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Abstract

Background: Nursing is a demanding occupation characterized by dramatic sleep disruptions.
Yet most studies on nurses’ sleep treat sleep disturbances as a homogenous construct and do
not use daily measures to address recall biases. Using person-centered analyses, we examined
heterogeneity in daily sleep patterns in relation to psychological and physical health.

Methods: Nurses (V= 392; 92% female, mean age = 39.54) completed 14 daily sleep diaries

to assess sleep duration, efficiency, quality, and nightmare severity; as well as measures of
psychological functioning and a blood draw to assess inflammatory markers interleukin-6 (1L-6)
and C-reactive protein (CRP). Using recommended fit indices and a 3-step approach, latent profile
analysis was used to identify the best-fitting class solution.

Results: The best-fitting solution suggested three classes: 1) “Poor Overall Sleep” (11.2%), 2)
“Nightmares Only” (8.4%), 3) “Good Overall Sleep” (80.4%). Compared to nurses in the Good
Overall Sleep class, nurses in the Poor Overall Sleep or Nightmares Only classes were more
likely to be shift workers, and had greater stress, PTSD symptoms, depression, anxiety, and
insomnia severity. In multivariate models, every one-unit increase in insomnia severity and 1L-6
was associated with a 33% and a 21% increase in the odds of being in the Poor Overall Sleep
compared to the Good Overall Sleep class, respectively.

Conclusion: Nurses with more severe and diverse sleep disturbances experience worse health
and may be in greatest need of sleep-related and other clinical interventions.

Corresponding author: Danica C. Slavish, danica.slavish@gmail.com; danica.slavish@unt.edu; 1155 Union Circle, Denton, TX, USA.

Conflicts of interest: Author Slavish has received research grants from Canopy Growth Corporation that are outside the scope of the
current work. The authors declare that they have no conflict of interest.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Slavish et al.

Keywords

Page 2

latent profile analysis; nurses; sleep diary; longitudinal; nightmares

Nursing is a demanding occupation characterized by dramatic disruptions in sleep. Nurses
frequently experience long hours and rotating shiftwork [1], potentially traumatic events [2],
and high levels of burnout [3], all of which may hinder their ability to obtain sufficient, good
quality sleep. Sleep disturbances among nurses are associated with a variety of poor health
outcomes, including lower quality of life [4], substance misuse [4], and cardiometabolic
health risk [5]. This represents a critical public health issue, as sleep may impact not only
nurses’ own health and well-being, but also their ability to provide effective patient care
[6,7]. Understanding which patterns of sleep disturbances among nurses are most predictive
of health may identify nurses in greatest need of supportive health interventions.

Several theoretical models support the idea that nurses” work experiences may strongly
shape or be influenced by sleep. The effort-recovery model postulates effort expended on
work demands without sufficient opportunity for recovery may cause psychophysiological
arousal, which can interfere with the ability to fall asleep, stay asleep, or obtain good quality
or sufficient duration of sleep [8]. Relatedly, the conservation of resources theory postulates
individuals who do not replenish their cognitive or affective resources after work may show
poorer recovery, more fatigue, and poorer downstream health outcomes [9]. Sleep may thus
serve as one important source of recovery from nurses’ stressful experiences.

Although studies have delineated the importance of sleep for nurses’ occupational health
and well-being, there are some critical limitations in the literature. First, most studies have
treated sleep health as a homogenous construct. It is highly likely that specific types of sleep
disturbances vary among nurses. According to Buysse’s [10] model of sleep health, sleep
consists of multiple facets, including duration (i.e., time spent asleep), efficiency (i.e., ratio
of time spent asleep to time in bed), and subjective quality. Nightmares are also increasingly
recognized as an important facet of sleep [11,12], especially among those with frequent
exposure to potentially traumatic events, such as nurses [13]. An individual may experience
disruptions in one, multiple, or all these facets of sleep on any given night. For example,

an individual may obtain sufficient sleep duration (e.g., 7-9 hours), but may experience
highly fragmented sleep characterized by many nighttime awakenings, poor sleep quality,
nightmares, and/or increased time to fall asleep. Different types of sleep disturbances may
be more impactful for subsequent health outcomes than others [10].

