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Abstract: With the onset of the COVID-19 outbreak, it was stipulated that patients with obstructive
sleep apnea (OSA) may have a greater risk of morbidity and mortality and may even experience
changes in their mental health. The aim of the current study is to evaluate how patients managed their
disease (sleep apnea) during the COVID-19 pandemic, to determine if continuous positive airway
pressure (CPAP) usage changed after the beginning of the pandemic, to compare the stress level
with the baseline, and to observe if any modifications are related to their individual characteristics.
The present studies highlight the level of anxiety, which was high among patients with OSA during
the COVID-19 pandemic (p < 0.05), with its influence on weight control (62.5% of patients with
high levels of stress gained weight) and sleep schedule (82.6% reported a change in sleep schedule).
Patients with severe OSA and high levels of stress increased their CPAP usage (354.5 min/night vs.
399.5 min/night during the pandemic, p < 0.05). To conclude, in OSA patients, the presence of the
pandemic led to a greater level of anxiety, changes in sleep schedule and weight gain because of job
loss, isolation, and emotional changes, influencing mental health. A possible solution, telemedicine,
could become a cornerstone in the management of these patients.
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1. Introduction

COVID-19, a coronavirus-transmitted infectious disease, was first identified in Wuhan,
China, and declared a pandemic by the World Health Organization on 11 March 2020 [1–3].
The pandemic spread of COVID-19 is an undefined medical challenge and unprecedented
measures have been taken worldwide. Moreover, the COVID-19 pandemic placed an
enormous burden on the global healthcare system and had a substantial impact on patients
with chronic diseases, making their follow-up appointments and surveillance more diffi-
cult [4–9]. The COVID-19 pandemic had a profound effect on vulnerable populations and,
in Romania, it has continued to spread more and more until the present day [1].

The COVID-19 pandemic has had a deeply negative impact on every aspect of patients’
daily lives. Moreover, many of COVID-19’s risk factors are also frequently diagnosed
comorbidities of obstructive sleep apnea (OSA), which has become a highly prevalent
sleep-related breathing disorder. These comorbidities are associated with high mortality
in patients with COVID-19 and include arterial hypertension, coronary heart disease,
hyperlipidemia, type II diabetes mellitus, and obesity, being responsible for more severe
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disease and worse prognosis. In addition, for those with low incomes, in terms of COVID-
19 disease, lower socioeconomic status has been associated with severe illness and increased
mortality [1,10–12].

OSA is defined as a sleep disorder that involves the cessation or a significant decrease
in expired airflow in the presence of breathing effort. It is the most common type of sleep-
disordered breathing and is characterized by recurrent episodes of upper airway collapse
during sleep. These episodes are associated with recurrent oxyhemoglobin desaturations
and arousing from sleep [13,14]. OSA is diagnosed if the apnea-hypopnea index (AHI) is
greater than or equal to 15 times per hour, or between 5 and 14.9 events per hour, with docu-
mented symptoms of unintentional sleep episodes during wakefulness, daytime sleepiness,
insomnia, mood disorders, loud snoring, breathing interruptions during the patient’s sleep,
or documented hypertension, ischemic heart disease, or a history of strokes [15–17].

These sequences of obstructive events, such as apnea or hypopnea, are responsible
for a high oxidative stress level and for sympathetic activation, which is involved in the
determination of comorbidities associated with OSA. Moreover, it is a well-known fact that
the prevalence of these comorbidities is directly correlated with elevated levels of mental
distress. It could be argued that the additional mechanisms observed in OSA patients, such
as inflammation, oxidative stress, or immune system function issues, could be involved in
this link [18,19].

In addition, OSA symptomatology affects day-to-day life, as OSA increases the risk of
traffic accidents, being associated with excessive daytime sleepiness (EDS) in approximately
50% of patients [20,21]. Even if the reports differ, in most cases, the driving risk in OSA is
more closely related to the degree of daytime sleepiness than to the objectively measured
severity of sleep-disordered breathing [22–24]. Effective OSA treatment, usually with
continuous positive airway pressure (CPAP), rapidly reduces both the apnea-hypopnea
index and excessive daytime sleepiness in most of the affected patients, leading to a
reduced number of road crashes [25–28]. These facts have led to a revision of Annex III
of the European Union (EU) Directive on driving licenses, which is subject to mandatory
implementation by all member states from 31 December 2015 and has become important in
Romania as well [29–31].

In addition, in the current context, which is the rapid spread of infection, the number of
deaths caused by COVID-19, the imposition of home confinement for indefinite periods of
time, and the growing financial losses incurred can convey an increased risk of psychiatric
conditions among all layers of society, which will also adversely affect the risk of car crashes.
Moreover, several studies on many related subjects have been published, showing a high
prevalence of anxiety, stress, depression, and post-traumatic stress disorder (PTSD) in
healthcare workers, a higher risk of distress, anxiety, depression, and sleep disturbance in
nurses, and a sevenfold increase in depression rates in the general population [32,33].

Depression and anxiety have a clinically relevant association with OSA, and, as Lee
et al. observed in a female cohort, excessive daytime sleepiness and lower education
levels were related to anxiety [34]. OSA patients with depression could experience higher
levels of fatigue and lower quality of life than OSA patients without mood disorders.
A recent meta-analysis showed relatively high rates of symptoms of anxiety (ranging
from 6.3% to 50.9%), depression (14.6–48.3%), post-traumatic stress disorder (7–53%),
psychological distress (34–38%), and stress (8.1–81.9%) in the general population across
the globe during the COVID-19 pandemic. Anxiety and depression are known to have
reciprocal relationships with insomnia [10,35] and it has been shown that the prevalence
of all forms of psychological distress in the general population has been higher during
the pandemic [36,37]. In these conditions, depression and anxiety could also make CPAP
therapy difficult in OSA patients. This suggests that undiagnosed or untreated OSA
patients, those with lower continuous positive airway pressure compliance, and those with
mood disturbances may be at higher risk of developing severe forms of COVID-19 than the
general population [38,39].



