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Abstract: Objectives: The objective of this study was to determine the clinical and endocrinological
features of sleep disturbance in patients with long COVID. Methods: This study was a single-center
retrospective observational study for patients who visited the COVID-19 aftercare outpatient clinic
(CACQ) established in Okayama University Hospital in Japan during the period from 15 February 2021
to 29 July 2022. The long COVID patients were divided into two groups based on the presence or
absence of sleep disturbance, and the clinical and laboratory characteristics of the patients were
analyzed. Results: Out of 363 patients with long COVID, after excluding 6 patients, 60 patients
(16.5%) (55% males, median age of 38 years) complaining of sleep disturbance were compared
with 303 patients (83.5%) (43% males, median age of 40 years) without sleep-related symptoms.
Although there were no significant differences in clinical backgrounds and severities of COVID-19
between the two groups by the multivariate analysis, the percentage of long COVID patients with
sleep disturbance was significantly increased among patients infected in the Omicron-dominant
phase. In addition, the prevalence rate of sleep disturbance in patients when infected in the Omicron
phase (24.8%) was two-times higher than that in patients infected in the Delta phase (12.8%). Of
note, the percentages of patients with sleep disturbance who also complained of general fatigue,
headache, concentration loss, anxiety, low-grade fever, and brain fog symptoms were higher than the
percentages of patients without sleep disturbance who had the same complaints. Among the types of
sleep disturbance, the percentage of patients who complained of loss of sleep induction (75%) was
much higher than the percentage of patients with early-awakening sleep disturbance (6.7%), and
many of the patients with mid-awakening types of insomnia had brain fog symptoms. Endocrine
examinations revealed that long COVID patients with sleep disturbance had significantly higher
levels of plasma adrenocorticotropin and lower levels of serum growth hormone, suggesting the
presence of hypothalamic—pituitary stress. Conclusion: The prevalence of sleep disturbance has
been increasing in long COVID patients infected in the Omicron phase with a certain clinical and
endocrine trend.

Keywords: insomnia; myalgic encephalomyelitis; chronic fatigue; long COVID; Omicron variant;
post COVID-19 condition

1. Introduction

It has been almost three years since the declaration of a coronavirus disease 2019
(COVID-19) pandemic by the World Health Organization (WHO), and the cumulative
number of infected people worldwide exceeded 600 million, including 20 million in Japan,
as of September 2022 (https://covid19.who.int/table, accessed on 23 September 2022).
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COVID-19 also causes prolonged symptoms called either long COVID, post-acute seque-
lae of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) (PASC), or post
COVID-19 condition (PCC) [1]. Such prolonged conditions have been experienced in ap-
proximately one-third of COVID-19 patients, even a few months after the acute phase of
infection [2,3]. In a recent cohort study in the Netherlands, it was found that persistent
symptoms attributed to COVID-19 occurred in 12.7% of infected patients by considering
the pre-infection conditions and the symptom dynamics of uninfected controls [4].

A systematic review of post-acute symptoms of COVID-19 [5] showed that there were
more than thirty symptoms and signs in post-acute COVID-19. The common manifesta-
tions were fatigue, dyspnea, alopecia, hyperhidrosis, insomnia, anxiety, and arthralgia, and
insomnia had the second-highest frequency (26%) [5]. Another systematic review [6] that
included information from 32 countries showed that there was an increase in the prevalence
of mental health issues in the general population during the COVID-19 pandemic, with
estimated global prevalence of depression, anxiety, and sleep problems of 27% to 28%,
indicating that social and economic burdens during and after epidemics or pandemics
have a great global impact. Among these frequent symptoms of long COVID, insomnia
has recently been recognized as a neuropsychological disorder leading to various medical
issues including cognitive impairments, emotional distress, negative thoughts, and further
medical disorders [7]. In addition, sleep disturbance has been reported in various popula-
tions, not only in the acute phase of infection, but also in the chronic phase after recovery
from acute symptoms [8].

However, the characteristics of long COVID patients with sleep disturbance have yet
to be elucidated. We have established a COVID-19 aftercare outpatient clinic (CAC) and
reported the clinical characteristics of long COVID patients. It was found that the major
complaints in the early period of the COVID-19 pandemic were fatigue and anxiety [9]
and that the severity of the infection status affected the number and duration of persistent
symptoms [10]. The frequency of each symptom of long COVID has been changing with the
emergence of new variants of SARS-CoV-2 [11]. Moreover, we have shown that endocrine
factors including anterior pituitary, adrenal and thyroid hormones [12], and male androgen
levels [13,14] might be related to the fatigue symptoms of long COVID.

The aim of the present study was to determine the characteristics of sleep disturbance
in patients with long COVID by focusing on the clinical backgrounds and endocrine data
and to clarify the changes in clinical manifestations in long COVID patients who were
infected in the different phases.

2. Methods
2.1. Study Design and Inclusion of Patients

This study was a retrospective observational study conducted in a single hospital.
We reviewed medical records of patients who visited our CAC during the period from
15 February 2021 to 29 July 2022. Long COVID was defined as symptoms that persist
for more than four weeks after the onset of COVID-19. We obtained information on age,
sex, body mass index (BMI), current habits of smoking and drinking, COVID-19-related
hospitalization, therapeutic use of corticosteroids or oxygen in the acute phase, severity of
COVID-19, history of COVID-19 vaccination, number of days between onset of COVID-19
and first CAC visit, and clinical symptoms of PCC. The severity of the acute phase of
COVID-19 was classified according to the criteria defined by the Ministry of Health, Labour
and Welfare in Japan [15].

