 2 neighborhoods,
one of which is experiencing multiple economic investments (eg,
housing, greenspace, and commercial investment) and the other of
which has received substantially less investment. The current study
uses data collected between May to November 2013, which we con-
sidered baseline data prior to substantial neighborhood investment.
Data on sociodemographic characteristics, psychological distress,
and physical limitationswere collected from an interviewer-adminis-
tered in-person household survey. Sleep data were collected via acti-
graphy and sleep diaries.

Participants wore Actigraph GT3X accelerometers 24 hours a
day for 7 consecutive days (mean ¼ 5.99 days; SD ¼ 0.66 days)
on their wrists and were required to provide at least 4 nights of
sleep data for inclusion in these analyses. Prior research suggests
that a minimum of 4 nights of actigraphy data is recommended
to establish reliable sleep parameters via actigraphy.28 Actigraphy
data (Actigraph GT3xþ) were analyzed using Actilife 6.43 software.
Scoring was completed using the Cole-Kripke algorithm1 and was
in line with best practices outlined by the Society of Behavioral
Sleep Medicine.6 Sleep windows (ie, periods between “time in
bed” and “time out of bed”) were first determined by reported
bed/wake times, followed by visual inspection of the actigraphy
record. In cases of disagreement between these methods, a manual
correction to the reported bed/wake time was implemented based
upon the visual pattern. The Actigraph GT3xþ has been validated,
with strong significant correlations with polysomnography (PSG),22

albeit with large standard deviations.22 Actigraph GT3xþ data are
equivalent to Actiwatch-64 data9 for estimating sleep/wake
rhythms compared to PSG. Finally, actigraphy data were statisti-
cally scanned for extreme cases using ±3 SD both within and
between persons. These cases, which were few, underwent further
visual inspection and were ultimately retained given that estimates
were plausible given the actigraphy tracings and we wished not to
exclude the most disturbed sleep cases. Actigraphy-assessed sleep
dimensions included regularity, timing, efficiency, and duration.
Concurrent with actigraphy, participants filled out sleep diaries
every morning upon awakening for the assessment of sleep satis-
faction, as well as sleep medication use, which was included as a
covariate in all models.

The final analytical sample consisted of 738 participants with
complete actigraphy and diary data of 828 participants with actigra-
phy data available. Participants in the analytical sample did not differ
significantly from those in the full sample on any of the covariates (eg,
race/ethnicity, sex, age). Those who were included in the analytical
sample had greater actigraphy-measured sleep regularity and later
timing, longer sleep duration, and/or lower sleep efficiency (all P
values < .05) relative to those who were excluded for missing diary
data.
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SH score

For each of the 5 sleep dimensions, participants received a score of
1 to indicate a "healthy" range or 0 to indicate an “unhealthy” range.
Our approach for defining “healthy” and “unhealthy” ranges on sleep
dimensions was to either (1) use previously published data that have
established thresholds for healthy vs unhealthy dimensions (eg, for
sleep duration) or (2) in cases where there are no published criteria
to establish thresholds for "healthy" or "unhealthy" ranges, we estab-
lished these thresholds based on the distributions in the current sam-
ple (as described below). Therefore, some of these thresholdsmay be
study-specific andwill need to be validated in future studieswith dif-
ferent populations.

To create the composite SH score, scores from the 5 sleep mea-
sures were summed, resulting in a potential range of 0 to 5, with
higher scores indicating greater sleep health. Additionally, 5 dichoto-
mous variables were created to indicate whether participants scored
a 1 (“healthy” sleep) on at least 1, 2, 3, or 4 or more dimensions (as
compared to fewer than 1, 2, 3, 4, or more dimensions, respectively).
These dichotomous variables were then analyzed in a series of 5
regression models.

Sleep dimensions

Sleep duration. Sleep duration is the total amount of time spent sleep-
ing during the participant’s typical sleep period, assessed by actigra-
phy. Participants received a score of 1 if their average sleep duration
was between 6 and 8 hours, inclusive, and a score of 0 points if
their average sleep duration was <6 hours or >8 hours. Although
much of the literature suggests an optimal sleep range is between 7
and 9 hours, with sleep durations outside of this range found to be
associated with poorer health or increased mortality risk,11,14 these
studies are largely based on self-report, which leads to overestimates
compared to actigraphy-assessed sleep. As such, we tested both
ranges, found results did not differ substantially, and retained the
shorter limits.

