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Objectives—To evaluate the effects of a workplace-based intervention on actigraphic and self-
reported sleep outcomes in an extended care setting.

Design—Cluster randomized trial.
Setting—Extended-care (nursing) facilities.

Participants—US employees and managers at nursing homes. Nursing homes were randomly
selected to intervention or control settings.

Intervention—The Work, Family and Health Study developed an intervention aimed at reducing
work-family conflict within a 4-month work-family organizational change process. Employees
participated in interactive sessions with facilitated discussions, role-playing, and games designed
to increase control over work processes and work time. Managers completed training in family-
supportive supervision.

Measurements—Primary actigraphic outcomes included: total sleep duration, wake after sleep
onset, nighttime sleep, variation in nighttime sleep, nap duration, and number of naps. Secondary
survey outcomes included work-to-family conflict, sleep insufficiency, insomnia symptoms and
sleep quality. Measures were obtained at baseline, 6-months and 12-months post-intervention.

Results—A total of 1,522 employees and 184 managers provided survey data at baseline.
Managers and employees in the intervention arm showed no significant difference in sleep
outcomes over time compared to control participants. Sleep outcomes were not moderated by
work-to-family conflict or presence of children in the household for managers or employees. Age
significantly moderated an intervention effect on nighttime sleep among employees (p=0.040),
where younger employees benefited more from the intervention.

Conclusion—In the context of an extended-care nursing home workplace, the intervention did
not significantly alter sleep outcomes in either managers or employees. Moderating effects of age
were identified where younger employees’ sleep outcomes benefited more from the intervention.

INTRODUCTION

Sleep critically affects physical and mental health. This line of inquiry is important given
the rise of 24-7 economies that push more workers into long and nonstandard work hours
that can interfere with sleep quantity and quality. Indeed, 30% of U.S. workers today have
insufficient sleep — less than 6 hours per night2 — which may be linked to poor general health
and increased disease risk relative to obtaining 7-8 hours of sleep.3 Moreover, the trend of
sleep insufficiency is likely to vary markedly across workforce age cohorts and occupational
categories.*

Cross-sectional studies show that longer work hours are consistently related to poorer sleep
quality and reduced sleep quantity.> © There are also longitudinal links between work time
and sleep, such that having less control over work time increases the risk of sleep
disturbances (symptoms 5-7 nights/week) among employees.® Sleep typically occurs at
home, making it important to understand how work and family interactions shape employee
sleep. Because time is a limited resource, sleep time often competes with time allocated to
work and family demands. For example, employees are more likely to have shorter sleep
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duration when they spend longer hours at work, and even more so when they also are
committed to spending time with family.” Thus, a growing body of evidence is suggesting
that incompatible work to family role demands, or work-family conflict (WFC)® may
spillover to employees’ personal life and influence their sleep. Specifically, work role
expectations and stressors can carry over to the family domain to interfere with family/
personal activities. Work-family conflict is an important psychological stressor for
employees that increases need for recovery from work and fatigue.® Prior studies have
shown that WFC is negatively associated with employees’ sleep quantity and quality.10: 11
Most of these studies are cross-sectional and lacking the capacity to determine the causal
direction between WFC and sleep. However, a few promising studies have also provided
longitudinal evidence that WFC increases sleep problems.12: 13 Moreover, the causal link
has been found in a number of countries, including the UK, Finland, and Japan.12 These
studies suggest that WFC, mostly time-based conflicts between work and family roles, are
detrimental to employee sleep, across times and settings.

Workplace interventions may reduce tensions between work and family life and thereby
improve employee sleep. In our prior study with Information Technology (IT) workers, we
found that employees whose managers were less supportive of work and family issues slept
less.24-16 Thus far, our prior study has demonstrated a positive effect of a workplace
intervention for reducing WFC17 on objective sleep outcomes within a randomized
controlled trial. In a randomized experiment in an IT firm, the workplace intervention that
addressed reducing WFC through an organizational change process significantly increased
employees’ actigraphically-assessed total sleep duration and perceived sleep sufficiency.18
This research points to the possible benefits of interventions aimed at increasing workplace
and manager support as well as increasing employee's control over work time to improve
employee sleep, and the need to investigate intervention effects in other settings such as
health care. Limited research on workplace intervention effects on sleep has focused on
individual-level employees’ coping behaviors, such as mindfulness practices,1”- 19 rather
than organizational changes in work practices. A few studies, however, have suggested that it
is critical to reduce WFC at the workplace level to enhance employee well-being, including
sleep.29-22 To extend these findings, we test whether a workplace intervention previously
proven effective can improve sleep quantity and quality when implemented in a markedly
different industry with lower-wage hourly workers in extended-care (nursing) facilities.
Examining workers in the extended-care setting was of our interest, because their work
context may be associated with high job strain, less control over work time, and high work-
family conflict, which may have implications for poor sleep.23

This study therefore evaluated the effects of a randomized workplace intervention designed
to increase family-supportive supervision and employee control over work time24 on
objectively-measured actigraphic and self-reported measures of sleep in employees in the
extended-care setting. Our primary hypotheses were that the intervention would improve
sleep outcomes in both managers and employees in an extended care setting at the 12-month
time point relative to the usual practice condition. We tested secondary hypotheses that the
effect of the intervention on sleep outcomes would be moderated by life-course factors, such
as age, baseline work-to-family conflict, or presence of children in the household. Age-
related vulnerabilities in sleep physiology?® and age-related differences in work conditions
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could modify intervention effects. The baseline level of work-to-family conflict could also
interact with intervention effects, such that workers who had higher work-to-family conflict
at baseline may benefit more from the intervention than those with lower work-to-family
conflict.2 In a similar vein, the intervention could bring more benefits to parents than non-
parents because the former is in greater need for workplace support/flexibility.2!

PARTICIPANT AND METHODS

Study participants

This study is part of the Work, Family, and Health Network (WFHN) Study.24 Study
participants were recruited from an extended care (nursing home) industry partner.26 The
study cohort consisted of a low-wage, primarily hourly workforce from 30 distinct worksites
located in the northeastern US. Eligible employees were involved in direct patient care,
typically worked at least 22 hours/week, and did not do regular nightwork. Overall, of the
1,783 eligible employees with direct patient care responsibilities, 1,524 were recruited (85%
participation rate) and among the 211 eligible managers, 184 were recruited (87%
participation rate). Study worksites were then adaptively randomized to either receive the
intervention or continue with usual practice, as previously described.28 Both actigraphic and
self-reported measurements were collected at baseline (prior to the intervention), 6-months,
and 12-months post baseline. Figure 1 depicts study enrollment and follow-up. Appropriate
Institutional review boards approved the study. All procedures were conducted in accordance
with the Declaration of Helsinki.