Clinical symptoms of long COVID were identified through a physician’s face-to-face
careful medical interview. Based on individual interviews, long COVID patients whose
chief complaints involved insomnia were classified as patients having a sleep disturbance.
Based on the patients’ subjective complaints, sleep disturbances were further separated
into four types including disturbed sleep induction, mid-awakening, decreased deep sleep,
and early-awakening types of insomnia. The presence of “brain fog” symptoms was
carefully determined by individual interview, based on complaints of the subjective feeling
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of concentration difficulty and impaired ability to concentrate and/or think; namely, being
mentally slow, fuzzy, or spaced out, affecting the patient’s ability to think or concentrate
with a dull headache [16]. The onset of COVID-19 in the patients was divided into three
groups based on the epidemiological aspects of COVID-19 in Okayama Prefecture in
Japan: preceding period; Delta-dominant period; and Omicron-dominant period [11].
The preceding period is the period from the ancestral strain to the Alpha strain, before
18 July 2021; the Delta-dominant period is the period from 19 July 2021 to 31 December
2021, when the Delta variants were dominant after the Alpha-dominant phase; and the
Omicron-dominant period is the period after 1 January 2022, when the Omicron variants
were dominant in Okayama Prefecture, Japan.

2.2. Endocrine Examination

The examinations of circulating hormones were determined by each physician for
evaluating various endocrine disorders. Blood collections were carefully performed in a
relaxed sitting position around late morning to early afternoon time in the same way when
the patients visited our clinic. The auto-analyzer system Cobas 8000 (F. Hoffmann-La Roche
AG, Basel, Switzerland) was used for measuring hormone levels at the Central Laboratory of
our facility. As reported previously [12], assays for plasma adrenocorticotropin (ACTH) and
serum cortisol were performed by an electro-chemiluminescence immunoassay (ECLIA)
using Elecsys ACTH and Elecsys Cortisol II kits (F. Hoffmann-La Roche AG), respectively.
The assays for serum free-thyroxin (FT4) and thyrotropin (TSH) were performed by Elecsys
FT4 Il and TSH kits, and the assays for serum GH and IGF-I were completed by Elecsys
GH and IGF-I kits (F. Hoffmann-La Roche AG), respectively. Serum levels of IGF-I were
then calculated to the values of standard deviation (SD) [17].

2.3. Statistical Analysis

For all the statistics, EZR, version 1.40 (Saitama Medical Center, Jichi Medical Uni-
versity, Saitama, Japan), a graphical user interface for R (The R Foundation for Statistical
Computing, Vienna, Austria), was utilized [18]. This system is modified from R comman-
der, including frequently used functions in the biostatistical analysis. To compare the
clinical backgrounds of patients with, and those without, sleep disturbance, the percentages
of patients with sleep disturbance in the three variant phases, the percentages of major
symptoms accompanied by, and not accompanied by, sleep disturbance, the percentages of
patients with the four types of insomnia, and the hormonal characteristics of patients with,
and those without, sleep disturbance, the Mann-Whitney U test and Pearson’s x? test were
performed for non-normal distributed variables and for categorical variables, respectively.
In addition, to investigate an associating factor for the sleep disturbance, we incorporated
six factors (gender, smoking habit, alcohol drinking habit, severity (moderate and severe
cases versus mild cases), infected periods (Omicron phase versus others), and vaccination
(2 doses or more versus 1 dose or less)) into the logistic regression model. The thresholds
for statistical significance were defined as * p < 0.05 and ** p < 0.01.

2.4. Ethical Approval

This study was approved by the Ethics Committee of Okayama University Hospital
(No. 2105-030) and adhered to the Declaration of Helsinki. Information on the protocol of
this study was provided on the website of our hospital and on the clinic wall in our hospital.
Because of the anonymization of the patients’ data, informed consent from the patients was
not necessary, and the patients who wished to opt out were offered the opportunity.

3. Results

Data for the 369 patients who visited our CAC during the study period were obtained
from medical records. We excluded six patients, including two patients who visited our
CAC within four weeks after onset of COVID-19, two patients who were under ten years
of age, and two patients who had insufficient available data. The clinical backgrounds of
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the remaining 363 patients are shown in Table 1. The eligible cases were classified into
two groups: one group with complaints of sleep disturbance (60 patients) and one group
without complaints of sleep disturbance (303 patients). There were no significant differences
between the two groups in age, gender, BMI, smoking and alcohol habits, and number
of days from infection to the first visit to the CAC. COVID-19 acute phase conditions,
including the hospital admission rate, the percentage of patients who received oxygen
and/or steroid therapy, and the severity of COVID-19, were also not significantly different
between the two groups. The percentage of patients suffering from sleep disturbance was
significantly higher in patients infected in the Omicron-dominant period than those infected
in the preceding phase and the Delta-dominant phase. Histories of COVID-19 vaccination
and the doses did not affect the prevalence of sleep disturbance in the symptoms of long
COVID (Table 1).