Sleep regularity. Following prior work, sleep regularity was assessed
based on the within-person standard deviation (SD) in actigraphy-
assessed sleep duration across all days of the study.21 Participants
received a score of 1 if the SD from their mean sleep duration was
<60 minutes and a score of 0 if their SD was �60 minutes; this
value corresponds approximately to the value distinguishing healthy
sleepers and individuals with insomnia in a prior study.21

Sleep timing. Sleep midpoint represents the middle of the sleep per-
iod between the sleep onset and final awakening, measured by
actigraphy. Atypical sleep times, such as those associated with
shift work schedules and delayed sleep schedules, are associated
with a host of physical and mental health conditions.23 Partici-
pants received a score of 0 if their sleep midpoint was after 4:00
AM and 1 if their average sleep midpoint was before 4:00 AM, inclu-
sive. Given that there are currently no clearly defined “healthy” vs
“unhealthy” ranges for sleep timing, we based this range on the
distribution in our dataset which showed that nearly 64% of parti-
cipants had midpoints before 4:00 AM. Therefore, the “unhealthy”
category included 36% of the population which could be character-
ized as late midpoints.

Efficiency. Sleep efficiency represents the total duration of objectively
measured sleep divided by the total time in bed, as reported in sleep
diaries and verified by visual inspection of the actigraphy data. Parti-
cipants received a score of 1 if their level of sleep efficiencywas�85%
and a score of 0 if their sleep efficiency was <85%. Actigraphy-
assessed sleep efficiency <85% is associated with poor health
outcomes in prior research.29 In insomnia treatment studies, sleep
efficiency <85% is typically the threshold for defining healthy vs
unhealthy sleep and has been used as a quantitative parameter of
insomnia30 (indicating poor sleep quality or nonresponse to treat-
ment). Sleep efficiency levels >85% have also been associated with
breast cancer survival in women using wrist-based actigraphy.31

Sleep satisfaction. Diary-assessed sleep satisfaction for each night was
rated on a 5-point Likert scale, ranging from 1 (“very bad”) to 5 (“very
good”). Participants received a score of 1 if their average sleep satis-
factionwas�4 (good to very good sleep) and a score of 0 if their aver-
age sleep satisfaction was �3 (ie, “neutral” to “very poor”).

Psychological distress. The Kessler 6, a well-validated self-report
instrument, was used to assess general psychological distress.32 The
questionnaire asked respondents, “During the last 30 days, about
how often did…” “…you feel hopeless?”; “…you feel restless or fidg-
ety?”; “…you feel that everything was an effort?” “…you feel ner-
vous?”; “… you feel worthless?” Higher scores are indicative of
greater distress, with scores �13 being indicative of clinically signifi-
cant distress.33 Symptoms were first rated on a scale from 0 (none of
the time) to 4 (all of the time), and ratings were summed to create a
composite score with possible scores ranging from 0 to 24. Internal
consistency is high (Cronbach 〈¼ .85).

Functional limitations. Participants reported on the extent to which
they experience physical limitations in 10 different physical activities
using the Physical Limitations Scale from the Medical Outcomes
Study Short-Form Health Survey.34 Specifically, participants reported
on whether their health limited them “a lot,” “a little,” or not at all.”
The subscale scores range from0 to 100,with higher scores indicating
better physical health. The reliability and validity of the Short-Form
Health Survey and the physical limitations subscale have been exten-
sively documented in past research.35e38

Bodymass index. Bodymass index (BMI) (kg/m2) was calculated from
measured height and weight. Interviewers measured participants’
height to the nearest eighth-inch using a carpenter’s square (triangle)
and an 8-ft folding wooden ruler marked in inches.Weight wasmea-
sured to the nearest tenth-pound using a Seca Robusta 813 digital
scale.

