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a b s t r a c t

Objectives/background: Sleep is critical to recovery, but inpatient sleep is often disrupted. During the
COVID-19 pandemic, social distancing efforts to minimize spread may have improved hospitalized
children's sleep by decreasing unnecessary overnight disruptions. This study aimed to describe the
impact of these efforts on pediatric inpatient sleep using objective and subjective metrics.
Methods: Sleep disruptions for pediatric inpatients admitted prior to and during the COVID-19 pandemic
were compared. Hand hygiene sensors tracking room entries were utilized to measure objective over-
night disruptions for 69 nights pre-pandemic and 154 pandemic nights. Caregiver surveys of overnight
disruptions, sleep quantity, and caregiver mood were adopted from validated tools: the Karolinska Sleep
Log, Potential Hospital Sleep Disruptions and Noises Questionnaire, and Visual Analog Mood Scale.
Results: Nighttime room entries initially decreased 36% (95% CI: 30%, 42%, p < 0.001), then returned
towards baseline, mirroring the COVID-19 hospital census. However, surveyed caregivers (n_pre ¼ 293,
n_post ¼ 154) reported more disrupted sleep (p < 0.001) due to tests (21% vs. 38%), anxiety (23% vs. 41%),
and pain (23% vs. 48%). Caregivers also reported children slept 61 fewer minutes (95%
CI: �12 min, �110 min, p < 0.001). Caregivers self-reported feeling more sad, weary, and worse overall
(p < 0.001 for all).
Conclusions: Despite a decrease in objective room entries during the pandemic, caregivers reported their
children were disrupted more and slept less. Caregivers also self-reported worse mood. This highlights
the effects of the COVID-19 pandemic on subjective experiences of hospitalized children and their
caregivers. Future work targeting stress and anxiety could improve pediatric inpatient sleep.

© 2021 Elsevier B.V. All rights reserved.
1. Introduction

The importance of getting adequate sleep for children's physical
and mental health has been widely demonstrated [1,2]. During
periods of hospitalization, sleep is especially important due to its
role in the processes of physical recovery [2]. As a result, patients
who sleep less often take longer to recover [3]. Despite these
known benefits, sleep in the hospital is often disrupted, with all
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pediatric age groups reporting less sleep and more awakenings in
the hospital than at home [4]. Caregivers of patients on the pedi-
atric hospital medicine ward have reported that checking vital
signs, nurse/physician interruptions, and medication administra-
tions are the most frequent causes of sleep interruption [5]. How-
ever, many of these interruptions are unnecessary [6], spurring the
American Academy of Nursing's Choosing Wisely Campaign, which
states that a patient's sleep “should not be disrupted unless their
condition or care specifically requires it.” [7].

During the coronavirus disease of 2019 (COVID-19) pandemic,
hospitals implemented social distancing measures and policies to
reduce unnecessary interventions in order to minimize virus
transmission and preserve personal protective equipment (PPE) [8].
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Although less contact between patient and provider may be
thought to have some deleterious effects on the quality of patient
care, one potential positive consequence of these systemic changes
is the inherent ability to improve the sleep of patients admitted to
hospitals due to fewer room entries. Previous work has demon-
strated that interventions targeting policy changes and clinician
education can lead to fewer sleep disruptions [9e12].

To the best of our knowledge, there has not been any exami-
nation of how the pandemic has affected the sleep of hospitalized
children and their caregivers. We aimed to investigate the impact of
COVID-19 physical distancing policies on overnight pediatric pa-
tient room entries, caregiver-reported pediatric sleep disruptions,
and caregiver mood.

2. Methods

2.1. Study population

The study population consisted of a convenience sample of
pediatric patients who were recruited at the University of Chicago
Comer Children's Hospital. Eligible patients included children be-
tween the ages of 4 weekse18 years who had spent the previous
night on the pediatric general medicine inpatient ward, which also
includes the neurology and gastroenterology services. The care-
givers surveyed in this study had all spent the previous night with
their child in the hospital room and spoke English. All patients were
in single rooms and none of the children were recovering from
recent surgery. Exclusion criteria, designed to obtain a study pop-
ulation of generally healthy children, included recent procedures
and diagnoses that are known to disrupt sleep such as tracheos-
tomy, nasogastric or gastrostomy tube, or sleep apnea. Those on
bed rest, having long-term epilepsy monitoring, or who were
known abuse victims were also excluded. This study was reviewed
and approved by the Institutional Review Board at the University of
Chicago Medicine and verbal consent was obtained from all
participants.