Another limitation of the literature is that most studies on nurses’ sleep have not considered
population-level heterogeneity in sleep patterns. Person-centered analytic approaches (e.g.,
latent profile analysis [LPA] or latent class analysis [LCA]) can address this heterogeneity,
identifying subgroups of individuals based on co-occurring symptom or behavior patterns.
LPA/LCA techniques are particularly powerful in that they can identify “hidden groups”
within a population, which may be useful for informing more personalized intervention
efforts [14].
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Some limited work has examined heterogeneity in sleep patterns among nurses, indicating
two to three class solutions [15-17]. Nurses with shorter sleep duration and worse sleep
quality experience higher turnover and resignation rates than nurses with only one or

none of these sleep problems [16]. Other studies show nurses with more sleep problems
(e.g., bad dreams, trouble breathing, sleep disorders) also report higher suicidal ideation
[18] and psychiatric disorder symptoms [17] than those with none or one of these sleep
problems. Nurses experiencing higher fatigue and lower recovery between shifts report
more sleepiness, higher levels of depression, lower resilience, lower flourishing, lower job
satisfaction, lower compassion satisfaction, higher burnout, and higher secondary traumatic
stress, compared to nurses with lower fatigue or better shift recovery [15]. Overall, these
studies highlight that greater severity, frequency, and/or diversity of sleep problems may
confer greatest risk for a variety of poor mental and physical health outcomes among nurses.

A final limitation of the literature is that most studies have not incorporated daily

sleep measures. Only one study to our knowledge has examined heterogeneity in daily
accelerometer-based rest-activity patterns among middle aged community women, some of
whom were nurses [19]. However, this study did not report subjective measures of daily
sleep, which may have important clinical utility beyond objective measures, particularly for
conditions such as insomnia and nightmare disorder. Given that sleep fluctuates from night-
to-night within the same individual [20], one-time retrospective measures of typical sleep
may provide unreliable estimates of sleep and are subject to recall bias. Repeated measures
of sleep, such as sleep assessed each morning via daily sleep diaries, can provide more
accurate estimates of typical sleep patterns across time [21,22]. Studies show a minimum of
six to seven days are needed to provide reliable mean estimates of most self-reported sleep
parameters [23,24]. However, more days may be needed among those experiencing high
variability in sleep schedules (e.g., shift-working nurses), or when measuring less frequent
sleep behaviors (e.g., nightmares) [23].

To address these gaps, the current study had two objectives. First, we used 14 days of
self-report measures of sleep duration, efficiency, quality, and nightmare severity to identify
the best-fitting class solution to categorize nurses’ sleep patterns. Second, we examined

the associations between the identified sleep classes with health indices assessed at the
beginning (posttraumatic stress disorder [PTSD] severity), middle (inflammatory biomarkers
interleukin-6 [IL-6] and C-reactive protein [CRP]), or end (perceived stress and depression,
anxiety, and insomnia severity) of the 14-day monitoring period. Based on the literature,

we hypothesized we would find 2-3 subgroups with varied sleep patterns among nurses
[15-17]. Further, we hypothesized that nurses with more severe and/or a greater diversity

of sleep disturbances (e.g., two or three moderate to severe symptoms) would have greater
PTSD [15], depression [25], anxiety [25], and insomnia symptom severity, greater perceived
stress [15], and higher levels of inflammatory biomarkers IL-6 and CRP [26-28].

This study was part of a larger investigation on the effects of sleep on antibody response
to the influenza vaccine that occurred between September and November 2018. Participants
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were recruited from two regional hospitals through nursing staff presentations, notification
through employee email systems, and flyers that directed them to an initial online consent
form. Nurses (V= 461) provided online consent and were asked to complete initial online
Qualtrics surveys to determine eligibility. Participants were then invited to enroll in the
main portion of the study in the early fall (i.e., the start of the influenza season), which
included completion of in-person informed consent approximately one month later, as well
as a baseline measure of PTSD severity. Of the 461 nurses initially enrolled, 392 nurses
enrolled in the main portion of the study, in which they completed daily sleep diaries for 14
consecutive days. On day 7 of the 14-day study period, a blood draw was taken to assess
inflammatory biomarkers IL-6 and CRP. Immediately following the 14-day study period,
participants completed measures of perceived stress and depression, anxiety, and insomnia
severity. The goal of the larger study was to determine the distal and proximal predictors
of influenza vaccine response and degradation, which is why the aforementioned measures
were taken at different time points. See Figure 1 for a schematic of the study protocol. All
study procedures were approved by the University of North Texas and Medical City Plano
Institutional Review Boards.