Covariates. Sociodemographic characteristics and study site/
neighborhood (Hill District or Homewood neighborhoods) were
included as covariates to examine the independent association
between sleep dimensions or the SH score and health outcomes.
Individual-level socioeconomic status (SES) was captured by parti-
cipant-reported educational attainment and annual per capita
household income. Race/ethnicity was derived from 2 self-reported
items: one on race and the other on ethnicity (ie, Hispanic, non-
Hispanic). Additional covariates were age, sex, marital/cohabitation
status, and presence of children in the home. As part of the daily
diary, participants were asked, "Did you take any sleep medication
to help you fall asleep tonight? (yes or no).” Based on this item, a
binary measure of use of any sleep medication was also included
as a covariate.

Analytic strategy. Multivariable linear regression analyses were con-
ducted to investigate whether individual sleep dimensions or the
composite SH score was related to psychological distress, physical
functioning, and BMI (in separate models) after adjusting for covari-
ates. Next, we estimated 3 models (1 for each health outcome) in
which we entered all 5 continuous sleep dimensions into the models
to assess the relative contributions of each individual sleep dimen-
sion while adjusting for the other 4. Correlations between individual



Table 2
Summary of sleep dimensions in sample (N ¼ 738)

Minimum 25th

percentile
50th

percentile
75th

Percentile
Maximum

Individual dimensions
Regularity (SD in
h)

0.0 0.64 1.08 1.36 5.95

Satisfactiona 1.0 3.17 3.74 4.29 5.0
Timing (sleep
period
midpoint)

11:22 PM 2:43 AM 3:39 AM 4:28 AM 10:36 AM

Sleep efficiency
(in %)

35.76 74.97 80.5 87.01 99.95

Duration (in h) 2.67 6.42 7.45 8.42 12.34

Composite score
SH scoreb 0.0 1 2 3 5.0

a Satisfaction is measured on a self-reported response scale 1-5. All other sleep
variables are based on actigraphy data.

b Sleep health can range from 0 to 5.
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sleep dimensions ranged from a low of r ¼ �0.0002 for duration and
timing to a high of r ¼ 0.52 for efficiency and duration, suggesting
that multicollinearity is not an issue in these models.

Additionally, in sensitivity analyses, we also analyzed the sleep
score excluding self-reported sleep satisfaction to avoid the possibi-
lity that psychological distress, physical functioning, and sleep satis-
faction, which all come from survey reports, may share a common
source of bias driving all the results. Because of the large number of
significance tests conducted in our analyses and subsequent risk of
inflated type I error, we adjusted significance levels for multiple test-
ing using the Benjamini-Hochberg method to provide a more rigor-
ous approach than use of the conventional P < .05 standard.39 We
only report results that are significant after multiple testing
adjustment.

Results

Descriptive statistics for the analytic sample are presented in
Table 1. Participants were on average 55 years old, with a mean
per capita annual household income of $13,000. Ninety-eight per-
cent of the sample identified as African American, and males con-
stituted 22% of the sample. Nearly 17% of participants reported
taking sleep medications. Participants had an average BMI of 31.2
(SD¼ 7.4) and physical functioning score of 65.9 (SD ¼ 28.8) on
a scale of 0 to 100. Their average level of psychological distress
was 4.3 (SD ¼ 4.6) on a scale of 0 to 24, and 7% had a score
�13, which is considered clinically significant and warranting
intervention for mental illness. Table 1 also shows the percentage
of people with scores in the “healthy” range for each sleep
dimension.

Table 2 shows distributions for the continuous sleep variables.
Mean sleep length was 5.99 hours (SD ¼ 1.41), and half of study par-
ticipants had sleep times with midpoints of 3:39 AM or earlier. Mean
sleep efficiency was 80.5% (SD ¼ 9.8%). Half the sample had within-
person day-to-day variation in sleep duration of 51.0 minutes or
less, with an average of 66 minutes (SD ¼ 29). Finally, the most fre-
quently reported self-reported sleep satisfaction score was 3
(mean¼ 3.74; SD ¼ 0.78) on a scale of 1 to 5. Figure 1 shows the dis-
tribution of SH scores.
Table 1
Summary of sample characteristics (N ¼ 738)a

