Sleep and Circadian Health of Critical COVID-19
Survivors 3 Months After Hospital Discharge

OBIJECTIVES: To evaluate the sleep and circadian rest-activity pattern of critical
COVID-19 survivors 3 months after hospital discharge.

DESIGN: Observational, prospective study.
SETTING: Single-center study.

PATIENTS: One hundred seventy-two consecutive COVID-19 survivors admit-
ted to the ICU with acute respiratory distress syndrome.

INTERVENTIONS: Seven days of actigraphy for sleep and circadian rest-activity
pattern assessment; validated questionnaires; respiratory tests at the 3-month
follow-up.

MEASUREMENTS AND MAIN RESULTS: The cohort included 172 patients,
mostly males (67.4%) with a median (25th—75th percentile) age of 61.0 years
(52.8—67.0 yr). The median number of days at the ICU was 11.0 (6.00-24.0), and
51.7% of the patients received invasive mechanical ventilation (IMV). According
to the Pittsburgh Sleep Quality Index (PSQlI), 60.5% presented poor sleep quality
3 months after hospital discharge, which was further confirmed by actigraphy.
Female sex was associated with an increased score in the PSQI (p < 0.05) and
IMV during ICU stay was able to predict a higher fragmentation of the rest-activity
rhythm at the 3-month follow-up (p < 0.001). Furthermore, compromised mental
health measured by the Hospital Anxiety and Depression Scale was associated
with poor sleep quality (p < 0.001).

CONCLUSIONS: Our findings highlight the importance of considering sleep and
circadian health after hospital discharge. Within this context, IMV during the ICU
stay could aid in predicting an increased fragmentation of the rest-activity rhythm
at the 3-month follow-up. Furthermore, compromised mental health could be a
marker for sleep disruption at the post-COVID period.

KEY WORDS: actigraphy; acute respiratory distress syndrome; intensive care
unit; Pittsburgh Sleep Quality Index; post-COVID; sequelae

OVID-19 affected more than 200 million people worldwide until

August 2021. During the acute phase of the disease, approximately 30%

of the patients develop severe complications, which increase the risk
of hospitalization, ICU admission, and death (1). In addition, recent studies
report a set of symptoms observed months after hospital discharge including
fatigue, joint pain, dyspnea, cough, anxiety, depression, and cognitive impair-
ment, among others (2, 3).

While studies investigating the different sequelae in COVID-19 patients are
rapidly emerging, a comprehensive evaluation of sleep and circadian rhythms in
this context is yet to be performed. Complaints of insomnia and disturbed sleep
are often observed, reaching a prevalence of up to 31% (4-6). Nevertheless, all
the available findings are based on self-reported assessments. Therefore, addi-
tional investigations using validated sleep questionnaires and objective mea-
surements are extremely necessary.
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The hospital and particularly the ICU are harm-
ful environments for sleep and circadian health.
Accordingly, critically ill patients are exposed to ex-
cessive noise and interruptions during the night, un-
usual feeding schedules, and mistimed artificial light
at the detriment of sunlight exposure (7-9). In addi-
tion, an appropriate amount of activity during the
day and the maintenance of a social routine are often
hindered by restrictions related to the hospital context
and the health condition of the patients. These factors
ultimately lead to poor sleep quality, increased frag-
mentation of the rest-activity pattern, and decreased
synchronization between the endogenous rhythms and
the external environment (10, 11). Furthermore, other
situations often experienced by critical COVID-19
patients such as depression and anxiety may affect
sleep and circadian health (12).

The main objective of this study was to evaluate
the sleep and circadian rest-activity pattern of crit-
ical COVID-19 survivors 3 months after hospital dis-
charge. To accomplish this, subjective and objective
evaluations were performed using validated question-
naires and wrist actigraphy. We hypothesized that an
important number of patients would have compro-
mised sleep and circadian health. We also performed
two additional analyses. First, we investigated whether
baseline characteristics and ICU-related procedures
could predict sleep and circadian outcomes after hos-
pital discharge. Second, we evaluated whether the
other sequelae could be associated with sleep and cir-
cadian alterations.