Primary Outcomes: Actigraphic Sleep Measures

Primary actigraphic sleep measures were collected via a wrist-worn sleep monitor
(Actiwatch Spectrum; Philips-Respironics, Murrysville, PA) they were instructed to wear for
one week. Employees received up to $60 for completing all worksite data collection
components at each time point. Actigraphy data were analyzed for subjects with at least
three days of valid recordings and scored using the Actiware Sleep Scoring Program
(\Version 5.71, Philips-Respironics, 2012). A recently validated standard algorithm was used
by at least two members of the scoring team to determine the validity of each day of
recording, and then manually inserted visually-identified periods (main sleep intervals and
naps). Scorers identified decreased activity levels within the context of the overall activity
profile for the subject. Sudden, decreased light levels were confirmatory but not required.
Actigraphy scorers determined a recording to be invalid if there was either constant false
activity (i.e., device battery failure signal) on the recording, if the data were unable to be
retrieved, or participant non-compliance (i.e., >4 hour of off-wrist time in a day, or an off-
wrist period of more than 60 min within 10 min of the determined beginning or end of the
main sleep period for that day). Each scored record was checked on an interval-by-interval
basis for inter-rater agreement ensuring no differences in measures below exceeded a 15 min
difference between raters. Actigraphic outcome measures were calculated as previously
described18:

Mean Total Sleep Time—Mean total sleep (naps and main sleep) per day (minutes).
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Nighttime sleep duration—The longest sleep period of the day was defined as the main,
nighttime sleep. All other sleep periods of the day were defined as naps. Mean nighttime
sleep duration was computed across all valid days (in minutes).

Wake After Sleep Onset (WASO)—WASO was computed as the average amount of
time spent “awake” after sleep onset and before sleep offset during nighttime sleep, in
minutes, as previously validated versus polysomnography (PSG).2’

Nighttime sleep duration standard deviation—Standard deviation of all valid
nighttime sleep period durations.

Number of Naps—Nap number was calculated as the average number of nap episodes
(where nap episode=1) per day, regardless of length.

Nap duration—Mean nap duration (for those who had any naps) was computed in minutes
per day.

Secondary Outcomes: Self-Reported Sleep and WFC Measures

Secondary self-reported sleep outcomes, demographic and working characteristics were
collected using trained field interviewers who administered face-to-face Computer-Assisted
Personal Interviews (CAPI) lasting 60 minutes. Final self-reported sleep outcome measures
were calculated as described below.

Sleep Insufficiency was measured using a single item: “How often during the past 4 weeks
did you get enough sleep to feel rested upon waking up?’ with answers selected from a 1-5
scale (ranging from ‘never’, to ‘very often”). Lower scores indicate higher levels of sleep
insufficiency. This item has been used in prior research and is similar to current Centers for
Disease Control and Prevention (CDC) surveillance for state-level sleep sufficiency.28

Insomnia Symptoms were measured using a single item, taken from the Pittsburgh Sleep
Quality Index (PSQI)2%: “During the past 4 weeks, how often did you wake up in the middle
of the night or early morning?’, with answers selected from a 1-4 scale (ranging from ‘1,
never’ to “ 4, three or more times a week”). High scores indicated higher levels of insomnia
symptoms.

Sleep Quality was measured using a single item taken from the PSQI: ‘Over the past 4
weeks, how would you rate your sleep quality overall?” with answers selected from a 1-4
scale (ranging from ‘1, very good’ to ‘4, very bad’. High scores indicated worse sleep
quality.

Work-to-family conflict (WFC)was measured using the five-item subscale developed by
Netemeyer and colleagues.3° This subscale consists of items rated on a scale from 1
(strongly disagree) to 5 (strongly agree) with higher scores indicating higher WFC and has a
high reliability estimate of Cronbach's a.=0.89.
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Intervention

The WFH workplace intervention, named STAR (Support. Transform, Achieve. Results),
was designed to increase employees’ control over their work and work time and increase
family supportive supervisor behavior within a 4-month organizational change process. The
intervention was previously evaluated in an information technology firm for safety and
performance outcomes31, employee well-being32 and sleep outcomes?8 and employees’
child sleep outcomes33. This workplace intervention was customized and implemented in
the extended care industry3* to consist of facilitator-led sessions and activities for both
employees and managers to help transition them from a time-base to a result-based work
culture. Managers also received supplemental training and activities focused on increasing
family-supportive supervision. The intervention was also branded START as unrelated
program named STAR was already in place.

In the extended care setting the intervention included four facilitator-led sessions for all
employees and managers together, and three facilitator-led sessions for managers and
supervisors only. During sessions, employees discussed how to increase support for
coworkers, such as moving to a more results-oriented work culture as well as eliminating
negative judgments about how coworkers appeared to be spending their time at work.3> To
support transfer of training, following this session employees participated in a collective
self-monitoring of their experiences and how often they applied specific tactics learned in
training, such as positively redirecting negative interactions. The additional training for
managers and supervisors was delivered through computer-based training on family-
supportive supervisory behaviors and their importance for employee health and workplace
productivity. To support transfer, facilitators then provided managers with handheld devices
with an application that helped them select particular supportive behaviors they wanted to
focus on and set goals for the total supportive behaviors they would like to provide during
the next two weeks. An example category of supportive behavior is Creative Work-Life
Management that is one of the supportive behaviors identified in previous validation work,36
and an example behavior in this category was “Asking for input about how work can be
organized to benefit both company and family or personal priorities.” Managers were then
given feedback on goal progress each time they used the application, with collective, norm-
referenced feedback at the end of the two-week period. This supportive behavior self-
monitoring activity for managers was repeated once again toward the end of the intervention
process; for more discussion of the intervention components, see Kossek et al.3

