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Abstract: Potential insomnia in healthcare workers is a public health concern as it may degrade the 
quality of patient care. We examined the prevalence of insomnia symptoms in healthcare workers 
and their perceived need for a sleep intervention. Participants were 62 nurses working full-time at 
a U.S. hospital. These nurses were asked about background characteristics, perceived stress, sleep 
concerns, and need for a sleep intervention. They also participated in 14-d ecological momentary 
assessment (EMA) and actigraphy sleep study. A qualitative analysis showed that the majority (92%) 
of participants reported at least one sleep concern with insomnia-related concerns being most prev-
alent (68%). Quantitative analyses indicated that those with insomnia-related concerns had higher 
perceived stress overall and lower EMA sleep sufficiency and sleep quality. Moreover, participants 
with insomnia concerns had shorter actigraphy-measured nap duration prior to non-workdays 
than those without. Nearly all (95%) expressed interest in participating in a sleep intervention; an 
online format and mindfulness contents were most preferred. Our results suggest a high prevalence 
of insomnia symptoms and a high interest in a sleep intervention in nurses. Information obtained 
from this study could be used to deliver a tailored sleep intervention for nurses whose role in public 
health is essential.
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Mindfulness

Introduction

Good sleep allows us to recover physical and mental 
resources for the next day. Good sleep is needed for work-
ers in any occupation, but may be especially important for 
healthcare workers who deliver direct care to patients. In 
particular, the role of nurses is critical as they have more 
opportunities to interact with patients and may influence 
health behaviors and rehabilitation of patients1–4). How-
ever, the work conditions of nurses, such as extended work 

shifts (e.g., 7 am–7 pm or 7 pm–7 am) and stress associ-
ated with proximity to life-threatening health conditions, 
may make them vulnerable to sleep problems. Insomnia is 
one of the most prevalent sleep problems, and insomnia in 
nurses is associated with burnout5, 6), poor work produc-
tivity and absenteeism7), and contribute to making errors 
and attentional failures while providing care to patients8). 
Thus far, however, there is a lack of studies examining 
signs and symptoms of insomnia among U.S. nurses using 
detailed sources of sleep hygiene. The goal of this study 
is to examine the prevalence of insomnia symptoms in 
a sample of U.S. nurses. We also describe the perceived 
need and acceptability of a sleep intervention assessed by 
these nurses.
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The definition of insomnia varies by studies, resulting 
in different statistics about prevalence of insomnia. In the 
literature, four definitions of insomnia have been used: (1) 
insomnia symptoms (presence only or with frequency or 
severity quantifiers), (2) insomnia symptoms with daytime 
consequences, (3) dissatisfaction with sleep quality or 
quantity, and (4) insomnia diagnoses9). The prevalence of 
insomnia ranges from 6% (insomnia diagnoses) to 48% 
(presence of insomnia symptoms) in general populations9, 10). 
Although specific criteria to define insomnia differ, most 
studies use common symptoms of insomnia suggested by 
the Diagnostic and Statistical Manual of Mental Disorders 
(DSM-5)11). Those are difficulty initiating or maintaining 
sleep (including early morning awakenings) and non-
restorative sleep.

In U.S. working populations, 20–41% report having 
at least one of the insomnia symptoms based on the very 
basic definition and this prevalence is decreased to 11% 
when defined more restrictively with additional criteria 
of frequency (e.g., symptoms present at least a few nights 
week) and daytime impairment7). In a study on Norwe-
gian nurses working extended shifts, the prevalence of 
insomnia symptoms (based on Bergen Insomnia Scale, 
which also requires both nighttime problems and daytime 
impairment) varies between 45–57%12). To capture overall 
signs and symptoms of insomnia in U.S. nurses, this study 
uses the very basic definition that assesses the presence of 
insomnia symptoms without restrictive criteria.

Potential insomnia symptoms can be further verified 
by the individual’s retrospective self-report, sleep diaries, 
and other objective methods such as actigraphy. Example 
insomnia-specific sleep characteristics include feeling 
unrested upon waking and being dissatisfied with their 
sleep quality despite ample time in bed11, 13, 14). Individu-
als with insomnia may also take longer to fall asleep (i.e., 
longer sleep onset latency) and have frequent awakenings 
or more wake time after falling asleep15, 16). Nurses with 
insomnia symptoms may report higher perceived stress 
overall, because stress is considered the primary cause 
of insomnia17). Worry about next day and anticipation of 
stress are also common among subjects with insomnia18, 19). 
Thus, nurses with insomnia symptoms may particularly 
exhibit insomnia-specific sleep characteristics on nights 
before workdays in the anticipation of stressful experi-
ences at work. However, less is known about whether and 
how sleep characteristics differ between workdays and 
non-workdays in workers with potential insomnia versus 
those without potential insomnia. This approach may help 
understand the micro-level effect of work on insomnia 

symptoms and guide early detection of insomnia in work-
ers who are often too busy to visit a clinic for diagnosis, 
like nurses.