MATERIALS AND METHODS
Study Population

This is a prospective, observational, single-center
study designed to evaluate the sleep and circadian
rest-activity pattern of critical COVID-19 survi-
vors after hospital discharge (Fig. S1, http://links.
Ilww.com/CCM/H39). Patients were recruited at the
Hospital Universitari Arnau de Vilanova-Santa Maria
(Lleida, Spain) between March 2020 and April 2021.
The inclusion criteria included individuals more
than 18 years old who had a confirmed diagnosis
of severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) infection through polymerase chain
reaction, developing acute respiratory distress syn-
drome, and consequently being admitted to the ICU.
946
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The exclusion criteria included: 1) patients in palli-
ative care and 2) patients with severe mental and/or
physical disability that could prevent the proposed
evaluations.

This study was approved by the Medical Ethics
Committee of the Hospital Universitari Arnau de
Vilanova (Identifier: CEIC-2510) and conducted
according to the principles outlined by the Declaration
of Helsinki. Informed consent was acquired for all
patients.

Study Design

Patients recruited at baseline arrived at the Hospital
Universitari de Santa Maria (Lleida, Spain) for the
medical appointment 3 months after hospital discharge
(Fig. 1). A clinical evaluation was performed followed
by subjective and objective assessments of sleep and
circadian rest-activity pattern. In the sequence, we
evaluated respiratory function, mental health, and aer-
obic capacity.

Clinical Data

Clinical data were obtained at baseline (ICU stay)
and at the clinical evaluation 3 months after hospital
discharge. Age, sex, body mass index, comorbidities,
alcohol consumption, smoking habits, time spent at
the ICU, duration of invasive mechanical ventilation
(IMV), duration of noninvasive mechanical ventilation
(NIMV), hours in prone position, pharmacotherapy,
Pao, to F10, ratio, and peripheral oxygen saturation to
F1o, ratio were collected at baseline. COVID-19-re-
lated symptoms were obtained at the clinical evalua-
tion after hospital discharge.

Sleep and Circadian Rest-Activity Pattern

Pittsburgh Sleep Quality Index. Sleep quality was
assessed by the Pittsburgh Sleep Quality Index (PSQI).
This questionnaire is composed of 19 questions repre-
senting one of the seven components of sleep quality:
subjective sleep quality, sleep latency, sleep duration,
sleep efficiency, sleep disturbance, sleep medication in-
take, and daytime dysfunction. Each component score
is rated on a 3-point scale, leading to a sum of up to 21
points. A PSQI score greater than 5 indicates a poor
sleep quality, whereas a PSQI score less than or equal
to 5 indicates a good sleep quality (13, 14).
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The most frequent symptoms
included fever, dry cough,
headache, loss of taste and
smell, chest pain or pressure,
and dyspnea

Three months after hospital
discharge, subjective  and
objective evaluations of sleep
and circadian rest-activity
patterns were perfomed in
addition to respiratory function,
mental health, and aerobic
capacity assessments.

Patients with an improvement in their overall &
clinical condition who no longer needed respiratory
support were transferred to the hospital ward.

BH Individuals with moderate to severe lung
88 affectation on chest X-ray and hypoxemia that
5] = required oxygen supply were hospitalized.

Patients with acute respiratory distress syndrome
during hospitalization were admitted to the ICU.

o dlo

Figure 1. Clinical chronology of COVID-19 patients included in the study. The time of hospitalization and time spent at the ICU are

represented as median (percentile 25-75).

Epworth Sleepiness Scale. Excessive daytime som-
nolence was assessed by the Epworth Sleepiness Scale
(ESS). This questionnaire is composed of eight ques-
tions to assess the chance of falling asleep during differ-
ent daily situations. Each question is rated on a 3-point
scale, in which 0 represents no chance of occurrence,
and 3 indicates a high chance of occurrence. The
overall score ranges from 0 to 24 points. Higher scores
represent increased daytime somnolence (15-17).

Satisfaction Alertness Timing Efficiency Duration.
Sleep health was further assessed by the Satisfaction
Alertness Timing Efficiency Duration. This question-
naire is composed of five questions representing one
of the following sleep-related dimensions each: subjec-
tive satisfaction, alertness during waking hours, appro-
priate timing, efficiency, and duration. Each question
is rated on a 2-point scale, leading to a sum of up to 10
points. Higher scores indicate better sleep health (18).