Statistical Methods

To analyze the potentially heterogeneous effects of the STAR intervention on outcomes
among employees and managers, we stratified all analyses based on employee or manager
status. Differences in individual demographic and working characteristics across
intervention and usual practice groups were assessed using chi squared and Fisher's exact
tests. These baseline comparisons were performed separately for different outcomes as
different sample sizes were available for self-reported and actigraphic measures (Figure 1).
Demographic characteristics that differed significantly across groups at baseline were
included as covariates in final regression models.
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To examine the relationship between intervention and sleep measures across time we used a
generalized linear mixed modeling approach with restricted maximum-likelihood
estimation.3” This allowed us to model the hierarchical structure of the data with
measurements at each time point nested within individuals, and then further nested within
worksites. The effect of the intervention was represented by a model parameter reflecting the
interaction between an indicator for measurement time point and an indicator for being in
the intervention group. This parameter represents the difference in relative average
difference in outcomes between intervention individuals relative to usual practice individuals
across time. Model diagnostic checks identified the appropriateness of a generalized linear
mixed model with identity link for the following outcome measures: total sleep time,
nighttime sleep time, wake after sleep onset (WASO), nighttime sleep duration standard
deviation, sleep insufficiency, insomnia symptoms, sleep quality and work-to-family conflict
(WFC). A Poisson mixed-effects model was used for number of naps per valid actigraphy
day per subject. Zero-inflated Poisson mixed modeling3® was used for nap duration as the
distribution included many zeroes due to non-napping subjects.

To test the hypotheses that the effect of the intervention on sleep outcomes would be
moderated by participant characteristics, we adapted the generalized linear mixed models to
include a three-way interaction for the moderating variable of interest: baseline work-to-
family conflict (WFC), baseline categorical age (‘17-34 years’, “35-49 years’ and ‘50-75
years’), and presence of children in the house (dichotomous: yes/no). The three-way
interaction parameter represents the moderating effect of the specified variable on the
difference in relative average difference in outcomes between intervention individuals
relative to usual practice individuals across time after controlling for potential confounders.
All statistical tests were two-sided and statistical significance was defined as p-value less
than 0.05. Statistical analyses were performed in SAS 9.3.

Overall, 1,967 participants were eligible and 1,708 were enrolled (enrollment rate of 86.8%).
Of those enrolled, 1,524 were health care employees and 184 were managers across thirty
worksites in one company (Figure 1). Of these, 1,522 (99.9%) employees and 184 (100%)
managers provided self-reported sleep measures at baseline. For actigraphic measures, 1,220
(80.1%) employees provided at least 3 days of valid actigraphy data (a quality metric for
reliable sleep estimates) at baseline. Only 81 of the 184 managers were offered actigraphy at
baseline and among those, 65 managers (80.2%) provided at least 3 days of valid actigraphy
data. At 12 months, 1,083 (71.1%) employees and 145 (78.8%) managers provided self-
reported sleep measures. Among subjects with valid actigraphic baseline data, 733 (60.1%)
employees and 49 (75.4%) managers provided valid actigraphy data at 12 months.

Subject characteristics for employees and managers with complete self-reported sleep
measures at baseline are presented in Table 1. Because a lower percentage of study
participants contributed baseline actigraphic data, the same subject characteristics among the
sub-sample of participants with actigraphy are presented in Appendix Table 1. Overall,
employees were typically female (91.8%), non-Hispanic White (66.6%), married (62.9%),
and averaged 38.5 years of age with about one child. Similar subject characteristics were
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observed for managers, though this sample averaged 45.5 years of age. From Table 1, we
observe that total hours worked per week differed significantly between intervention (mean
40.5£11.0 hours per week) and usual practice (mean 39.3+£10.1 hours per week) conditions
for employees. We observed a similar difference among employees providing actigraphy at
baseline (Total hours worked per week: intervention 40.7+£10.9, usual practice 39.2+9.4).
Among managers in Table 1, levels of education differed at baseline between intervention
and usual practice conditions with a higher percentage of college graduates in the usual
practice arm. No statistically significant differences between study arms were observed
among managers with valid baseline actigraphic measurements and both arms had similar
dropout rates.

The baseline burden of sleep deficiency for employees and managers, as estimated using
actigraphic and self-reported sleep measures, is presented in Figure 2. At baseline, 67% of
employees exhibited at least one component of sleep deficiency, with the highest category
being sleep disrupted with 44% of employees having WASO =45 minutes per day. Only 14%
of employees exhibited short sleep duration (<6.5 hours per day) at baseline. Similar
observations were identified for managers.

Intervention effects on actigraphic sleep outcomes

The model predicted means based on generalized linear mixed models of actigraphic
outcome measures over time by manager and employee strata are shown in Tables 2. Raw
unadjusted means and standard deviations for actigraphic sleep outcomes by condition over
time are presented in Appendix Table 2. We observed no statistically significant intervention
effects for our primary actigraphic sleep outcomes for either employees or managers.
Among employees, adjusted mean total sleep time change from 0 months to 12 months in
the intervention condition was —4.1 minutes (95% CI -10.1, 1.9), and in the usual practice
condition, the observed change was —1.2 minutes (95% CI —6.6, 1.9). Among managers,
adjusted mean total sleep time change from 0 months to 12 months was —7.0 minutes (95%
Cl -30.1, 16.1) with usual practice increasing mean total sleep time by 16.6 minutes (95%
Cl -6.9, 40.1) from baseline to 12 months. For employees in the intervention group, from
baseline to 12-month follow-up, we observed an increase in mean WASO (+2.0 min) and a
decrease in mean nighttime sleep duration (3.6 minutes) while employees in the usual
practice saw an increase in mean WASO of 0.4 minutes and increased mean nighttime sleep
of 1.2 minutes. Among managers, the change in mean WASO from baseline to 12-months
was +1.0 minutes for the intervention group and +4.6 for the control group (p=0.726). An
average change in mean nighttime sleep between baseline and 12-months of —6.0 minutes
was observed in managers in the intervention arm and +18.2 in the usual practice arm
(p=0.226). The intervention group showed a smaller change in nighttime sleep variability
from baseline to follow-up relative to usual practice for both employees and managers;
however, these differences were not statistically significant. Within-group rate ratios
denoting change from baseline to 12-months for number of naps and nap duration are
presented in Table 2. No significant difference from baseline to 12-months was observed
within or between groups.
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Intervention effects on self-reported sleep outcomes

Table 3 displays the model predicted means of self-reported outcomes measures by
managers and employees designation over time. We observed no statistically significant
intervention effects for our secondary self-reported sleep outcomes. For employees and
managers, the baseline mean of self-reported insomnia symptoms and sleep insufficiency is
around three and this does not change over the study period for either intervention or usual
practice groups. Mean WFC at baseline for all subjects was about 3.0 out of 5.0, and this did
not significantly change over time for employees or managers in either intervention or usual
practice groups.