Int. J. Environ. Res. Public Health 2023, 20, 4313 3 of 21

Anxiety is a normal reaction to a stressful situation and the response to supportive
interventions and coping strategies is generally positive. For example, increased anxiety
levels during the pandemic are associated with fuller compliance with governmental
measures and hygienic practices. Moreover, during pandemic times, anxiety regarding
health matters can rapidly become excessive. For these subjects, this stressful situation can
determine anxious behavior (repeated medical consultations, avoiding health care even if
needed, etc.); in the general population, it can lead to mistrust of public authorities’ safety
measures or non-adherence to infection control strategies and the stigmatization of certain
groups [32,40].

In the context of the risk of car crashes and depression or anxiety, during the COVID-
19 pandemic it was observed that, of all road accidents, there was an increased number
of speed-related crashes and fatalities. Vingilis et al. identified several potential factors
that affected road safety during the pandemic, with personal factors such as a propensity
for risky behavior, along with situational factors such as fuel price increases and the
improper application of laws [41]. We must also consider that, during the pandemic, high
levels of stress, depression, and anxiety were reported in some population groups, while
increased alcohol sales and use were observed [42–44]. With these well-known factors
affecting road crashes, the multifactorial impact of the pandemic on road safety requires an
interdisciplinary approach [45].

To determine the anxiety or depression status of OSA patients, the stress perception
questionnaire (PSQ), developed by Levenstein [46], is a useful multiple-choice questionnaire
(Table S1 in the Supplementary Materials).

There were 3 main objectives of the current study:

(1) To evaluate how patients managed their sleep apnea during the COVID-19 pandemic,
considering their symptomatology and comorbidities and the higher risk of severe
disease with a fatal outcome;

(2) To establish if CPAP adherence has increased/decreased after the onset of the pandemic;
(3) To compare the stress level in OSA patients with their pre-pandemic levels and to

observe if its modification is related to their individual characteristics (age, gender,
and BMI) or to comorbidities and apnea severity.

The aim of the study was to assess the level of stress and anxiety in OSA patients
during the COVID-19 pandemic and to compare them to the pre-pandemic period, to
quantify the subjects’ characteristics (the severity of OSA and their comorbidities), their
impact on individual perceptions regarding COVID-19 infection, and to quantify if the
stress or other factors (age, gender, environment, individual perception about COVID-19,
and the level of knowledge) influence their CPAP compliance. This paper studies the impact
of the COVID-19 pandemic on patients from Transylvania, who were diagnosed with OSA
in the Sleep Laboratory of the “Iuliu Hatieganu” University of Medicine and Pharmacy,
regarding their stress level and, as a consequence, their CPAP usage. Information obtained
from this survey indicated if OSA subjects who were treated at home with a CPAP device
were careful enough to ensure that their disease was being effectively controlled during the
pandemic. The study also took into consideration the degree of awareness of OSA patients
that they are more susceptible to COVID-19 and are more likely to develop more severe
complications of the disease.

The present article is organized with an introduction, materials and methods, results, a
discussion, and our conclusions. Each chapter has subchapters pointing out the parameters
for analysis and the main findings of the study.

2. Materials and Methods
2.1. Study Design and Setting

Between 16 March and 14 May 2020, we conducted a retrospective observational study
in the Sleep Laboratory of the “Iuliu Hatieganu” University of Medicine and Pharmacy.
The study included patients diagnosed with OSA from September 2019 to November 2019
who underwent CPAP therapy at home.
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At their diagnosis, all participants underwent a cardiorespiratory sleep study using
a VitalNight Pro polygraph device, which incorporates continuous recordings from a
nasal cannula, heart rate, oxygen saturation, tracheal sounds (microphone), thoracic and
abdominal movement, and body position. The sleep study results were analyzed and
approved by trained personnel. CPAP titration was made using a CPAP device (Philips
Respironics Dream Station Auto CPAP) after a validated protocol [47]. The initiation of
therapy was indicated according to Medicare guidelines, as follows: all patients with an
AHI greater than 15 were considered eligible for CPAP, regardless of symptomatology;
for patients with an AHI of 5–14.9/h, CPAP was indicated only if the patient had one of
the following symptoms: excessive daytime sleepiness, impaired neurocognitive function,
mood disorders, insomnia, cardiovascular disease (e.g., hypertension or ischemic heart
dis-ease), or a history of stroke [6]. After the initiation of CPAP therapy, the patients
underwent a medical visit one month after the titration, which included reading the CPAP
therapy device cards to evaluate the residual AHI and therapy compliance.

During the national state of emergency (SOE), a telephone questionnaire survey
of 46 OSA patients was conducted, and telemedicine was used for the first time in the
management of OSA subjects in our center. Patients from the Transylvania region who had
been diagnosed in our department were contacted by us, either for a follow-up visit or to
examine the progress of their OSA management. Patients offered their written consent and
the documents were sent to them via e-mail. After they agreed to participate in the form
of a video or telephone call, the patients returned the signed documents and they were
enrolled in the study.

Moreover, for those OSA subjects included in the survey, information was offered to
ensure that the CPAP device was being used effectively, and that adequate supplies were
available, with appropriate masks, tubing, and CPAP machine sanitization, to encourage
regular adherence to nightly CPAP use, and that patients were following the Centers for
Disease Control and Prevention guidelines.

The data recorded by the CPAP devices were downloaded by our sleep technicians, us-
ing VitalNight EasyScore software version 5.22afrom the database wherein the information
from patients’ CPAP devices is stored via telehealth services and was interpreted according
to the guidelines [13] issued by the sleep-medicine doctors involved.

2.2. Participants

During the study period, a total of 108 patients who were diagnosed in our clinic
were contacted.

