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Purpose: While the concept of “sleep health” has only recently been defined, how it relates to
both subjective and objective sleep parameters is yet to be determined. The current study aimed
to identify potential indicators of poorer sleep health, from subjective and objective daily sleep
characteristics, in normal sleepers.

Participants and methods: Eighty-three individuals aged 18—65 years with no history of
sleep disorders, chronic physical or psychiatric illnesses, or substance misuse were recruited from
the North of England. Secondary analysis of a series of standardized studies, which included
psychometrics, actigraphy, and an in-lab polysomnography (PSG) component, was undertaken.
Questions from several psychometric sleep scales were combined to create an aggregate measure
of sleep health status. Subjective sleep continuity was assessed by 2-week sleep diary. Objec-
tive measures comprised two continuous weeks of actigraphy and two nights of in-lab PSG.
Results: Significant negative correlations were evident between sleep health scores and both
diary-derived subjective sleep latency (SL; diary) and actigraphy-derived SL (actigraphy).
This was reflected by independent samples #-test between high and low sleep health groups.
No relationships between sleep health and PSG parameters were observed. Regression analyses
indicated sleep latencies from both the sleep diary and actigraphy as significant predictors,
explaining 28.2% of the variance in sleep health.

Conclusion: Perceived increases in SL appear to be a primary indicator of declining sleep
health in normal sleepers. The majority of objective sleep parameters, including gross PSG sleep
parameters, appear not to be sensitive to sleep health status in normal sleepers. Future research is
needed to understand the physical and psychological correlates of sleep health in larger samples.
Keywords: sleep health, PSG, actigraphy, normal sleepers

Introduction
In recent years, there has been a burgeoning interest in the relationship between sleep
and health.'? Sleep is not only essential for the optimal performance of physical,**
cognitive, and emotional processes’ but also a vital biological determinant of everyday
health and well-being.® That said, to date sleep research has mainly focused on disturbed
and/or disordered sleep, and the benefits of good healthy sleep, or “sleep health,” have
largely been overlooked.”® Furthermore, individual sleep characteristics do not occur
in isolation, can be assessed across multiple dimensions of “sleep health,” and are not
specific to any particular sleep disorder.’

Although the research agenda in the area of sleep disorders has been invaluable
in increasing our knowledge of the assessment, diagnosis, and management of sleep
disorders, this focus tends to limit the understanding of sleep from a broader public
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health perspective. Additionally, while recent epidemio-
logical and population health studies and research on the
pathophysiology of sleep disorders, such as insomnia,'®!!
continue to increase our understanding of vulnerability to
sleep disorders and have provided insights into the conse-
quences of poor sleep on health outcomes, the focus has
still largely been on “abnormal.” One potential reason for
this focus on poor sleep and the limited research agenda on
sleep health, to date, is that only recently have guidelines on
what is considered “normal” or “typical” sleep, at least in
terms of sleep duration and sleep quality, been outlined.'>!3
As such, an understanding of what constitutes good sleep
health has remained problematic.

Prior to the publication of the guidelines on “normal
sleep” quantity and quality, Buysse’ outlined the first formal
definition of “sleep health.” He suggested that although sleep
health could be viewed, in line with the medical model of
health and illness,'* as an absence of disease, it was more
likely to be a multidimensional construct and that one should
focus on the positive attributes of sleep as opposed to sleep
disturbance/disorder. To that end, and based upon his review
of the relationships between specific aspects of the sleep
experience and health outcomes, Buysse’ suggested that
sleep health should encompass five subjective domains — an
assessment of good or poor sleep (satisfaction), the ability
to maintain attentive wakefulness (alertness), placement of
sleep in the 24-hour day (timing), ease of falling asleep and
staying asleep (efficiency), and total amount of sleep obtained
per 24 hours (duration). To accompany his definition, Buysse’
developed a single scale to assess sleep health. The SATED
scale comprises five questions pertaining to his definition
(sleep Satisfaction, Alertness during waking, Timing of
sleep, sleep Efficiency, and Duration of sleep).” Further, he
suggested that other elements of sleep, albeit more difficult
to quantify, including an individual’s ability to sleep when
under threat or challenge (adaptability) and regularity in
sleep schedules (variability), might be considered in more
comprehensive assessments of sleep health.