2.2. Data collection

Hospital policies to increase social distancing were enacted on
March 10th, 2020. We defined the data collected prior to that date
from a previously ongoing study on inpatient sleep as “pre-
pandemic” and data collected after that date through August 17th,
2020 as “pandemic.”

2.2.1. Room entries
Data collection primarily focused on objective measures of

overnight disruptions as well as subjective perceptions of sleep and
nighttime disruptions. Objective overnight disruptions were
measured as the frequency of room entries using infrared tech-
nology incorporated into the GOJO SMARTLINK Hand-Hygiene
system (GOJO Industries Inc., 2020, Akron, OH). This system,
designed to monitor hand-hygiene compliance, tracks both hand
sanitizer dispenses as well as room entries and exits via heat-
sensing Activity Counters. To calculate hand-hygiene compliance,
the number of sanitizer dispenses is divided by the number of room
entries. For this study, only the Activity Counter data were utilized
to analyze room entries [9]. Room entries were analyzed between
January 1, 2020 and August 10, 2020.

2.2.2. Caregiver surveys
Subjective data were collected using a Pediatric Sleep Assess-

ment, which included adaptations of several validated instruments
including the Karolinska Sleep Log, Potential Hospital Sleep
Disruption and Noises Questionnaire (PHSDNQ), and Visual Analog
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Mood Scale. The Karolinska Sleep Log is a validated tool that in-
cludes questions about typical sleep habits at home when the pa-
tient is not sick, sleep quality the previous night in the hospital, and
any daytime sleep [13]. The PHSDNQ, which has been validated in
adult populations and shown to have concurrent validity in pedi-
atric populations, asks about a variety of factors that may disrupt a
patient's sleep in the hospital including different medical in-
terventions, patient symptoms, and environmental factors using a
Likert-type scale [5,14]. The Visual Analog Mood Scale has been
validated in adult populations and collects information on current
caregiver mood [15]. In addition, surveys for patients older than 2
years included a validated Pediatric Sleep Questionnaire, and sur-
veys for patients younger than 2 years included an adaption of the
validated expanded Brief Infant Sleep Questionnaire [4,5]. Re-
sponses to the survey were stored using the REDCap Database
Version 9.5.6 (Vanderbilt University, 2020, Nashville, TN). Care-
givers pre-pandemic were surveyed in person, and during the
pandemic, surveys were conducted over the phone.

2.3. Data analysis

2.3.1. Room entries
Room entry data were analyzed for both nighttime (11:00pm to

7:00am) and 24-hr room entries. One room entry was defined as
the aggregate of all recorded room exits in a three-minute window
in order to count a group as one single entry. Room entries without
associated exits were not counted so as to avoid counting the
caregiver's entrance to the room as a disruption. Nightly patient-
occupied rooms were defined as those that had any room entries
between the hours of 6pm and 7am in order to include rooms that
had zero entries between 11pm and 7am. For 24-hour room entries,
all rooms with fewer than two room entries were excluded to
remove any rooms that did not have a patient in them. This number
was determined by assuming that an occupied roomwould have a
minimum of two entries for twice daily vital sign checks.

For both room entry timeframes, pre-pandemic and pandemic
data were compared with an interrupted time series analysis (ITSA)
to test for changes in room entries over time. The SEGMENTED
function in R-4.0.2 was used to create a model and estimate final
fitting parameters to the data as well as the corresponding un-
certainties. This function utilizes a bootstrap restarting algorithm to
estimate breakpoints from inputted estimates, analyzing the
resultant data segments [16]. Fitted models were analyzed with the
Davies test in order to determine statistical significance of
breakpoints.