The inclusion criteria for patients were an age ≥ 18 years, a diagnosis of OSA estab-
lished between September 2019 and November 2019, with CPAP therapy at home for at
least three months, and, at the moment of the survey, to be undergoing CPAP therapy.
We considered that patients who do not meet the inclusion criteria were excluded from
the study. The exclusion criteria were that the patients should be aged ≤18 years, with a
diagnosis of OSA established before September 2019 or after November 2019, and those
patients diagnosed with OSA who were not using CPAP therapy at home.

After applying the inclusion criteria, a cohort of 46 patients was obtained. From the
total number of patients contacted, 24.07% (26 subjects) had abandoned CPAP therapy
of their own free will (from their diagnosis of OSA until the time of the survey), 25%
(27 subjects) could not be reached (9 of them had moved from the city, 10 changed their
phone numbers or did not answer, and 8 had died) and 8.3% (9 patients) did not offer their
informed consent (Figure 1).
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Figure 1. Study Design Flowchart.

All subjects gave their informed consent for inclusion before participating in the study.
The study was carried out in accordance with the Declaration of Helsinki [48] and the
protocol was approved by the Ethics Committee of the “Iuliu Hatieganu” University of
Medicine and Pharmacy Cluj-Napoca, with the reference number 270/02 February 2020.

2.3. Variables

The collected data (Table 1) comprised personal information (sex, age, environment,
and smoker status), anthropometric measures (weight, height, BMI, neck circumference,
and abdominal circumference), associated diseases (hypertension, chronic ischemic car-
diopathy, myocardial infarction, dyslipidemia, cardiac failure, diabetes mellitus, asthma,
and COPD), sleep parameters collected at diagnosis according to the database (AHI, ODI,
SaO2 minimum, average SaO2, and nocturnal and diurnal symptomatology), Epworth
sleepiness scale rating (at diagnosis, one month after the diagnosis, and during the pan-
demic) (Table S2 in the Supplementary Materials), CPAP parameters one month after
the diagnosis, according to the database, and during the pandemic (average time of use,
compliance above 4 h, residual AHI), and PSQ score (at baseline and during the pandemic).

Table 1. Included variables in the data.

VARIABLES

Category Variables Included

Personal information Sex

Age

Environment

Smoker status

Anthropometric measures Weight

Height

BMI

Neck circumference

Abdominal circumference
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Table 1. Cont.

VARIABLES

Category Variables Included

Associated diseases Hypertension, chronic ischemic cardiopathy, myocardial infarction,
dyslipidemia, cardiac failure

Diabetes mellitus

Asthma, COPD

Sleep parameters collected at the diagnosis AHI, ODI, minimum SaO2, average SaO2

Nocturnal and diurnal symptomatology

Epworth sleepiness scale

- Collected At the diagnosis, one month after the
diagnosis, and during the pandemic

Table S2, Supplementary Materials

CPAP Parameters

- Collected one month after the diagnosis according to
the database and during the pandemic

Average time of use, compliance above 4 h, residual AHI), PSQ
score (at baseline and during the pandemic)

PSQ Score

- at baseline and during the pandemic
Table S1, Supplementary Materials

2.4. Data Sources

As a classical instrument to evaluate stress levels, we used the perceived stress ques-
tionnaire (PSQ), an assessment used as a routine measurement tool in our laboratory
and during the pandemic period, along with an original questionnaire designed for OSA
patients that were on CPAP treatment. The perceived stress questionnaire is used as an
instrument to assess the stressful life events and circumstances that tend to trigger disease
symptoms [46]. With stress significantly affecting the quality and consistency of the sleep
cycle, the PSQ is a potentially valuable tool to evaluate the underlying cause of sleep distur-
bances. To complete the PSQ, respondents receive one of two sets of scoring instructions:
the general questionnaire queries stressful feelings and experiences over the course of
the previous year or two, while the more recent questionnaire concerns stress during the
previous month. Respondents indicate on a scale of 1 (“almost never”) to 4 (“usually”) how
frequently they experience certain stress-related feelings. Higher scores indicate a greater
level of stress. The interviewer must remind the subjects that they must circle the number
that describes how often the sentences applied to their situation in the last month. A total
score is found by tallying each item (questions 1, 7, 10, 13, 17, 21, 25, and 29 are positive and
are scored according to the directions accompanying the scale). A score between 30 and
59 is classified as reduced stress, between 60 and 89 is classified as moderate stress, and
between 90 and 120 is classified as high stress (Table S1 in the Supplementary Materials).

The original questionnaire was conceived considering our experience with COVID-
19 patients and included 7 questions regarding the individual’s COVID-19 status, the
modifications of the daily schedule (working from home), the subjective considerations
about feeling depressive or anxious, the changes in sleep schedule and sleep quality and
the factors that can influence it, and the individual’s perception of the risk of contracting
COVID-19 (Table S3 in the Supplementary Materials).

2.5. Statistical Analysis

Statistical analysis was performed using MedCalc® Statistical Software, version 20.014
(MedCalc Software Ltd., Ostend, Belgium; https://www.medcalc.org; 2021, accessed on
16 October 2022). Quantitative data were examined for normality of distribution, using
the Shapiro–Wilk test, and were expressed as mean ± standard deviation or median
and 25th–75th percentiles. Qualitative data were expressed as frequency and percentage.

https://www.medcalc.org
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Regarding the changes in CPAP compliance (nights with CPAP usage of over 4 h) during
the COVID-19 pandemic, compared to one month after diagnosis, for our sample size,
we calculated the power of the study to be at 99% (α = 0.01) for a level of significance
of 1% (β = 0.01). Comparisons between groups regarding qualitative variables were
performed using the chi-square test. Comparisons between groups regarding quantitative
variables were performed using the Mann–Whitney test. Correlations between variables
were verified using Spearman’s rho, a non-parametric test used to measure the strength of
association. The Wilcoxon test, a non-parametric test, was used to evaluate the change of a
variable between two repeated measurements. A p-value of lower than 0.05 was considered
statistically significant.