More recently, the National Sleep Foundation (NSF)
developed and psychometrically tested their own measure
of sleep health — the “Sleep Health Index” (SHI)® for use in
large-scale studies. Employing a task force of experts, they
developed an initial scale of 28 items that reduced, through
factor analysis, into the final SHI, which consists of 12 items
along three dimensions — sleep quality (six items), sleep
duration (three items), and disordered sleep (three items).
Within the sleep quality dimension, perceived sleep quality,
feelings of restedness, difficulties falling or staying asleep,

the negative impact from a lack of sleep, and unintentional
dozing are included. For sleep duration, self-reported hours
slept are benchmarked against the NSF’s age-specific guide-
lines on sleep need in addition to measures of sleep deficit and
sleep variability (workdays vs non-work days). Finally, the
disordered sleep dimension asks about use of sleep medica-
tion, consultation with a health care professional about sleep,
and whether the individual has been told by a health care
professional that he or she has a sleep disorder.

While there are clearly overlaps between both scales, there
are also some distinct differences. Similarities exist between
the SATED’s satisfaction, alertness, and efficiency dimen-
sions and the SHI's sleep quality dimension, and between the
SATED’s duration and timing dimensions and the SHI’s items
measuring sleep duration. However, the SATED does not
include a measure of disordered sleep or a specific measure
of sleep deficit, whereas the SHI does not include adaptability.

Given that the research area of sleep health is relatively
new, and the implications of sleep health are yet to be fully
investigated, an important next step may be to determine
whether there are any specific daily sleep indicators of the
concept. If these indicators are identified, then changes in
these sleep parameters are likely to signify a change in sleep
health status which may facilitate early, or even preventative,
interventions. This in itself has the potential to facilitate a
public health agenda on sleep health, as knowing what the
first signs of threat to an individuals’ sleep health are may be
an invaluable focus for a broad educational initiative.

The aim of the present study was to explore how retro-
spective assessment of sleep health, combining both recom-
mendations from Buysse’ and the SHL® may be associated
with particular subjective and objective daily sleep charac-
teristics in a sample of normal sleepers. This will not only
highlight how particular aspects of daily sleep may warrant
further attention in relation to deterioration of sleep health
but will also expand our knowledge of the utility of subjective
sleep health measures in individuals free of sleep disorders.
It was hypothesized that subjective sleep variables would be
the best indicators of sleep health based upon the assertion
that the definition of sleep health by Buysse’ and both the
SATED and SHI® rely on subjective reports.

Methods

Participants

Participants were 83 normal sleepers aged 18-65 years
recruited for a series of studies in the North of the UK. The
inclusion criteria for “normal sleeper” were as follows: 1) not
meeting criteria for any sleep disorder, 2) defining themselves
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as a “normal” sleeper, 3) not seeing a health care professional
regarding their sleep, and 4) not taking a medication (either
prescribed or over the counter) for their sleep. The exclusion
criteria were as follows: 1) a chronic illness (psychological or
physical — including substance use disorders), 2) a previous
head injury, and 3) not being able or willing to travel to the
sleep center for overnight assessments. Demographic infor-
mation for the full sample is displayed in Table 1.

Procedure

Participants were recruited through a series of media cam-
paigns throughout the North of the UK. The media campaigns
featured posters displayed in community settings (eg, com-
munity centers, libraries) and adverts in local newspapers.
In each case, the campaign asked individuals, irrespective
of whether they had a sleep problem or not, to contact
the research team by telephone for more information. If a

Table | Demographic characteristics

participant called, they were provided an overview of the
study and once consent had been given they were screened
for sleep disorders. If eligible and willing to participate, all
participants were invited to attend the sleep laboratory for
standardized baseline procedures. At this meeting, partici-
pants provided written informed consent and completed a
face-to-face clinical interview to confirm that the participant
met eligibility criteria. If eligible, participants were provided
2 weeks of sleep diaries, an actigraph, and a battery of psy-
chometric assessments to complete at home. Additionally, an
appointment was made for the participant to attend the sleep
laboratory approximately 14 days later for an in-laboratory
sleep assessment. At that appointment, participants returned
the psychometric battery, the sleep diary, and the actigraph.