To be included in the larger study, participants: 1) had not yet received the current season’s
influenza vaccine, 2) were between ages 18 and 65, and 3) were registered nurses working
at least part-time at one of two regional hospitals. Exclusion criteria were: 1) being pregnant
or nursing, or planning to become pregnant or 2) having an egg allergy (which was
contraindicated for the influenza vaccine being administered as part of the larger study).
Table 1 reports demographic characteristics for the entire sample and by class membership.
Generally, participants matched national demographics of nurses in the United States [29].
Most participants were female (92%), White (78%), and non-Hispanic/Latinx (89%).

Sleep diary-determined sleep.—An electronic version of the Consensus Sleep Diary —
Core [21] was completed by participants upon awakening using REDCap [30,31]. Diaries
were used to determine total sleep time (time in bed [with the intention of sleeping] minus
the sum of sleep onset latency [SOL], wake after sleep onset [WASQ], and terminal
wakefulness [TWAKT]) and sleep efficiency (total sleep time divided by time in bed,
multiplied by 100). Because SOL, WASO, and TWAK are used in the calculation of

sleep efficiency, for the sake of parsimony and to avoid construct overlap and inflated
experiment-wise error, these variables were not examined as separate indicators. Nightmare
severity was only reported if participants endorsed experiencing at least one nightmare and
was assessed using the item: “How would you rate the overall severity of your nightmares?”
on a scale of 0 (not at all) to 3 (very). Sleep quality was assessed by having participants
rate their subjective sleep quality on a scale of O (very poor) to 4 (very good). For all

sleep variables, daily values across the 14 days were averaged together for each person.
Sleep diaries provide more reliable and valid assessments of sleep than single-time point
retrospective questionnaires [23,24,32,33], and correlate significantly with actigraphy (rs=
.36 t0 .60), EEG (rs=.18 t0 .63), and ambulatory PSG (rs= .36 to .59) measures [32-34].
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PTSD symptom severity.—Past month PTSD symptom severity was assessed using

the PTSD Checklist for DSM-5 (PCL-5), a 20-item self-report measure [35]. We used the
version of the PCL-5 that examines past month PTSD symptoms without assessing Criterion
A trauma exposure [35]. The measure is summed to obtain a total score ranging from 0 to
80, with higher scores indicating greater symptom severity. A score > 33 indicates a positive
screen for potential PTSD [36]. The PCL-5 has good psychometrics [37]. In the current
study, the PCL-5 demonstrated excellent internal consistency (a =.94).

Depressive symptom severity.—Depressive symptom severity was assessed using the
Patient Health Questionnaire-9 (PHQ-9), a 9-item self-report measure [38]. It assesses

both affective and somatic symptoms related to depression and depressive disorders and
corresponds to the diagnostic criteria for DSM-5 Major Depressive Disorder. The PHQ-9 is
summed to obtain a total score ranging from 0 to 27, with greater scores indicating greater
depressive symptomatology. The PHQ-9 has been well-validated and demonstrated good
sensitivity and specificity (88% for both) compared to a structured clinical interview [38]. In
the current study, the PHQ-9 had good internal consistency (a = .87).

Anxiety symptom severity.—Anxiety symptom severity was assessed using the
Generalized Anxiety Disorder Screener (GAD-7), a 7-item self-report measure [39].

The GAD-7 is summed to obtain a total score ranging from 0 to 21, with greater

scores indicating greater anxiety symptoms. The GAD-7 has been well-validated and has
demonstrated good sensitivity (89%) and specificity (82%) compared to a structured clinical
interview [39]. In the current study, the GAD-7 demonstrated good internal consistency (a =
.89).

Insomnia symptom severity.—Insomnia symptom severity was assessed using the
Insomnia Severity Index (ISI), a 7-item self-report measure [40]. Each item uses a 4-

point Likert type scale from 0 (e.g., very satisfied/not all worried/none) to 4 (e.g., very
dissatisfied/very much worried/very severe), with higher scores indicating greater insomnia
symptom severity. The ISI has acceptable internal consistency (a =.74) and has shown
convergent validity with sleep diaries (range from .32-.91) and polysomnography [41]. In the
current study, the 1SI demonstrated good internal consistency (a = .86).