3. Results
3.1. General Characteristics at Baseline of the Included Patients

The information was collected from patients diagnosed with OSA from September
2019 to November 2019. We chose this period because, after three months of home CPAP
therapy, the doctor can determine the individual pattern of CPAP for the patient, so the
adherence parameters are more stable [49].

The mean age of the studied population was 56.7 years, ranging between 37 years and
76 years; 80.4% of the subjects were males and 19.6% were females. In addition, considering
the smoker status, 28.3% of the subjects were non-smokers and 71.7% were active smokers.

One of the most important comorbidities was obesity, so the mean body mass index
(BMI) in our study group was 36.33 (33.42–41.21) kg/m2, with most of the patients being
obese. In addition, the anthropometric measurements recorded at diagnosis indicate a
median neck circumference of 47.4 ± 4.3 cm and a median abdominal circumference
of 124.5 (115.75–141.00) cm, suggesting central disposition of the adipose tissue, which
predisposes patients to the development of OSA.

Most of the included patients also presented associated pathologies correlated with
OSA; 78.3% had hypertension, 47.8% had dyslipidemia, 10.9% of the patients had suffered
cardiac failure, and 4.3% of the patients had a myocardial infarction prior to the evaluation,
leading to high morbidity and mortality levels in the context of SARS-CoV-2 infection. Of
the patients, 23.9% were diabetic; 17.4% were treated with oral antidiabetic medication,
4.3% were insulin-dependent, and 2.2% needed insulin, a disease with a high impact
on SARS-CoV-2 patients’ evolution. Moreover, 10 patients presented chronic respiratory
diseases: 4.3% had asthma, and 17.4% suffered from COPD (Table 2).

Table 2. General characteristics of the included patients at baseline.

Criteria Response Value (n = 46, % n)

Place of residence
rural 23 (50%)

urban 23 (50%)

Sex
M 37 (80.4%)

F 9 (19.6%)

Age (years)

min 37

max 76

median 56.69 ± 10.9

Weight at diagnosis (kilograms)

min 73.00

max 168.00

median 110 (95.75–125.5)

Height
(centimeters)

min 158.00

max 188.00

median 171.6 ± 6.7
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Table 2. Cont.

Criteria Response Value (n = 46, % n)

BMI at diagnosis
(kg/m2)

min 28.00

max 58.50

median 36.33 (33.42–41.21)

Neck circumference
(centimeters)

min 38.00

max 56.00

median 47.4 ± 4.3

Abdominal circumference
(centimeters)

min 93

max 158

median 124.5 (115.75–141.00)

Smoker status
non-smoker 13 (28.3%)

smoker 33 (71.7%)

Perceived Stress Questionnaire

min 30

max 82

median 54

25th–75th percentiles 41.75–66.25

Associated diseases

hypertension 36 (78.3%)

chronic ischemic cardiopathy 0(0%)

myocardial infarction 2 (4.3%)

dyslipidemia 22 (47.8%)

cardiac failure 5 (10.9%)

diabetes mellitus 11(23.9%)

asthma 2 (4.3%)

COPD 8 (17.4%)

We included the PSQ questionnaire as a routine evaluation; the mean score at diagnosis
was 54 (41.75–66.25), with 17 (36.9%) of the subjects having a minimum stress level and
29 (63.1%) having a moderate stress level (Table 2).

3.2. The Sleep Parameters at the Baseline

As seen in Table 3, we quantified the nocturnal respiratory parameters at the time of
diagnosis. The mean AHI was 63.75 (39.9–81.2) events/hour of sleep and the desaturation
index was 59.6 (38.8–79.1) events/hour of sleep, indicating that most of the subjects have
severe OSA. In addition, the minimum oxygen saturation was 65% (60–74.3%) with a mean
oxygen saturation of 87.5% (81.8–90.3%), showing that the patients have important noc-
turnal desaturations. We also quantified the presence of nocturnal and diurnal symptoms
at the time of diagnosis; 95.7% reported snoring, 65.2% had apnea episodes during the
night that had been observed by their family, 15.2% had nightmares, 78.3% had nocturia,
80.4% reported daytime sleepiness, 45.7% reported a morning headache, 67.4% reported
morning fatigue, 43.5% reported that it influenced their work capacity, those being the most
frequent symptoms in people with sleep apnea. The Epworth sleepiness scale showed a
median value of 16 (12–19.25) and, in 82.6% of subjects, the total score showed values above
10 points; therefore, in 38 cases, we identified excessive daytime sleepiness (Table 3).
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Table 3. The sleep parameters at the time of diagnosis (baseline).

AHI (Events/Hour of Sleep)

min 23.4

max 132.0

mean 63.75

standard deviation 39.9–81.2

DESATURATION INDEX (events/hour of sleep)

min 23.7

max 127.5

mean 59.6

standard deviation 38.8–79.1

MINIMUM SAO2 (%)

min 35

max 87

mean 65

standard deviation 60–74.3

AVERAGE SAO2 (%)

min 70

max 94

mean 87.5

standard deviation 81.8–90.3

EPWORTH SCALE

min 3

max 23

median 16

25th–75th percentiles 12–19.25

SYMPTOMS

Snoring 44 (95.7%)

Witnessed apnea 30 (65.2%)

Nightmare 7 (15.2%)

Nocturia 36 (78.3%)

Ravished bed 34 (73.9%)

Chocking in sleep 21 (45.7%)

Daytime sleepiness 37 (80.4%)

Morning headaches 21 (45.7%)

Morning fatigue 31 (67.4%)

Influenced work capacity 20 (43.5%)