On each night of the study visit, participants arrived at the
sleep laboratory at 8 pm for study preparation (eg, electrode
placement, bio-calibrations). Participants were instructed to

n % Low sleep health High sleep health
group group
Age, M (SD) 27.16 (10.33) 26.60 (10.71) 27.71 (10.34)
Gender Males 41 49.41 18 21
Females 42 50.59 20 21
Ethnicity White British 64 77.06 30 33
White Irish | 1.20 | 0
White Scottish 7 8.43 2 5
Other White 2 2.4| 0 2
Asian 4 4.82 3 |
Chinese 2 2,41 | |
Undisclosed 3 3.61 | 0
Marital status Single 64 77.06 33 30
Married 9 10.84 2 5
Live-in partner 5 6.02 | 4
Divorced 2 241 | |
Separated | 1.20 0 |
Undisclosed 2 241 | |
Employment Full time 31 37.32 12 19
status Part time 2 241 0 |
Unemployed | 1.20 0 |
Retired | 1.20 0 |
Student 44 52.98 24 19
Others 2 241 I |
Undisclosed 2 241 | 0
Education Pre-bachelor 15 18.06 4 Il
Bachelor 38 45.75 19 19
Master’s 10 12.04 6 4
PhD | 1.20 0 |
Diploma 3 3.6l 2 |
College 2 241 0 |
MD 2 2.41 0 |
Others 9 10.84 6 3
Undisclosed 3 3.61 | 0
Total N= 83 38 42
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refrain from consuming alcohol, drugs, excessive caffeine,
and nicotine before arrival. Bedtime was determined by the
time reported in sleep diaries. Total recording period was for
>8 hours for all participants, although time out of bed in the
morning was recorded and ambulatory PSG was employed
if participants left the bedroom. All participants completed a
sleep diary upon awakening. After electrodes were removed,
participants left the laboratory and continued with their day.
For all in-lab visits, taxis were provided, if necessary. All
laboratory visits were undertaken on weekdays to limit the
effect of altered sleep schedules on PSG readings. Partici-
pants were compensated £80 or £150 for their time depending
upon the length of the study after baseline procedures (eg,
two-night protocol vs three-night protocol).

The protocol for each study received ethical approval
from the institutional ethics committees at Northumbria
University and the University of Glasgow and conformed to
the Declaration of Helsinki’s ethical principles.

Measures
Sleep health scores
In order to address the dimensions of sleep health, as sug-
gested by both Buysse’” and Knutson et al,* a measure of
sleep health was created using items from the Pittsburgh
Sleep Quality Index,'* Insomnia Severity Index,'® Morning-
ness—Eveningness Questionnaire,'” Ford Insomnia Response
to Stress Test (FIRST),!* and Sleep Preoccupation Scale.'
Each question required respondents to consider their sleep
and sleep-related behaviors, thoughts, and feelings over the
previous month. An overview of each question and how they
match with the SHI and SATED items is given in Table S1.
For the purpose of the current study, the items used were
grouped into the dimensions of Quality and Duration as pro-
posed by the SHL? in addition to a dimension of Adaptability
as recommended by Buysse.” Considering that participants
had been screened and excluded for having a sleep disorder
and that a diagnosis of a sleep disorder and/or use of sleep
medication were exclusion criteria in the present study, the
dimension of “disordered sleep” as included in the SHI was
not included in the present conceptualization of sleep health.
Sleep quality — Sleep quality was measured using five
items conceptually similar to those included in the SHI® and
SATED’ —perceived sleep quality, sleep satisfaction, negative
impact of lack of sleep, sleep efficiency (SE), and unintentional
dozing during the day. The range of scores for this dimension
was 0—18, with higher scores indicating better sleep quality.
Sleep duration — Sleep duration was measured using three
items — number of hours slept benchmarked against the NSF’s

age-appropriate criteria, sleep deficit, and sleep variability.
The range of scores for this dimension was 0-8, with higher
scores indicating a good sleep duration.

Adaptability — Adaptability was measured using two
items, combined, from the FIRST, which asked about the
likelihood of daytime or evening stress impacting on sleep.
The range of scores for this dimension was 0—6, with higher
scores indicating better adaptability. This dimension was
added in light of Buysse’s” recommendations that adaptability
may be an important characteristic of sleep health.