Table 1. Backgrounds of long COVID patients with, and those without, sleep disturbance.

Sleep Disturbance p Value
Sleep disturbance, 1 (%) No: 303 (83.5%) Yes: 60 (16.5%)
Age, median (IQR) 40 (26.5-50) 38 (22.75-49.5) 0.504
o Male 131 (43.2%) Male 33 (55%)
Gender, 7 (%) Female 172 (56.8%)  Female 27 (45%) 0.126
BMI, median (IQR) 22.9 (20.4-26.0) 23.5 (20.4-26.8) 0.948
Smoking habit, 1 (%) 145 (47.9%) 26 (43.3%) 0.617
Alcohol-drinking habit, 2 (%) 109 (36.0%) 26 (43.3%) 0.352
Days after onset to first visit, median (IQR) 88 (55.5-131.5) 71.5 (50.75-102.75) 0.0698
COVID-19-related clinical background
Admission, 7 (%) 80 (26.4%) 13 (21.7%) 0.545
Steroid and/or O, therapy, 1 (%) 43 (14.2%) 9 (15%) 1.00
. o Mild 236 (77.9%) 52 (86.7%)
Severity, n (%) Moderate/Severe 67 (22.1%) 8 (13.3%) 0174
A Preceding 96 (31.7%) 13 (21.7%) 0.164
I“feCted(}j")*“Ods' Delta-dominant 116 (38.3%) 17 (28.3%) 0.189
ni% Omicron-dominant 91 (30.0%) 30 (50.0%) ** <0.01
Vaccinations None 136 (44.9%) 25 (41.7%) 0.752
1 (%) ’ 2 doses or more 138 (45.5%) 30 (50.0%) 0.572
° Unknown 5 (1.65%) 1(1.67%) 1.00

Medians [IQR: interquartile ranges] and percentages (%) are shown. BMI: body mass index; COVID-19: coron-
avirus disease 2019. The Mann-Whitney U test and x? test were performed when appropriate for statistics, and **
p < 0.01 indicates statistically significant differences.

The percentages of patients with sleep disturbance at the first CAC visit in the three
groups of viral variant phases are shown in Table 1 and Figure 1. The percentage of long
COVID patients with sleep disturbance was significantly higher in the patients infected
in the Omicron-dominant phase (30 of 60 patients: 50.0%) than in the patients infected in
the Delta-dominant phase (17 of 60 patients: 28.3%) and patients infected in the preceding
phase (13 of 60 patients: 21.7%; Figure 1A). The incidence rate of sleep disturbance was, sig-
nificantly, two-times higher in patients in the Omicron-dominant phase (30 of 121 patients:
24.8%) than those in the Delta-dominant phase (17 of 133 patients: 12.8%), and those in
the preceding phase (13 of 109 patients: 11.9%; Figure 1B). However, as a result of the
multivariate analysis, all the factors included were revealed to be not related with the sleep
disturbance (Table 2).
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Figure 1. Percentage of patients with sleep disturbance in long COVID patients infected in each
variant phase. (A) The percentage of long COVID patients with sleep disturbance in patients infected
in each variant-based phase is shown. (B) Frequency of sleep disturbance in long COVID patients
infected in each variant phase is shown. The preceding period was the period from the ancestral
strain to the Alpha strain, before 18 July 2021; the Delta phase was the period from 19 July 2021 to
31 December 2021, when the Delta variants were dominant after the Alpha-dominant phase; and the
Omicron phase was the period after 1 January 2022, when the Omicron variants were dominant in
Okayama Prefecture, Japan. The x2 test was performed for each symptom between the groups and
* p < 0.05 was considered as statistically significant.

Table 2. Multivariate analysis to investigate factors associated with the sleep disturbance.

Odds Ratio (95% Confidence Interval) p Value
Gender (male) 1.58 (0.87-2.86) 0.13
Smoking habit 0.70 (0.38-1.30) 0.26
Alcohol-drinking habit 1.52 (0.83-2.80) 0.17
Severity (moderate and severe) 0.41 (0.14-1.17) 0.09
Infected periods (Omicron phase) 1.76 (0.62-4.97) 0.29
Vaccination (2 doses or more) 0.90 (0.57-1.41) 0.64

A multivariate logistic regression model was used to identify variables associated with sleep disturbance.

The presence of other comorbidity symptoms accompanying sleep disturbance was
also analyzed (Figure 2). Of note, the percentages of patients with sleep disturbance who
also complained of general fatigue (85%), headache (45%), concentration loss (18.3%), anxi-
ety (13.3%), and low-grade fever (11.7%) were significantly higher than the control patient
without the sleep disturbance (Figure 2A). Among severe fatigue and neuropsychiatric
symptoms, impairment in cognitive functions has been recognized as a sort of syndrome of
“brain fog” [19], which is also related to sleep disturbance. Of interest, brain fog symptoms
were significantly more frequent in the patients with sleep disturbance (48.3%) than in
those without sleep disturbance (19.5%; Figure 2B).