Moderator Analysis of Intervention effects on actigraphic and self-reported sleep

outcomes

Three-way interactions of time, intervention condition and potential moderators modeled
whether heterogeneous intervention effects were observed among subgroups of participants.
We observed no significant moderation of the intervention effect by baseline WFC or
presence of children in the household. Among employees, a significant age moderation of
the intervention effect was observed for nighttime sleep such that nighttime sleep increased
as age decreased (p=0.04). Figure 3 plots the adjusted model nighttime sleep profiles across
age groups, with points representing the mean and bars representing 95% confidence
intervals. Graphically it can be seen that in the 18-34 year old group the intervention results
in an increase in nighttime sleep duration in intervention employees by 12 months whereas a
decrease in seen in usual practice employees.

DISCUSSION

There is a paucity of rigorous research examining linkages between work-family conflict,
sleep and work family interventions in extended health care settings with a large group of
low income workers. This study employed a randomized controlled design to evaluate
effects of a workplace intervention on directly measured sleep outcomes 12 months after
baseline in an extended care setting. We also evaluated potential participant-level moderators
of intervention effects. Relative to usual practice participants, we observed no statistically
significant improvements in actigraphic or self-reported sleep outcomes over the 12-month
follow-up. Perhaps, some differences between the STAR intervention and usual practice
employees might have hidden the treatment effect. One possible reason may be that the
randomization to treatment occurred at the larger facility level, neither at the employee level
nor at the employees’ family context level 26 and thus employees in the two conditions
might have experienced different nightly sleep contexts that the present study could not
capture However, the intervention did exhibit heterogeneous effects on nighttime sleep
among employees of particular age categories. Specifically, we found younger employees,
those ages 18 to 34, randomized to the intervention arm exhibited increased sleep duration
compared to those in the control arm. This suggests that the STAR intervention was
especially important for younger participants working in the extended-care setting. This is
an important and novel finding as previous research on the family supportive supervisory
component of the intervention with low income workers in grocery store settings3® found
that work-family demands moderated the effects of the intervention, yet here we are seeing a
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millennial generation cohort effect that other studies have not documented for other similar
work family interventions. There are two more straightforward explanations for the observed
null overall effects but stronger effects among younger men and women. First is that low-
wage workers must deal with the chronic stress of insufficient earnings and the corollary
stressors it spawns, including poor health, effectively suppressing any potentially salutary
intervention effects. Second is that the intervention, though effective in white-collar
knowledge workforce contexts,18 may be ill-suited for some health-related outcomes in
hourly workers in the highly-regulated health care industry. We have demonstrated in this
industry a positive effect of this intervention on safety compliance and organizational
citizenship.29 These are hands-on jobs, requiring workers’ physical presence, so the
workplace intervention aimed to increase work time flexibility may not have been able to
help if work time and timing is mostly driven by patients’ needs (not by workers’
discretion). It is difficult to modify time-based encroachments on family obligations or sleep
time except for episodic flexibility in switching full shifts or obtaining time off. This stands
in contrast with the potential degrees of freedom among knowledge workers who may
literally work from almost anywhere at any time with a laptop and cell phone. The
intervention may need to be further customized to this very different type of work than ‘desk
and computer’ work that can more easily vary by time and place. In the meantime, the
finding that the intervention effect was more apparent among younger workers than older
workers may suggest that younger workers in the extended-care setting are a more
vulnerable group who suffers from sleep deficit, potentially associated with less control over
work or more or different demands outside work. Indeed, they exhibited shorter nighttime
sleep duration than other age groups at baseline (Figure 3), which might have contributed to
their increases in nighttime sleep duration in response to the workplace support. Finally, our
test of intervention effects is extremely rigorous in that it follows an intent-to-treat model,
was randomized at the nursing home level instead of the participant-level and aims to
demonstrate sleep benefits of a workplace-based initiative that did not overtly address sleep
outcomes.*? A more effective intervention could have considered an individual-level sleep
behavior change to increase sleep duration to healthy levels. Doing so would target short
sleepers showing signs of sleep insufficiency, and then offer specific tailored sleep-related
behavior change support to enhance effectiveness. Through inspection of the sleep
deficiency diagram, it is clear that this day-working population had very low levels of short
sleeping compared to other industries or our prior studies.18: 41 If we sought to improve
insomnia-like sleep patterns for individual-level yet different cognitive-behavioral type
therapy to improve insomnia symptoms. Figure 2 shows that insomnia-like symptoms of
WASO are relatively high in this midlife and primarily female sample, and might have been
an appropriate intervention target. In contrast, we did not specifically target or provoke
individual-level behavior change in this study.

Study Limitations and Future Research

The current study has several limitations. First, regular night workers, those with the greatest
work-related reductions in sleep duration and quality, were excluded due to difficulties with
facilitators delivering the intervention during night hours, given more limited workplace
(and intervention) staffing. Moreover, the distinctive nature of nighttime care work presents
a very different context in which to assess the intervention's effectiveness relative to day
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shift demands in the same facilities. Our previous studies have shown that nursing home
workers who regularly work night shifts have significantly reduced sleep duration and
significantly increased health risks associated with night shift work.#2 Among day shift
workers in the current study, only 14% exhibited short sleep duration, thus the potential for
improving sleep was likely substantially constrained by the decision to focus exclusively on
day shift workers.

Although we incorporated objective markers of sleep using week-long actigraphy data or
each wave, WFC and perceived sleep were measured by self-reports, which poses a potential
risk for a common-method bias.*3 For example, employees who reported higher WFC might
have responded negatively to the self-reported sleep questions. Moreover, the global
assessments of WFC and self-reported sleep limit our ability to capture how daily
fluctuations in these variables are affected by the STAR intervention, and more importantly,
how daily WFC moderates the effects of intervention on nightly sleep measured via
actigraphy. Second, the sample of this study was purposively selected from an extended-care
setting, and thus the findings may not be generalized to shift workers in other work contexts.
Future research may need to test whether a workplace intervention can improve sleep in
younger age employees (18-34 years) who work in extended care facilities and other
industry samples. Third, we tested whether the STAR intervention changed employee sleep
at post-intervention follow-ups approximately 12-months after the baseline assessment.
Although our general logic model was that the intervention improves employee health
through several months of changed workplace practices,24 it may be that sleep is a more
proximal outcome and we missed immediate post-intervention effects. For example,
employees might have been able to sleep better on nights following intervention sessions
where they were working to implement new work practices, but such positive effects may
have disappeared several months after the active phase of the intervention. Fourth, we were
not able to capture whether actigraphy recordings were during work days or days off which
may introduce confounding effects. We know that subjects were at work the day of sleep
watch distribution and collection, and generally were at work (i.e., not vacation) but do not
have further information on a daily level. Future studies using daily diary and other designs
should capture this information. Additionally, future research could assess daily actigraphic
sleep data during the process of an intervention to examine day-to-day linkages between
intervention participation, daily work-related practices and stressors, and nightly sleep. This
study implemented a pure organizational intervention that not discuss sleep or individual
health or health behaviors explicitly. Next generation studies might explicitly integrate
health messages into the intervention and potentially increase the timing/number of sessions,
including individually-directed behavior change strategies, to be more effective.