2.3.2. Caregiver surveys
Given the non-normal distribution of caregiver responses to the

PHSDNQ, results were dichotomized at the median response. A
response of 1 (not at all disruptive) was counted as “no disruption”,
and a response from 2 (somewhat disruptive) to 5 (extremely
disruptive) was counted as “disruption.” [5,14] The percentage of
patients disrupted by each factor was calculated using the dichot-
omized data and the pre-pandemic and pandemic cohorts were
compared using chi-squared tests. Means for caregiver reported
patient sleep time and nighttime awakenings taken from the Kar-
olinska Sleep Log were calculated and compared between time-
frames for those younger than two years old and those two years or
older using two factor t-tests. Visual Analog Mood Scale responses
were summarized bymedian and interquartile range (IQR) analysis,
and the distributions were compared using Wilcoxon rank-sum
tests. Demographics were tested for significant differences using
chi-squared tests. Data was analyzed with R-4.0.2. Because of
concern for multiple comparisons, we used a conservative p-value
of significance of p < 0.001.
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3. Results

3.1. Study population

Between September 2018 and February 2020, 293 caregivers
completed surveys. These surveys were utilized as our pre-
pandemic cohort and were compared against 154 pandemic care-
giver surveys collected between April 2020 and August 2020.
Although there were significant racial and ethnic differences
(p < 0.001), both cohorts consisted of patients from a diversity of
racial and ethnic backgrounds with 71% and 52% identifying as
Black/African American, 11% and 14% identifying as Hispanic, and
15% and 31% identifying as White/Caucasian in the pre-pandemic
and pandemic cohorts respectively. There were also significant
age group differences (p < 0.001), with fewer patients in the
pandemic era younger than 2 (43% vs. 18%) and ages 2e5 (30% vs.
18%) and more patients ages 10e13 (5% vs. 21%) and 14 years and
older (6% vs. 26%). In the 69 nights before the pandemic, of the total
60 general pediatric rooms, an average of 56 rooms were occupied
each night. This fell to an average of 48 occupied rooms during the
first 154 nights of the pandemic with the lowest recorded nightly
census being 31 rooms. Consistent with all pediatric institutions
across the country, we saw a decrease in the number of patients
hospitalized with viral and respiratory illnesses during the
pandemic (58% vs. 7%, p < 0.001) (Table 1).
3.2. Room entries

Consistent with previous work [4], pre-pandemic nightly room
entries starting on January 1st, 2020 averaged a baseline of 7.2
room entries with no statistically significant slope over time. At the
start of the pandemic, nighttime room entries initially decreased to
4.6 room entries equating to a 36% reduction (95% CI: 32%, 40%,
p < 0.001). Room entries then increased by an average of 0.033
room entries per day (95% CI: 0.026, 0.040, p < 0.001). In June, soon
after the end of the state's stay at home order, nightly entries
returned to an average of 6.9 room entries each night, equating to
96% of pre-pandemic levels (95% CI: 92%, 100%, p ¼ 0.01) (Fig. 1).
Table 1
Demographic information and primary diagnoses of surveyed patients.

Pre-Pandemic n ¼ 293

Age
Younger than 2 125 (43%)
2 to 5 88 (30%)
6 to 9 46 (16%)
10 to 13 16 (5%)
14 and older 18 (6%)

Gender
Female 146 (50%)

Race/Ethnicity
Black/African American 207 (71%)
White/Caucasian 43 (15%)
Hispanic 32 (11%)
Asian/Pacific Islander 3 (1%)
Other 7 (2%)

Primary Dx
Respiratory 169 (58%)
MSK/skin 41 (14%)
GI/Liver 24 (8%)
Neuro/CNS 15 (5%)
Kidney/GU 11 (4%)
Othera 26 (9%)
Unknown 7 (2%)

Groups were compared using Chi-squared tests.
* ¼ p < 0.001.

a Common diagnoses in this group include sickle cell disease, hyperglycemia, leuk
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Analysis of 24-hour entries showed a similar trend, starting at a
pre-pandemic baseline of 37.7 room entries and initially decreased
to 20.8 room entries, equating to a 45% reduction (95% CI: 38%, 52%,
p < 0.001). 24-hour entries then returned towards pre-pandemic
levels at a rate of 0.13 room entries per day (95% CI: 0.11, 0.15,
p < 0.001), stabilizing in July to an average of 32.8 room entries
each day, equating to 87% of pre-pandemic levels (95% CI: 81%, 93%,
p < 0.001).

