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Abstract

Aim: This study aims to investigate sleep-related disorders and their possible causes after COVID-
19 infection.

Methods: The data of patients over the age of 18 with a history of COVID-19 infection who applied
to our Sleep Disorders Unit in the last 3 months were obtained retrospectively from anamnesis,
laboratory, imaging, and polysomnography examinations. The data of Pittsburgh sleep quality index
(PSQI), Epworth sleepiness scale and Beck anxiety inventory (BAI) tests of patients were included
in the study.

Results: After COVID-19 infection, in all patients, reason for admitting to our Sleep Disorders Unit
was complaints of insomnia. Another sleep-related disorder was determined in 64% of the patients
(Obstructive Sleep Apnea Syndrome (OSAS) is the most common with 52%). The history of the
chronic cardiorespiratory, cerebral, endocrine-metabolic disease was significantly higher in patients
having complaints of insomnia and another accompanying sleep-related disorders (68% vs 0%,
p=0.001). Also, the history of hospitalization in these patients was higher, although not statistically
significant (50% vs 11%, p=0.088). For all patients, the median BAI value and the mean PSQI value
were high (13 and 11.6, respectively), but no correlation was found between them (p=0.336).
Conclusions: The most common reason for sleep-related admission after COVID-19 infection is
complaints of insomnia and if there is a history of chronic cardiorespiratory, cerebral, endocrine-
metabolic disease and/or hospitalization because of COVID-19 infection, another accompanying
sleep-related disorders, especially OSAS, should investigate. Also, the severity of anxiety disorder
as a cause of insomnia complaints is not correlated with the deterioration in sleep quality.
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I ntroduction

Coronavirus disease (COVID-19) was ac-
cepted as a pandemic by the World Health
Organization on March 11, 2020. Severe
psychiatric and neuropsychiatric diseases in
patients with history of COVID-19 infec-
tion have been reported between 14% to
61% during infection and between 14.8%
and 76.9% after infection similar to other
coronavirus pandemics, such as Severe
Acute Respiratory Syndrome (SARS) and
Middle East Respiratory Syndrome
(MERS) L. Primary mental health disorders
in affected individuals include depression,
anxiety disorder, post-traumatic stress dis-
order (PTSD), insomnia, and sleep disor-
ders.

The prevalence of insomnia varies between
3.9% and 22% worldwide 2. The commu-
nity-based studies have shown the preva-
lence of insomnia during the COVID-19
pandemic is close to or higher than the up-
per limit of the worldwide prevalence of in-
somnia, varying between 19.1% and 37% %
5

Anxiety and depression stand out as the pri-
mary cause of insomnia during the COVID-
19 pandemic ®. In both cases, increased cog-
nitive arousals and changing cerebral mon-
oamine concentrations, as well as an in-
crease in proinflammatory cytokines caused
by psychological stressors such as C-reac-
tive protein (CRP), Tumor-necrosis factor
(TNF) and interleukin-6 (IL-6), neuroin-
flammation, irregularity of the hypotha-
lamic-pituitary-adrenal axis, genetic factors
and circadian rhythm irregularity may play
a role in the pathophysiology of insomnia "~
%, However, it is known that sleep-related
disorders, which can cause poor sleep qual-
ity such as insomnia, lead to increased sus-
ceptibility to depression and infectious pro-
cesses by increasing these proinflammatory
cytokines and causing changes in T lym-
phocyte expression and proliferation 101,
For this reason, early diagnosis and treat-
ment of sleep-related disorders, especially
insomnia that may occur during and after
COVID-19 infection, is essential in terms of

neurological, immunological and psycho-
logical processes.

This study aimed to evaluate possible sleep-
related disorders retrospectively in our pa-
tients who were followed up in the Sleep
Disorders Unit of our hospital in the last
three months and who had a history of
COVID-19 infection.

