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Abstract

Study objectives: To evaluate sleep disorders in hospitalized pa-
tients with respiratory failure due to COVID-19 and assess their po-
tential association with prognosis.

Methods: The association between sleep disturbances and in hospi-
tal mortality in 1337 COVID-19 patients was assessed.

Results: Sleep disturbances were higher in older patients and in
severe infections compared with non-severe infections. Sleep dis-
turbances were associated with in-hospital mortality, and in a Cox
regression analysis maintain their independent association also after
controlling for potential confounders (SARS-CoV-2 infection severity,
sex, age and age-related diseases, i.e., coronary heart diseases and
Chronic Kidney Disease (CKD).

Conclusion: Sleep disturbances should be considered a poor prog-
nostic marker in COVID-19 patients..
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Introduction

The major complications of COVID-19 are respiratory (interstitial
pneumonia, pulmonary embolism), renal and cardiac. Neurological
symptoms are also described, and among them agitation and confu-
sion (which are common in delirium syndrome) are frequently report-
ed [1-3]. Previous reports indicate that about 50% of patients infected
with Sars-Cov2 developed sleep disorders [4]. Despite a large body
of literature, the association between sleep duration and mortality risk
is not clear demonstrated [5]. Aim of this study is to evaluate sleep
disorders in a large group of hospitalized patients with respiratory
failure due to COVID-19 and assess their potential association with
prognosis.

Methods

Our hospital (Fondazione Poliambulanza Istituto Ospedaliero) is
located in Brescia, in the region of Lombardy, east of Milan, the area
with the highest rate of SARS-CoV-2 infection and death in Italy.
During the period between March 1 and April 30, 2020, 1337patients
were admitted to hospital affected by COVID-19 [6]. Information col-
lected were age, sex, PaO2/Fi02, chest X Ray or computed tomog-
raphy, comorbidities (ischemic heart disease, hypertension, diabetes,
malignancies, neurodegenerative diseases), laboratory tests and treat-
ments performed (antibiotics, antivirals, corticosteroids, tocilizumab
and oxygen therapy: i.e., from nasal cannula to high flow cannula
oxygen therapy to invasive ventilation).

Severity of SARS-CoV-2 infection was assessed by Italian So-
ciety of Anesthesiology, Analgesia, Resuscitation and Intensive
Care (SIAARTI) criteria: pneumonia Stage III (PaO2/FiO2 ratio
>300); pneumonia Stage IV- mild Acute Respiratory Distress Syn-
drome (ARDS) (200<Pa02/Fi02<300), Stage IV-moderate ARDS
(100<PaO2/Fi02<200) and Stage IV-severe ARDS (PaO2/FiO2
<100mmHg) [7]. All patients were treated according to the Italian So-
ciety for Infectious and Tropical Diseases (SIMIT) Guideline [8].

Sleep difficulties were reported by nurses on the electronic records
of the ward; on the basis of the severity of sleep disturbances phy-
sicians prescribed appropriate therapy (i.e., benzodiazepines), using
a standard protocol. For the purposes of this study, we reported the
presence of sleep disturbances when they required drug treatment.

Results

1337 consecutively admitted patients have been studied (mean
age: 68.6+13.7, males: 885; patients in Stage III: n= 313, in Stage IV
(mild ARDS): n=544; Stage IV (moderate ARDS): n=211; in Stage
IV (severe ARDS): n=125. In-hospital mortality was 25.0% (n=334).
20.4% of them had sleep disturbances. Sleep disturbances were high-
er in older patients (9,5%, 20,1%, 25,7%, 27,1% respectively in <60,
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61-70, 71-80, 81+ years old) (chi square test: p<0.001), and in severe
infections compared with non-severe infections (15%, 20.6%, 25.6%
and 23.2%) respectively in Stage 111, Stage [V-mild, Stage [V-moder-
ate and in Stage [V-severe (chi square test: p<.006).

In hospital survival according to sleep disturbances is shown in
figure 1.

e

Figure 1: Survival according to sleep disturbances in hospitalized
COVID-19 patients.

P<0.0001 for different survival in patients without or with sleep distur-
bances on log-rank test.
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In bivariate analysis the presence of sleep disturbances was as-
sociated with greater in-hospital mortality (RR: 2.0, CI 95% 1.6-
2.5). In a Cox regression analysis sleep disturbances maintain their
independent association (HR: 2.1, CI 95% 1.6-2.7) with in-hospital
mortality also after controlling for potential confounders: pneumonia
severity-PaO2/Fi02 mmHg: HR 0.994, C195% 0.992-0.995, per unit
increase; being over 65: HR: 3.5, CI 95% 2.3-5.3; being male: HR:
1.0, CI 95% 0.8-1.0; chronic heart disease: HR: 1.6, CI 95% 1.2-2.1,
and CKD: HR: 2.6, CI 95% 2.0-3.4 (Table 1).