Subjective sleep

The consensus sleep diary?® was used to create measures of
subjective sleep continuity, including sleep latency (SL),
wake after sleep onset (WASO), number of awakenings
(NWAK), time in bed (TIB), total sleep time (TST), and
SE ([TST = TIB]x100) over the 2-week period. Participants
were instructed to complete the diary upon awakening each
morning. Mean values were derived for each parameter for
analyses.

Objective sleep

Polysomnography (PSG) — PSG data were derived from
the second night (baseline) recording in the sleep labora-
tory. This was recorded on a 33-channel SomnoScreen plus
(S-Med, Birmingham, UK). The first night of PSG was used
as a screening/adaptation night and comprised an extended
electroencephalogram (EEG) montage (including C3-A2;
C4-A1), submental and anterior tibialis electromyograms
(EMGQG), bilateral electrooculogram (EOQG), heart rate, tho-
racic and abdominal respiratory effort, airflow (by nasal—oral
thermocouple and nasal thermistor), and oxygen saturation
via finger pulse oximetry. The second night (used for analy-
ses) was a reduced montage and comprised the same EEGs,
EMG (submental only), EOG, and heart rate measurements.
Percentages of each sleep stage (Wake, N1, N2, SWS, and
REM) in addition to measures of SL, WASO, NWAK, TST,
TIB, and SE were derived for the present analysis. All PSGs
were scored by a Registered Polysomnographic Technologist-
qualified technician using American Academy of Sleep
Medicine guidelines;?! and 50% of those were also scored
by a researcher (JGE) to confirm reliability.

Actigraphy — The Actiwatch (Actiwatch 7; CamnTech,
Cambridge, UK) measured movement at 1 minute epochs.
Sleep parameters were computed via computerized algo-
rithms using the software “Actiwatch Activity & Sleep Analy-
sis 77 (CamnTech). Subjective “bed time” and “wakeup time,”
as determined by the sleep diary, were entered to produce a
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“Sleep Summary Report,” from which mean values of sleep
continuity variables (ie, SL, WASO, NWAK, TIB, TST, and
SE) were extracted. For the purposes of the present study,
Fragmentation Index (FI) from the actigraph data was also
included.

Treatment of data

Sleep health was considered as both a continuous and a cat-
egorical variable. Sleep health scores were calculated from the
questions identified (Table S1) to provide a continuous sleep
health score for each participant (range 0-32). Mean values
for each diary and actigraphy parameter were used in analy-
ses. Pearson’s correlation analyses were initially undertaken
between the sleep health scores and the diary, actigraphy, and
PSG outcomes (Table S2), and multicollinearity was assumed
if correlations between the predictor variables were above
r=0.7. Taking an exploratory approach, hierarchical multiple
regression analyses (enter method) were then undertaken with
sleep health as the outcome and related sleep parameters as
predictors. For categorical analyses, high and low sleep health
scorers were distinguished via median split. Group differences
were assessed using independent samples #-test. A significance
level of P<0.05 was used for all analyses.

Missing data were replaced by mean substitution when
<5% of responses were missing; otherwise, case-wise dele-
tion was implemented. Full sleep diary data were missing for
one participant, and TST and SE (diary) data were missing for
another individual. Actigraphy data were missing for five par-
ticipants and FI was available for only 58 participants. PSG
data were available for all 83 participants, with the exception
of “percentage time awake” in the data of five individuals.

Results

The mean score on the measure of sleep health was 27.13
(SD=3.31) with a range from 17 to 32. There were no
significant differences between sex on sleep health scores
(¢ [81]=.367, P=0.715) and the correlation between sleep
health scores and age was =0.101. Individuals with good
and poor sleep health were then split by the median (three
individuals scoring on the median were removed) for cat-
egorical analyses. This resulted in 38 individuals in the low
sleep health group and 42 in the high sleep health group.
Demographic data for both groups are listed in Table 1.