Materials and Methods

After the approval of Eskisehir Osmangazi
University, Faculty of Medicine, Clinical
Research  Ethics Committee  (Date:
26.10.2021, No: 05), the study was
organized according to the Principles of the
Declaration of Helsinki. All patients over
18 who applied to Eskisehir City Hospital
Sleep Disorders Unit between 15.01.2021
and 15.04.2021 and had a history of
COVID-19 Polymerase Chain Reaction
(PCR) test positivity were retrospectively
screened and included in the study. The
exclusion criteria were being younger than
18 years of age, being pregnant, using
medication that may cause sleep
disturbance, not having a sleep disorder
complaint, not having a history of COVID-
19 infection and insufficient data.

In all patients fulfilling including criteria in
the study, the reason for admitting to our
Sleep Disorders Unit was complaints of
insomnia. In addition, age, gender,
characteristics and duration of sleep
disturbance complaints, body mass indices,
history of hospitalization or intensive care
unit admission due to COVID-19 infection,
presence of an additional sleep-related
disease, chronic cardiac, respiratory,
cerebral, endocrine-metabolic disease and
psychiatric disorders were recorded. Data
for this study were collected using the
hospital information management system in
detail from patient's history, anamnesis,
laboratory, imaging and polysomnography
(PSG) examinations. All medications used
by the patients were noted. The data
obtained from the Pittsburgh sleep quality
index test (PSQI), Epworth sleepiness scale
(ESS) and Beck anxiety inventory (BAI)
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tests were included in the study. A clinical
neurophysiology specialist applied these
tests to all patients who applied with
complaints of insomnia.

The PSQI test, developed by Buysse et al.
12 is a scale consisting of 24 questions
evaluating sleep quality and disturbance in
the past month. Nineteen questions are self-
report questions, and five questions are
answered by spouse or roommates of the
patient. Questions answered by the spouse
or roommates are not included in the
scoring. PSQI includes seven components:
subjective sleep quality, sleep latency, sleep
duration, habitual sleep efficiency, sleep
disturbance, use of sleeping pills, and
daytime dysfunction. The score obtained
from these components varies between 0-
21. A total score above 5 indicates “poor
sleep quality”.

ESS, developed by Johns et al. 3, is a scale
consisting of 8 questions and indicates
daytime sleepiness. In each question, the
scoring method is the same. The probability
of falling asleep is calculated with scale. On
an ordinary day when the patient is not
excessively tired is given 0 points if there is
no probability of falling asleep, 1 point if it
is a low probability, 2 points if it is a
medium probability, and 3 points if it is a
high probability. A total score of 10 and
above indicates the presence of excessive
daytime sleepiness.

BAI, developed by Beck et al. 14, is a scale
consisting of 21 questions in total and in
which each question scoring between 0-3 is
used to measure the anxiety of the
individual. A total score of 8-15 indicates a
mild level of anxiety, between 16-25
indicates moderate anxiety, and between
26-63 indicates a high level of anxiety.

The data of type 1 PSG performed during
all night in laboratory conditions as well as
scored and reported according to the
guideline organized by American Academy
of Sleep Medicine (AASM) in 2020 *° were
included in the study in the patients
applying with complaints of insomnia
accompanied by symptoms including
snoring, witnessed apnea, waking from

sleep with shortness of breath, night sweats,
nocturia, restless sleep, and fatigue.
Statistical evaluation was analyzed using
the SPSS-24 (Statistical Package for the
Social Sciences) program. Categorical data
were compared using Fisher's exact test.
Non-parametric data were evaluated with
the Mann-Whitney U test, and parametric
data were evaluated with the Student-t and
One-way ANOVA test. Pearson correlation
analysis was used in the correlation analysis
of parametric data. According to the
analysis results, the p-value of 0.05 and
below was accepted as statistically
significant.

Results

A total of 25 patients who applied with the
complaints of insomnia after COVID-19
infection  between  15.01.2021 and
15.04.2021 were included in the study.

In the study, the first set of questions aimed
to evaluate the baseline characteristics of
the patients. As shown in Table 1, 16 (64%)
of the patients were female, and 9 were
male. Their mean age was 48+14 years, and
the median duration of insomnia complaints
was two months (Interquartile Range
[IQR]: 1.5-3 months). The mean body mass
index was 27+5.7 kg/m?.