Sleep disturbance was further divided into four types of insomnia (Figure 3). Among
the four types of sleep disturbance, the percentage of patients with loss of sleep induc-
tion (45 of 60 patients: 75%) was much higher than the percentage of patients with an
early-awakening condition (4 of 60 patients: 6.7%; Figure 3A). Brain fog symptoms were
significantly more frequent in patients with mid-awakening insomnia (72%) than those
with disturbed sleep induction (40%; Figure 3B).
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Figure 2. Major symptoms accompanying sleep disturbance in patients with long COVID.
(A) Percentages of patients with major long COVID symptoms in long COVID patients with and
those without sleep disturbance. (B) Prevalence of brain fog symptoms in long COVID patients with,
and those without, sleep disturbance. The x? test was performed for each symptom between the
groups and * p < 0.05 and ** p < 0.01 were considered as statistically significant.
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Figure 3. Types of insomnia in long COVID patients with sleep disturbance. (A) Four types of sleep
disturbance, including disturbed sleep induction, mid-awakening, decreased deep sleep, and early
awaking in long COVID patients with insomnia. (B) Prevalence of brain fog symptoms in long
COVID patients with each type of insomnia. The x? test was performed for each symptom between
the groups and * p < 0.05 was considered as statistically significant.

Moreover, as shown in Figure 4, the results of endocrine examinations obtained
from 344 out of 369 patients revealed that long COVID patients with sleep disturbance
(59 patients) had significantly higher levels of plasma ACTH and lower levels of serum GH
than those in patients without sleep disturbance (285 patients). On the other hand, serum
FT4 levels tended to be slightly, but not significantly (p = 0.0552), higher in the long COVID
patients with sleep disturbance. Serum levels of cortisol, IGF-I, and TSH, and the ratios of
ACTH/ cortisol, and FT4/TSH were not significantly different between the two groups.
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Figure 4. Hormonal trends in long COVID patients with sleep disturbance and those without sleep
disturbance. Circulating levels of adrenocorticotropin (ACTH), cortisol, growth hormone (GH),
insulin-like growth factor (IGF)-I, free thyroxin (FT4), and thyrotropin (TSH) were shown on the long
COVID patients with (Yes) and those without (No) sleep disturbance. The upper horizontal line of
the box: the 75th percentile; the lower horizontal line of the box: the 25th percentile; the horizontal
bar within the box: the median; the upper horizontal bar outside the box: the maximum value within
1.5-times the interquartile range; and the lower horizontal bar outside the box: the minimum value
within 1.5-times the interquartile range. The Mann-Whitney U test was performed and * p < 0.05
indicated a statistically significant difference between the indicated groups.

4. Discussion

The aim of this study was to determine the clinical characteristics of sleep disorders
in patients with long COVID based on data obtained in a single-center retrospective ob-
servational study for patients who visited our hospital. Of 363 patients with long COVID
who visited our outpatient clinic, 60 patients (16.5%) complained of sleep disturbance.
Results of previous studies have shown that the proportions of COVID-19 patients with
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sleep disturbances during the pandemic ranged from 11% to 75% [5,6,20-23]. A systematic
review showed that the prevalence of sleep problems caused by the COVID-19 pandemic
has been as high as 40% of the general population, and health care workers have also been
affected by sleep problems [20]. Although there have been several reports related to sleep
disturbances after COVID-19, our study is quite unique in that the clinical characteris-
tics of sleep disturbance among the long COVID symptoms related to the viral variants
were evaluated.

Of note, the proportion of long COVID patients with sleep disturbance was 50%
among patients infected in the Omicron-dominant phase, although there were no significant
differences in the multivariate analysis adjusting for other factors. The prevalence of sleep
disturbance was two-times higher in patients infected in the Omicron phase (24.8%) than
in patients infected in the Delta phase (12.8%), suggesting that sleep disturbance is one of
the characteristic symptoms of long COVID in patients infected in the Omicron-dominant
phase. A prospective observational study showed that the patients with COVID-19 in
the acute phase who were infected during the period of Omicron variant dominance had
less frequent loss of smell, more frequent sore throat, and a lower rate of hospitalization
than the patients who were infected during the period of Delta variant dominance [24,25],
suggesting that the Omicron and Delta variants have different features in the acute phase
as well as the chronic phase. Another case-control observational study showed that the
incidence of long COVID at 28 days after diagnosis of COVID-19 in COVID-19 patients
who were infected during the Omicron-dominant period (4.5%) was less than half of that in
COVID-19 patients who were infected during the Delta-dominant period (10.8%) [26]. On
the other hand, the results of retrospective studies in patients with COVID-19 for 2 years
showed increased risks of psychotic disorders, cognitive damage, dementia, and epilepsy,
and that the neuropsychiatric outcomes were almost similar in the Delta- and Omicron-
dominant phases [27].

In the present study, many long COVID patients with sleep disturbance complained
of other symptoms including general fatigue, headache, concentration loss, anxiety, low-
grade fever, and brain fog symptoms. The results of this study also revealed that the
proportions of patients with sleep disturbance who complained of general fatigue and
brain fog symptoms were higher than the proportions of patients without sleep-related
symptoms who had the same complaints. Among the types of sleep disturbance, loss
of sleep induction was the most frequent (in 75% of the patients). Clinically, insomnia
has been considered as one of the major psychiatric disorders, with the main symptoms
being perceived sleep dissatisfaction and difficulty in initiating or maintaining sleep [28,29];
additionally, the incidence is higher in young adults as shown in the present study in
which the median age of patients with sleep disturbance was 38 years. The present results
regarding the types of sleep disturbance provide possible clues for selecting prescriptions
of sleep inducers for patients with insomnia related to long COVID.

