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Objectives: The Sleep Health Index was developed to address limitations with existing sleep scales, partic-
ularly in the measurement of healthy sleep in non-clinical populations. The purpose of the current study
was to examine this measure in relation to two widely-used sleep scales and two standardized stress scales.
Methods: A sample of 416 undergraduate students completed an online survey that included the Sleep
Health Index, Pittsburgh Sleep Quality Inventory, Insomnia Severity Index, Perceived Stress Scale, and
Index of College Students' Recent Life Events.
Results: Sleep health was negatively correlated with self-perceived stress and life-events (—.41 and— .45,
respectively), insomnia severity (—.59), and poor sleep quality (—.58).
Conclusions: Although other measures assessing sleep health exist, there is a paucity of data-driven support
for their validity. Our findings provide support for the Sleep Health Index as a measure of healthy sleep and
demonstrate an association between psychological stress and sleep health in an undergraduate student
population.

© 2019 National Sleep Foundation. Published by Elsevier Inc. All rights reserved.

Introduction

In 2013, the National Sleep Foundation established a taskforce to
develop a new Sleep Health Index (SHI) in order to address several
limitations with existing sleep scales. ! The taskforce developed the
SHI as a research tool to assess “sleep health”? in the general popula-
tion, rather than focusing on disordered sleep, daytime sleepiness, or
clinical populations. Over the course of two years, the initial 28-item
measure was administered via telephone interview to nationally-
representative samples of adults. The data obtained from these
2503 participants was used to refine the SHI to a 14-question mea-
sure comprising 3 factors (sleep quality, sleep duration, and disor-
dered sleep) in addition to an overall sleep health score.

Although the concept of sleep health has received increased at-
tention (e.g.,®), and there is emerging consensus on how to define
healthy sleep, both in terms of quantity” and quality,” the original
SHI paper remains the only source of data on this particular measure.

Abbreviations: SHI, Sleep Health Index; PSS, Perceived Stress Scale; ICSRLE, Inven-
tory of College Students' Recent Life Events; PSQ], Pittsburgh Sleep Quality Inventory;
ISI, Insomnia Severity Index.
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To date, the SHI has not been validated against existing self-report
measures of sleep. Additionally, while the 2017 report included a
negative correlation (r = —0.37) between self-reported stress and
SHI scores, the stress measure was limited to a single question. The
goal of our study was therefore to examine the SHI in relation to
established measures of both stress and sleep, based on an indepen-
dent sample.

Method
Participants

Four hundred and sixteen college students from a large university
in the southwestern United States participated in the study. Partici-
pants ranged in age from 18 to 52 (M = 22.69, SD = 5.51), 76%
were female, and 94.7% identified as Hispanic. The majority (85.1%)
reported generally sleeping in bed alone.

Measures

Sleep Health Index (SHI).! The SHI contains 14 questions that are
used as the basis for measuring three dimensions of sleep health:
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sleep quality, sleep duration, and disordered sleep and an overall
sleep health index. Individuals are asked to respond with reference
to the prior seven days. Where appropriate, computed scores are
tied to expert recommendation on sleep. For example, weekday
time-in-bed values (calculated as the difference between the time in-
dividuals reported going to bed and waking up) were transformed to
standardized scores based on recommendations developed by a
panel of sleep health experts. This Weekday Sleep Score was then av-
eraged with a calculated Sleep Deficit Score and a Social Jetlag/Sleep
Variability Score to produce the Sleep Duration sub-index score.
Each of the three sub-indexes and the overall SHI are scored from 0
to 100, with higher scores representing better sleep health.

Inventory of College Students' Recent Life Experiences (ICSRLE).®
The ICSRLE is comprised of 49 items that reflect everyday stressors
or hassles commonly experienced by college students. For each
item, respondents rated the intensity of their experience with the
stressor over the past month. Possible scores range from 49 to 196,
with higher scores represent greater stress. Cronbach's o was 0.94
for the present sample.

Perceived Stress Scale (PSS).” The PSS contains 10 items asking re-
spondents how frequently they have had stress-related feelings/
thoughts during the past month. Sample items are “...felt nervous
and stressed?”, “...felt that you were unable to control the important
things in your life?” with response choices ranging from (0) “Never”
to (4) “Very Often”. Possible scores on the PSS range from 0 to 40,
with higher scores indicating greater stress. Cronbach's o was .85 in
the present study.

Pittsburgh Sleep Quality Index (PSQI).® The 19-item PSQI provides
a global score based on seven components: subjective sleep quality,
sleep latency, sleep duration, habitual sleep efficiency, sleep distur-
bances, use of sleeping medication and daytime dysfunction over
the last month. Scores on the PSQI range from 0-21 with higher
scores indicating poorer sleep quality. Based on the seven PSQI com-
ponent scores, Cronbach's o was .64 for the current study.