Despite these limitations, this study advances the literature examining the link between work
and sleep. The null main effect of the STAR intervention, which was effective in another
context, may indicate inherent challenges in reducing work-family conflict and protecting
employee sleep in hourly shift work environments. However, the moderating effect of age,
where intervention employees aged 18-34 significantly improved their nighttime sleep as
compared to control employees, suggests that future intervention studies may need to take
into account employee-level characteristics, to examine for whom and under what
circumstances the intervention would be effective to improve sleep. Given that sleep is
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important not only for employee health but also for organizational outcomes*#: 4°
workplaces should continue to make efforts to reorganize the structure of work to reduce
stress and protect their employees’ sleep, which, in turn, may increase workplace
productivity.

CONCLUSION

This study employed a randomized controlled design to evaluate effects of a workplace
intervention, intended to improve family-supportive supervision and employee control over
work time, on directly measured sleep outcomes 12 months after baseline in an extended
care setting. Relative to usual practice participants, we observed no statistically significant
improvements in actigraphic or self-reported sleep outcomes over the 12-month follow-up.
We did observe significant moderation effects for age suggesting the intervention was more
effective in younger employees, which suggests that future interventions should consider age
in the context of workplace health interventions in extended care settings.
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APPENDICES

Appendix Table 1

Percentage or mean = SD for demographic characteristics by condition for managers/
employees with valid baseline actigraphy data

Employees (n=1,220) Managers (n=65)
Usual Intervention P-value  Usual Intervention P-value
Practice (n  (n=652) Practice (n  (n=33)
=568) = 32)
Female 91.7% 93.7% 020  90.6% 93.9% 067
Age 38.9+12.3 37.8+£12.7 0.13 45.9+11.9 43.2+9.2 0.31
Race 0.11 0.67 y
White 66.4% 70.8% 90.6% 93.9%
Black 12.3% 13.2% 0.0% 0.0%
Hispanic 14.6% 10.2% 0.0% 0.0%
Other 6.8% 5.8% 9.4% 6.1%
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Employees (n=1,220) Managers (n=65)
Usual Intervention P-value  Usual Intervention P-value
Practice(n  (n=652) Practice(n  (n=33)
=568) =32)
Married or living with 64.1% 64.1% 0.99 71.9% 72.7% 0.94
partner
No of Children 1.1#1.2 1.0+1.2 0.39 0.9+1.0 1.0+1.1 0.73
Elder Care 28.4% 31.2% 0.29 21.9% 33.3% 0.30
Education 0.25 0.13 g
Less than High School 6.3% 6.2% 0.0% 0.0%
Graduate
High School Graduate 30.5% 35.6% 0.0.% 12.1%
Some College or 50.0% 47.4% 50.0% 51.5%
technical school
College graduate 13.2% 10.9% 50.0% 36.4%
Hours worked per week 40.7£10.9 39.249.4 0.01 47.2+6.8 52.0£13.2 0.07
Shift 030 034"
Variable 4.0% 4.4% 15.6% 21.2%
Regular daytime 51.4% 50.9% 68.8% 75.8%
Regular evening 33.0% 34.0% 9.4% 0.0%
Regular night 2.2% 0.9% 0.0% 0.0%
Rotating 6.0% 5.5% 0.0% 0.0%
Split 2.5% 1.9% 3.1% 0.0%
Other 1.1% 2.5% 3.1% 3.0%

Note: Descriptives shown for all subjects included in self-reported sleep outcome analysis. For the following patient
characteristics, we observed some missing data on the survey items: EMPLOYEES: age (1 missing from intervention group
and 1 missing from usual practice), no. of children (1 missing from usual practice), total hours worked per week (2 missing
from intervention group and 2 missing from control group). MANAGERS: none missing

*
Fisher's exact test used as one or more expected cell counts <5
Appendix Table 2
Raw unadjusted means and standard deviations for primary actigraphic outcome measures

by intervention condition among employees and managers. Standard deviations presented in
parentheses. Change is defined as 12-month outcome minus baseline outcome.

Employees Managers
Outcome Measure Intervention (baseline n=568) Usual Intervention (baseline n=33) Usual
Practice Practice
(baseline (baseline
n=652) n=32)
Total Sleep (mins)
Baseline 459.1 (59.1) 448.7 (61.0) 469.1 (58.9) 461.0 (48.2)
6 months 457.3 (56.4) 452.3 (65.3) 467.9 (56.8) 457.7 (53.8)
12 months 455.9 (58.9) 447.9 (61.8) 463.8 (63.2) 476.1 (66.3)
Change -5.9 (60.4) -1.7 (55.1) -9.8 (62.5) 17.5 (60.1)
WASO (mins)
Baseline 44.3 (15.9) 452 (17.2) 43.4(25.2) 46.3 (17.5)
6 months 47.7 (17.5) 49.0 (20.0) 47.4 (22.5) 49.9 (18.4)
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Employees Managers
Outcome Measure Intervention (baseline n=568) Usual Intervention (baseline n=33) Usual
Practice Practice
(baseline (baseline
n=652) n=32)
12 months 45.6 (16.1) 45.3 (16.8) 45.7 (18.7) 50.3 (16.8)
Change 2.1(14.2) 0.4 (16.4) -0.2 (18.9) 5.3 (18.5)
Nighttime Sleep (mins)
Baseline 434.4 (61.4) 424.2 (64.3) 4533 (54.2) 441.6 (49.7)
6 months 434.5 (59.9) 431.2 (65.4) 458.0 (60.7) 441.4 (48.6)
12 months 432.0 (61.0) 426.3 (61.6) 449.0 (64.0) 455.1 (71.7)
Change -5.4(60.1) 0.9 (58.9) -8.1(48.3) 20.6 (58.7)
Nap Time (mins)
Baseline 24.7 (29.0) 245 (31.8) 15.9 (23.4) 19.4 (23.1)
6 months 22.8(27.7) 21.1(29.8) 9.9 (18.3) 16.3 (18.9)
12 months 23.8(28.7) 21.6 (27.2) 14.8 (15.9) 21.1 (28.4)
Change -0.5 (32.5) -2.6 (32.6) -1.6 (22.4) -3.1(31.1)
Nighttime Sleep SD
(mins)
Baseline 88.1 (38.6) 85.3(39.3) 74.6 (31.2) 66.8 (32.1)
6 months 88.2 (41.8) 90.6 (44.0) 74.6 (38.2) 62.2 (39.9)
12 months 86.9 (41.2) 82.7 (43.9) 79.4 (40.9) 81.5 (40.7)
Change 0.2 (47.1) -0.7 (50.2) 6.4 (36.8) 16.6 (46.1)
Number of Naps (n)
Baseline 1.9 (2.0) 1.8 (2.0) 1.2(17) 1.5(1.5)
6 months 1.7 (1.9) 1.5 (2.0) 0.8 (1.0) 1.3 (1.5)
12 months 1.8 (1.9) 1.6 (1.8) 1.3 (1.4) 1.6 (2.0)
Change -0.1(2.1) -0.2(2.0) 0.1(1.9) -0.2 (1.5)
Appendix Table 3