Subjective sleep continuity

With respect to subjective sleep continuity parameters (sleep
diary), a significant negative correlation (=0.467, P<0.001)
between sleep health and SL was demonstrated. A significant

between-group difference was also only observed for subjec-
tive SL (¢[77]=2.744, P=0.008), with individuals measuring
high on sleep health demonstrating shorter SL (M=13.44,
SD=7.52) than low sleep health scores (M=19.79, SD=12.61).
All other correlations and between-group comparisons were
nonsignificant (Table S2).

Objective sleep

PSG—No ssignificant correlations were evident between sleep
health scores and any sleep continuity, or sleep architecture
parameters as determined by PSG. Independent samples #-test
also indicated no significant between-group differences on
these measures (Table S2).

Actigraphy — With regard to sleep continuity as assessed
by actigraphy, a significant negative correlation was observed
between sleep health and SL (»=—0.375, P<0.001). No other
significant relationships were evident. Independent samples
t-test (¢ [74]=2.805, P=0.006) indicated that the high sleep
health group (M=29.61, SD=26.55) reported significantly
shorter SLs than the low sleep health group (M=49.59,
SD=35.33). No other significant between-group differences
were observed (Table S2).

Regression model

Considering the correlation coefficients between actigraphy
and sleep diary measures of TST (r=0.83), actigraphy mea-
sures of TST and TIB (7=0.80) and actigraphy measures of
NWAK and WASO (r=0.78) were above 0.70. The actigraphic
variables for TST and NWAK were not included in the regres-
sion model due to multicollinearity. The correlation between
SL diary and SL actigraphy measures did not indicate col-
linearity (r=0.28). At Step 1, the model including age and sex
as predictors of sleep health was not significantly better than
the grand mean (F'[2,74]=0.789, P=0.458). The addition of
SL (diary) to the model was, however, significant at Step 2
(F[3,73]=7.394, P<0.001), with subjective SL (diary) pre-
dicting an additional 21.2% of the variance. The final model
was also significant at Step 3 (F'[4,72]=7.077, P<0.001), with
objective SL (actigraphy) predicting a further 4.9% of the
variance in sleep health. The final model explained 28.2%
of the variance in sleep health. Both subjective SL (diary)
and objective SL (actigraphy) were significant predictors in
the final model, and SL (diary) was the strongest predictor
(B=0.351) (Table 2).

Discussion
The aim of the current study was to assess how sleep health
may be related to subjective and objective sleep parameters in
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Table 2 Multiple regression analyses demonstrating the prediction of sleep health scores by age, sex, subjective SL (diary), and

objective SL (actigraphy)

Predictors B SE B [} T P R? (AR?)
Step | Age 0.034 0.036 0.109 0.945 0.348 0.021
Sex 0.581 0.758 0.088 0.767 0.446
Step 2 Age 0.036 0.032 0.115 1.123 0.265
Sex 0.400 0.677 0.061 0.592 0.556
SL (diary) -0.141 0.031 -0.461 —4.494 <0.001%** 233%%(0.212%*)
Step 3 Age 0.014 0.033 0.045 0.428 0.670
Sex 0.053 0.678 0.008 0.079 0.937
SL (diary) —0.121 0.032 -0.394 -3.765 <0.00 |*#*
SL (actigraphy) -0.026 0.012 —-0.250 -2.221 0.030* 0.282%%(0.049*)

Notes: **P<0.001, *P<0.05.

Abbreviations: SL, sleep latency; B, unstandardized beta; SE B, standard error of unstandardized beta; 3, standardized beta; R? R-squared; 4R?, R-squared change.

normal sleepers, as determined by sleep diaries, actigraphy,
and PSG. This is the first study to the authors’ knowledge
to examine these daily sleep characteristics in relation to
an aggregate measure of sleep health. Associations were
observed between sleep health status and SL, both from
sleep diaries and actigraphy. Furthermore, the current study
provided evidence that these two factors in combination
could, to a certain extent, predict sleep health. These find-
ings, combined with the findings from the #-tests, ultimately
indicate that shorter SL plays a role in determining good sleep
health. The SL findings potentially demonstrate evidence of
consistency between subjective (diary) and objective (actig-
raphy) measures.