In addition to measuring signs and symptoms of 
Insomnia, we assess nurses’ perceived need for a sleep 
intervention and preferred delivery formats and contents. 
This is important to find ways to effectively improve 
insomnia symptoms in nurses, because sleep-focused 
interventions are sorely lacking in the field of occupational 
health in general20). Improving insomnia symptoms and 
overall sleep health may reduce interpersonal conflicts and 
psychosocial stressors and enhance daily vigilance and 
mood necessary for providing high-quality care21–24). The 
nursing literature has focused mostly on improving patient 
outcomes but promoting nurses’ sleep may have positive 
effects on patients as well. There are several efficacious 
treatments for insomnia, such as cognitive behavioral 
therapy for insomnia (CBT-I), but there is no existing 
insomnia intervention specifically designed for nurses. 
There is evidence that an intervention tailored for a target 
group is more effective25). To design the most appealing 
and approachable form of a sleep intervention, this study 
collets data on nurses’ preferences on possible delivery 
formats (e.g., online, group, or in-person) and contents of 
the intervention (e.g., CBT-I, sleep hygiene education, and 
mindfulness strategies).

The present study had three aims. The first aim exam-
ined sleep concerns reported by nurses, who are the largest 
group of the healthcare workforce and in close proximity 
to the delivery of care. We hypothesized that insomnia-
related concerns would be prevalent in nurses. Addition-
ally, we expected that participants with insomnia-related 
concerns would report higher perceived stress compared 
to those without insomnia concerns. The second aim com-
pared sleep characteristics by the presence of insomnia-
related concerns and by type of day (i.e., workday vs. 
non-workday). We hypothesized that, compared to those 
without insomnia concerns, participants with insomnia-
related concerns would exhibit poorer sleep characteristics 
and such differences would be more apparent on nights 
before workdays. The third aim examined willingness to 
participate in a future sleep intervention and the preferred 
delivery formats and contents of the intervention in this 
sample. We hypothesized that interest in a sleep interven-
tion would be higher in those with insomnia-related con-
cerns than those without.
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Methods

Participants and procedure
Participants were inpatient nurses working at a cancer 

hospital in Florida. Inclusion criteria required participants 
to: (a) be at least 18 yr of age, (b) work full-time, (c) 
provide direct, inpatient care to cancer patients or cancer 
survivors, (d) work with fixed 12-h day shifts (e.g., 7 
am–7 pm) or fixed 12-h night shifts (e.g., 7 pm–7 am), and 
(e) possess a smartphone to use for app-based ecological 
momentary assessment (EMA) questions. Exclusion crite-
ria included (a) working variable-, rotating-, or split- shifts 
or (b) not possessing a smartphone.

Participants who met the study criteria were invited to 
participate in the initial study meeting that was part of 
a regular nurse group meeting. During the initial meet-
ing, the investigators explained the background of the 
study, study protocol, and participant compensation. Any 
interested nurses were instructed to place their names on a 
sign-up sheet. A series of study invitation emails was also 
distributed to the nurse group listserv. Trained research 
assistants scheduled individual informed consent meet-
ings with those who signed up. Out of over 500 inpatient 
nurses working at the study site (including those who were 
ineligible), 62 who agreed to participate in the study (103% 
of the recruitment target of 60). Informed consent meet-
ings took place in the workplace during times preferred by 
participants. Following informed consent, all 62 partici-
pants completed a background survey assessing sociode-
mographic characteristics, work characteristics, perceived 
stress, and questions regarding sleep concerns and a future 
sleep intervention (see measures section below for details). 
The informed consent procedure and background survey 
completion took about 20 minutes. All study participants 
provided written informed consent.

Institution and ethics approval and informed consent
The study received ethical approval from the University 

of South Florida’s Institutional Review Board (IRB No.: 
Pro00038628) and Moffitt Cancer Center Scientific Re-
view Committee (IRB No.: MCC 20012).

Upon completion of the background survey, participants 
were provided detailed instructions for smartphone-based 
EMA that incorporated a specific mobile app. The EMA 
included 4 prompts (upon-waking, before-lunch, after-
noon, and before-bedtime) per day for 14 d. The upon-
waking prompt included questions about the previous 
night’s sleep. The other three prompts included questions 
regarding sleepiness and other daily experiences. Re-

sponding to questions in each prompt took 5 min or less. 
All participants received check-in calls from research 
assistants after 2nd and 7th d of their study to encourage 
compliance and address questions.