Mean (SD) or percentage

Sociodemographics
Age (y) 55.4 (16.2)
Male 22%
African American 98%
Household income per capita (in $1000s) 13.0 (12.6)
Any children in home 28%
Neighborhood Hill District 65%
Taking any sleep medications 17%

Health indicators
BMI 31.2 (7.4)
Psychological distress 4.3 (4.6)
Physical functioning 65.9 (28.8)
Sleep measures % “Good” range
Regularity 62%
Satisfactiona 44%
Timing (sleep period midpoint) 64%
Sleep Efficiency (in %) 37%
Duration (in h) 41%

Regularity¼ standard deviation of sleep duration in hours; timing ¼ sleep periodmid-
point; sleep efficiency ¼ hours asleep/hours in bed; duration ¼ total sleep time in
hours.

a Satisfaction ismeasured on a response scale 1-5 in daily diaries. All the other sleep
variables were assessed via actigraphy data.
Regression models

Associations of SH score with health outcomes

BMI. Neither the continuous SH score nor the individual SH variables
that divide the continuous SH score into 5 dichotomous variables (�1
vs 0, etc) were significantly associated with BMI after adjustment for
multiple comparisons (Table 3). Hence, the tables focus on associa-
tions of sleep with psychological distress and physical functioning.

Psychological distress
SH score.Associations of the continuous SH scorewith psychologi-

cal distress are shown in Table 3. The continuous SH score was signif-
icantly associated with psychological distress such that each 1-unit
increase on the SH score was associated with a �0.55 (SE ¼ 0.13, P
< .05; effect size ¼ �0.151) lower psychological distress score after
adjustment for covariates and multiple testing.

Psychological distress
Dichotomous SH scores. Next, dichotomous versions of SH score

levels (eg,>1 vs 0;>2 vs 0 or 1) were also examined in separatemod-
els. We divided the composite SH score into 5 categories (0 to 4þ) to
determine whether there was a specific cutoff point (corresponding
to the number of sleep dimensions in the “healthy” range) at which
associations were most evident. Individuals with SH scores >2, >3,
or >4 had lower levels of psychological distress than persons with a
lower SH scores, with associations corresponding to reductions of
1.09, 1.36, and 1.25 points, respectively. Effect sizes
were �0.24, �0.30, and �0.27 for persons with SH scores >2, >3, or
>4, respectively.

Physical functioning. The continuous SH score was also significantly
associated with physical functioning (Table 3). Each 1-unit increase
on the SH score was associated with a 2.23 (SE ¼ 0.78, P < .05; effect
size ¼ 0.098) higher physical functioning score. Moreover, having an
SH score of at least 4 (vs lower scores) was significantly associated
with a 6.91-unit higher physical functioning score (SE ¼ 2.26, P <
.05; effect size ¼ 2.26).

Individual and joint associations of continuous sleep dimensions with
health outcomes

BMI.None of the individual sleep dimensionswere significantly asso-
ciated with BMI in any of the models (Table 3).
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Psychological distress. We looked at associations of continuous sleep
dimensions with psychological distress individually, estimated as 5
separate models including a single SH dimension at a time, as well
as in a joint model with all 5 sleep dimensions entered at once.
Entered individually, only sleep satisfaction was significantly asso-
ciated with psychological distress (B ¼ 1.58, SE ¼ 0.20). When all 5
Table 3
Associations of 5 sleep dimensions (satisfaction, duration, timing, efficiency, regularity)
with psychological distress and physical functioning

Sleep dimensions B (SE)

Psychological distress
1. SH score (count) �0.55 (0.13)*

2. SH score �1 �0.59 (0.71)
3. SH score �2 �1.09 (0.39)*

4. SH score �3 �1.36 (0.33)*

5. SH score �4 �1.25 (0.38)*

Physical functioning
1. SH score (count) 2.23 (0.78)*

2. SH score �1 3.10 (4.22)
3. SH score �2 3.53 (2.30)
4. SH score �3 4.66 (1.95)
5. SH score �4 6.91 (2.26)*

BMI
1. SH score (count) �0.07 (0.22)
2. SH score �1 �0.60 (1.19)
3. SH score �2 �0.38 (0.65)
4. SH score �3 �0.05 (0.55)
5. SH score �4 �0.54 (0.64)

Each row represents a differentmodel.Models 2 through5 compare having an SH score
of at least X number (stated inmodel) vs a lower SH score. SH scores range from 0 to 5.
All models include as covariates age, race, sex, marital status, household income, edu-
cational attainment, neighborhood, presence of children in the home, and sleep medi-
cation use.