A total of 9 patients (36%) had a history of
hospitalization due to COVID-19 infection,
and 2 (0.5%) patients needed treatment in
the intensive care unit (Table 1).

PSG examination was performed all night
in laboratory conditions in 16 patients
(64%) who had insomnia complaints
accompanied by symptoms such as snoring,
witnessed apnea, awakening from sleep
with shortness of breath, night sweats,
nocturia, restless sleep, and fatigue during
the day. According to the result of PSG and
clinical evaluation, at least one other sleep-
related disease accompanying insomnia
complaints was observed in 16 (64%)
patients. Further analysis showed the
presence of obstructive sleep apnea
syndrome (OSAS) in 13 patients (52%),
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Table 1. Demographic characteristics of all patients presenting with complaints of insomnia

Demographic characteristics (n=25)

Gender, female/male, n (%) 16/9 (64/36)
Age, years, mean (SD) 48 (14)
Insomnia duration, months, median (IQR) 2 (1.5-3)
Body mass index, kg/m2, mean (SD) 27 (5.7)
Number of patients with a history of hospitalization, n (%) 9 (36)
Number of patients treated in the Intensive Care Unit, n (%) 2(8)
Duration of hospitalization, days, mean (SD) 17.1 (13.7)

SD, Standard deviation; IQR, interquartile range

Mean values (SD) were used for parametric (normally distributed) data, and median values (IQR) for non-parametric (non-

normally distributed) data.

restless legs syndrome / Willis-Ekbom
disease (RLS/WED) in 3 patients (12%),
periodic limb movement disease (PLMD) in
2 patients (8%), and central sleep apnea
syndrome associated with Cheyne-Stokes
respiration in 1 patient (4%). According to
clinical and PSG data, while 10 patients
(40%) had a history of cardiorespiratory
and/or endocrine-metabolic diseases, 2
patients (8%) had a generalized anxiety
disorder, and 1 patient (4%) had epilepsy
(Table 2).

Patients who applied with the complaint of
insomnia after COVID-19 infection were
divided into those with and without
accompanying  sleep-related  disorders.
Demographic and clinical data of these two
groups were compared. Further statistical
tests revealed that chronic
cardiorespiratory/endocrine-
metabolic/cerebral disease history was
significantly higher in the group with a
history of the concomitant sleep-related
disease (p=0.001). The history of
hospitalization was also higher in this
group, although not statistically significant
(p=0.088). Two patients with a history of
hospitalization in the intensive care unit
were also in this group. Other demographic
and clinical data between the two groups
were similar and detailed in Table 3.

When sleep-related data were evaluated, it
was noted that the median value of
subjective sleep latency (sSL) was 60
minutes and increased, while the mean
value of subjective total sleep time (STST)
was 312 minutes and decreased. The mean

PSQI value was found to be high with
11.6+£3.2 and indicated poor sleep quality
and also, the median value of the BAI score
was high with 13 (IQR:6-26.5). The mean
ESS score was 4.6+3.7 and was low,
indicating decreased daytime sleepiness,
consistent with insomnia complaints (Table
4).

According to BAI scores, 5 patients had
mild anxiety, 5 patients had moderate anxi-
ety, and 6 patients had high anxiety
(10.8+3.1, 19.84+2.7, and 35.8+3.7, respec-
tively). The mean PSQI score of each group
was found to be high (1142.5, 11.445.1 and
12.5+5.6, respectively), but no significant
difference was found between the groups in
terms of PSQI score (p=0.803). Similarly,
no correlation was found between BAI and
PSQI scores in all patients with insomnia
and with or without anxiety (p=0.336).
Patients with insomnia complaints were
divided into two groups: those with a
history of hospitalization (n: 9, 36%) and
those without (n: 16, 64%). Both groups had
a high BAI score (18.2+12.2 and 9
[IQR:5.2-27.7], respectively, p=0.452) and
PSQI score (12 [IQR:9.5-16] and 11.1£2.9,
respectively, p=0.357).