During the same 14-d period as the EMA, participants 
were asked to wear an Actiwatch Spectrum plus device 
(Philips-Respironics, Murrysville, PA, USA) which mea-
sures wrist movement to quantify sleep and wake patterns. 
Of the 62 background survey participants, 61 participated 
in the actigraphy study. Using Actiware v6.09 software 
(Philips-Respironics, Murrysville, PA, USA), data were 
computer-scored using a previously-validated algorithm26, 27). 
A trained actigraphy scoring team determined the validity 
of each recording based on study-specific sleep criteria 
informed by previous literature on nurses’ sleep health28). 
Any intervals with a 15+ minute discrepancy between 
scorers for total time in bed or sleep timing were reviewed 
by the senior investigator until agreement. Scoring was 
adjudicated by consensus.

At the end of the study, participants were compensated 
for their participation and time with a $30 Amazon gift 
card. Participants who responded to more than 80% of 
EMA prompts received an additional $20 Amazon gift 
card. Thus, the maximum compensation that participants 
could receive was $50. All procedures were approved by 
the University of South Florida Institutional Review Board 
and Moffitt Cancer Center Scientific Review Committee.

Background survey measures
Sociodemographic and work characteristics. Partici-

pants reported their age, sex, race/ethnicity, the highest 
level of education, annual household income, current 
marital status, and the number of children living in the 
household. Participants also provided information about 
their weekly work hours, tenure with the current hospital 
and total tenure as a nurse, work schedule, and secondary 
workplaces.

Perceived stress. To assess participants’ overall stress 
levels, we used the widely-used and well-validated Per-
ceived Stress Scale (PSS)29). We used the Short Form that 
is found to have acceptable psychometric properties30). 
The PSS-4 includes four items that measure the extent to 
which participants perceive their lives as unpredictable, 
uncontrollable, and overloaded. The instrument asks 
respondents to rate how often they experienced stressful 
situations in the past 30 d on a Likert scale ranging from 
1 to 5 where 1=never and 5=very often. Example items 
read, “(During the past 30 d, how often have you felt:) 
Difficulties were piling up so high that you could not over-
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come them?, Confident about your ability to handle your 
personal problems?” The sum of four items was calculated 
after reverse scoring the appropriate items. Higher scores 
indicated higher levels of perceived stress with values ≥8 
(no/little stress) suggesting an elevated level of stress31). 
The Cronbach alpha of the PSS-4 in this sample was 0.74.

Sleep concerns. To assess participants’ main sleep 
concerns, we included an open-ended question worded 
“What is your main concern in your sleep that you want to 
improve?” Responses were coded as texts.

Interest and preferred form of a future sleep interven-
tion were measured by three questions. The first question 
asked: “If a sleep-focused intervention is offered in the 
future (without any financial cost on your part), would 
you maybe be interested in participating or hearing more 
information?” Participants answered yes or no. Second, we 
asked, “For the sleep-focused intervention, which form of 
delivery would you prefer?” Participants were instructed 
to select all that apply to them of the following responses: 
group meetings at the workplace, one-on-one meetings 
at the workplace, online, or other (specify). Finally, we 
asked, “If you were to take part in a future sleep-focused 
intervention, which of the following would you like to par-
ticipate in?” Again, participants selected all responses that 
applied to them: sleep hygiene education, mindfulness-
based stress reduction, cognitive-behavioral therapy for 
insomnia, or other (specify).

EMA measures
EMA measures included workday (vs. non-workday) 

and the following five EMA sleep measures—sleep suf-
ficiency, sleep quality, sleep onset latency, nocturnal or 
early awakenings, and daytime sleepiness. Type of day 
was determined by asking during the before-bedtime 
prompt, “Was today a work day?” Responses were coded 
as yes (=workday) or no (=non-workday). The five sleep 
measures were adapted from previous studies24, 32). Except 
daytime sleepiness, all the items were asked during the 
upon-waking prompt, which was participant-initiated to 
avoid interrupting participants’ sleep.

Sleep sufficiency was measured by asking, “Did you 
feel rested upon waking this morning?” on a scale of 0 
(not at all) to 3 (extremely). Sleep quality was measured 
by asking, “How would you rate your sleep quality overall 
last night?” on a scale of 0 (very bad) to 3 (very good). 
Sleep onset latency was measured by asking, “How long 
did it take to fall asleep last night?”. Responses were 
coded in minutes. Nocturnal or early awakenings were 
measured by asking, “Did you wake up in the middle of 

the night or early in the morning?”. Participants responded 
yes or no. Daytime sleepiness was measured three times 
per day (before-lunch, afternoon, and before-bedtime) by 
asking, “How likely are you to doze off or fall asleep right 
now, in contrast to feeling just tired?” Responses were 
coded as 0 (not at all) to 3 (extremely). Scores were aver-
aged across times within each day to create daily mean of 
sleepiness.