We also found that the proportion of long COVID patients with loss of sleep induction
(75%) was higher than the proportion of patients with early-awakening types of insomnia
(6.7%). Of interest, brain fog symptoms were more frequent in patients with mid-awakening
(72%) types of insomnia than in patients with sleep induction failure (40%) in the present
study. Such a clinical condition complicated with sleep disorders and brain fog may arise
from a combined mechanism of biological and psychological damages [19]. A persistent
systemic inflammatory state [30], in addition to social isolation and trauma during acute
infection and chronic fatigue [31], might be complexly and individually involved in the
neuropsychiatric symptoms, especially in patients with sleep disturbances.

In our earlier study on fatigue due to long COVID, the prevalence rate of myalgic
encephalomyelitis /chronic fatigue syndrome (ME/CFS) was calculated to be 16.8%, based
on data for 279 patients with long COVID [32]. ME/CEFS is characterized not only by
fatigue, but also by sleep disturbance, and various types of pain and neurological /cognitive
dysfunction, and persists for more than six months [32]. The increase in long COVID
patients suffering from fatigue with insomnia in the Omicron phase suggests that attention
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should be paid to the possibility of development of ME/CFS in long COVID patients
complaining of sleep disorders.

It was also revealed that patients with sleep disturbance had significantly higher levels
of plasma ACTH but lower levels of serum GH, suggesting that increased stress on the
hypothalamic—pituitary axis accelerated corticotrope activity but suppressed somatotropin
function in the pituitary. In our earlier study on hormonal data for long COVID patients [12],
fatigue and depression scores were found to be correlated with serum levels of FT4 and
cortisol, respectively, and patients complaining of general fatigue showed lower levels of
serum GH. Considering the results of the present study, showing that long COVID patients
had significantly higher levels of ACTH but lower GH secretion, long COVID may be
linked to functional alteration of the hypothalamic—pituitary axis under the condition of
prolonged stress and its resilience [33].

As for the relationships of endocrinological and neurological aspects, COVID-19 seems
to affect the hypothalamic—pituitary—adrenal (HPA) axis, which is stimulated by various
stresses and can influence the emotional conditions in patients with COVID-19 [34]. Mi-
croglia, immune effector cells in the central nervous system, express corticotropin-releasing
hormone (CRH) receptors that might be activated by the stress caused by COVID-19 [34].
Given that microglia interact with mast cells in the brain leading to neuroinflammation,
activation of the hypothalamic microglia might lead to cognitive dysfunction and brain fog
symptoms, as seen in cases of mast cell activation syndrome [34].

The present study has the following limitations. First, since this study was a single-
center retrospective study conducted in Japan, there are limitations on the data that can
be obtained by medical records. A multicenter prospective study would be ideal to ex-
amine the entire population of long COVID patients. Second, since blood sampling for
hormonal evaluation was performed only once when the patients visited our outpatient
clinic, circadian changes associated with sleep disturbance could not be taken into account.
Third, we classified infections with the Omicron and Delta variants on the basis of the
prevalence period, not by genetic testing of the strains individually. Fourth, the precise
intervals after vaccinations were not considered when the number of vaccinations was
examined. Fifth, discrepancies in the definitions of cognitive dysfunctions such as brain
fog may limit the accuracy of estimation of each related manifestation. A standardized
definition of brain fog using quantitative neurological tests and sleep-pattern analysis using
polysomnography would be needed in future studies. Sixth, we only counted the patients’
subjective complaints of insomnia as sleep disturbance, which might have underestimated
milder symptoms of sleep disturbance being masked by other more prominent symptoms.

Collectively, we uncovered that 16.5% of total patients with long COVID, reaching
up to half of those in the Omicron-dominant phase, complained of sleep disturbance.
Three-fourths of the patients with insomnia suffered from sleep induction failure, and the
presence of the insomnia appeared to be associated with the fatigue-related symptoms
of long COVID, such as headache, poor concentration, anxiety, and brain fog. Notably,
our endocrine data indicated that these manifestations could be associated with increased
stress of the hypothalamic—pituitary axis. Further study would be necessary to clarify the
biological underlying mechanism for the increased frequency of sleep disturbance in long
COVID patients in the Omicron-dominant phase.

Author Contributions: N.S. and F.O. conceived and designed the study; N.S., Y.N., Y.O., K.T,, Y.S,,
YM., TH,, D.O. and K.O. performed data collection; N.S., H.H. (Hiroyuki Honda), Y.O. and EO.
analyzed the data; N.S. and F.O. wrote the paper; and H.H. (Hideharu Hagiya), K.U. and H.K. revised
the paper. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: This study was conducted in accordance with the Declaration
of Helsinki and approved by the Ethics Committee of Okayama University Hospital (No. 2105-030).