Perceived stress.—Perceived stress was assessed using the Perceived Stress Scale (PSS),
a 10-item self-report questionnaire assessing the stress domains of unpredictability, lack of
control, burden overload, and stressful life circumstances [42]. The measure is summed to
obtain a total score ranging from 0 to 40, with greater scores indicating greater perceived
stress. A score = 27 indicates clinically significant stress (i.e., severe stress symptoms). The
PSS has previously demonstrated good internal consistency, factor reliability, and hypothesis
validity [42]. In the current study, the PSS demonstrated good internal consistency (a = .85).

Inflammatory biomarkers.—To assess inflammatory biomarkers IL-6 and CRP, serum
blood was drawn by trained phlebotomists. All blood draws occurred between 7 AM and
12 PM to control for circadian rhythmicity of inflammation. Samples sat for 60 minutes to
clot and then were centrifuged at 3000 rpms for 30 minutes and aliquoted into cryovials.
Samples were temporarily frozen on dry ice and then frozen at —80°C until assaying. All
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inflammation samples were assayed using high-sensitivity enzyme-linked immunosorbent
assays from R&D Systems, Inc. (Minneapolis, MN) within 1 year after collection. The
lower limit of detection (LLD) for CRP was 0.010 ng/ml and 0.039 pg/ml for IL-6. All
IL-6 samples were within detectable limits, and for CRP, only one sample was outside of
detectable limits, which was excluded from analyses. Intra-assay coefficients of variation
were 1.60% for CRP and 3.26% for IL-6. Inter-assay coefficients of variation were 6.73%
for CRP and 7.21% for IL-6.

Baseline demographic variables and recent night shift work.—Age, gender,
race, and ethnicity were self-reported by nurses at baseline. Recent night shift work was
determined through the 14 days of sleep diaries, where participants reported on their
previous day’s work schedule. If nurses reported working at least one shift between 9pm
and 6am during the 14 days, they were classified as a recent night shift worker.

Data Analysis Plan

Results

R code and data used for the current analyses is available in Electronic Supplementary
Material 1 and 2. To account for misspecification bias [43,44], a three-step latent profile
analysis (LPA) approach was taken in alignment with recommendations from Bolck,

Croon, and Hagenaars [45], using the R package #adyLPA with MPlus automation [46].
First, latent class models were built from the four sleep variables (14-day mean scores

of daily sleep diary-determined total sleep time, sleep efficiency, nightmare severity, and
sleep quality). For each sleep variable, each participant’s raw score was transformed into
z-scores ([participant mean - sample mean]/sample standard deviation). One-through four-
class models were analyzed based on prior research findings [15-17]. Second, participants
were assigned to latent classes and classification information was retained. In terms of
recommended fit indices, the optimal class solution had lower Akaike Information Criterion
(AIC) values, Bayesian Information Criterion (BIC) values, and sample-size adjusted BIC
values (SSABIC); significant Bootstrapped Likelihood Ratio Test (BLRT) pvalue; relatively
higher entropy values; parsimony; and conceptual meaning [47,48]. A model with a 10-point
lower BIC value has a 150:1 likelihood to be the better fitting model [49]. Third, after
identifying the best-fitting class solution, we examined any potential differences across
classes on demographic (age, gender, race, ethnicity), psychological (perceived stress and
depression, anxiety, PTSD, and insomnia severity), and inflammatory biomarker levels (I1L-6
and CRP) using chi-square analyses and one-way ANOVAs. Depression severity, anxiety
severity, PTSD severity, insomnia severity, perceived stress, and levels of IL-6 and CRP
were also used as correlates of class membership using multinomial logistic regression
models.

On average, nurses completed 13.07 (SD = 1.60) of 14 daily surveys, for an average
compliance rate of 93%. The 14-day means of the four sleep indicator variables were
relatively normally distributed: total sleep time (range: 275.64 to 553.44; skew: —0.25;
kurtosis: 0.18); sleep efficiency (range: 65.29 to 98.76; skew: —1.41, kurtosis: 3.01); sleep
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quality (range: 0.73 to 4.00; skew: —0.03, kurtosis: 0.12); and nightmare severity (range: 0 to
0.93; skew: 2.16, kurtosis: 5.58).