However, no statistically significant
difference was found between the two
groups.

Patients with insomnia were also divided
into two groups: those with comorbid sleep-
related respiratory disorders (n:14, 56%)
and those without (n:11, 44%). When all
sleep-related data were compared, it was
observed that both groups had low sTST,
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Table 2. Distribution of comorbidities in patients presenting with complaints of insomnia

All patients diagnosed with insomnia (n:25)

Presence of sleep-related illness, n (%)* 16 (64)
Mild OSAS (AHI:5-14), n (%) 1(4)
Moderate-severe OSAS (AHI>15), n (%) 12 (48)
CSAS associated with Cheyne-Stokes respiration, n (%) 1(4)
RLS/WED, n (%) 3(12)
PLMD, n (%) 2(8)
Presence of chronic cardiorespiratory/endocrine disease, n (%) 10 (40)
Presence of chronic cerebral disease, n(%) 1(4)
Presence of psychiatric disorder, n (%) 2 (8)

OSAS, abstructive sleep apnea syndrome; AHI, apnea hypopnea index; CSAS, central sleep apnea syndrome; RLS/WED,
Restless legs syndrome / Willis-Ekbom disease; PLMD, periodic limb movement disorder
*Subgroup analysis indicates the presence of more than one accompanying sleep-related disease in a patient.

Table 3. Comparison of demographic characteristics of all patients with and without
accompanying sleep disorder diagnosed with insomnia

Patients without Patients with

0 concomitant concomitant p
Groups, n (%) sleep disorder  sleep disorders
9 (36) 16 (64)

Demographic characteristics

Gender, female/male, n (%)* 5/4 (55/45) 11/5 (68/32) 0.671
Age, years, mean (SD)** 43 (11.9) 50.8 (14.6) 0.187
Insomnia duration, months, mean (SD)** 2 (0.9) 24 (1.4) 0513
Body mass index, kg/m2, mean (SD)** 25.9 (3.9) 28.5(6.4) 0.290
Ergze)rlce of chronic cerebral/endocrine/cardiorespiratory disease, 0(0) 11(68) 0.001
Presence of psychiatric disorder, n (%)* 0(0) 2(12.5) 0.520
Number of patients with a history of hospitalization, n (%)* 1(11) 8 (50) 0.088
Number of patients treated in the Intensive Care Unit, n (%)* 0 (0) 2(12.5) 0.520

SD, Standard deviation; *Fisher's Exact test was used.**Student T test was used. Mean values (SD) were used for parametric
(normally distributed) data.

Table 4. Analysis of sleep-related data of all patients presenting with complaints of insomnia

Sleep-related data

sSL, minutes, median (IQR) 60 (60-165)
STST, minutes, mean (SD) 312 (109.2)
Pittsburgh sleep quality index score, mean (SD) 11.6 (3.2)
Epworth sleepiness scale score, mean (SD) 4.6 (3.7)
Beck anxiety inventory score, median (IQR) 13 (6-26.5)

SD, Standard deviation; IQR, interquartile range; sSL, subjective sleep latency; sTST, subjective total sleep time, Mean values
(SD) were used for parametric (normally distributed) data, and median values (IQR) for non-parametric (non-normally
distributed) data.
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Table 5. Comparison of sleep-related data in patients with and without sleep-related respiratory
disorder who presented with complaints of insomnia

Patients with
sleep-related

Patients without
sleep-related

breathing breathing p
disorders disorders
(n=11) (n=14)

sSL, minutes, median (IQR)* 60 (60-180) 75 (60-157.5) 0.851
STST, minutes, mean (SD)** 316.3 (146.5) 308.5 (73.8) 0.874
Pittsburgh sleep quality index score, mean (SD)** 11.1 (3.6) 12 (2.9) 0.540
Epworth sleepiness scale score, mean (SD)** 4.4 (3.2) 4.7 (4.1) 0.831
Beck anxiety inventory score, median (IQR)/mean (SD)* 8 (6-36) 15.2 (11.5) 0.687

SD, Standard deviation; IQR, interquartile range; sSL, subjective sleep latency; sTST, subjective total sleep time;
* Mann-Whitney U test was used. **T-test was used. Mean values (SD) were used for parametric (normally distributed) data,
and median values (IQR) for non-parametric (non-normally distributed) data.

high sSL, PSQI and BAI scores, but no
statistically significant difference was
found between the two groups (Table 5).