Informed Consent Statement: Informed consent from the patients was not necessary, due to the
anonymization of data. Information regarding the present study was provided on the clinic wall in



J. Clin. Med. 2022, 11, 7332 10 of 11

our hospital wall and on the website of our hospital, and patients who wished to opt out were offered
that opportunity.

Data Availability Statement: Detailed data will be available if requested from the corresponding author.

Acknowledgments: We are sincerely grateful to the clinical and office staff at the Department of
General Medicine who contributed to the present work.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Soriano, J.B.; Murthy, S.; Marshall, J.C.; Relan, P; Diaz, ].V.; WHO Clinical Case Definition Working Group on Post-COVID-19
Condition. A clinical case definition of post-COVID-19 condition by a Delphi consensus. Lancet Infect. Dis. 2022, 22, e102—e107.
[CrossRef] [PubMed]

Carfi, A.; Bernabei, R.; Landi, F; The Gemelli Against COVID-19 Post-Acute Care Study Group. Persistent Symptoms in Patients
after Acute COVID-19. JAMA 2020, 324, 603-605. [CrossRef]

Nalbandian, A.; Sehgal, K.; Gupta, A.; Madhavan, M.V.; McGroder, C.; Stevens, ].S.; Cook, J.R.; Nordvig, A.S.; Shalev, D.;
Sehrawat, T.S.; et al. Post-acute COVID-19 syndrome. Nat. Med. 2021, 27, 601-615. [CrossRef]

Ballering, A.V.; van Zon, S.K.R.; Olde Hartman, T.C.; Rosmalen, ].G.M.; Lifelines Corona Research, I. Persistence of somatic
symptoms after COVID-19 in the Netherlands: An observational cohort study. Lancet 2022, 400, 452—461. [CrossRef]

Almas, T.; Malik, J.; Alsubai, A.K,; Jawad Zaidi, S.M.; Igbal, R.; Khan, K.; Ali, M.; Ishaq, U.; Alsufyani, M.; Hadeed, S.; et al.
Post-acute COVID-19 syndrome and its prolonged effects: An updated systematic review. Ann. Med. Surg. 2022, 80, 103995.
[CrossRef] [PubMed]

Nochaiwong, S.; Ruengorn, C.; Thavorn, K.; Hutton, B.; Awiphan, R.; Phosuya, C.; Ruanta, Y.; Wongpakaran, N.; Wongpakaran,
T. Global prevalence of mental health issues among the general population during the coronavirus disease-2019 pandemic: A
systematic review and meta-analysis. Sci. Rep. 2021, 11, 10173. [CrossRef] [PubMed]

Vaziri, Z.; Nami, M.; Leite, ].P.; Delbem, A.C.B.; Hyppolito, M.A.; Ghodratitoostani, I. Conceptual Framework for Insomnia: A
Cognitive Model in Practice. Front. Neurosci. 2021, 15, 628836. [CrossRef] [PubMed]

Huynh, G.; Nguyen, H.V.; Vo, L.Y.; Le, N.T.; Nguyen, H.T.N. Assessment of Insomnia and Associated Factors among Patients
Who Have Recovered from COVID-19 in Vietnam. Patient Prefer. Adherence 2022, 16, 1637-1647. [CrossRef]

Otsuka, Y.; Tokumasu, K.; Nakano, Y.; Honda, H.; Sakurada, Y.; Sunada, N.; Omura, D.; Hasegawa, K.; Hagiya, H.; Obika,
M.; et al. Clinical Characteristics of Japanese Patients Who Visited a COVID-19 Aftercare Clinic for Post-Acute Sequelae of
COVID-19/Long COVID. Cureus 2021, 13, €18568. [CrossRef]

Sakurada, Y.; Sunada, N.; Honda, H.; Tokumasu, K.; Otsuka, Y.; Nakano, Y.; Hanayama, Y.; Furukawa, M.; Hagiya, H.; Otsuka, F.
Serial Changes of Long COVID Symptoms and Clinical Utility of Serum Antibody Titers for Evaluation of Long COVID. J. Clin.
Med. 2022, 11, 1309. [CrossRef]

Nakano, Y.; Otsuka, Y.; Honda, H.; Sunada, N.; Tokumasu, K.; Sakurada, Y.; Matsuda, Y.; Hasegawa, T.; Ochi, K.; Hagiya, H.; et al.
Transitional changes of fatigue-related symptoms due to long COVID: A single-center retrospective observational study in Japan.
Medicina 2022, 58, 1393. [CrossRef] [PubMed]

Sunada, N.; Honda, H.; Nakano, Y.; Yamamoto, K.; Tokumasu, K.; Sakurada, Y.; Matsuda, Y.; Hasegawa, T.; Otsuka, Y.; Obika, M.;
et al. Hormonal trends in patients suffering from long COVID symptoms. Endocr. J. 2022, 69, 1173-1181. [CrossRef] [PubMed]
Yamamoto, Y.; Otsuka, Y.; Sunada, N.; Tokumasu, K.; Nakano, Y.; Honda, H.; Sakurada, Y.; Hagiya, H.; Hanayama, Y.; Otsuka, F.
Detection of Male Hypogonadism in Patients with Post COVID-19 Condition. J. Clin. Med. 2022, 11, 1955. [CrossRef] [PubMed]
Soejima, Y.; Otsuka, Y.; Tokumasu, K.; Nakano, Y.; Harada, K.; Nakamoto, K.; Sunada, N.; Sakurada, Y.; Hasegawa, K.; Hagiya,
H.; et al. Late-Onset Hypogonadism in a Male Patient with Long COVID Diagnosed by Exclusion of ME/CFS. Medicina 2022,
58,536. [CrossRef]