Actigraphy measures
We selected four actigraphy sleep measures that en-

compass the duration and disturbance of sleep. Those are 
main sleep duration, total time in bed, wake after sleep 
onset (WASO), and nap duration. The cut-point of each 
day, which is the time at which a 24-h period begins and 
ends, was determined individually for each participant as 
the clock time closest to 12:00 pm that (a) does not cut 
through a main sleep period, (b) maximizes the number of 
valid days, (c) intersects the fewest number of naps, and (d) 
intersects the fewest number of off-wrist periods.

Main sleep duration was calculated by subtracting wake 
after sleep onset (WASO) from total time spent in bed. 
Total time in bed was calculated as the difference between 
sleep onset and sleep offset during a 24-h cut-point-
determined period. WASO was calculated as the sum of all 
activity minutes between sleep onset and sleep offset each 
day. Examples of WASO include tossing and turning or us-
ing the restroom. Nap duration was calculated as the daily 
mean time (in minutes) across nap episodes within a day.

Analytic strategy
We first used descriptive statistics to examine sample 

characteristics. Next, we analyzed open-ended responses 
with a qualitative content analysis. To begin, the study 
team identified key themes/textual units that emerged 
across multiple participants33). Next, three trained scorers 
independently categorized each response into primary 
and secondary themes from the list of themes provided. 
Categorization of responses followed an iterative process, 
such that themes were modified if individual scorers 
identified potential room for improvement. The study team 
adjudicated categorization discrepancies between indi-
vidual scorers, considering primary and secondary themes 
identified by them. Following the iterative categorization 
process, responses were categorized into several common 
themes including insomnia-related themes. Descriptive 
statistics were used to summarize data. T-tests or χ2 tests 
were used to compare differences in sociodemographic and 
work characteristics as well as in perceived stress by the 
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presence of insomnia-related concerns. Multilevel models 
in SAS 9.4 were used to compare nightly sleep charac-
teristics by the presence of insomnia-related concerns 
(level-2 predictor), by type of day (level-1 predictor), or 
by the interaction between the two. PROC MIXED was 
used for continuous sleep variables and PROC GLIMMIX 
was used for nocturnal or early awakenings, which were a 
binary variable. These analyses were adequately powered 
based on previous research reporting that only a small 
sample size at level two (<50 individuals) leads to biased 
estimates of the second-level standard errors in multilevel 
modeling.34) Workday (vs. non-workday) was aligned with 
last night’s sleep variables (except sleepiness variable 
that was measured during the day) to capture the potential 
effect of worry and stress about next workday on sleep, 
often observed in subjects with insomnia18, 19). To probe 
any significant interactions, we used estimate commands 
within multilevel models.

Results

Sample characteristics
Sociodemographic and work characteristics of the 

sample are shown in Table 1. Participants were on average 
35 yr old. The majority (92%) were female; only 5 were 
male. Seventy-nine percent were non-Hispanic and 21% 
were Hispanic. Sixty-six percent were White, 15% were 
Black or African American, 10% were Asian, and the 
rest (10%) were multi-racial or had some other race. The 
average level of education was close to 4, which indicates 
college graduates. Mean annual household income range 
was approximately 4, which indicates $80,000−$99,999. 
Forty-five percent were married, 13% were cohabitating 
or living with a permanent romantic partner, 13% were 
divorced, and 29% were never married. Sixty-one percent 
did not have a child; 18% had one child and 21% had two 
or more children. Our sample of nurses was approximately 
10 yr younger than registered nurses in the U.S., but 
generally similar in other characteristics including gender, 
race/ethnicity, and education35).

Participants worked 37 h per week at the hospital on 
average. The average tenure with the hospital was 5.35 yr 
and the average tenure as a nurse was 8.28 yr. Sixty-three 
percent worked regular day shift (7 am–7 pm) and 35% 
worked regular night shift (7 pm–7 am). One nurse worked 
other shift, which was a fixed 11 am–11 pm schedule. The 
majority (90%) did not have a second job outside of the 
hospital where data were collected. The average level of 
perceived stress exceeded 8 (M=9.55), meaning that our 

sample had an elevated level of stress overall.