Table 2 indicates model fit indices for LPA results. Based on established guidelines,

we selected the 3-class solution as optimal. According to AIC, BIC, and SABIC value
guidelines, the 4-class solution would be the best-fitting model. However, we chose the 3-
class solution as the optimal model based on subsequently declining BIC values, a relatively
smaller difference in BIC values between the 3- and 4-class models, conceptual meaning,
and class-based sample sizes (the 4-class solution had at least 1 class with <5% of the total
sample) [47,48,50]. Further, entropy values indicated the 3-class model had the best fit,
although values were similar for all models tested.

See Figure 2 for a graphical depiction of all examined class solutions. Notably, class
descriptions are based on relative comparisons between sleep indicators. Sleep indicators are
presented as z-scores, so they represent the number of standard deviations from the sample
mean. The three classes from the optimal model included: 1) nurses reporting below average
sleep duration, sleep efficiency, and sleep quality, but average levels of nightmare severity
(“Poor Overall Sleep” class; 11.2% of the sample), 2) nurses reporting above average

levels of nightmare severity, but average sleep duration, and slightly below average sleep
efficiency and sleep quality (“Nightmares Only” class; 8.4% of the sample), and 3) nurses
reporting below average levels of nightmare severity, average sleep duration, and slightly
above average sleep efficiency and sleep quality (“Good Overall Sleep” class; 80.4% of the
sample).

Chi-square analyses and one-way ANOVAs (Table 1) revealed nurses across classes were
not different in terms of age, gender, or ethnicity. However, nurses in the Poor Overall

Sleep class were more likely to identify as Black, less likely to identify as White, and more
likely to be recent night shift workers compared to nurses in the Good Overall Sleep class.
Nurses in the Poor Overall Sleep class also had lower sleep efficiency, shorter total sleep
time, and lower sleep quality, as well as greater PTSD, depression, insomnia, and anxiety
severity, greater perceived stress, and higher IL-6 compared to nurses in the Good Overall
Sleep class. Compared to the Good Overall Sleep class, nurses in the Nightmares Only class
were more likely to be recent night shift workers, and had lower sleep efficiency, lower
sleep quality, and greater nightmare severity, as well as greater PTSD, depression, insomnia,
and anxiety severity, and greater perceived stress. Lastly, compared to the Poor Overall
Sleep class, nurses in the Nightmares Only class had higher sleep efficiency, longer total
sleep time, and higher nightmare severity, but did not differ in terms of any psychological
variables or levels of inflammation.

Multinomial logistic regression results (Table 3) revealed that every one-unit increase in
anxiety severity was associated with a 27% increase in the odds of being in the Nightmares
Only class compared to the Poor Overall Sleep class (OR = 1.27, p=0.040), and a 18%
decrease in the odds of being in the Poor Overall Sleep compared to the Good Overall Sleep
class (OR =0.82, p=0.037). Every one-unit increase in IL-6 levels and every one-unit
increase in insomnia symptom severity was associated with a 21% (OR = 1.21, p=.022) and
a 33% (OR =1.33, p<.001) increase in the odds of being in the Poor Overall Sleep class
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compared to the Good Overall Sleep class, respectively. Every one-unit increase in insomnia
symptom severity was associated with a 23% increase in the odds of being in the Nightmares
Only class compared to the Good Overall Sleep class (OR = 1.23, p<.001).

Discussion

Nursing entails high-stakes decision-making, long work hours, high caseloads, emotional
labor, and exposure to potentially dangerous and stressful situations, all of which may
impair nurses’ sleep. In this study, we used 14 days of repeated sleep diaries to characterize
unique patterns of sleep among nurses. Sleep health profiles of nurses varied across several
domains. Most nurses in our sample (80%) reported good overall sleep, characterized by
sufficient sleep duration (7.3 hours), good sleep efficiency (92%), good sleep quality (scores
of 2.71 out of 4), and low nightmare severity (scores of 0.05 out of 3). However, 11% of

the sample reported poor overall sleep but average levels of nightmare severity (Poor Overall
Sleep), and 8% reported above average levels of nightmare severity but otherwise better
sleep than the Poor Overall Sleep group across all other sleep domains (Nightmares Only).
The number of classes we found aligns with other studies, which have similarly observed
three classes of sleep disturbances among nurses [15] and cancer patients [26,28].