Kato, Y. Case Management of COVID-19 (Secondary Version). JMA |. 2021, 4, 191-197. [CrossRef]

Asadi-Pooya, A.A.; Akbari, A.; Emami, A.; Lotfi, M.; Rostamihosseinkhani, M.; Nemati, H.; Barzegar, Z.; Kabiri, M.; Zeraatpisheh,
Z.; Farjoud-Kouhanjani, M.; et al. Long COVID syndrome-associated brain fog. J. Med. Virol. 2022, 94, 979-984. [CrossRef]
Isojima, T.; Shimatsu, A.; Yokoya, S.; Chihara, K.; Tanaka, T.; Hizuka, N.; Teramoto, A.; Tatsumi, K.I.; Tachibana, K.; Katsumata,
N.; et al. Standardized centile curves and reference intervals of serum insulin-like growth factor-I (IGF-I) levels in a normal
Japanese population using the LMS method. Endocr. |. 2012, 59, 771-780. [CrossRef]

Kanda, Y. Investigation of the freely available easy-to-use software “EZR” for medical statistics. Bone Marrow Transpl. 2013, 48,
452-458. [CrossRef]

Premraj, L.; Kannapadi, N.V.; Briggs, ].; Seal, S.M.; Battaglini, D.; Fanning, J.; Suen, J.; Robba, C.; Fraser, J.; Cho, S.M. Mid and
long-term neurological and neuropsychiatric manifestations of post-COVID-19 syndrome: A meta-analysis. . Neurol. Sci. 2022,
434,120162. [CrossRef]

Jahrami, H.; BaHammam, A.S.; Bragazzi, N.L.; Saif, Z.; Faris, M.; Vitiello, M.V. Sleep problems during the COVID-19 pandemic
by population: A systematic review and meta-analysis. J. Clin. Sleep Med. 2021, 17, 299-313. [CrossRef]


http://doi.org/10.1016/S1473-3099(21)00703-9
http://www.ncbi.nlm.nih.gov/pubmed/34951953
http://doi.org/10.1001/jama.2020.12603
http://doi.org/10.1038/s41591-021-01283-z
http://doi.org/10.1016/S0140-6736(22)01214-4
http://doi.org/10.1016/j.amsu.2022.103995
http://www.ncbi.nlm.nih.gov/pubmed/35721785
http://doi.org/10.1038/s41598-021-89700-8
http://www.ncbi.nlm.nih.gov/pubmed/33986414
http://doi.org/10.3389/fnins.2021.628836
http://www.ncbi.nlm.nih.gov/pubmed/34366767
http://doi.org/10.2147/PPA.S371563
http://doi.org/10.7759/cureus.18568
http://doi.org/10.3390/jcm11051309
http://doi.org/10.3390/medicina58101393
http://www.ncbi.nlm.nih.gov/pubmed/36295554
http://doi.org/10.1507/endocrj.EJ22-0093
http://www.ncbi.nlm.nih.gov/pubmed/35491089
http://doi.org/10.3390/jcm11071955
http://www.ncbi.nlm.nih.gov/pubmed/35407562
http://doi.org/10.3390/medicina58040536
http://doi.org/10.31662/jmaj.2021-0036
http://doi.org/10.1002/jmv.27404
http://doi.org/10.1507/endocrj.EJ12-0110
http://doi.org/10.1038/bmt.2012.244
http://doi.org/10.1016/j.jns.2022.120162
http://doi.org/10.5664/jcsm.8930

J. Clin. Med. 2022, 11, 7332 11 of 11

21.

22.

23.

24.

25.

26.

27.

28.
29.

30.

31.

32.

33.

34.

Deng, J.; Zhou, E; Hou, W; Silver, Z.; Wong, C.Y.; Chang, O.; Drakos, A.; Zuo, Q.K.; Huang, E. The prevalence of depressive
symptoms, anxiety symptoms and sleep disturbance in higher education students during the COVID-19 pandemic: A systematic
review and meta-analysis. Psychiatry Res. 2021, 301, 113863. [CrossRef] [PubMed]

Goldstein, C.A.; Rizvydeen, M.; Conroy, D.A.; O’Brien, L.M.; Gupta, G.; Somers, E.C.; Sharma, P.; Golob, J.L.; Troost, ].P.; Burgess,
H.J. The prevalence and impact of pre-existing sleep disorder diagnoses and objective sleep parameters in patients hospitalized
for COVID-19. J. Clin. Sleep Med. 2021, 17, 1039-1050. [CrossRef] [PubMed]

Huang, C.; Huang, L.; Wang, Y.; Li, X.; Ren, L.; Gu, X,; Kang, L.; Guo, L.; Liu, M.; Zhou, X,; et al. 6-month consequences of
COVID-19 in patients discharged from hospital: A cohort study. Lancet 2021, 397, 220-232. [CrossRef] [PubMed]