Qualitative themes on main sleep cncerns
Figure 1 shows a flowchart of nurses’ responses to the 

question asking main sleep concerns and examples of the 
text narratives and how we categorized each narrative. Out 
of 62 participants, 60 provided open-ended responses to 
the question asking main concerns in their sleep. Among 
those who responded, 3 participants indicated no concern 
and 57 reported having any sleep concern. Participants’ 
responses on sleep concerns were categorized into the fol-
lowing five themes: difficulty initiating and/or maintaining 
asleep (n=39), sleep schedule (n=6), insufficient amount of 
sleep (n=5), non-restorative sleep (n=3), and other (n=4). 
Thus, insomnia-related concerns that comprise of difficulty 
initiating and/or maintaining asleep and non-restorative 
sleep were most prevalent with 68% (n=42 out of 62) 
indicating as their main sleep concerns. Participants whose 
answers about sleep concerns were classified into either 
“difficulty initiating and/or maintaining asleep” or “non-
restorative sleep” comprised the group of participants “with 
insomnia concerns” used in further analyses.

As shown in Table 1, participants who indicated insom-
nia-related concerns (n=42) did not significantly differ 
from those who did not indicate insomnia concerns (n=20) 
in sociodemographic and work characteristics. The only 
difference was observed in perceived stress. Nurses with 
insomnia-related concerns reported significantly higher 
perceived stress compared to nurses without insomnia 
concerns. The difference between the groups corresponded 
to an approximately 2-unit change in perceived stress.

EMA and actigraphy sleep characteristics by the presence 
of insomnia concerns and by type of day

Out of 62 participants, 61 provided the EMA and actig-
raphy sleep data, with average 15.93 valid EMA days and 
13.62 actigraphy days per participant, well adhering to the 
14-d study protocol. Forty-three percent of the days were 
workdays. Table 2 shows results of multilevel models 
comparing EMA and actigraphy sleep characteristics by 
the presence of insomnia concerns and by type of day. 
Beginning with differences in EMA sleep characteristics 
by insomnia concerns, participants with insomnia-related 
concerns reported lower sleep sufficiency and worse sleep 
quality compared to participants without insomnia con-
cerns, on average across days. There were no statistically 
significant differences between the groups in sleep onset 
latency, nocturnal or early awakenings, and sleepiness. 
There were no significant differences in actigraphy sleep 
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Table 1.   Sociodemographic and work characteristics of the sample and differences by the presence of insomnia concerns

Overall sample Those with insomnia-
related concerns3

Those without insomnia 
concerns

Differencetest4
(n=62) (n=42) (n=20)

n M or % (SD) n M or % (SD) n M or % (SD)

Sociodemographic characteristics
Age (yr) 62 35.26 (11.69) 42 36.26 (12.02) 20 33.15 (10.95) −0.98
Sex 62 42 20 0.37

Female 57 92% 38 90% 19 95%
Male 5 8% 4 10% 1 5%

Hispanic 62 42 20 0.63
No 49 79% 32 76% 17 85%
Yes 13 21% 10 24% 3 15%

Race 61 41 20 4.63
White 40 65% 30 73% 10 50%
Black or African American 9 15% 4 10% 5 35%
Asian 6 10% 3 7% 3 15%
Other 6 10% 4 10% 2 10%

Education1 62 4.06 (0.72) 42 4.02 (0.72) 20 4.15 (0.75) 0.64
Household annual income2 62 3.94 (2.17) 42 4.05 (2.25) 20 3.7 (2.03) −0.59
Marital status 62 42 20 0.75

Married 28 45% 19 45% 9 45%
Cohabitating 8 13% 6 14% 2 10%
Divorced 8 13% 6 14% 2 10%
Never married 18 29% 11 26% 7 35%

Number of children 62 42 20 0.51
No child 38 61% 26 62% 12 60%
One child 11 18% 7 17% 4 20%
Two or more children 13 21% 9 21% 4 20%

Work characteristics
Work hours (h/wk) 62 36.78 (4.30) 42 36.62 (4.73) 20 37.13 (3.29) 0.43
Company tenure (yr) 61 5.35 (6.16) 42 5.97 (6.77) 19 3.96 (4.40) −1.18
Nurse tenure (yr) 61 8.28 (8.78) 42 8.96 (9.70) 19 6.79 (6.24) −1.05
Work schedule 62 42 20 2.56

Day shift 39 63% 28 67% 11 55%
Night shift 22 35% 14 33% 8 40%
Other 1 2% 1 5%

Having second job 62 42 20 0.74
No 56 90% 37 88% 19 95%
Yes 6 10% 5 12% 1 5%

Overall Stress
Perceived stress scale (4–20) 62 9.55 (2.80) 42 10.21 (2.81) 20 8.15 (2.28) −2.87**