Insomnia Severity Index (ISI).° The IS is a self-report measure
that assesses participants' perceptions of their insomnia. It includes
seven items related to the extent of difficulties with sleep onset and
sleep maintenance during the previous two weeks. Total scores
range from 0-28, with higher scores representing greater insomnia.
Cronbach's e was 0.86 for the current study.

Procedure

Participants took part in the study on a voluntary basis in return
for course credit. All participants completed an online survey hosted
through Qualtrics (www.qualtrics.com) which included an informed
consent statement, a number of demographic questions, including
ethnicity/race, age, and sex, followed by the aforementioned stress
and sleep measures presented in the order indicated above. The
university's Institutional Review Board approved the study prior to
recruitment.

Data analysis

We performed statistical analyses using SPSS 25 (IBM Corp.,
2017). First, we carried out missing data analysis to examine if data
were missing completely at random (MCAR). Across all the variables,
1.7%-4.6% of data were missing. Values were missing completely at
random, X? (4531) =0.000, P = 1.00, and were substituted with
values using the expectation-maximization (EM) algorithm. Second,
based on the acceptable criteria for skewness (< 1), and kurtosis (<
3) we determined that all study variables were normally distributed
except for age (positively skewed [4.00] and leptokurtic [22.61]),
BMI (positively skewed [1.15]), SHI Sleep Disorder (negatively
skewed [—3.60] and leptokurtic [13.80]) and SHI Sleep Duration

(negatively skewed [1.04]). We used Spearman's rho to test correla-
tions with these non-normally distributed data. All other correlations
were based on Pearson's r. Lastly, a two-step hierarchical linear re-
gression analysis was conducted to clarify whether our two stress
measures would remain associated with sleep health after controlling
for participants' age and sex. Age and sex were entered at the first
step, with self-perceived stress and stressful life events entered at
the second step. An o of .05 was used for all tests of statistical
significance.

Results

Descriptive statistics of the sample and between-group compari-
sons are presented in Table 1. Correlations between each measure
are presented in Table 2.

Sleep health scores

Our sample scored significantly lower on the SHI (M = 73.6,
range 31-100) than the NSF's national sample, based on both their
entire sample (76; t(415) = 3.52, P<.001) or limited to 18-29 year
old respondents (78; t(402) = 6.09, P <.001). Sleep health was sig-
nificantly higher in men (76.0) relative to women (72.8; t(414) =
2.01, P = .046, 2-tailed), but this difference appeared to be largely
based in differences between SHI sleep quality and failed to meet
the threshold for significance when age was controlled for using
ANCOVA (F(1, 413) = 2.28, P> .05).

Association between sleep health and stress

Sleep health was negatively correlated with self-perceived stress
and life-events (—.41 and— .45, respectively). We conducted a hier-
archical linear regression to further examine the sleep health-stress
relationship, controlling for age and sex at the first step. Age and
sex accounted for a non-significant 1% percent of the variance in
SHI scores (F(2,413) = 2.8, P>.05. The addition of the stress mea-
sures to the model accounted for an additional 22% of the variance
in SHI scores (F(2,411) = 57.3, P <.001). In the final model, both
self-perceived stress and past-month stressful events were statisti-
cally significant predictors of sleep health, (p = —0.31 and p =
—0.22, respectively, both P <.001).

Association between sleep health and established sleep measures

Sleep health was negatively correlated with insomnia severity
and poor sleep quality (—.59 and— .58, respectively; P <.001). The
SHI sleep quality sub-index score was negatively correlated with
the PSQI sleep quality factor score (—.66, P < .001; not shown in
Table 2).