Actigraphy. Recruited patients who arrived for
the medical appointment 3 months after hospital
discharge were randomly selected for the objective
assessment of sleep and circadian rest-activity pat-
tern through the use of a wrist-mounted actigraph

Critical Care Medicine

(Actiwatch 2; Philips Respironics, Murrysville, PA)
for 7 days. A sleep log was also delivered to be com-
pleted during the same period. The following vari-
ables were obtained: time in bed (hr), total sleep
time (hr), sleep efficiency (%, defined as the ratio
between total sleep time and the time spent in bed),
latency (min, defined as the time spent awake until
the first sleep episode while in bed), and time spent
awake after sleep onset (WASO) (min). In addition,
activity counts of 60-second epochs were obtained,
from which different variables associated with the
rest-activity rhythm were calculated. The intradaily
variability (IV) represents the fragmentation of the
rest-activity rhythm within each 24-hour period,
indicating whether there are daytime naps and/or
nocturnal activity episodes. The interdaily stability
(IS) represents the similarity between one 24-hour
period and the next, indicating how synchronized the
internal rest-activity rhythm is with the different zeit-
gebers over 7 days of actigraphy. The mean activity of
the 5 consecutive hours with the lowest activity (L5)
and the mean activity of the 10 consecutive hours
with the highest activity (M10) were used to calculate
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the relative amplitude (RA) (M10-L5/M10 + L5).
The amplitude represents the robustness of the rest-
activity rhythm, indicating whether a difference in
the magnitude of activity between active and rest
phases occurs (19).

Respiratory Function

Airway function was measured and represented as
previously described (3). The diffusing lung capacity
for carbon monoxide (DLco) was the variable used to
represent the respiratory function. CT of the chest was
performed to evaluate the severity of lung affectation.
To quantify this, we calculated the total severity score
(TSS). A detailed description of the procedure can be
found in Gonzalez et al (3).

Mental Health Evaluation

The Hospital Anxiety and Depression Scale (HADS)
were used to assess signs of anxiety and depression.
This questionnaire consists of a 7-item anxiety sub-
scale and a 7-item depression subscale. Each item is
rated on a 3-point scale, leading to a sum of up to 21
points. A score greater than 8 indicates possible anx-
iety or depression, whereas a score less than or equal to
8 indicates the opposite (20-22).

Aerobic Capacity

The 6-minute walking test (6MWT) was performed to
evaluate the aerobic capacity (23). The traveled distance
was compared with reference values. Accordingly, the
predicted 6-minute walked distance (6MWD) was cal-
culated based on the following equations: for men, pre-
dicted 6MWD = (7.57 x height)-(5.02 x age)-(1.76 x
weight)-309 m; for women, predicted 6SMWD = (2.11
x height)-(5.78 x age)-(2.29 x weight) + 667 m (24).
Percent predicted 6MWD (PP-6MWD) was calculated
using the formula: PP-6MWD = 6MWD/Predicted
6MWD x 100.

Statistical Analysis

Descriptive statistics were performed to describe
sociodemographic and clinical characteristics as well
as ICU-related information and post-COVID sequelae.
Absolute and relative frequencies were used for qual-
itative data. The means (sp) and medians (25th-75th
percentile) were estimated for quantitative variables
948
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with normal and non-normal distributions, respec-
tively. The normality of the distribution was assessed
by the Shapiro-Wilk test.

We evaluated possible associations between baseline
characteristics (data obtained during the ICU stay) and
sleep/circadian-related data (PSQI score, IV, IS, and
RA) collected 3 months after hospital discharge. PSQI
score was chosen based on the observed outcomes
and in the clinical relevance of this questionnaire (25).
IV, IS, and RA are variables that represent important
dimensions of the circadian rest-activity pattern (19).
The selection of baseline variables was performed using
a relaxed least absolute shrinkage and selection oper-
ator (LASSO) model (26, 27). Tenfold cross-validation
was carried out to determine the lambda parameter of
the LASSO model (28). Lambda was selected as the
value that minimized the mean square error. To per-
form the LASSO analysis, missing values were replaced
by means of the nonmissing values.

We investigated possible associations between
sleep/circadian-related data (PSQI score, IV, IS, and
RA) and other sequelae collected 3 months after hos-
pital discharge. The chosen variables represented dif-
ferent physiologic domains that could be associated
with sleep and circadian rhythms within this con-
text. These included the depression score (HADS),
anxiety score (HADS), Drco, TSS, PP-6MWD, and
other COVID-19-related symptoms (only those with
a higher prevalence were included in the analysis).
Pearson coeflicient tests were performed to assess cor-
relations between variables.

The p value threshold defining statistical signifi-
cance was set at less than 0.05. All statistical analyses
were performed using R software, Version 4.0.2 (R
Core Team; Vienna, Austria).