1Education was coded as 1 (Grade 12 or GED) to 6 (postgraduate degree or related credential); the sample average was close to 4, which indicates college 
graduates. 2Household annual income was coded as 1 (less than 40,000) to 10 (more than 200,000); the sample average was close to 4, which indicates 
80,000–99,999. 3Participants who indicated “Difficulty falling and/or staying asleep (n=39)” or “Not feeling rested upon waking (n=3)” as their main 
sleep concerns. 4T-tests (for continuous variables) or χ2 tests (for binary variables) were used.
**p<0.01.
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variables. In terms of differences in EMA sleep character-
istics between workdays and non-workdays, participants 
reported lower sleep sufficiency, worse sleep quality, 
and more sleepiness (but not in sleep onset latency or 
nocturnal or early awakenings) on nights before workdays 
compared to on nights before non-workdays. There were 
also differences between workdays and non-workdays in 
all actigraphy sleep characteristics, such that participants 

had shorter main sleep duration, shorter total time in bed 
(B=−1.64, SE=0.14, p<0.001), less WASO, and shorter 
nap duration on nights before workdays compared to on 
nights before non-workdays. Figure 2 visually depicts 
these estimated differences.

There was a significant interaction between the pres-
ence of insomnia concerns and type of day in actigraphy 
nap duration (B=23.97, SE=11.86, p<0.05). The post-hoc 

Fig. 1.   Flowchart of participant responses to the open-ended question on main sleepconcerns, qualitative themes, and participant narratives.
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simple slopes test (see Fig. 2) revealed that both groups 
of participants (those with insomnia concerns and those 
without) had shorter actigraphy nap duration prior to 
workdays than prior to non-workdays. However, partici-
pants without insomnia concerns had longer nap duration 
prior to non-workdays, contributing to a larger difference 
between workdays and non-workdays (Slope Estimate 
=−40.23, SE=9.55, p<0.001) than that for participants 
with insomnia-related (Slope Estimate =−16.26, SE=7.02, 
p<0.05). There were no significant interactions between 
the presence of insomnia concerns and type of day in other 
sleep variables.

Interest and preferred form of a future sleep intervention
Nearly all nurses (n=59, 95%) expressed interest in 

participating in a future sleep intervention. Figure 3 shows 
preferred delivery formats and contents assessed by these 
nurses. An online delivery format was most preferred 
(58%), followed by group meetings at the workplace (53%) 
and one-on-one meetings at the workplace (27%). With re-

gards to intervention contents, mindfulness strategies were 
endorsed by most nurses (73%), followed by cognitive-
behavioral therapy for insomnia (49%), and sleep hygiene 
education (36%). Other responses indicated that they 
would be interested in participating in “any” forms of a 
sleep intervention. Many nurses (35%) selected more than 
one option.

Supplementary analyses
We further examined differences by work shift. There 

were no differences between day-shift nurses (including 
one with 11 am–11 pm schedule) and night-shift nurses 
in sleep concerns, the prevalence of insomnia-related 
concerns, or interest in a sleep intervention. There were 
no differences in preferences for intervention contents. 
Regarding delivery formats, an online format was more 
preferred by night-shift workers (68%) than by day-shift 
nurses (50%); group meetings were more preferred by 
day-shift workers (53%) than by night-shift nurses (45%).

Table 2.   Results of multilevel models examining differences in sleep characteristics by the presence of insomnia concerns and by type of day

EMA3 sleep

Sleep sufficiency
(0 to 3=higher)

Sleep quality
(0 to 3=better)

Sleep onset latency
(in minutes)

Nocturnal or early  
awakenings4 
(yes vs. no)

B (SE) B (SE) B (SE) B (SE)
Fixed Effects

Intercept 1.87*** (0.10) 2.05*** (0.08) 19.08*** (3.86) 0.48 (0.38)
Those with Insomnia Concerns vs. Those without1 −0.30* (0.12) −0.23* (0.10) 4.88 (4.61) 0.68 (0.46)
Workdays vs. Non-workdays2 −0.34*** (0.06) −0.21*** (0.06) 0.75 (1.82) 0.12 (0.18)

Random Effects 
Person level variance 0.12*** (0.04) 0.07*** (0.02) 212.96*** (50.19) 2.07*** (0.56)
Residual variance 0.57*** (0.03) 0.45*** (0.03) 436.21*** (26.84) 0.79*** (0.05)

EMA sleep Actigraphy sleep
Sleepiness

(0 to 3=extremely)
Sleep duration5

(in minutes)
WASO6

(in minutes)
Nap duration
(in minutes)