However, as actigraphy also requires aspects of self-
report, it is suggested that the determining factors of sleep
health are likely to be largely subjective. Nevertheless, given
that actigraphy is largely informed by sleep diaries, it is not
surprising that these measures of SL were both related to
sleep health. Individual’s perception of their sleep in the
determination of what is “healthy sleep” is therefore funda-
mental. In a similar way, there is an abundance of evidence
that self-perceptions of health and well-being can influence
physical and mental health outcomes.?

The current findings have implications with regard to a
public health agenda on sleep. The knowledge that SL could
potentially be an indicator of sleep health provides opportuni-
ties in this context. Primarily, it provides a simple quantifiable
marker of an individual’s overall sleep health, which could
easily be framed in a public health campaign, as an empower-
ment tool (eg, knowing your SL score), a call to action (eg,
observing a negative change in sleep health status), or even
a sense of improvement following a change in behavior (eg,
observing a positive change in sleep health status). That

said, as the sample consisted of mainly European Caucasian
younger adults, these results should be viewed carefully with
regard to generalizability to all ages and cultures.
Interestingly, relationships were not observed between
sleep health scores and any PSG markers, suggesting that
sleep health status may not be easily inferred by PSG sleep
parameters. The incongruity between subjective sleep and
PSG measures in the current study is not uncommon, as other
studies have also demonstrated links between self-reported
sleep, but not objective sleep, and aspects of health.?* How-
ever, as the PSG data were extracted from only a single night,
it is possible that sleep health cannot be defined or identified
simply within only a single night’s sleep and that more nights
of recording are necessary. Additionally, as the data from the
second night were used, this may represent recovery from the
first night familiarization, further supporting this premise.
The current study benefits from the use of numerous
assessments of sleep to identify the most significant indica-
tors of sleep health. Furthermore, the benchmarking of sleep
duration and sleep quality against age-appropriate norms,
from the NSF, provides a clearer understanding of these fac-
tors in context. Nevertheless, certain limitations must also
be acknowledged. The current study largely comprised self-
monitoring, which is often an atypical period for participants
and, therefore, may have affected the variability of the sleep
variables recorded. Although 2 weeks of actigraphy and
sleep diary assessment should have overcome these stabil-
ity issues, some parameters, such as PSG, often take longer
to stabilize.** Calculation of sleep timing stability in future
studies may be beneficial to assess this issue. Furthermore,
actigraphy has questionable reliability and validity, given the
difficulty in distinguishing quiet wakefulness from sleep.? As
such, the findings, specifically with respect to the PSG and
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actigraphy, should be viewed with a degree of caution. Addi-
tionally, as previously mentioned, given the initial selection
criteria of healthy, normal sleepers, this study lacks the ability
to generalize findings to a clinical (eg, insomniacs) or unbi-
ased community sample. Therefore, it would be of value to
verify these findings in individuals with insomnia and other
sleep disorders (ie, those with obviously poor sleep health),
in comparison to normal sleepers. Furthermore, as “normal
sleep” status was gaged subjectively, the possibility that some
participants (particularly in the low-sleep health group) may
have had undiagnosed sleep disorders must be considered.

Finally, the use of several different items from several
psychometric scales to determine sleep health status could
be considered a limitation. However, aggregate multidimen-
sional measures of sleep health have previously been imple-
mented successfully in this way.’ Furthermore, the questions
used to assess sleep health combined aspects of both the SHI?
and SATED scales to provide the most comprehensive over-
view of what is considered sleep health, albeit retrospectively
self-reported. Additionally, all the items were taken from
well-validated scales. Future research should, however, also
seek to replicate these findings using the SATED, the SHI, or
indeed both with more heterogeneous populations.

Conclusion

Although research indicates sleep health is a subjective,
multidimensional construct, it has been demonstrated that
perceptions of SL may be an indicator of sleep health in
individuals free from sleep disorders. It is suggested that
this particular daily sleep characteristic may therefore war-
rant extra consideration in normal sleepers (ie, individuals
who consider themselves free of sleep disorders) to maintain
their sleep health. No evidence has been provided to suggest
that PSG sleep parameters can reliably predict declines in
sleep health in normal sleepers. However, longer PSG stud-
ies would be required to confirm this. The current study also
exemplifies the utility of this aggregate sleep health measure
as a quick and easy way to assess the concept in a representa-
tive group of normal sleepers. Nevertheless, future studies
are warranted with larger samples to determine the factor
structure of the construct, its psychometric properties, and
other physical and psychological correlates of sleep health.
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Table S| Sleep health dimensions, questions, and scoring