Association between sleep health and physical health-related measures

Although our study did not include a physical health measure, we
included a single question about doctor's visits and also calculated
body mass index (BMI) using self-reported height and weight. Partic-
ipants who had visited the doctor for illness during the past six
month reported significantly poorer sleep health (71.5) than those
who had not (74.9), t(394) = 2.37, P = .009. The correlation between
SHI and BMI was not statistically significant (rs(414) = —.04, P> .05),
even when excluding those who were below healthy weight (r;
(393) = —.06, P > .05). However, between-group comparisons
based on established weight classifications indicated that obese and
underweight individuals had significantly poorer sleep health than
individuals with healthy weight (t(301) = .1.89, P = .042 and t
(212) = 1.68, P = .047, respectively, one-tailed independent t-test).
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Table 1
Descriptive statistics for the stress and sleep measures
N % SHI SHI SHI Duration SHI PSS ICSRLE PSQI ISI
Overall Quality Disorder
Total Sample 416 100 73.6 58.4 67.6 94.8 20.1 228.1 6.8 9.9
(13.9) (18.6) (29.0) (15.2) (6.9) (76.0) (3.2) (6.0)
[72-75] [57-60] [65-70] [93-96] [19-21] [221-235] [7-7] [9-10]
Gender * ok ok o ok ok
Male 100 24% 76.0 63.7 67.6 96.9 16.6 199.3 59 8.2
(12.8) (18.1) (29.2) (11.1) (6.8) (82.3) (3.0) (5.3)
Female 316 76% 72.8 56.7 67.7 94.2 21.2 237.2 7.1 10.5
(14.2) (18.5) (28.9) (6.3) (6.6) (71.7) (3.3) (6.1)
Ethnicity
Hispanic 394 95% 73.6 58.0 67.8 95.1 20.2 230.0 6.9 9.9
(13.6) (18.3) (29.1) (14.4) (6.9) (75.5) (3.2) (6.0)
Non-Hispanic 22 5% 72.8 64.0 65.3 89.2 17.6 202.7 6.0 9.9
(18.4) (22.8) (26.9) (25.9) (7.6) (83.8) (3.8) (6.5)
Age
18-29 402 97% 73.8 58.5 67.6 95.4 20.1 227.7 6.8 9.9
(13.8) (18.5) (29.1) (14.3) (7.0) (75.9) (3.2) (5.9)
>29 14 3% 67.4 53.8 69.6 78.9 18.9 240.0 8.1 10.9
(16.4) (21.6) (25.0) (27.9) (6.2) (82.4) (3.7) (7.5)
Visited a doctor for illness * o * * e * *
Yes 169 41% 71.7 554 67.2 92.5 21.0 2443 7.3 10.7
(14.5) (20.3) (27.2) (19.0) (7.0) (75.4) (3.5) (6.2)
No 247 59% 74.9 60.4 67.9 96.4 19.5 217.0 6.5 9.4
(134) (17.1) (30.2) (11.8) (6.8) (74.6) (3.0) (5.8)
BMI
Underweight (<18.5) 21 5% 69.9 56.2 59.8 93.9 22.5 245.4 6.6 10.2
(15.3) (18.9) (334) (13.8) (7.1) (75.5) (3.2) (5.7)
Healthy weight (18.5-24.9) 194 47% 74.9 60.3 68.6 95.9 19.7 217.5 6.4 9.6
(12.4) (17.9) (26.3) (13.4) (7.0) (75.9) (3.2) (5.8)
Overweight (25-29.9) 91 22% 73.7 57.3 69.9 94.0 203 226.7 7.1 10.1
(14.1) (18.8) (294) (15.4) (6.0) (73.4) (3.1) (6.1)
Obese (30+) 110 26% 71.8 56.3 65.5 93.7 20.2 2449 74 103
(15.7) (19.5) (32.2) (18.2) (7.6) (76.0) (34) (6.3)

Note: For each measure, the mean (standard deviation, and [confidence interval] is provided. Significant differences between males and females and those who have/have not vis-
ited a doctor are indicated in the corresponding column, all two-tailed tests. * = P < .05, ** = P < .01, "™ = P <.001; SHI = Sleep Health Index; PSS = Perceived Stress Scale;
ICSRLE = Inventory of College Students' Recent Life Events; PSQI = Pittsburgh Sleep Quality Inventory; ISI = Insomnia Severity Index; Visited a doctor for illness is based visits
during past 6-months; BMI=Body Mass Index in kg/m?, calculated from participants' self-reported height and weight.

Discussion

Our findings indicated that the SHI is negatively correlated with
two well-established measures of disordered sleep. As a measure of
sleep health, the association is in the expected direction: negatively
correlated with both measures. It is noteworthy that, of the SHI sub-
scales, Sleep Quality appears to be the most highly correlated with
both the PSQI and ISI scores. However, the smaller correlations of
the Sleep Duration and Sleep Disorder subscales might be explained
by the significantly negatively skewed distribution of scores (particu-
larly in the case of Sleep Disorders, where the overall sample mean
was 95/100). In relation to stress, our data show that less stress (as
assessed by both a past-month life events scale and a past-month
self-perceived stress scale) is associated with better sleep health. As

with the PSQI and ISI sleep measures, the association of stress with
SHI subscale scores is greatest with SHI Sleep Quality. These results
extend the previously reported correlation between the SHI and a
single-question stress index, “Overall how stressed have you felt in
the past month?”, and are in keeping with the expanding literature
on the bidirectional association between stress and sleep.'®