Discussion

Insomnia is a condition characterized by
complaints about sleep, which can occur
alone or as a result of many diseases such as
anxiety, depression, chronic pain, and sleep
apnea 8. Insomnia is diagnosed by the pres-
ence of symptoms associated with sleep
causing deterioration in at least one of the
patient's cognitive, mental, behavioral, so-
cial, occupational, and familial functions
such as difficulty initiating sleep, inability
to continue sleep, waking up early in the
morning, resistance to going to bed at the
appropriate sleep time ', For the diagnosis
of acute insomnia, these sleep-related com-
plaints that occur at least 3 times a week
should continue less than 3 months, and for
the diagnosis of chronic insomnia, these
complaints should continue longer than 3
months. The prevalence of insomnia varies
between 3.9% and 22% worldwide 2.

It has been shown in studies that mental dis-
orders and sleep-related disorders, espe-
cially insomnia, occur during and after
COVID-19 infection in people who are in-
fected with COVID-19. In these studies, it
has been reported that the prevalence of de-

pression is three times higher (15.97% vs
4.4%), anxiety disorder is four times higher
(3.6% vs 15.15%), and PTSD is five times
higher (21.94% vs 4%) in people infected
with COVID-19 compared to the general
population 2%, Community-based studies
have shown that the prevalence of insomnia
during the COVID-19 pandemic is close to
or higher than the upper limit of the world-
wide prevalence of insomnia. It varied be-
tween 19.1% and 37% 2>, In our study, the
reason for admission in all patients who ap-
plied to our Sleep Disorders Unit after
COVID-19 infection in the last 3 months
was complaints of insomnia and these re-
sults were consistent with the literature. In
our study, the mean duration of insomnia
complaints was determined as 2 months.
Consistent with general population, in this
study it was observed that the patients who
applied with insomnia complaints were pre-
dominantly female and were in the middle-
advanced age group . After detailed ques-
tioning of these patients who applied with
insomnia complaints, PSG examination was
performed on 16 patients. According to
clinical, PSG and laboratory data, two-
thirds (64%) of the patients had another
sleep-related disorder accompanying the
complaints of insomnia, and the most com-
mon sleep-related disorder was found to be
obstructive sleep apnea syndrome (OSAS)
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with 52%. The prevalence of OSAS is
around 10-15% in the general population in
this age group, and complaints of insomnia
in OSAS cases can reach up to 50% 2%,
According to our results, it was seen that the
frequency of OSAS in the COVID-19 pop-
ulation is higher than the prevalence of
OSAS in the general population, and one of
the most important symptoms in these pa-
tients may be insomnia rather than daytime
sleepiness. In our study, the patients were
divided into two groups as those with or
without a concomitant sleep-related disor-
der; it was observed that the rate of chronic
cardiorespiratory, cerebral and endocrine-
metabolic diseases was significantly higher
in the group with a concomitant sleep-re-
lated disorder. Also, it was observed that the
history of hospitalization was higher in this
group, although not statistically significant.
This has demonstrated that the patients ap-
plying with complaints of insomnia after
COVID-19 infection should be evaluated in
detail in terms of other underlying sleep-re-
lated disorders, especially OSAS, if they
have a history of chronic cardiorespiratory,
cerebral, endocrine-metabolic  disease
and/or hospitalization. In this group, effec-
tive treatment of comorbid sleep-related
respiratory disorders suggested that it could
both improve insomnia complaints and re-
duce the number and duration of hospitali-
zations during COVID-19 infection by con-
trolling the systemic effects of other comor-
bid chronic diseases.