In alignment with the effort-recovery model and conservation of resources theory, our
results provide support for the idea that sleep disturbances may prevent adequate recovery
from work or other stressful experiences, increasing risk for negative health consequences.
We found different patterns of sleep and related health correlates among nurses, reiterating
the importance of a multi-faceted approach to assessing sleep health [10]. Specifically,
nurses with more severe and diverse sleep disturbances (e.g., lower quality, shorter duration,
lower efficiency) had the worst psychological and physical health, including higher stress,
higher PTSD, depression, anxiety, and insomnia severity, and higher IL-6. In multivariate
models, greater insomnia severity and higher IL-6 were uniquely associated with increased
odds of being in the Poor Overall Sleep class compared to the Good Overall Sleep

class, although these effects were small. These findings support results from other studies
showing that more diverse and severe sleep disturbances are associated with poorer health,
including poorer self-rated health, greater depressive symptoms, secondary traumatic stress,
and burnout, and higher levels of IL-6 [15,25,28,51]. Together, our results highlight that
although most nurses may be resilient to sleep disturbances, those who do endorse poorer
sleep report poorer health and well-being.

Poorer quality sleep, more fragmented sleep, and/or shorter sleep may directly impair health
through alterations in autonomic nervous system (ANS) and hypothalamic-pituitary-adrenal
axis (HPA) activity [52]. Alternatively, disturbed sleep, poorer mental health, and elevated
levels of inflammation may all be caused by unmeasured third variables, such as substance
use, stress, physical activity levels, type of coping strategies, and/or dietary patterns [53,54].
This cluster of symptoms may also reflect a partially overlapping phenotype with shared
genetic components [26,27]. For example, sleep disturbances and mood and anxiety-related
disorders are often all characterized by a heightened pro-inflammatory state [52,55]. Last,
poorer mental health and elevated inflammation may cause short sleep, poor quality sleep,
and sleep fragmentation via increases in arousal, rumination, and hyperactivation of the HPA
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and ANS [56,57]. Future longitudinal and experimental studies are needed to untangle the
directionality of these effects.

In terms of demographic differences in sleep disturbances, we found Black nurses were
more likely to be in the Poor Overall Sleep class. Black nurses comprised only 7% of the
total sample, but 23% of those in the Poor Overall Sleep class. These findings suggest a
potential health disparity in self-reported sleep by race. Across several studies, Black adults
have shorter self-report and actigraphy-determined sleep duration, lower sleep efficiency,
and poorer sleep quality compared to White adults [58-60]. Despite similar professions,
educational backgrounds, and income levels, compared to White nurses, Black nurses face
greater interpersonal and institutional racism, discrimination, and racism-related vigilance
which may negatively impact their sleep [61].

Recent night shift workers were also disproportionately represented in the Poor Overall
Sleep (50%) and Nightmares Only (42%) classes compared to the Good Overall Sleep

class (21%). Other studies have shown both insomnia symptoms and nightmares are more
commonly reported by nurses working rotating night shift work schedules than nurses
working day shifts only [62,63]. This may be attributed to circadian misalignment and sleep
deprivation caused by night shift schedules [62].

Our results also indicate greater anxiety and insomnia severity may be unique characteristics
of nurses experiencing nightmares. There is a high prevalence of nightmares in both
insomnia and anxiety-related disorders such as PTSD [12,64,65]. Anxiety and insomnia may
increase daytime arousal that carries over into sleep, leading to emotional distress and more
fragmented sleep. As many as 35% of nurses report work-related nightmares, which may be
triggered by performing end-of-life care, feeling overextended, caring for difficult patients,
being assaulted or threatened, or treating open wounds or massive bleeding [13]. Nightmares
often go unmeasured in sleep studies and are not a feature of most sleep-related treatments
[11]. However, our findings highlight that measuring nightmares may have unique clinical
utility for predicting adverse health beyond more commonly assessed sleep parameters, such
as sleep duration, efficiency, and quality.