Raw unadjusted means and standard deviations for secondary self-reported outcome

measures by intervention condition among employees and managers. Standard deviations
presented in parentheses.

WFC (1-5) "
Baseline
6 months
12 months
Change
Sleep Insufficiency (1-5)

Baseline

Employees

Intervention (baseline n=723)

2.8(0.9)
2.8(0.9)
2.7(0.9)
0.0(0.8)

2.9 (0.9)

Usual
Practice
(baseline

n=799)

2.8(0.9)
2.7(0.9)
26(0.9)
-0.1(0.8)

3.0 (1.0)

Managers

Intervention (baseline n=88)

3.3(L0)
31(L1)
2.9(10)
-0.2(0.7)

3.0 (1.0)
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Employees Managers

Intervention (baseline n=723) Usual Intervention (baseline n=88) Usual
Practice Practice
(baseline (baseline

n=799) n=96)
6 months 3.0 (0.9) 3.0 (1.0) 3.2 (0.9) 3.2 (0.9)
12 months 3.0 (0.9) 3.0 (1.0) 3.1(0.9) 3.2 (1.0)
Change 0.1 (1.0) 0.1 (1.0) 0.0 (1.0) 0.0 (0.9)

Insomnia Symptoms (1-4)
Baseline 3.2 (1.0) 3.2 (1.0) 3.4(0.9) 3.6 (0.8)
6 months 3.1(1.0) 3.2 (1.0) 3.3(1.0) 3.4(0.8)
12 months 3.2 (1.0) 3.2 (1.0) 3.4 (1.0) 3.4(0.9)
Change 0.0 (1.0) -0.1(1.0) 0.0 (0.7) -0.1(0.9)
Sleep Quiality (1-4)

Baseline 2.3(0.8) 2.4(0.8) 2.3(0.7) 2.3(0.7)
6 months 2.2(0.8) 2.2(0.8) 2.1(0.7) 2.2(0.7)
12 months 2.2(0.8) 2.2(0.8) 2.3(0.7) 2.2 (0.6)
Change -0.1(0.8) -0.1(0.8) 0.0 (0.7) 0.0 (0.7)

*
Number of usual practice Employees for WFC at baseline was 797
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Eligible to Participate

Study groups n=30
Employees n=1,783
Managers n=184
Manager Actigraphy n=81

Page 18

USUAL PRACTICE

Study groups n=15
Employees n=799
Managers n=96
Manager Actigraphy n=42

v

INTERVENTION

Study groups n=15
Employees n=725
Managers n=88
Manager Actigraphy n=39

!

BASELINE

Employees: Self-reported measures n=799 (WFC n=797)
Valid Actigraphy n=652

82% Response Rate

Managers: Self-reported measures n=96
Valid Actigraphy n=32

BASELINE

Employees: Self-reported measures n=723 (WFC n=723)
Valid Actigraphy n=568

78% Response Rate

Managers: Self-reported measures n=88
Valid Actigraphy n=33

76% Response Rate 85% Response Rate
Worksite
USUAL PRACTICE Intervention INTERVENTION
Implementation
A
6 MONTHS 6 MONTHS

Employees: Self-reported measures n=678 (WFC n=676)
Valid Actigraphy n=484

74% Retention Rate

Managers: Self-reported measures n=80
Valid Actigraphy n=23

Employees: Self-reported measures n=593 (WFC n=593)
Valid Actigraphy n=389

68% Retention Rate

Managers: Self-reported measures n=74
Valid Actigraphy n=24

72% Retention Rate 73% Retention Rate
L| Follow-Up )
12 MONTHS 12 MONTHS

Employees: Self-reported measures n=582 (WFC n=580)
Valid Actigraphy n=406

62% Retention Rate

Managers: Self-reported measures n=77
Valid Actigraphy n=24

Employees: Self-reported measures n=501 (WFC n=499)
Valid Actigraphy n=327

58% Retention Rate

Managers: Self-reported measures n=68
Valid Actigraphy n=25

75% Retention Rate 76% Retention Rate
I Analysis I
ANALYZED |- J ANALYZED

Employees: Self-reported measures n=799 (WFC n=797)
Valid Actigraphy n=652, Study groups n=15
Managers: Self-reported measures n=96
Valid Actigraphy n=32, Study groups n=7

Employees: Self-reported measures n=723 (WFC n=723)
Valid Actigraphy n=568, Study groups n=15
Managers: Self-reported measures n=88
Valid Actigraphy n=33, Study groups n=7

Note. Retention rate = (follow-up n / baseline n) x 100.

Figure 1.