3.3. CPAP Compliance Parameters at One Month after Diagnosis

One month after diagnosis, the patients diagnosed with OSA performed a routine
evaluation. By reading their CPAP cards data, we analyzed their CPAP compliance and
concluded that the average duration of use was 354 (288.7–389.2) min/night, their compli-
ance above 4 h was 69.5 (54.7–76.0)% and their residual AHI was 5.6 (3.35–9.3) events/hour
of sleep (Table 4). As seen in Figure 2, 28.26% had a residual AHI above 5 events/hour of
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sleep, 52.18% had between 5–14.9 events/hour of sleep, and 19.56% had a residual AHI
above 15 events/hour of sleep, one month after their OSA diagnosis. As seen in Table 4, we
followed the patients’ CPAP compliance and compared it one month after their diagnosis
to one month during the pandemic. The average use per night of CPAP increased from
a median of 354.5 min one month after their diagnosis to 399.5 min during the state of
emergency, with statistical significance (p = 0.00). As a result, compliance above 4 h showed
an improvement from a median value of 69.5% one month after diagnosis to 79% during
the state of emergency (p = 0.000). This finding leads to a reduced number of events per
night, from a median of 5.6 one month after diagnosis to 2.4 during the state of emergency
(p = 0.000). CPAP compliance during the state of emergency increased in the case of patients
diagnosed with a COVID-19 infection. Those subjects had a median compliance of 73%
(58.75–79.00%) one month after their OSA diagnosis and of 82% (72–84%) during the state
of emergency. In addition, CPAP compliance during the state of emergency increased in
the case of patients with COVID-19. In addition, the patients increased their CPAP usage
from 363 (311–402.75) min/night to 429 (398.75–464.5) min/night (p = 0.012).

Table 4. Parameters of compliance one month after diagnosis and during the state of emergency.

One Month
after Diagnosis

During the State of
Emergency

AVERAGE TIME OF USE
(minutes)

min 164.00 210.00

max 481.00 495.00

mean 354.5 399.5

25th–75th percentiles 288.7–389.2 352.5–448.0

COMPLIANCE ABOVE 4 HOURS (%)

min 42.00 51.0

max 82.00 96.0

mean 69.5 79.0

percentiles 25–75 54.7–76.0 71.7–84.0

RESIDUAL AHI
(Events/hour of sleep)

min 0.5 0.5

max 20.00 12.1

mean 5.6 2.4

percentiles 25–75 3.35–9.3 1.6–7.0

As mentioned before, we evaluated the patients using a questionnaire comprising
7 questions. Regarding question no. 1 of our evaluation, 43.47% of the subjects were
diagnosed with COVID-19 at the beginning of the pandemic (70% men, 30% women) and
of those, 70% presented important symptomatology, more frequently showing fever, cough,
shortness of breath, myalgia, and expectoration. Of all subjects infected with SARS-CoV-2,
80% had arterial hypertension, 75% had diabetes mellitus, and 25% had dyslipidemia,
these being the most prevalent comorbidities. This fact is very important since those
comorbidities are the most prevalent in OSA subjects.

In addition, considering question no. 2 of the questionnaire, 56.52% of the participants
had at least one member of the family diagnosed with COVID-19; 80.4% of the subjects of
the study population lived isolated from their family during the state of emergency, which
had a profound impact on their mental state.

Regarding question no. 3 about each subject’s financial situation, during the state of
emergency, 47.8% of patients worked from home and 17.4% became unemployed, with
the rest of the study group already being unemployed at that time. Even if, of the en-
tire population, 45.65% of the subjects reported that they had experienced symptoms of
depression, especially a lack of motivation and concentration, and 36.95% experienced
anxiety, in the case of those patients that lost their jobs, subjective depression symptoms
were reported in 100% of cases (p = 0.000, compared with those who worked from home)
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and 75% had worries about financial loss and experienced nightmares, but not anxiety. In
addition, we identified a strong correlation between unemployment and the modification
of sleep patterns. Therefore, all the patients who lost their jobs presented a changed sleep
schedule: 75% of the patients slept less and 25% slept more.
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Regarding question no. 4 of our evaluation, 82.6% reported a sleep schedule that had
been modified in the last 3 months; from those, 50% had a COVID-19 infection. Other
complaints concerning sleep quality were as follows: 13.1% of cases experienced difficulties
in maintaining sleep, 13.1% had subjective excessive daytime sleepiness, waking up early
was reported in 8.7% of the cases, and 4.3% stated that they had unrefreshing sleep. The
usage of different substances (question 4b) to improve the subjective quality of sleep was
analyzed. While melatonin, cannabis, or other substances were used in reduced proportions,
we observed that 52.2% of the patients included in the study had used alcohol to obtain a
better quality of sleep.

In terms of question no. 5 (both a and b) regarding the high prevalence of obesity,
we analyzed weight fluctuations during the state of emergency, compared to basic values,
and the correlation with different parameters. Therefore, 84.8% of the patients reported
that their weight was modified in the last three months; of these, 64.1% gained weight,
with an average weight gain of 6.24 kg, while 35.9% lost weight, with an average weight
loss of 6.78 kg. Conversely, 11% reported that their weight was constant, while 4.2% did
not know how to answer the question. The correlation between weight and compliance
with CPAP was approached. As a result, 52.3% of the patients that gained weight used
their CPAP more, mostly because of the accentuation of OSA symptoms, compared with
only 28.57% of those who had lost weight. Regarding weight gain and sleep schedule
modifications, 84.61% of the patients who gained weight had a modified sleep pattern and
claimed unrefreshing sleep, subjective daytime sleepiness, and morning fatigue.

On collating the answers to question no. 6, we concluded that 73.9% of the subjects
felt fear regarding COVID-19 infection, while 84.8% considered that they had an increased
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risk of COVID-19 infection. From the total number of subjects, only 65.2% of the included
people had information about the pandemic, obtained in equal proportions from the
Internet, television, and from their attending doctor.

Regarding question no. 7 on the state of emergency, the emotional aspect of OSA
patients was influenced in 34.7% of cases by worries about themselves, 39.13% were affected
by loneliness, 19.56% experienced nightmares, 17.39% were influenced by worries about
financial loss, and 10.86% were influenced by worries about family/friends, with most of
the patients experiencing more than one emotional problem.