* Results are significant after Benjamini-Hochberg multiple testing adjustment with
the false discovery rate set to 5%.
sleep dimensions were entered simultaneously into a single model,
sleep satisfaction (® ¼ 1.55, SE ¼ 0.21) continued to be associated
with psychological distress after adjustment for the other sleep
dimensions (Table 4).

Physical functioning. Table 4 shows associations of each sleep dimen-
sion with physical functioning, both independently and after adjust-
ment for the other 4 sleep dimensions. When each sleep dimension
was analyzed individually, sleep satisfaction (® ¼ 4.59, SE ¼ 1.23)
and timing (® ¼ �2.27, SE ¼ 0.69) were both significantly associated
with physical functioning such that better sleep satisfaction and ear-
lier timingwere associatedwith better physical functioning.When all
5 sleep dimensions were analyzed in a joint model, sleep satisfaction
(® ¼ 4.46, SE ¼ 1.24), duration (® ¼ �2.44, SE ¼ 0.80), and timing
(® ¼ �1.81, SE ¼ 0.69) were all significantly associated with physical
functioning, indicating that higher sleep satisfaction, earlier sleep
Table 4
Adjusted linear regressions of continuous sleep dimensionswith psychological distress
and physical functioning

Sleep dimensions Psychological distress Physical functioning BMI

B (SE) B (SE) B (SE)

Sleep satisfaction �1.55 (0.21)* 4.46 (1.24)* �0.72 (0.55)
Duration �0.02 (0.13) �2.44 (0.80)* 0.38 (0.56)
Regularity 0.10 (0.29) �2.15 (1.77) 1.46 (0.56)
Efficiency �0.02 (0.02) 0.22 (0.12) �0.83 (0.58)
Timing �0.13 (0.11) �1.81 (0.69)a �0.66 (0.57)

Themodels enter allfive sleep variables simultaneously, using the continuous variables
for each sleep dimension. All models include as covariates: age, race, gender, marital
status, household income, educational attainment, neighborhood, presence of children
in the home, and sleepmedication use. Self-reported response scale 1-5. All other vari-
ables are based on actigraphy data.

* Results are significant after Benjamini-Hochbergmultiple testing adjustment with
the false discovery rate set to 5%.

Image of Fig.&nbsp;1
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timing, and shorter duration were all associated with better physical
functioning.

In sensitivity analyses, we also analyzed the sleep score excluding
self-reported sleep satisfaction. We found that results were similar,
although existing significant associations were slightly stronger
with the shorter range in some models.

Discussion

Within our study population of low-income African Americans
living in 2 urban neighborhoods, the SH score representing a combi-
nation of sleep regularity, timing, duration, efficiency, and satisfaction
was significantly associated with psychological distress such that
higher levels of SHwere associatedwith lower levels of psychological
distress. Additionally, 3 sleep dimensionswere associatedwith physi-
cal functioning when analyzed simultaneously in a single model.
Consistentwith our hypotheses, the continuous SH scorewas a stron-
ger predictor of psychological distress than any individual sleep
dimension, with the exception of self-reported sleep satisfaction.
Moreover, having more sleep dimensions within the “healthy”
range was also significantly associated with lower levels of psycholo-
gical distress and higher levels of physical functioning than having
fewer sleep dimensions in this range. Finally, sleep satisfaction was
also independently associated with lower psychological distress.

Contrary to our hypotheses, neither the SH score nor any of the
individual sleep dimensions were significantly associated with BMI.
Other studies in adults have found significant associations.40 How-
ever, the lack of association with BMI replicates prior work in the
National Longitudinal Study of Adolescent Health finding that sleep
duration and BMI were not associated in African American males
and positively associated in African American females.41 Moreover,
associations of sleep with BMI tend to be stronger in children and
younger adults than in older adults.42 The current study includes a
relatively older adult population as compared to the general popula-
tion, which could contribute to weaker than expected associations.