3.3. Subjective sleep disruptions

During the pandemic, caregivers reported significantly more
disruptions to their children's sleep overnight due to medical tests
(21% vs. 38%, p < 0.001) and symptomatic disruptors of stress (30%
vs. 49%, p < 0.001), anxiety (23% vs. 41%, p < 0.001), and pain (23%
vs. 48%, p< 0.001). Therewere no statistically significant changes to
perceived disruptions from vital sign checks, nurse/physician in-
terruptions, medication administration, pulse oximetry, equipment
alarms, temperature, or noise (Fig. 2).

3.4. Sleep duration and awakenings

In addition to increased disruptors, caregivers of children two
years and older reported that the patients experienced an average
of 1.0 (95% CI: 0.2, 1.8, p < 0.001) more nighttime awakening during
the pandemic, rising from an average of 1.8 pre-pandemic (n¼ 162)
to 2.8 during the pandemic (n ¼ 123). Caregivers also reported an
average of 61 min less patient sleep during the pandemic (95%
CI: �12, �110, p < 0.001) for patients two years and older,
decreasing from 452 min pre-pandemic to 391 min during the
pandemic. No statistically significant change in reported awaken-
ings or sleep durationwas seen for patients younger than two years
old (Fig. 3).

3.5. Caregiver mood

When asked how they were feeling, caregivers reported on a
0 to 10 scale being more sad (0 (0e4) vs. 2 (0e6), p < 0.001) and
Pandemic n ¼ 154 P-value

<0.001*
27 (18%)
28 (18%)
22 (14%)
33 (21%)
44 (29%)

0.08
65 (42%)

<0.001*
78 (52%)
47 (31%)
21 (14%)
3 (2%)
2 (1%)

<0.001*
11 (7%)
27 (18%)
22 (14%)
32 (21%)
6 (4%)
38 (25%)
18 (12%)

emia, hypercalcemia, fever, dehydration, and failure to thrive.



Fig. 1. Interrupted time series analysis of average overnight room entries from GOJO heat-sensor data. Interrupted time series analysis is depicted by the teal line, which shows a
36% decrease in intercept at the onset of the pandemic (95% CI: 32%, 40%, p < 0.001). Abbreviations: University of Chicago Medicine (UCM).

Fig. 2. Caregiver survey responses to the Potential Hospital Sleep Disruption and Noises Questionnaire. Pre-pandemic and pandemic responses were compared using chi-squared
tests. * ¼ p < 0.001.
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weary (2 (0e5) vs. 5 (2e8), p < 0.001) as well as less calm (9 (6e10)
vs. 7 (5e10), p < 0.001) during the pandemic. Caregivers also re-
ported feeling worse overall during the pandemic (8 (7e10) vs. 7
(6e9), p < 0.001) (Table 2).

4. Discussion

This study examined the effect of hospital-wide social
distancing policies during the COVID-19 pandemic on pediatric
inpatient room entries, caregiver-reported pediatric sleep disrup-
tions, and caregiver mood. Nighttime room entries initially
decreased by 36% and then returned towards pre-pandemic levels.
However, subjective caregiver reports of nighttime medical sleep
disruptors for patients unexpectedly increased for tests, as did
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reports of symptomatic disruptors such as stress, anxiety, and pain.
According to caregiver reports, patients two and older experienced
more awakenings and less sleep while hospitalized during the
pandemic. During this time, caregivers also reported that they
themselves felt more weary and sad, less calm, and worse overall.

Objective and subjective disruption measures unexpectedly
showed opposite trends, which may have been due to increased
stress and anxiety resulting from the pandemic. The sharp in-
creases in reported sleep disruptors from stress and anxiety as well
as caregivers feeling less calm highlight the change in feelings
during the pandemic. Hospitals became visible symbols of illness
during the COVID-19 pandemic, and patients and their families may
have feared contracting COVID-19 while in the hospital. Many
hospitals and emergency departments saw a decrease in patient



Fig. 3. Caregiver-reported patient mean nighttime sleep duration (A) and awakenings (B) using the Karolinska Sleep Log. Pre-pandemic and pandemic responses were compared
using two factor t-tests. * ¼ p < 0.001.

Table 2
Caregiver self-reported moods.