We also analyzed the Epworth sleepiness score during the state of emergency and we
observed that only 39.1% of the patients currently had a score above 10, compared to 71.3%
at the time of diagnosis. Moreover, the median value of the Epworth score at diagnosis was
16 versus 5 during the state of emergency (p = 0.00) and the Epworth score at diagnosis
correlated with compliance above 4 h during the state of emergency (p = 0.02).

In addition, as stated before, the perceived stress questionnaire (Table S1 in the
Supplementary Materials) was applied two times, at the time of diagnosis and at another
evaluation during the emerging cases of COVID-19, between 16 March and 14 May 2020;
this was included in the patient’s medical records. The median value for the stress percep-
tion scale before the state of emergency was 54 and increased during the state of emergency
to 93, a difference with clinical significance (p = 0.000). During the state of emergency,
17.39% of the subjects were in the lower stress category, 30.43% in the moderate stress
category, and more than half of the subjects, 52.17%, were in the intensive stress group.
Regarding the weight modification and stress perception scale categories, both of these
being factors with implications for CPAP compliance, a correlation was made; 75% of
the patients included in the lower stress category lost weight. For the medium level of
stress, 2 (14.3%) lost weight, 3 (21.4%) maintained a constant weight, and 9 (64.3%) gained
weight. In the category of a high level of stress, 6 (25%) of the patients were represented
by those who lost weight, 3 (12.5%) maintained the same weight, and 15 (62.5%) gained
weight. Moreover, the anxiety and depression modification percentages may be influenced
by the fact that we included only 9 females in our study; this is significant because they
are underdiagnosed with OSA due to the lack of classic symptoms. Studies that include
a greater number of patients need to be developed, in order to clarify if the emotional
changes are more important in the female population of OSA patients.

As stated in Table 5, we observed that compliance above 4 h before the state of
emergency was negatively correlated with PSQ at the time of diagnosis (p = 0.001), AHI
(p = 0.006), and desaturation index (p = 0.000), and was positively correlated with the
minimum saturation of oxygen (p = 0.40). Events per hour of sleep one month after
diagnosis were correlated with AHI (0.031) and desaturation index (p = 0.012), and were
indirectly correlated with the minimum saturation of oxygen (p = 0.030).

Average use of AutoCPAP therapy per night during the state of emergency correlated
with AHI (p = 0.001), the desaturation index (p = 0.020), and PSQ evaluated during the state
of emergency (p = 0.002).

Taking into consideration that there might be other factors that influence the usage
of CPAP, we evaluated the correlation between compliance before and during the state
of emergency, along with the grade of apnea or level of stress. Therefore, a statistically
significant correlation was identified between compliance during the state of emergency
and AHI at the time of diagnosis (p = 0.049). Moreover, the correlation between compliance
during the state of emergency and the PSQ score during the state of emergency is also
statistically significant (p = 0.014).
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Table 5. Correlation between the evaluated parameters.

Parameter
Correlation

Coefficient-p

Compliance
above 4 h One

Month after
Diagnosis (%)

Residual Events/
Hour of Sleep

One Month after
Diagnosis

Average Use/Night
at One Month

after
Diagnosis (min)

Compliance
above 4 h ES

(%)

Events/
Hour of
Sleep ES

Average
Use/Night
ES (min)

PSQ at the diagnosis
−0.490 0.233 −0.172 NA NA NA

0.001 0.119 0.253 NA NA NA

Age
0.153 −0.216 −0.104 −0.212 −0.087 −0.267

0.310 ** 0.149 0.493 ** 0.158 0.564 *** 0.073

AHI at the diagnosis
−0.396 0.318 ** −0.095 0.292 0.036 0.476 **

0.006 0.031 0.531 *** 0.049 0.814 *** 0.001

Desaturation index at
the diagnosis

−0.529 0.369 ** −0.223 0.140 0.193 0.342 **

0.000 0.012 0.136 0.352 ** 0.198 0.020

Minimum SaO2% at
the diagnosis

0.304 ** −0.321 −0.049 0.081 −0.213 * −0.265

0.040 ** 0.030 0.747 *** 0.593 *** 0.155 0.075

Average SaO2% at
the diagnosis

0.264 −0.152 * 0.013 −0.207 0.125 −0.444

0.076 0.314 ** 0.931 *** 0.167 0.406 ** 0.002

PSQ ES
NA NA NA 0.361 ** −0.067 0.436 **

NA NA NA 0.014 0.658 *** 0.002

Correlation coefficient: 0.1–0.3—weak correlation *, 0.3–0.5—medium correlation **, > 0.5—strong correlation ***;
negative—indirect correlation, positive—direct correlation; p < 0.05—statistically significant.

4. Discussion

The COVID-19 pandemic brought a new challenge to healthcare systems worldwide.
The concern for patients with comorbidities was founded on high morbidity and mortality
levels in this category. Although there are currently few studies regarding the prevalence of
COVID infection in patients who had previously been diagnosed with OSA, the data show
that the presence of this pathology increases the risk of a negative outcome in COVID-19
patients [4,50–52].

Furthermore, infection with the new virus leads to the development of an aggressive
type of pneumonia with a high risk of mortality in elderly patients, particularly in those
with comorbidities, such as diabetes, obesity, and hypertension [4,5,12,53]. The association
between OSA and COVID-19 is currently undergoing research. To evaluate the impact
of the COVID-19 pandemic on an OSA patient’s status, we conducted a study that in-
cluded 46 subjects diagnosed with OSA who received CPAP treatment at home for at least
three months before the beginning of the pandemic, because the usage pattern and the
adherence parameters were more stable at this period of time.

The treatment of OSA patients and the use of CPAP devices remain major challenges
for healthcare professionals. Good adherence and the proper use of CPAP devices are the
main elements in the successful management of disease in these patients [10,54].