Somewhat surprisingly, in multivariate models, we found that higher anxiety was associated
with higher odds of being in the Good Overall Sleep vs. Poor Overall Sleep class. However,
these results should be interpreted cautiously, as univariate mean differences revealed an
opposite effect: nurses in the Poor Overall Sleep class reported higher mean anxiety than
nurses in the Good Overall Sleep class. Our multivariate findings tentatively suggest higher
levels of anxiety may be somewhat protective for sleep. Other studies have observed a
similar “healthy neuroticism” effect, whereby some degree of anxiety and worry, particularly
when coupled with high conscientiousness, is associated with better health outcomes or
behaviors [66,67]. Individuals with higher anxiety may devote more attention to maintaining
and monitoring their health, proactively engaging in behaviors that promote good overall
sleep (e.g., exercising regularly, not smoking) [66,67].
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Although this study has several strengths (e.g., 14 days of repeated sleep measures, large
sample of nurses, subjective and objective health indices), there are some limitations
warranting discussion. First, we had a relatively small sample size for two of our three
classes (8% and 11% of the data). However, these classes still represent 31 and 43 people,
respectively. It is also important to note that all LPA studies provide sample-specific profiles,
and thus, it will be important to examine if these profiles replicate in other studies. Future
work should incorporate more objective or behavioral indices of sleep to estimate latent
profiles. Although there is good agreement between sleep diary and actigraphy measures of
total sleep time among nurses, there is poorer agreement among other facets of sleep (e.g.,
sleep efficiency) [68]. Studies have shown that individuals who report insomnia symptoms
and have objective short sleep duration are at greater risk for morbidity and mortality than
individuals who only report insomnia symptoms with normal objective sleep duration [69].
It would also be informative for future studies to assess how different sleep symptoms

are related to specific occupational stressors and experiences that we did not assess in the
current study (e.g., job duties, seniority, field of specialization, work setting). We also only
assessed sleep during the primary sleep interval. Future studies should examine the impact
of naps and 24-hour sleep duration. Nurses may use naps to compensate for lost sleep during
the primary sleep interval or between rotating shift transitions. Finally, we did not prohibit
use of medications or substance use that may affect sleep patterns, which will be important
to assess in future studies.

Nurses play a crucial role in maintaining a functioning healthcare system, and their health
and well-being may impact patient care. We found that sleep patterns are heterogenous
among nurses. Although most nurses in our sample reported good overall sleep, a
substantial proportion reported relatively poorer overall sleep (below average sleep duration,
efficiency, and quality) or higher nightmare severity. These two groups of nurses had greater
impairment in mental and physical health than nurses reporting better sleep. Overall, our
results highlight it may be important to screen for sleep health across multiple dimensions,
as these different profiles may warrant different clinical approaches. Although future studies
should replicate these results, it may be important to identify and support those nurses with
more severe and diverse sleep disturbances to improve downstream health and occupational
outcomes. Nursing is one of the fastest growing professions in the United States [29], so
fostering nurses’ well-being represents a critical occupational issue to address.

Statement Regarding Informed Consent: Informed consent was obtained from all
individual participants included in the study.

Statement Regarding Ethical Approval: All procedures performed in studies involving
human participants were in accordance with the ethical standards of the institutional

and/or national research committee and with the 1964 Helsinki declaration and its later
amendments or comparable ethical standards.
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Figure 1.
Study Protocol Schematic

Note. PTSD: posttraumatic stress disorder, IL-6: interleukin-6, CRP: C-reactive protein.
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Figure 2.

One-, Two-, Three-, and Four-Class Latent Profile Solutions Using Means of Daily Sleep
Indicator Variables

Note. diary_TST_Z = sleep diary total sleep time (i.e., sleep duration; z-score); diary SE_Z
= sleep diary sleep efficiency (z-score); diary_SQ_Z = sleep diary sleep quality (z-score);
diary_NM_Z = sleep diary nightmare severity (z-score).The 3-class solution (bottom left
figure) was chosen as the final, best-fitting model, where Class 1: Poor Overall Sleep (i.e.,
below average sleep duration; below average sleep efficiency, below average sleep quality,
and average levels of nightmare severity); Class 2: Nightmares Only (i.e., average sleep
duration; slightly below average sleep efficiency, slightly below average sleep quality, and
above average levels of nightmare severity); Class 3: Good Overall Sleep (i.e., average sleep
duration; slightly above average sleep efficiency, slightly above average sleep quality, and
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slightly below average levels of nightmare severity). All values are z-scores (i.e., number of
standard deviations away from the sample mean).
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