Sleep health Sleep health Question Scoring Corresponding item from
index dimension components SHI/SATED
Sleep quality 1. Sleep quality How would you rate your sleep quality ~ Very good=3 How many days have you
(SHI component) overall? Fairly good=2 woke up feeling well-rested?
Fairly bad=I (SHI)
Very bad=0
2. Sleep satisfaction How satisfied are you with your current  Very satisfied=4 Are you satisfied with your
sleep pattern? Satisfied=3 sleep? (SATED)

3. Negative impact

4. Sleep efficiency

5. Unintentional
dozing

Sleep duration 6. Sleep duration

(SHI component)

Nature and Science of Sleep downloaded from https://www.dovepress.com/ by 144.32.224.57 on 12-Dec-2018
For personal use only.

7. Sleep deficit

8. Sleep variability

Adaptability 9. Sleep

(additional adaptability

component) (daytime reactivity)
10. Sleep
adaptability

(evening reactivity)

| cannot perform my daily tasks as well
when | have had a bad night’s sleep...?

i) How many hours of actual sleep

did you get at night? iij) When have
you usually gone to bed at night? iii)
When have you usually gotten up in
the morning? (number of hours slept/
number of hours spent in bed x 100)
(scored using NSF guidelines by age

group)

How often have you had trouble staying
awake while driving, eating meals, or

engaging in social activities?

How many hours of actual sleep did you

get at night?

(scored using NSF guidelines by age

group)

i) Approximately what time would

you get up if you were entirely free to
plan your day? ii) Approximately what
time would you go to bed if you were
entirely free to plan your evening? (ideal
duration and difference with actual sleep

duration calculated)

If you had no commitments the next
day, what time would you go to bed

compared to your usual bedtime?

How likely is it for you to have difficulty
sleeping after a stressful experience

during the day?

How likely is it for you to have difficulty
sleeping after a stressful experience in

the evening?

Moderately satisfied=2
Dissatisfied =1

Very dissatisfied=0
Always=6

Almost all of the time=5
Quite a lot=4
Sometimes=3

Very infrequently=2
Hardly ever=1
Never=0

1) 18-25 years old
>85%=2

65-84%=1

<65%=0

2) 26—64 years old
>85%=2

75-84%=1

<75%=0

No problem at all=3

Only a very slight problem=2

Somewhat of a problem=I
A very big problem=0
1) 18-25 years old
7-9 hours=2

6 or 10—11 hours=I
<6 or >| | hours=0

2) 26—64 years old
7-9 hours=2

6 or 10 hours=I

<6 or >10 hours=0
<l hour=3

1-2 hours=2

2-3 hours=1

3—4 hours=0

Seldom/never later=3
<I hour later=2
1-2 hours later=1
2+ hours later=0
Not likely=3
Somewhat likely=2
Moderately likely=1
Very likely=0

Not likely=3
Somewhat likely=2
Moderately likely=1
Very likely=0

How many days did poor or
insufficient sleep significantly
impact your daily activities,

like your work performance,
socializing, exercising, or other
typical activities? (SHI)

Do you spend less than 30
minutes awake at night?
(including the time it takes to
fall asleep and awakenings from
sleep) (SATED)

How many days did you fall
asleep without intending to, such
as dozing off in front of the TV
or in any other situation? (SHI)
Do you sleep between 6 and 8
hours per day? (SATED)

How many hours of sleep do
you need to be well-rested and
feel your best? (SHI)

What about on non-work days
or weekends — what time did
you most often go to bed on
those days? (SHI)

Sleep adaptability questions
were included in light of
recommendations by Buysse

Abbreviations: NSF, National Sleep Foundation; SATED, satisfaction, alertness, timing, efficiency, and duration; SHI, Sleep Health Index.
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Table S2 Analyses for the measures of subjective sleep (diary) and objective sleep (PSG and actigraphy): |) Pearson’s correlations with
continuous sleep health scores and 2) between-group (high vs low SH) differences