Shrestha, L.B.; Foster, C.; Rawlinson, W.; Tedla, N.; Bull, R.A. Evolution of the SARS-CoV-2 omicron variants BA.1 to BA.5:
Implications for immune escape and transmission. Rev. Med. Virol. 2022, 32, €2381. [CrossRef]

Menni, C.; Valdes, A.M.; Polidori, L.; Antonelli, M.; Penamakuri, S.; Nogal, A.; Louca, P.; May, A.; Figueiredo, ].C.; Hu, C,;
et al. Symptom prevalence, duration, and risk of hospital admission in individuals infected with SARS-CoV-2 during periods
of omicron and delta variant dominance: A prospective observational study from the ZOE COVID Study. Lancet 2022, 399,
1618-1624. [CrossRef]

Antonelli, M.; Pyjol, ].C.; Spector, T.D.; Ourselin, S.; Steves, C.J. Risk of long COVID associated with delta versus omicron variants
of SARS-CoV-2. Lancet 2022, 399, 2263-2264. [CrossRef]

Taquet, M; Sillett, R.; Zhu, L.; Mendel, J.; Camplisson, I.; Dercon, Q.; Harrison, PJ. Neurological and psychiatric risk trajectories
after SARS-CoV-2 infection: An analysis of 2-year retrospective cohort studies including 1 284 437 patients. Lancet Psychiatry 2022,
9, 815-827. [CrossRef]

Winkelman, J.W. Clinical practice. Insomnia Disorder. N. Engl. ]. Med. 2015, 373, 1437-1444. [CrossRef]

Qaseem, A.; Kansagara, D.; Forciea, M.A.; Cooke, M.; Denberg, T.D.; Clinical Guidelines Committee of the American College of
Physicians. Management of Chronic Insomnia Disorder in Adults: A Clinical Practice Guideline from the American College of
Physicians. Ann. Intern. Med. 2016, 165, 125-133. [CrossRef]

Clemente, I.; Sinatti, G.; Cirella, A.; Santini, S.J.; Balsano, C. Alteration of Inflammatory Parameters and Psychological Post-
Traumatic Syndrome in Long-COVID Patients. Int. J. Environ. Res. Public Health 2022, 19, 7103. [CrossRef]

Morin, C.M,; Bjorvatn, B.; Chung, F; Holzinger, B.; Partinen, M.; Penzel, T.; Ivers, H.; Wing, Y.K.; Chan, N.Y.; Merikanto, L; et al.
Insomnia, anxiety, and depression during the COVID-19 pandemic: An international collaborative study. Sleep Med. 2021, 87,
38-45. [CrossRef] [PubMed]

Tokumasu, K.; Honda, H.; Sunada, N.; Sakurada, Y.; Matsuda, Y.; Yamamoto, K.; Nakano, Y.; Hasegawa, T.; Yamamoto, Y.; Otsuka,
Y.; et al. Clinical Characteristics of Myalgic Encephalomyelitis/Chronic Fatigue Syndrome (ME/CFS) Diagnosed in Patients with
Long COVID. Medicina 2022, 58, 850. [CrossRef] [PubMed]

Bansal, R.; Gubbi, S.; Koch, C.A. COVID-19 and chronic fatigue syndrome: An endocrine perspective. J. Clin. Transl. Endocrinol.
2022, 27,100284. [CrossRef] [PubMed]

Theoharides, T.C.; Cholevas, C.; Polyzoidis, K.; Politis, A. Long-COVID syndrome-associated brain fog and chemofog: Luteolin
to the rescue. Biofactors 2021, 47, 232-241. [CrossRef] [PubMed]


http://doi.org/10.1016/j.psychres.2021.113863
http://www.ncbi.nlm.nih.gov/pubmed/33984824
http://doi.org/10.5664/jcsm.9132
http://www.ncbi.nlm.nih.gov/pubmed/33560208
http://doi.org/10.1016/S0140-6736(20)32656-8
http://www.ncbi.nlm.nih.gov/pubmed/33428867
http://doi.org/10.1002/rmv.2381
http://doi.org/10.1016/S0140-6736(22)00327-0
http://doi.org/10.1016/S0140-6736(22)00941-2
http://doi.org/10.1016/S2215-0366(22)00260-7
http://doi.org/10.1056/NEJMcp1412740
http://doi.org/10.7326/M15-2175
http://doi.org/10.3390/ijerph19127103
http://doi.org/10.1016/j.sleep.2021.07.035
http://www.ncbi.nlm.nih.gov/pubmed/34508986
http://doi.org/10.3390/medicina58070850
http://www.ncbi.nlm.nih.gov/pubmed/35888568
http://doi.org/10.1016/j.jcte.2021.100284
http://www.ncbi.nlm.nih.gov/pubmed/34877261
http://doi.org/10.1002/biof.1726
http://www.ncbi.nlm.nih.gov/pubmed/33847020

	Introduction 
	Methods 
	Study Design and Inclusion of Patients 
	Endocrine Examination 
	Statistical Analysis 
	Ethical Approval 

	Results 
	Discussion 
	References