Obijective sleep tests such as polysomnog-
raphy and actigraphy in diagnosing insom-
nia have less sensitivity and specificity than
the self-reports used to define insomnia .
Based on the self-reports of the person, the
diagnosis of insomnia can be mentioned if
the sleep latency and duration of wakeful-
ness after sleep onset are over 30 minutes 2°.
However, the PSQI is a test used effectively
to evaluate sleep quality and complaints of
insomnia. Consistent with the literature, in
our study, the median value of sSL is high
and 60 minutes and also the mean sTST has
reduced and is 312 minutes in patients who
applied insomnia complaints after COVID-

19 infection. In this study, the mean PSQI
test score has been determined as 11.6 in
these patients, indicating poor sleep quality.
In previous study have reported that 40% of
insomnia patients fulfill the criteria of any
psychiatric disorders; this rate is 23% for
major depression and 24% for anxiety dis-
orders 2. And also insomnia has determined
in 90% of the patients with major depres-
sion 2. Studies have shown that the preva-
lence of anxiety disorder in people with
COVID-19 infection is four times higher
than the general population (3.6% vs
15.15%) '8 Consistent with this, in our
study, the median value of the BAI score
used in evaluating anxiety disorder as a
cause of insomnia was found to be 13 and
increased. However, no correlation was
found between the severity of anxiety disor-
der and sleep quality. In addition, in our
study, although high anxiety levels and poor
sleep quality were detected in those with a
history of hospitalization as a cause of anx-
iety and those with respiratory disorder as-
sociated with sleep, no significant differ-
ence was found compared to those who did
not. In a study, PSQI scores of healthcare
workers employed in COVID-19 services
show correlation with BAI scores positively
28 In contrast, according to our results, the
association between PSQI and BAI scores
suggests that the effect of level of anxiety
disorders on deterioration of sleep quality is
subjective and this suggests that treating
mild anxiety disorder after COVID-19 in-
fection could effectively ameliorate severe
insomnia complaints.

The limited number of patients and the fact
that PSG was not performed on all patients
can be counted among the limitations of the
study. Our study is single-center, and we
consider that it would be beneficial to ex-
pand our study with a multicenter study, in-
cluding more patients. In addition, PSG was
not routinely applied to patients with only
insomnia complaints, except for the patients
in whom considered a diagnosis of paradox-
ical insomnia as well as the patients with
symptoms accompanying insomnia com-
plaints and suggesting the presence of an-
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other sleep-related disease. Therefore, we
consider that a prospective study in which
PSG will be performed as a routine will pro-
vide more objective data about complaints
associated with sleep of the patients. Thus,
we believe that a multicenter and prospec-
tive study will support our study. In this
study, the demographic and clinical charac-
teristics of all patients with complaints of
insomnia were compared to the literature.
And also, patients with complaints of in-
somnia and concomitant sleep-related dis-
orders generated the control group of study
and, therefore, in the second stage of the
study, the demographic and clinical charac-
teristics of all patients with insomnia com-
plaints were evaluated according to the
presence of accompanying sleep-related
disorders.

Conclusion

In summary, the study showed that the most
common sleep-related symptom after
COVID-19 infection was insomnia. If these
patients presenting with complaints of in-
somnia have a history of chronic cardi-
orespiratory, cerebral, endocrine-metabolic
disease and/or hospitalization, should in-
vestigate in terms of another sleep-related
disease, especially OSAS. The effective
treatment of these comorbid sleep-related
diseases provides improving complaints of
insomnia and also can play an effective role
in reducing the number and duration of hos-
pitalizations due to COVID-19 infection via
controlling the systemic effects of other
chronic diseases. In addition, it has been
shown that anxiety disorder occurring after
COVID-19 infection causes different levels
of insomnia and thus poor sleep quality in
patients. Therefore, we also suggest that
treating mild anxiety disorder after COVID-
19 infection may effectively cure severe in-
somnia complaints.
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