Pre-pandemic n ¼ 294
Median (IQR)

Pandemic n ¼ 121
Median (IQR)

P-value

How alert do you feel? 10 (7e10) 8 (7e10) p ¼ 0.11
How sad do you feel? 0 (0e4) 2 (0e6) p < 0.001*
How tense do you feel? 2 (0e5) 4 (0e6) p ¼ 0.001
How much of an effort is it to do anything? 1 (0e5) 1 (0e5) p ¼ 0.46
How happy do you feel? 8 (6e10) 7 (5e9) p ¼ 0.001
How weary do you feel? 2 (0e5) 5 (2e8) p < 0.001*
How calm do you feel? 9 (6e10) 7 (5e10) p < 0.001*
How sleepy do you feel? 5 (1e9) 5 (1e7) p ¼ 0.23
Overall how do you feel? (0¼very bad, 10¼very good) 8 (7e10) 7 (6e9) p < 0.001*

Caregiver responses to the Visual Analog Mood Scale. Pre-pandemic and pandemic responses were compared using Wilcoxon rank-sums tests. * ¼ p < 0.001.
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volume related to other diagnoses during the pandemic, which is
also posited to be due to avoidance of the hospital and fear of
COVID-19 [17,18]. For patients who did require hospitalization,
caregivers may have felt more reluctant to be there compared to
pre-pandemic times. Besides the pandemic itself, social unrest
stemming from the attention to racial injustices around the country
during this period as well as economic uncertainty may also have
increased stress and anxiety. This is especially notable since most of
the patients in this study identified as Black/African American and
reside on the South Side of Chicago. That said, no statistically sig-
nificant differences in results were found in race/ethnicity sub-
group analysis. Since the subjective measures of disruptions rely on
perception, interactions that may not have been perceived as
disruptive pre-pandemic may have been perceived as disruptive
during the pandemic, increasing perceived disruptions despite
objective disruptions decreasing. Also, social distancing guidelines
encouraged clinicians to batch tasks to reduce the number of
essential room entries, which could have resulted in fewer room
entries but more disruptive interactions. Additionally, patients
hospitalized during the pandemic may have been more medically
complex and required more involved care, resulting in more
perceived disruptions being reported. Regarding objective disrup-
tions, room entries increasing after the initial decrease may suggest
some staff fatigue from social distancing policies leading to a
gradual decrease in adherence, which highlights the difficulty of
sustaining an intervention after initial implementation in a com-
plex system such as a hospital [19,20].
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This study has multiple implications for clinicians. The increase
in reported sleep disruptors indicate a particular need to consider
symptomatic factors including stress and anxiety in order to
improve sleep for children in the hospital during this current
pandemic. Addressing this increase in stress and anxiety due to
being in the hospital during the pandemic may be critical to
improving sleep outcomes. Care teams should consider ways that
they can openly discuss the stress and anxiety surrounding hos-
pitalization with patients and their families. Informational cam-
paigns targeting safety, cleanliness, and infection risk of hospitals
may help to allay patient and caregiver fears about hospitalization
and improve their inpatient experience. Since nighttime tests are
being perceived as more disruptive, there is an even greater need to
minimize unnecessary tests administered during the night to those
truly required by their medical condition in order for patients to
experience improved sleep. This study also highlights the impor-
tance of subjective metrics for comprehensive quality improve-
ment needs assessments as well as measures of the efficacy of
interventions.

One limitation of this study is the differences in age, race/
ethnicity, and primary diagnoses between the two study cohorts
which could have affected results. Secondly, as this single-site study
took place at an urban, academic medical center, the generaliz-
ability of these results may be affected. Additionally, the number of
occupied rooms each night was not available, so assumptions were
made on how to most accurately select those rooms based on room
entry data. Survey collection during the pandemic was completed
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over the phone which could have introduced both a selection and a
response bias compared to pre-pandemic in-person survey
methods. Finally, no objective measure of sleep was used, so
caregiver reports of patient sleep may misrepresent true sleep
habits.

In summary, although objective measures of room entries
showed a decrease in overnight disruptions during the COVID-19
pandemic, caregivers reported more nighttime disruptions and
worse sleep for their hospitalized children. More work is needed to
examine how to best address the concerns and subjective experi-
ences of patients and their families in order to achieve better sleep
in the hospital and improve the patient experience of hospitalized
children and their caregivers. Future work involves the imple-
mentation and evaluation of an intervention targeting this reported
stress and anxiety with the goal of improving pediatric inpatient
sleep.
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