OSA is a highly prevalent disease that occurs in 24% of young to middle-aged men
and 70% of older men, in 9% of young women, and in 56% of older women [55]. The results
are comparable with those of our study, in which the disease was found in 86% of cases
in men. It has been postulated that the higher clinical ratio may be a result of the fact that
women do not show the “classic” symptomatology and, thus, may be underdiagnosed.

Obesity has long been known to be associated with OSA; for both genders, the body
mass index (BMI) correlates positively with the severity of the disease [56,57]. This hypoth-
esis is supported by our study, the mean BMI of our cohort being 36.33 kg/m2, with a mean
neck circumference of 47.4 ± 4.3 cm and a median abdominal circumference of 124.5 cm,
indicating a central disposition of the adipose tissue.

In addition, as Bonsignore et al. showed, OSA patients show a high prevalence
of cardiovascular diseases (systemic hypertension, coronary artery disease, arrhythmias,
and ischemic stroke), respiratory diseases (COPD and asthma), and metabolic disorders
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(diabetes mellitus, dyslipidemia, and gout) [58]. In our study, 78.3% of patients had systemic
arterial hypertension, 47.8% had dyslipidemia, 10.9% suffered cardiac failure, 4.3% suffered
a myocardial infarction, 23.9% were diabetic, and 21.7% had respiratory diseases (4.3% had
asthma, and 17.4% had COPD). OSA and COVID-19 disease share common comorbidities;
studies showed that many patients who had developed a severe form of COVID-19 infection
also had diabetes, systemic arterial hypertension, and other respiratory diseases [59]. The
profile of patients at greater risk of developing complications or even of death associated
with COVID-19 infection [4,53,54,60] is similar to our population of OSA patients, many
of them being diagnosed with obesity (75%), hypertension (80%), dyslipidemia (25%) and
other associated respiratory pathologies.

Moreover, we included the PSQ questionnaire as a routine evaluation; the mean score
at the time of diagnosis was 54 (41.75–66.25), with 17 (36.9%) subjects having a minimum
stress level and 29 (63.1%) having a moderate stress level. As shown in the study by
Celik et al., OSA patients are predisposed to a significant level of stress, which is reduced
while using CPAP [61].

At the beginning of the COVID-19 pandemic, we elaborated an original questionnaire
(Table S3 in the Supplementary Materials) which showed that 43.47% of the OSA subject
sample was infected with COVID-19 and had important symptomatology. In addition,
56.52% of the participants had had at least one family member diagnosed with COVID-19,
and most of the patients lived in isolation. In the current situation of the global pandemic,
studies show that OSA patients are generally aware of their supplementary risk level when
compared to the general population [35,62]. The results of our research show similar results,
taking into consideration that most of the patients lived in isolation from their families, in
order to minimize the spread of the virus through CPAP-generated aerosols. Furthermore,
most of these subjects had more than one comorbidity, increasing their risk of developing a
severe form of COVID-19 infection, as stipulated in the literature [59].

In our study, most of the patients had severe OSA, with a mean AHI of 63.75 (39.9–81.2)
events/hour of sleep, a highly important aspect considering that severe and moderate
OSA becomes a risk factor when a patient is diagnosed with COVID-19, as the literature
reveals [63]. The patients’ associated symptoms, such as snoring, apnea episodes reported
by the family, daytime sleepiness, morning fatigue, and morning headache influenced
work capacity, nightmares, and nocturia. In addition, as the literature shows, the main
symptoms seen in OSA patients include excessive daytime sleepiness, non-refreshing sleep,
fatigue, morning headache, memory loss, nocturia, and irritability. Untreated OSA is also
associated with a lack of concentration leading to a loss of productivity in the workplace
and road crashes, as previously shown in many studies, that resulted in fatality [21,24,64].
Even if we did not take into consideration the risk of road crashes, it is important to mention
that the coexistence of untreated OSA and depression or anxiety during the COVID-19
pandemic has become an important risk factor for these events.

Data from question 3 showed that 17.4% of the subjects lost their jobs and 47.8%
worked from home, the rest of the study population already being unemployed at that time.
The patients that lost their jobs or worked from home reported symptoms of depression,
especially a lack of motivation and concentration, along with anxiety, factors that have a
substantial influence on the subjects’ mental health. These data are similar to those from the
literature, which stipulated that financial and social concerns resulting from the pandemic
may increase rates of insomnia and anxiety during a lockdown [65]. In the case of the
subjects who lost their jobs, a change in sleep pattern was observed; 75% slept less and
25% slept more, a finding that is supported by the specialized literature, which showed
that during the lockdown, many subjects had irregular sleep schedules, less exposure
to daylight, less physical activity, depression, anxiety, and more screen time, with many
reporting lower sleep quality despite, perhaps, longer sleep duration [65].

We analyzed the weight fluctuation patterns during the state of emergency and ob-
served that 64.1% of the patients gained weight (6.29 kg median) and 35.9% of the patients
lost weight (a median of 6.78 kg). Additionally, 84.61% of the patients had a modified sleep
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schedule and sleep disturbances and 52.3% of them used CPAP more. It is a well-known
fact that patients with mild OSA who gain 10% of their baseline weight are at a sixfold-
increased risk of progression of OSA, while an equivalent weight loss can result in a more
than 20% improvement in OSA severity. In addition, obesity may negatively influence the
control of OSA because of fat deposition at specific sites in the body, which is the reason
why OSA symptoms are more frequent and important, meaning that the patients feel more
confident in using their CPAP devices [66,67].

Furthermore, our patients were adherent to CPAP treatment during the time of the
COVID-19 pandemic because they were concerned about complications due to COVID-19.
In addition, a significant percentage, 63%, of the patients increased their usage of CPAP
during the pandemic. The presence of a high level of anxiety and depression, as well as
increased worry concerning contracting the virus, may be a possible explanation for their
good compliance with the treatment of OSA.