Correlations Between groups 95% 95% D
R P M (+SD) Low SH High SH T daf P LcL  ucL

scorers scorers

M (1SD) M (£SD)

n=38 n=42
Subjective sleep (diary)
SL (minutes) —0.467 <0.001*¢ 16.66 (10.61)  19.79 (12.61)  13.44 (7.52) 2.744 77 0.008% 1.74 10.97 0.63
WASO (minutes) -0.203 0.068 9.55 (10.70) 10.97 (11.05)  8.77 (10.59) 0902 77 0370 -265 705 0.2I
TIB (minutes) 0.087 0.435 522.25(59.83) 517.99 (66.29) 522.96 (54.92) -0.364 77 0717 -32.17 2222 0.08
TST (minutes) 0.105 0.353 463.21 (48.39) 459.84 (55.33) 464.47 (41.86) —0.419 76 0677 2669 1742 0.09
NWAK 0.051  0.650 0.94 (0.75) 0.92 (0.77) 1.02 (0.73) -0583 77 0562 —435 024 0.3
% SE 0.185 0.098 87.09 (8.73) 85.61 (9.10) 88.86 (8.39) —-1.637 76 0.106 -7.19 070 038
PSG sleep continuity parameters
SL (minutes) 0.063  0.569 19.50 (17.18)  20.12(20.39) 1824 (14.09) 0483 78 0631 586 9.61 0.Il
NWAK 0.166 0.147 9.72 (7.86) 8.11 (6.23) 10.83 (8.40) 1.577 73 0336 —6.14 072 037
WASO (minutes) 0.056 0614 22.63 (35.40) 2729 (46.09) 18.60 (23.34) 1.079 78 0.284 735 2472 0.24
TST (minutes) —0.155 0.16l 413.30 (58.79) 419.80 (61.98) 409.59 (55.11) 1257 78 0.212 1585 3627 029
% SE —0.017 0.877 90.51 (17.95) 89.73 (13.00) 92.14(21.25) —-0.606 78 0.546 —10.36 5.52 0.14
PSG sleep architecture parameters
Percentage wake 0.187 0.102 20.84 (34.71) 1247 (24.37) 2679 (3896) —1.889 73 0.063 -1432 758 044
Percentage Stage | 0.041 0712 26.62 (2491) 24.13(27.69) 2932 (21.01) 0948 78 0346 -l6.06 570 0.1
Percentage Stage 2 —-0.049 0.659 39.26 (19.18)  41.65 (18.67)  36.62 (19.51) 1.177 78 0243 -348 13.56 027
Percentage slow wave sleep —0.188 0.089 14.84 (6.91) 15.75 (6.50) 14.30 (7.41) 0924 78 0359 -1.67 456 021
Percentage REM 0.108 0.331 25.32 (14.57) 2374 (13.77) 2695 (15.66) -0.969 78 0336 980 339 022
Actigraphy sleep parameters
SL (minutes) -0.375 <0.001*+ 39.18(32.37) 49.59(35.33) 29.61 (26.55) 2.805 74 0.006* 5.79 34.18 0.65
NWAK —0.003 0.981 27.72 (8.77) 28.49 (10.43)  26.83 (6.93) 0704 74 0484 469 3.14 0.16
WASO (minutes) —0.100 0.383 5549 (39.54) 61.20(4049) 51.66(38.70) 1.050 74 0297 856 27.65 0.24
TST (minutes) 0.040 0.729 402.99 (60.04) 393.16 (67.51) 409.92 (52.93) —-1.211 74 0230 4435 1083 0.28
% SE 0.168  0.141 80.41 (.8.29) 78.38 (8.83) 82.00 (7.60) -1.920 74 0.059 -737 0.14 045
Fl -0.081 0.548 3551 (14.94) 37.38(1691) 33.93(12.69) -0858 54 0.675 4.6 11.50 020

Notes: **P<0.001, *P<0.05.
Abbreviations: Fl, Fragmentation Index; LCL, lower confidence limit; NWAK, number of awakenings; PSG, polysomnography; SE, sleep efficiency; SH, sleep health; SL, sleep
latency; TIB, time in bed; TST, total sleep time; UCL, upper confidence limit; WASO, wake after sleep onset.
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