RESULTS

Baseline Characteristics of the Cohort

The cohort included 172 COVID-19 patients admitted
to the ICU. Most of them were males (67.4%) with a
median (25th-75th percentile) age of 61.0 years (52.8—
67.0 yr) (Table 1). Different comorbidities were pre-
sent, including obesity (48.5%), hypertension (47.1%),
and diabetes mellitus (22.7%). The patients spent a
median number of 23 days (14.0-38.2 d) at the hos-
pital and 11 days (6.00-24.0 d) at the ICU, where
51.7% received IMV and 70.9% needed NIMV. Similar
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TABLE 1.

Baseline Characteristics of the Cohort

Characteristics

Sociodemographic data
Sex, male
Age, yr
Body mass index, kg/m?
Habits
Tobacco
Current smoker
Former smoker
Nonsmoker
Chronic alcohol abuse
Comorbidities
Obesity
Hypertension
Diabetes mellitus
Chronic lung disease
Hospital stay
Days
ICU stay
Days
Minimum Pao, to Fio, ratio
Procedures
Mechanical ventilation
Invasive
Days
Noninvasive
Days
Prone position
Prone position, hr
Pharmacotherapy
Antibiotics
Corticosteroids
Tocilizumab
Hydroxychloroquine

Remdesivir

Global, n =172

116 (67.4%)
61.0 (52.8-67.0)
29.8 (26.8—-34.2)

3 (48.5%)
1 (47.1%)
9 (22.7%)
0 (5.81%)

P

23.0 (14.0-38.2)

11.0 (6.00-24.0)
110 (84.0-168)

9 (51.7%)
16.0 (9.00-26.0)
122 (70.9%)
3.00 (1.00-5.00)
4 (48.8%)
41.0 (24.0-73.0)

142 (82.6%)
153 (89.0%)
108 (63.2%)
5 (32.0%)
5 (14.5%)

Qualitative and quantitative data are represented as n (%) and

median (26th=75th percentile), respectively.
Missings: obesity, 1; minimum Pao,/Fio,, 6; prone position, hr, 7;

tocilizumab, 1.

characteristics were observed considering only the
individuals who performed the actigraphy (Table S1,
http://links.lww.com/CCM/H39).

Critical Care Medicine

Sleep and Circadian Rest-Activity Pattern

According to the PSQI, most of the patients presented
poor sleep quality (60.5%) with a mean (sp) score of
7.09 (4.41) (Table 2). Sleep duration and sleep effi-
ciency were the most affected domains with 73.9%
of the patients sleeping less than the recommended
hours and 57.5% with a sleep efficiency lower than
85% (29). The objective evaluation of sleep through
actigraphy further confirmed these findings, demon-
strating that 50.8% of the patients slept less than 7
hours per night, which was possibly associated with
the WASO (Table 3). Accordingly, sleep efficiency
was decreased in 55.4% of the patients. The circadian
rest-activity pattern presented substantial variability
within our sample (Fig. S2, http://links.lww.com/
CCM/H39).

Other Sequelae After Hospital Discharge

We evaluated other sequelae including those related
to respiratory function, mental health, and aerobic
capacity (Table S2, http://links.lww.com/CCM/H39).
Similar to previous findings (3), 75.4% of patients
presented an abnormal Drco (< 80%) and the mean
(sp) distance in the 6MWT was 408 meters (90.5 m).
Such distance was 87.8% (23.8) of that predicted for
healthy individuals after adjusting for sex, age, height,
and weight. In relation to mental health, 5.92% of the
patients presented abnormal scores for depression and
14.2% for anxiety. Also, the most prevalent symptoms
after hospital discharge were muscular fatigue (21.7%)
and cough (18.4%). Similar findings were observed
considering only the individuals who performed the
actigraphy.

Predictive Factors for Sleep and Circadian
Outcomes After Hospital Discharge

We investigated whether baseline characteristics and
ICU-related procedures could predict poor sleep
quality and alterations in the circadian rest-activ-
ity pattern 3 months after hospital discharge. We
observed that the female sex was associated with an
increased score in the PSQI (p < 0.05) (Fig. 2). Also,
the patients that received IMV during the ICU stay
presented increased IV at the 3-month follow-up
compared with those who did not need this proce-
dure (p < 0.001).
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TABLE 2.