HR 95% CI P
Sleep disturbances 2.1 1.6-2.7 .001
Pa02/FiO02 mmHg (for unit increase) 0.994 0.992-0.995 .001
Chronic Heart Disease 1.6 1.2-2.1 .001
Chronic Kidney Disease 2.6 2.0-3.4 .001
Age (65+) 3.5 23-53 001
Gender (males) 1.0 0.8-1.0 .076

Table 1: Sleep disturbances and in-hospital mortality risk in 1337 hospi-
talized COVID-19 patients.

RR: Relative Risk. C.I.: Confidence Interval

Cox regression was used to identify predictors of in-hospital mortality.
Variables significantly associated to mortality in bivariate analysis: age
(65+), gender (males), hypertension, Chronic Heart Disease, previous
cancer, diabetes mellitus, chronic kidney disease, obesity, respiratory fail-
ure, and sleep disturbances were included as potential confounders in a
final model with in-hospital death as the outcome.

N

Discussion

Information about the quantity and quality of sleep in patients
in general hospital wards is lacking and contradictory due to differ-
ent assessment methods and setting, ranging between 30% to 80%

[5]. Although there is a paucity of literature regarding the effects of
sleep loss in hospitalized patients, recent systematic reviews of the
literature show that sleep duration, with both long and short sleep,
is associated with mortality in a U-shaped fashion, with the lowest
risk found in those who report sleep durations around 7 hours [9].
Typically, short sleep duration is thought to increase mortality risk
through adverse endocrinologic, immunologic or metabolic effects,
thus inducing chronic, low grade inflammation, increasing cortisol
secretion or altering growth hormone metabolism [10].

Among the factors that are likely to disrupt sleep are environmen-
tal factors (e.g., noise, lights), medical care related factors (e.g., early
morning wake up, drips, diagnostic procedures), patient factors (e.g.,
pain, constipation, urinary retention, dyspnoea, medications) and
metabolic or neurochemical abnormalities in conditions such as in-
fections. Specific symptoms or diseases, such as anxiety, depression,
dementia, delirium, Parkinson disease may also induce sleep alter-
ations.

Our study has been conducted in patients with COVID-19 char-
acterized by severe respiratory failure, kidney and heart damage and
an excessive inflammation. In this condition sleep disturbances are
found in almost 20% of hospitalized patients and were significantly
more common in elderly compared with younger patients and severe-
ly infected compared with non-severely infected. The causes of sleep
disturbances in COVID-19 patient may be environmental and biolog-
ical: patients are in a non-comfortable condition due to noise, to the
presence of the technological apparatus, to the precarious relations
with doctors and nurses, to the stress induced by the imposed separa-
tion from their relatives, and due to the acute disease, manly respira-
tory difficulties. The sum of these condition predisposes patients also
to delirium, as it has been reported [11].

Sleep reduction could exert an effect on life duration through dif-
ferent mechanisms. A direct role on inflammation in short sleepers is
biological plausible, as sleep loss has been previously associated with
increased blood pressure and heart rate, altered metabolic and endo-
crine, as well as catecholamine signaling, all inducing an increased
sympathetic activation, and a pro-inflammatory effect [12]. In fact,
markers of inflammation were significantly associated with reported
sleep duration. Interleukin-6 (IL-6) and Tumor Necrosis Factor (TNF)
alfa levels were higher in patients with reported sleep durations <6 or
>8 h per night. A similar but no significant trend was found for also
C-reactive Protein (CRP) [13].

A different possible mechanism may be ascribed to Angioten-
sin-Converting Enzyme 2 (ACE2), identified as the functional re-
ceptor for SARS-CoV-2 present in multiple human organs, including
nervous system and skeletal muscles. The expression and distribution
of ACE2 suggests that the SARS-CoV-2 may cause some neurologic
manifestations [14]. The data reported in this study could support this
interpretation, since the effect of sleep disturbances is independent
form other factors increasing mortality by them self, through a direct
biological effect of SARS-CoV-2 on brain function. Further studies
are needed to clarify the association between sleep disorders and mor-
tality in COVID19 patients, in any case, sleep disturbances should be
counted among the signs of poor prognosis.
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