Our college sample had poorer sleep health than the NSF
nationally-representative sample, even when bracketing the 18-
29 year-old age range. This finding is not particularly surprising,
given the short sleep durations, poor sleep quality, and daytime
sleepiness, experienced by undergraduates.'''> However, given
that those who have graduated from college appear to have better
sleep health than those who have “some college”,! there may be
hope for our beleaguered students post-graduation. Although based

Table 2
Correlations between primary variables
MEASURE SHI SHI SHI SHI PSS ICSRLE PSQI ISI Age
Overall Quality Duration Disorder
SHI Quality 677
SHI Duration™ 78" 23"
SHI Disorder 38" 30" —.03
PSS —43™ —.55"" —22" 157
ICSRLE — 417 —45™" 24" 157 637
PSQI 5t g3t 4 sk 517 49"
ISI _5gt 76" 317 91 55t 50 717
Age™ —.04 —.03 03 15" a1 —12" 03 .003
BMI™ —.04 —.06 .01 —.05 —.02 .08 2% .01 20"

Note: © = Spearman's rho correlation used; Statistical significance of correlations between variables are based on 1-tailed tests; SHI = Sleep Health Index; PSS = Perceived Stress
Scale; ICSRLE = Inventory of College Students' Recent Life Events; PSQI = Pittsburgh Sleep Quality Inventory; ISI = Insomnia Severity Index.
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on a single-item measure of doctor visits, we also supported the no-
tion that better sleep health may be associated with less physical ill-
ness. Similarly, based on BMI classifications, we found that
individuals who were obese or underweight had significantly poorer
sleep health than those who had healthy weight. Overweight individ-
uals did not differ from healthy weight individuals on this measure,
nor was there a direct association between BMI values and sleep
health even when excluding underweight individuals from the anal-
ysis. Our findings support previous studies that have demonstrated
associations between poor sleep and worse physical health (e.g.,'®),
but it would be prudent to further examine the sleep health — well-
ness relationship with more sophisticated metrics of physical health
and body composition. Although prior research suggests that inade-
quate sleep may contribute to both physical illness and obesity risk,
it remains likely that (as with stress) the relationships are better un-
derstood as bidirectional in nature.!%!4

Our study employed a number of well-established measures and
to our knowledge is the first study to administer the SHI through an
online survey platform, but we acknowledge a number of limitations.
We relied on a convenience sample of college students, a population
that has been criticized for its lack of generalizability.'> However,
data obtained from undergraduates on stress and sleep measures
has previously been shown to be equivalent to data obtained from
Amazon's Mechanical Turk workers,'® a population significantly
more diverse.!” Our sampled population also had limited racial/eth-
nic diversity, with 95% of participants identifying as Hispanic. Al-
though the homogeneity of our sample limits the generalizability of
findings, this can be balanced against having provided important
data on a population frequently underrepresented in sleep
research.'® Given that prior research has demonstrated shorter
sleep duration in Hispanics relative to non-Hispanic whites,'? it is
tempting to suggest our sample's lower SHI scores may be due in
part to the large percentage of Hispanic participants. However, an ac-
curate understanding of the relationship between ethnicity and sleep
is complicated by numerous factors. For example, a recent actigraph-
based study found that Hispanic males had significantly shorter sleep
duration than non-Hispanic whites, but this was not true for Hispanic
females.?® Additionally, Hispanic/Latino heritage (e.g., Mexican vs.
Puerto Rican)?"?? and level of acculturation stress experienced by
Hispanic/Latino individuals appear to be important considerations
when defining norms within this population.?32*

Prior research has tended focus on those with problematic sleep,
whether diagnosed clinically or through high scores on commonly-
used measures, rather than those who report good sleep health. In
line with the philosophy of positive psychology, an argument can
be made for studying those who thrive.?® For example, dispositional
traits, behaviors, or sociocultural factors that are associated with
good sleep health as assessed by the SHI. Understanding these vari-
ables may, in turn, help to identify novel approaches to treating
those who suffer from inadequate or disordered sleep. Although
other measures assessing sleep health currently exist, such as the 5-
item SATED measure? and the Sleep Health Composite measure for
adolescents?S, there is a paucity of data-driven support for the valid-
ity of such scales. Nevertheless, the increased interest in such mea-
sures within the clinical and academic communities, and the
development of related measures such as the NSF's Sleep Satisfaction
Scale,?” suggest that there is a recognized need to examine sleep from
the perspective of healthy sleep in non-clinical populations.
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