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

Fixed Effects
Intercept 0.84*** (0.09) 7.5*** (0.22) 38.83*** (3.83) 52.27*** (8.23)
Those with Insomnia Concerns vs. Those without1 −0.06 (0.10) 0.09 (0.27) 7.39 (4.65) −15.54 (9.83)
Workdays vs. Non-workdays2 0.13** (0.04) −1.42*** (0.13) −11.93*** (1.50) −24.68*** (5.67)

Random Effects 
Person level variance 0.12*** (0.03) 0.71*** (0.18) 249.87*** (52.75) 802.44*** (252.2)
Residual variance 0.31*** (0.02) 2.39*** (0.14) 334.88*** (19.29) 4903.42*** (283.5)

1Participants who indicated “Difficulty falling and/or staying asleep (n=39)” or “Not feeling rested upon waking (n=3)” as their primary sleep concerns. 
2Workday (vs. non-workday) was aligned with last night’s sleep variables, except sleepiness measured during the day. 3EMA: Ecological momentary as-
sessment. 4Nocturnal or Early Awakenings were modeled using PROC GLIMMIX for a binary outcome. 5Results on total time in bed were consistent (B 
= −1.64, SE=0.14, p<0.001). 6WASO: Wake After Sleep Onset.
*p<0.05, **p<0.01, ***p<0.001.
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Fig. 2.   EMA and actigraphy sleep characteristics by the presence of insomnia concerns and by type of day.
Workday (vs. non-workday) was aligned with last night’s sleep variables, except sleepiness that was measured during the day. EMA: Ecological mo-
mentary assessment; WASO: Wake After Sleep Onset. Only statistically significant differences are indicated. *p<0.05, **p<0.01, ***p<0.001.

Fig. 3.   Preferred delivery formats and contents of a sleep intervention.
Percentages were calculated among a sub-group of participants who expressed interest in participating in a future sleep intervention (n=59, out of 
N=62). Participants were instructed to select all that apply to them among the given options. Other responses indicated “any”.
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Discussion

The current study yields several key findings that ad-
vance our understanding on insomnia symptoms and over-
all sleep issues in healthcare workers. We found a high 
prevalence of insomnia-related concerns in a sample of 
U.S. hospital nurses. Compared to those without insomnia 
concerns, those with insomnia-related concerns reported 
significantly higher perceived stress and had lower sleep 
sufficiency and sleep quality measured by 14-d ecological 
momentary assessment (EMA). Participants with insomnia 
concerns also had shorter actigraphy-measured nap dura-
tion prior to non-workdays than those without. Moreover, 
we found overwhelmingly high interest and willingness to 
participate in a sleep intervention in this sample. Although 
some sources of sleep concerns may not be directly inter-
venable (e.g., sleep schedule due to working at night), a 
well-designed sleep intervention may better equip nurses 
for sufficient and good quality sleep during the time that 
they do have. Below, we discuss implications of our key 
findings.

The high prevalence of insomnia-related concerns in 
this sample of nurses raises a potential issue regarding the 
adverse impact of poor sleep on the health and well-being 
of these nurses36–38) as well as the quality of patient care 
delivery6–8, 24). Although we expected a high prevalence of 
insomnia-related concerns in nurses, the estimated preva-
lence in this sample (68%) was much higher than expect-
ed. Note that we used a wider criterion than the ones used 
in previous studies7, 12). Not all of the nurses who indicated 
insomnia-related concerns may have a clinical insomnia 
disorder based on the DSM-5 criteria11); however, having 
concerns regarding insomnia may have negative impact on 
nurses’ daily functioning on its own. More data are needed 
to estimate a prevalence of insomnia-related concerns in a 
larger sample of nurses across diverse settings.

Insomnia-related concerns were further validated against 
multiple sleep characteristics assessed by 14-d EMA 
and actigraphy. Nurses who reported insomnia-related 
concerns also reported lower sleep sufficiency and worse 
sleep quality overall across EMA days than those without 
insomnia concerns. Moreover, significant workday effect 
was found; nurses had poorer sleep characteristics prior 
to workdays, potentially due to work-related anticipatory 
stress and worry18, 19, 39). That is, independent of insomnia-
related concerns, nurses had lower sleep sufficiency, worse 
sleep quality, more sleepiness, shorter main sleep duration, 
shorter total time in bed, less WASO (potentially due to 
shorter total time in bed), and shorter nap duration prior 