Flow diagram of study recruitment and retention.
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(a) Employees (1 of any component; n=822, 67% N = 1220)

A: Sleep Disturbed
[Actigraphy WASO

>45 minutes /day]
n=535; 44%

B: Sleep Insufficiency C: Short Sleep Duration
[Never/Rarely Rested [<6.5 hours /day]
Upon Waking] n=374, 31% n=173; 14%

(b) Managers (1 of any component; n=37,57% N = 65)
g y p

A: Sleep Disturbed
[Actigraphy WASO
»45 minutes /day]
43% n=25; 38%
15%

B

B: Sleep Insufficiency C: Short Sleep Duration

[Mever/Rarely Rested [=6.5 hours /day]

Upon Waking] n=17; 26% n=4, 6%

Figure 2. VVenn Diagram of the sleep deficiency in the study population at baseline for employees
and managers

Sleep deficiency at baseline (inadequate sleep quality and/or insufficient sleep duration) was
defined as having = 1 of the following components: Wake after Sleep Onset (WASO) > 45
minutes per main sleep period (measured using wrist actigraphy and suggestive of
insomnia), self-reported sleep insufficiency (never or rarely feeling rested upon waking)
and/or mean actigraphically-measured total sleep time < 6.5 hours per 24 hours.
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Ages 18-34

Ages 35-49
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Nighttime Sleep Time (Hours)
~ ~
N N

1 1

N
o
!

6.8

7.6

6.8

T T

6 12
Study Month

6 12
Study Month

o -

Page 20

Ages 50-73

7.6

7.0
Intervention
== == Control
6.8
T T T
0 6 12
Study Month

Figure 3. Adjusted model nighttime sleep profiles across age groups for employees
Points represent the mean and bars represent 95% confidence intervals. Test of moderation

by age (p=0.040).

Note: Test for moderation was performed using adaptations of the generalized linear mixed
models testing intervention effects by including a three-way interaction of age with time and
intervention condition. P-value reflects the global test of the three-way interaction regression

coefficients.
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Patient characteristics at baseline by intervention condition stratified by Employee/Manager status (Percentage

or mean + SD reported)

Employees Managers
Usual Practice  Intervention (n=  P-value  Usual Practice  Intervention (n=  P-value
(n=799) 723) (n = 96) 88)
Female 90.7% 93.1% 0.09 92.7% 84.1% 0.07
Age (years) 39.0+12.3 38.0£12.7 0.09 47.0£10.5 43.9£11.7 0.06
Race 0.11 0.80 g
White non-Hispanic 65.7% 67.6% 90.6% 87.5%
Black 12.8% 15.2% 1.0% 3.4%
Hispanic 14.5% 10.9% 1.0% 1.1%
Other 7.0% 6.2% 7.3% 8.0%
Married or living with partner 64.8% 60.7% 0.10 71.9% 68.2% 0.58
No of Children 1.1+1.2 1.0+1.2 0.18 0.8+1.0 1.0+1.1 0.21
Elder Care role 27.9% 32.4% 0.06 28.1% 28.4% 0.97
Education 0.31 0_03*
Less than High School Graduate 5.8% 5.8% 0.0% 0.0%
High School Graduate 31.0% 34.2% 0.0% 6.8%
Some College or technical school 49.9% 49.4% 53.1% 51.1%
College graduate 13.4% 10.7% 46.9% 42.1%
Total hours worked per week 40.5+11.0 39.3+10.1 0.03 48.8+8.9 50.7£12.4 0.23
Shift 0.60 072"
Variable 4.4% 4.6% 24.0% 22.7%
Regular daytime 49.8% 51.0% 61.5% 67.1%
Regular evening 34.2% 33.6% 7.3% 6.8%
Regular night 2.0% 1.1% 0.0% 0.0%
Rotating 5.9% 5.8% 3.1% 0.0%
Split 2.5% 1.8% 2.1% 1.1%
Other 1.3% 2.1% 2.1% 2.3%

Note: Descriptive statistics shown for all subjects included in self-reported sleep outcome analysis. For the following patient characteristics, we
observed some missing data on the survey items: EMPLOYEES: age (1 missing from intervention group and 1 missing from usual practice), no. of
children (1 missing from usual practice), total hours worked per week (2 missing from intervention group and 2 missing from control group),
education (1 missing from usual practice). MANAGERS: total hours (1 missing from usual practice).

*
Fisher's exact test used as one or more expected cell counts <5

Sleep Health. Author manuscript; available in PMC 2017 December 01.



Marino et al. Page 22

Table 2

Adjusted mean actigraphic outcomes by intervention condition among employees and managers. Confidence
intervals presented in parentheses. Change is defined as 12-month outcome minus baseline outcome. Reported
p-values denote statistical test of parallel lines (i.e. intervention group by time interaction).

Employees Managers

Outcome Measure Intervention (baseline n=568) Usual Practice Intervention (baseline n=33) Usual Practice

1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Total Sleep (minutes)
Baseline

6 months

12 months

Change

Wake After Sleep
Onset (minutes)

Baseline
6 months
12 months
Change

Nighttime Sleep
Duration (minutes)

Baseline

6 months
12 months
Change

Nighttime Sleep
Duration SD (minutes)

Baseline
6 months
12 months
Change

Number of Naps per
subject per week (n)

Baseline

6 months

12 months

Change (Rate Ratio)

Nap Duration per nap
(minutes)

Baseline

6 months

12 months

Change (Rate Ratio)

p=0.179
458.6 (451.6, 465.6)
456.0 (448.5, 463.6)
454.5 (446.7, 462.3)
-4.1(-10.1, 1.9)
p=0.265

44.3 (425, 46.0)
48.0 (46.1, 49.9)
46.4 (44.4, 48.4)
+2.1(0.4,3.8)
p=0.067

433.7 (425.7, 441.8)
4325 (424.0, 441.1)
430.1 (421.3, 438.9)
-3.6 (9.8, 2.5)
p=0.152

88.5 (84.5, 92.6)

88.9 (84.2, 93.5)

88.3 (83.4, 93.2)

-0.2 (-5.2,4.8)
p=0.498

15 (1.3, 1.6)
14 (1.2, 1.5)
1.4 (1.3 1.6)
0.99 (0.89,1.11)
p=0.553

34.4 (31.7, 37.4)
34.3 (31.1, 37.8)
345 (30.9, 38.6)
1.00 (0.88, 1.13)

(baseline n=652)

450.2 (443.6, 456.9)
454.7 (447.7, 461.7)
449.0 (441.8, 456.3)

-1.2 (-6.6,4.2)

452 (43.6, 46.8)
48.8 (47.0, 50.5)
45.6 (43.8, 47.4)
+0.4 (1.2, 1.9)

4265 (418.8,434.1)
434.5 (426.5, 442.5)
427.6 (419.4, 435.9)

+1.2 (-4.4,6.7)