Sleep Subjective Evaluation of Sleep
(Questionnaires)

Questionnaires Global, n =172

TABLE 3.
Objective Evaluation of Sleep (Actigraphy)

Variables Global, n = 65

Sleep

Total sleep time, hr

6.98 (6.33-7.67)

>9 3 (4.62%)
7-9 29 (44.6%)
<7 33 (50.8%)
Time in bed, hr 8.38 (7.73-9.10)
Sleep efficiency, % 84.6 (81.0-88.3)
> 85 29 (44.6%)
75-84 29 (44.6%)
<75 7 (10.8%)
Latency, min 10.0 (5.00-18.0)
<30 57 (87.7%)
31-45 6 (9.23%)
> 45 2 (3.08%)
Arousals, number 25.5 (7.07)
Wake after sleep onset, min 51.0 (39.0-66.0)
0-20 1 (1.54%)

21-40
> 40

Rest-activity rhythm
Interdaily stability
Intradaily variability
Relative amplitude

The mean activity of the 10
consecutive hr with more
activity

The mean activity of the 5
consecutive hr with less activity

17 (26.2%)
47 (72.3%)

0.59 (0.13)

0.81 (0.19)

0.89 (0.85-0.93)
238 (170-315)

12.2 (8.46-19.6)

Qualitative data are represented as n (%). The means (sp) and
medians (25th—75th percentile) were estimated for variables
with normal and non-normal distributions, respectively.

Associations Between Sequelae After Hospital

Discharge

Pittsburgh Sleep Quality Index 7.09 (4.41)
Good sleep quality 8 (39.5%)
Poor sleep quality 104 (60.5%)

Subjective sleep quality 2 (0.79)
Very good 3 (19.2%)
Fairly good 7 (56.4%)
Fairly bad 1 (18.0%)
Very bad 1 (6.40%)

Sleep latency 1.14 (1.10)
<15 min 4 (37.2%)
16-30 min 9 (28.5%)
31-60 min 0 (17.4%)

> 60 min 9 (16.9%)

Sleep duration 1.41 (1.10)
>7hr 5 (26.2%)
6-7 hr 0 (29.1%)
5-6 hr 9 (22.7%)
<5 hr 8 (22.1%)

Sleep efficiency 1.08 (1.15)
> 85% 3 (42.4%)
75-84% 6 (26.7%)
65-74% 9 (11.0%)
< 65% 4 (19.8%)

Sleep disturbance 0.97 (0.62)
Not during past month 2 (18.6%)
Less than once a week 116 (67.4%)
Once or twice a week 1 (12.2%)
Three or more times a week 3 (1.74%)

Sleep medication intake 0.78 (1.29)
Not during past month 125 (72.7%)
Less than once a week 1 (0.58%)
Once or twice a week 5 (2.91%)
Three or more times a week 1 (23.8%)

Daytime dysfunction 0.60 (0.86)
Never 104 (60.5%)
A few times 0 (23.3%)
Sometimes 1 (12.2%)
A lot of times 7 (4.07%)

Epworth Sleepiness Scale 6.12 (3.77)

Satisfaction Alertness 7.54 (2.16)

Timing Efficiency Duration

Qualitative data are presented as n (%). Quantitative data are
presented as mean (sp).

950 www.ccmjournal.org

We investigated whether sleep and circadian rest-
activity pattern were associated with other important
sequelae within this context. The analysis demon-
strated a positive correlation between the PSQI score
and both anxiety (rho = 0.51; p < 0.001) and depres-
sion (rho = 0.47; p < 0.001) scores obtained with the
HADS (Fig. S3, http://links.lww.com/CCM/H39).
No significant correlations were found in relation to
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the IV, IS, and RA (Figs. S4-S6, http://links.Iww.com/
CCM/H39).

DISCUSSION

In the current study, we performed a comprehensive
analysis of the sleep and circadian rest-activity pattern
of critical COVID-19 survivors 3 months after hos-
pital discharge. Subjective evaluation using the PSQI
revealed a poor sleep quality, which was further con-
firmed by objective evaluation using actigraphy. In
addition, female sex was associated with an increased
score in the PSQI while IMV during the ICU stay were
able to predict an increased fragmentation of the rest-
activity rhythm 3 months after hospital discharge.
Furthermore, we observed that poor sleep quality was
strongly associated with anxiety and depression at the
3-month follow-up.