to workdays than prior to non-workdays. However, such 
workday effect was more apparent for nurses with insom-
nia-related concerns in terms of nap duration. Prior to non-
workdays, nurses without insomnia concerns increased 
nap duration as much as 40 minutes, whereas nurses with 
insomnia concerns increased nap duration as much as 16 
min. This 24-min gap per day in napping can have a meaning-
ful difference in respite and daily functioning overall40, 41). 
Note that none of the groups had an extensive napping 
(≥ 60 min/d). The interaction result on nap duration may 
suggest that those with potential insomnia still cannot 
compensate insufficient sleep when they are free from 
work-related anticipatory stress and worry. Furthermore, 
there were dose-response relationships such that sleep 
sufficiency, sleep quality, and nap duration were lowest for 
nurses with insomnia-related concerns before workdays 
and highest for nurses without insomnia concerns before 
non-workdays. Previous studies reported that those with 
insomnia experience poor sleep quality or disturbed sleep 
in general13–16). The current study contributes to the oc-
cupational health literature by showing that nurses’ sleep 
characteristics prior to workdays are poorer and this is 
more apparent for those with insomnia symptoms.

Our findings show that future studies should focus more 
on improving sleep in nurses. The vast majority of our 
sample (92%) reported having at least one concern in their 
sleep. Moreover, nearly all participants (95%) reported that 
they are interested in participating in a sleep intervention 
if offered in the future. These results indicate that nurses 
clearly recognize issues in their sleep and want to do 
something to resolve the issues, which may reinforce their 
motivation to follow suggested regimen in future interven-
tion studies42). Moreover, this sample provided preferred 
formats and contents for a future sleep intervention. As 
an intervention customized for a target group is found to 
be more effective25), data collected from this study could 
guide the design of a future sleep intervention to offer the 
most appealing and approachable form to nurses.

Based on our data, an online sleep intervention that 
includes mindfulness strategies may be effective to improve 
insomnia symptoms and overall sleep health in nurses. On-
line interventions have several advantages over traditional 
in-person interventions, such as their ability to deliver treat-
ment in a more time- and cost-effective manner, customize 
treatment protocols by participant needs, and monitor par-
ticipant compliance43, 44). It could also include group discus-
sions via online, as group meetings were also preferred by 
nurses but arranging physical group meetings at the work-
place may be challenging due to different work schedules 
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and sometimes it may not be even feasible especially during 
global pandemic outbreaks. The mindfulness-based stress 
reduction program was most preferred by nurses and found 
to be effective to improve sleep in other populations like 
breast cancer survivors45). As many nurses selected more 
than one option, a multicomponent online sleep intervention 
could be used to serve diverse needs of nurses.

Limitations and future directions
This study has several strengths, including the use of 

various sources of data (i.e., survey, EMA, and actigra-
phy), mixed methods (i.e., qualitative and quantitative), 
and comparison of insomnia-specific sleep characteristics 
on workdays vs. on non-workdays. There are, of course, 
also limitations of this study. The primary limitation of this 
study is a small sample size recruited from one hospital. 
It is possible that nurses who had sleep problems would 
have been more willing to participate in the study and this 
might have been reflected in the high interest in a sleep 
intervention. Future research could consider collecting 
data across multiple hospitals by using a random recruit-
ment strategy to increase generalizability of findings. 
Another potential limitation is our inability to determine 
whether the reported insomnia-related concerns meet 
criteria for insomnia disorder. One of the DSM-5 criteria 
to determine insomnia disorder is that a sleep difficulty is 
present for at least 3 months occurring 3 or more times per 
week and causes significant daytime impairment11). In this 
study, we used an open-ended question to ask participants 
about their main sleep concern that they want to improve, 
and by doing so, we were unable to specify the length or 
frequency of insomnia symptoms and associated daytime 
impairment. To increase precision in potential insomnia 
detection, future studies need to assess the insomnia dis-
order diagnostic criteria and rule out other sleep disorders. 
Lastly, the aim of this study was to describe sleep issues 
in healthcare workers. Based on our findings, future stud-
ies could examine how sleep characteristics in healthcare 
workers are related to fatigue and other daily experiences. 
Despite these limitations, our study is unique in document-
ing insomnia-related concerns in nurses and corresponding 
insomnia-specific sleep characteristics assessed by 14-d 
EMA and actigraphy, which adds new knowledge to the 
literature and brings scholarly attention to this underserved 
group.

Conclusion

The current study finds that insomnia-related concerns 

are prevalent in a sample of U.S. hospital nurses, and 
their concerns are supported by subjective and objective 
measures of daily sleep. The information obtained from 
this study could be used as the basis for developing an in-
tervention to improve insomnia and overall sleep health in 
nurses, and more broadly healthcare workers. Importantly, 
improvement in healthcare workers’ insomnia symptoms 
has potential to improve the health of both workers and 
patients.
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