Although only 1 of the dimensions (satisfaction) was significantly
associated with psychological distress, the composite SH score was
associated with psychological distress in a near-linear fashion. This
suggests that there may be a cumulative effect of having poorer
sleep health across a range of dimensions. Moreover, both the ana-
lyses of associations of sleep health with psychological distress
(where the composite score and satisfaction alone were associated)
and physical functioning (where both the composite score as well
as 3 sleep individual dimensionswere associated) speak to the impor-
tance of measuringmultiple sleep dimensions, in addition to creating
a composite index that accounts for all simultaneously.

Although several prior studies have examined associations of
sleep disturbances with physical limitations,43,44 previous studies
have not focused on high-risk samples, nor have they tested for effect
modification by race/ethnicity. Although the composite SH score was
not associated with physical functioning, higher sleep satisfaction
and earlier sleep timing were associated with higher physical func-
tioning. Additionally, poorer physical functioningwas also associated
with longer sleep duration, whichmay reflect greater physical health
morbidity among long sleepers as well as poorer physical function-
ing. The fact that 3 of the sleep dimensions were significantly asso-
ciated with physical functioning when entered in the same model
speaks to the unique contributions of each dimension to health and,
as such, the importance of measuring each.

Sleep durationwas not a significant predictor of psychological dis-
tress or BMI in the current study despite frequently being the sole
sleepmeasure assessed inmany studies. In addition, although subjec-
tively assessed sleep satisfaction was strongly associated with psy-
chological distress, none of the individual objectively assessed sleep
dimensions were associated with psychological distress or BMI.
Despite these strengths, the current study is limited by its use of
cross-sectional data, as associations could be bidirectional in nature
and/or both sleep and health could be influenced by additional, unob-
served factors. In addition, the racial homogeneity, the overrepresen-
tation of women, and the low variability in SES of the study sample
could limit the generalizability of current findings to other popula-
tions, including non-Hispanic whites, younger people, males, and
persons of higher SES. Specifically, findings may be stronger in a
lower-risk sample. In addition, although our composite index repre-
sents 5 key dimensions of sleep health, we did not have a measure
of daytime functioning, such as alertness, which is also considered
to be an important dimension of sleep health.8 Furthermore, we
used a specific approach to operationalize the SH index based on a
count of binary scores, as this approach may have clinical utility.
However, other approaches may also be useful and warrant further
study. Furthermore, although resultsmay differwith different cutoffs,
we did test different cutoffs for duration and timing and did not find
substantial differences. However, we selected these cutoffs based on
values previously found to be associated with health and believe
that this makes for the most straightforward analysis and simplifies
potential replication.

Additionally, equal weighting of all sleep measures and use of lin-
ear scoring are a limitation of this study (as well as any others that
attempt to develop composite scores that combine data from multi-
ple indices). However, this is a relatively homogenous, although
large, sample. We aimed to provide a relatively straightforward ana-
lysisdto be replicated and perhaps eventually modified using more
complex measures in a more representative study sample.

These limitations notwithstanding, the current study provides a
number of contributions to our understanding of sleep-health asso-
ciations. First, we included both subjective and objective measures
of multiple sleep dimensions and analyzed these in relation to multi-
ple physical andmental health risk factors. Furthermore, we explored
these associations in a large sample of low-income, African American
adults who, despite being at risk for shorter sleep duration, poorer
sleep satisfaction, and poorer cardiometabolic health, are underre-
presented in studies of sleep-health associations. We also include a
predominantly female sample, in contrast to the sample in MrOS,25

which similarly created an SH index to predict clinical depression
risk. Our inclusion of objectively assessed data on a disparate range
of key sleep dimensions is novel and advances understanding of the
extent to which these specific sleep dimensions may relate to health.

In summary, the current findings add to a growing body of litera-
turewhich highlights the importance of considering the independent
and additive effects of multiple dimensions of sleep on important
health indicators in a high-risk sample. The current findings offer a
specific approach to operationalizing sleep health in a clinically
meaningful way. Future research should investigate different opera-
tionalizations of sleep health and whether associations with the cur-
rent SH score and health outcomes are generalizable to other
populations.
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