Recent studies suggest the presence of sleep alter-
ations in COVID-19 patients months after hospital-
ization. Arnold et al (4) observed that 24% of 110
consecutive COVID-19 patients reported insomnia
3 months after hospital admission. This number
appeared to be higher in another cohort of patients,

reaching 31% at 3-4 months postadmission (5).
In addition, a recent meta-analysis including 31
studies demonstrated a pooled prevalence of sleep-
ing disturbances in 34% of 5,153 COVID-19 patients
(31). Nevertheless, all of these findings are based
on self-reported assessments. For the first time,
through validated questionnaires and an objective
evaluation, we demonstrated that a great percentage
of COVID-19 patients present poor sleep quality,
particularly related to insufficient sleep duration
and inappropriate sleep efficiency. The prevalence of
individuals with compromised sleep quality herein
observed was higher than that in previous studies,
which could be related to differences in the meth-
ods used to assess sleep as well as differences among
the populations. In fact, our cohort was exclusively
composed of critical COVID-19 patients admit-
ted to the ICU, while the referred studies included
patients with different severities. Regardless, our
findings reinforce the importance of considering
the compromised sleep quality as a component of
the post-COVID period, which is of particular in-
terest given the influence of sleep on respiratory and
immune function (31-33).
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The hospital and particularly the ICU are known
for excessive noise and interruptions during the night,
unusual feeding schedules, and mistimed artificial
light at the detriment of sunlight exposure (7-9). In
addition, habitual procedures performed in this envi-
ronment may account for poor sleep quality and cir-
cadian disruption. We observed that IMV during the
ICU stay predicted increased fragmentation of the cir-
cadian rest-activity rhythm at 3 months after hospital
discharge. This procedure requires the administration
of sedative agents that usually affect the sleep struc-
ture and circadian rhythms (34, 35). IMV-associated
events such as the irregular noradrenergic response
and the so-called “biotrauma” may have contributed to
altered sleep and circadian rhythms as well (36, 37).
Furthermore, given the complex relationship between
respiratory function and circadian rhythms (38-40),
the respiratory condition of patients submitted to IMV
may have been related to increased fragmentation of
the rhythm at the 3-month follow-up. Further stud-
ies will be necessary to evaluate whether causality be-
tween the aforementioned variables is present.

In addition to the characteristics collected at base-
line and factors related to the ICU stay, other sequelae
may have contributed to alterations in sleep and circa-
dian health at the 3-month follow-up. We observed an
association between poor sleep quality, anxiety, and de-
pression. Such an expected relationship was previously
demonstrated in several contexts, including those re-
lated to the COVID-19 outbreak (41). However, to our
knowledge, the current investigation is the first to con-
firm this association in COVID-19 patients.

It is important to address some limitations of this
study. First, the objective assessment of sleep through
actigraphy included a subset of patients randomly
selected from the global population. Nevertheless,
both groups were similar in relation to the baseline
characteristics. Also, the subjective analysis of sleep
was corroborated by the actigraphy data. Second, the
COVID-19 context prevented a baseline assessment
of sleep and circadian health, and therefore it was
not possible to evaluate whether the patients already
had circadian or sleep alterations prior to being hos-
pitalized or infected. Third, it was not possible to es-
tablish whether sleep and circadian alterations were
consequences of ICU stay or SARS-CoV-2 infection
itself. In fact, given the observational design of this
study, relationships of causality cannot be confirmed.

952
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However, this was beyond the objective of this study.
We aimed to evaluate the sleep and circadian health of
critical COVID-19 patients after hospital discharge, to
highlight the importance of considering these factors
in clinical practice. This is the first report presenting
a proper characterization of sleep and circadian rest-
activity pattern of critical COVID-19 patients through
validated questionnaires and an objective assessment.
Previous studies were mainly based on self-reported
assessments of sleep health and without any evalua-
tion related to circadian function. In addition, with the
prospective design and a well-characterized cohort, it
was possible to establish potential predictive factors at
baseline, including those related to ICU stay, for the
adverse outcomes observed after hospital discharge.

CONCLUSIONS

Critical COVID-19 survivors may present poor sleep
quality and alterations in the circadian rest-activity
pattern 3 months after hospital discharge. Within this
context, female sex could aid in predicting a worse
sleep quality while IMV during the ICU stay could
predict an increased fragmentation of the rest-activ-
ity rhythm at the post-COVID period. Furthermore,
compromised mental health could be a marker for
sleep disruption at the 3-month follow-up.
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