85.2 (81.4, 89.1)
90.5 (86.3, 94.7)
83.4 (79.0, 87.9)
-18(-6.3, 2.7)

14 (1.3, 1.5)

12 (1.1, 1.3)

13 (1.2 1.4)
0.94 (0.85, 1.04)

36.1 (332, 39.3)
34.4 (31.1, 38.0)
32.9 (29.7, 36.4)
0.91 (0.81, 1.02)

p=0.321

466.6 (442.6, 490.6)
462.3 (435.0, 489.6)

459.6 (433, 486.3)
-7.0 (-30.1, 16.1)
p=0.726

452 (36.5, 53.9)

48.8 (39.2, 58.4)

46.2 (36.8, 55.6)

+1.0 (-5.9, 7.9)
p=0.226

4514 (427.1, 475.7)
453.0 (426.0, 480.0)
4453 (418.8, 471.9)

-6.0 (~26.6, 14.5)
p=0.526

70.7 (55.6, 85.8)

69.1 (51.3, 87.0)

74.9 (57.7, 92.1)

+4.2 (-13.4,21.9)
p=0.967

11(0.7,1.8)
0.8 (0.4, 1.5)
12 (0.7, 2.0)
1.07 (0.66, 1.73)
p=0.083

29.0 (21.3, 39.4)
16.4 (8.9, 30.0)
224 (16.4, 30.7)
0.78 (0.52, 1.16)

(baseline n=32)

456.0 (427.6, 484.3)
455.9 (425.4, 486.4)
472.6 (442.4, 502.8)

+16.6 (6.9, 40.1)

49.8 (39.6, 60.1)
54.0 (43.2, 64.8)
54.4 (43.7, 65.2)
+4.6 (-2.4,11.7)

438.0 (409.1, 466.9)
444.4 (413.8, 475.1)
456.2 (425.8, 486.6)

+18.2 (2.7, 39.2)

61.2 (43.6, 78.8)
56.4 (37.1, 75.7)
76.3 (57.2, 95.4)
+15.1 (-2.9, 33.1)

12 (0.7,21)

1.0 (0.5, 1.8)

13(0.7,23)
1.05 (0.67, 1.63)

24.2 (16.3, 35.9)
26.0 (18.5, 36.7)
35.4 (23.7, 52.9)
1.46 (0.89, 2.42)

1duosnuep Joyiny

Note: Adjusted means were estimated using linear mixed model with identity link for the following outcome measures: total sleep time, wake after
sleep onset, nighttime sleep duration and nighttime sleep duration standard deviation. A Poisson mixed-effects model was used for number of naps
per valid day of actigraphy per subject. Zero-inflated Poisson mixed modeling was used for nap duration as the distribution included many zeroes

due to non-napping subjects. For count outcomes, change from baseline to 12-months is reported as a rate ratio. For employee analyses, all models
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adjusted for total hours worked per week. For manager analyses, all models adjusted for education level. Bolded statistics denote statistically
significant change from baseline to 12-month within groups.
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Table 3

Adjusted model mean self-reported outcome measures by intervention condition among employees and
managers. Confidence intervals presented in parentheses. Change is defined as 12-month outcome minus
baseline outcome. Reported p-values denote statistical test of parallel lines (i.e. intervention group by time
interaction).

Employees Managers

Intervention (baseline n=723) Usual Practice Intervention (baseline n=88) Usual Practice

(baseline n=799)

(baseline n=96)

WEC (1:5) p=0.541 p=0.385
Baseline 292829 28(27.28) 3027 33) 252229
6 months 292829 2.7(26,28) 2.9 (2.6, 32) 262229
12 months 28(27,29) 27 (26,27) 2.8 (25 31) 25(2.1,28)
Change +0.0 (-0.1,0.0) -0.1(-0.2,0.0) -0.2 (-0.4,0.0) -0.1(-0.201)
Sleep Insufficiency (1-5)b p=0.906 p=0636
Baseline 3.0 (29 30 3029 30 33(3.0, 35 34(31,37)
6 months 3029 31) 3029 31) 34 (31,37) 35 (32 38)
12 months 3.0 (29 31) 3.0 (30,31) 3.3 (3.0, 36) 35 (3.2 38)
Change +0.1 (0.0, 0.1) +0.1 (0.0, 0.2) +0.0 (-0.2,0.2) +0.0 (-0.2, 0.2)
Insomnia Symptoms (1—4)C p=0.569 p=0.362
Baseline 323133 33(32 33 34 (31, 36) 3503238
6 months 3130 32) 32(31,33) 3.2 (3.0, 35) 34 (31, 37)
12 months 3.2 (31 33) 3.2 (31, 33) 3.4 (3.1, 36) 34 (31, 37)
Change +0.0 (-0.1,0.1) -0.1(-01,00) +0.0 (0.2 0.2) -0.2 (0.3 0.0)
Sleep Quiality (1-4)d p=0.644 p=0.343
Baseline 23(2324) 24 (23 24) 2.2(2.0,2.4) 2.2(1.9 24)
6 months 22(2223) 22(2223) 2.0 (1.8 23) 21(1.923)
12 months 22(21,23) 22(2223) 2.2(20,24) 2119 23)
Change -0.1(-0.2,0.1) -0.1(-0.2, -0.1) 0.0 (-0.1,0.2) 0.0 (-0.2,0.1)

Note: Adjusted means were estimated using linear mixed model for all outcome measures. For count outcomes, change from baseline to 12-months
is reported as a rate ratio. For employee analyses, all models adjusted for total hours worked per week. For manager analyses, all models adjusted
for education level. Bolded statistics denote statistically significant change from baseline to 12-month within groups.

a . . . - . .
For WFC usual practice baseline n = 797; WFC is uses a five-item subscale rated on a scale from 1 (strongly disagree) to 5 (strongly agree) with
higher scores indicating higher WFC.

bSIeep insufficiency is the single item ‘How often during the past 4 weeks did you get enough sleep to feel rested upon waking up?” and is rated
from 1 (never) to 5 (very often) with lower scores indicating higher levels of sleep insufficiency.

clnsomnia symptoms is the single item ‘During the past 4 weeks, how often did you wake up in the middle of the night or early morning?” with
answers ranging from 1 (never) to 4 (three or more times a week) with higher scores indicating higher levels of insomnia symptoms.

dSIeep quality is the single item “Over the past 4 weeks, how would you rate your sleep quality overall?” with answers ranging from 1 (very good)
to 4 (very bad) with higher scores indicating worse sleep quality.
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