Data from the literature show that OSA patients have an increased level of stress
regarding COVID-19 infection and the possible outcomes of the disease, an aspect that
influences their mental health and their behavior [68,69]. The studies showed that high
levels of stress during the state of emergency correlated with increased CPAP adherence and
an improved outcome and management of OSA, with fewer sleep events [68]. Moreover,
a study from France, which included 7485 OSA patients and CPAP users and lasted for a
year and four months, has also demonstrated that CPAP adherence increased remarkably
during the lockdown period (3.9%, p < 0.001). Moreover, when comparing the data with
the same period in 2019, from 15 March to 15 April, they stated that very low adherence
to CPAP therapy decreased from 18.5% in 2019 to 4.48% in 2020 (p < 0.001) [68]. Our data
showed that the level of stress increased significantly during the state of emergency with a
median PSQ value of 54, versus 9.3 before the pandemic (p = 0.000). Moreover, the average
use per night (354.5 min vs. 399.5 min, p = 0.000) and compliance above 4 h/night (69.5%
versus 79%, p = 0.000) increased significantly. The number of events per night (5.6 versus
2.4, p = 0.000) decreased significantly. Therefore, better adherence to the treatment was
obtained during the state of emergency; these data offer useful information suggesting that
OSA patients were triggered to obtain greater control over their OSA during the COVID-19
pandemic [68,70].

Of our studied population, 82.6% reported sleep disturbances, 45.7% reported signs of
depression, and 37% reported anxiety. In total, 71.7% were worried about contracting the
new virus. Multiple data from the literature reported sleep disturbances during the COVID-
19 outbreak in patients with OSA [69,71,72]. Still, the improvement of the median Epworth
score before and during the state of emergency (16 versus 5), despite the sleep disturbances
reported by the patients, is an additional factor in favor of increased adherence to the
CPAP regimen (the score correlated with compliance above 4 h, p = 0.02). The correlation
between a lack of sleep and depression and anxiety was proven [69]. Mood disturbances
and modified sleep schedules have become issues that worsen during a public health crisis,
such as in the COVID-19 pandemic [73]. As Grubac et al. showed in two studies on rats,
the duration of sleep fragmentation is a significant determinant of anxiety-linked behavior
and, thus, may also have influenced the anxiety level in our cohort [74,75].

Multiple sleep societies have formulated the advice that OSA patients who use CPAP
devices should self-isolate if they have COVID-19-compatible symptoms. Our results
show that 72% of those patients with members of the family who tested positive slept in
different rooms. Still, the recommendation was not feasible during the stressful pandemic
period [76].

One study from New York, which included 122 patients using CPAP therapy, reported
that most of the subjects included did not believe that they had an increased risk of
contracting COVID-19 or could suffer a more complicated outcome. Still, 88% of the
patients continued to use their CPAP device [77]. From our studied population, 84.8% of
the subjects thought that they had an increased risk of COVID-19 infection. Moreover,
100% of the patients included in our study continued to use their CPAP devices. These
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differences may be explained by the different spreads of the disease and a later maximum
incidence in the USA, compared to Europe. As a result, in the abovementioned study, 9%
of the patients tested positive for coronavirus infection [78], while 43.5% of the patients
were COVID-19 positive.

Treatment and the efficient management of OSA patients during the COVID-19 out-
break was a major challenge for healthcare specialists, mainly because of the closing
down of most of the sleep centers. The opportunity to communicate with patients via
telemedicine offered better control over the situation by encouraging many OSA patients
to control their symptoms, adjusting the settings of the ventilator, and offering therapeutic
indications [79,80].

The management of OSA subjects during the COVID-19 pandemic has been a chal-
lenge, and discordant statements have been made. While some authors recommend that
patients with OSA should give up the use of CPAP at home during the COVID-19 pan-
demic [81], others have recommended that CPAP therapy be continued, especially for those
with other comorbidities [82,83]. Still, most of the patients included in the present study
described feeling greater health security when using CPAP therapy, reducing their level of
anxiety and depression.

The lack of use of CPAP devices at home would affect their quality of life and the
return of their symptoms, with an increased risk of cerebrovascular and cardiovascular
diseases for OSA patients [83,84]. In addition, untreated OSA can increase the risk of car
accidents, along with other factors, such as unrefreshing sleep, sleep schedule alterations,
sedative medications, alcohol intake, shift work, inadequate sleep time, and poor sleep
hygiene [24,25]. To obtain satisfactory results with OSA subjects during the COVID-19
pandemic, the healthcare specialist from the sleep laboratories was advised to make changes
to their usual routine and keep in close contact with their patients through adapted methods.
In this context, the role of the dentist becomes very important, especially because patients
with certain risk factors (anomalies of the jaws (micrognathism and retrognathism) or of the
soft tissues (macroglossia)) that can lead to a reduction in oropharyngeal space are followed
up more intensively and their OSA can be detected earlier in order to implement therapy
measures. This screening is of great importance considering the risk of OSA complications;
thus, a multidisciplinary approach is needed [85].

The main limitation of our analysis was the epidemiological situation, which led to
decreased access and then the closure of the Sleep Laboratory. Moreover, the small number
of patients included, especially females, may bias the results by influencing the emotional
change scores. The study group size was restricted by the method of communication,
refusals to participate in the study, or the abandonment of the use of CPAP by patients of
their own free will.

In the case of patients who need a close follow-up and chronic monitoring for their
sleep disease, telemedicine can play a vital role in providing individualized treatment,
which can assure good adherence to CPAP treatment. Interestingly, the Sleep Societies have
implemented a unique platform by which they can offer sleep telemedicine resources, to
introduce this into current clinical practice, and to guide sleep physicians in the proper
facilitation of this useful and new tool across sleep laboratories [78,86].

Therefore, we conclude that the presence of the pandemic has led to a greater level
of anxiety in patients with OSAS, largely due to the increased risk of developing serious
complications if SARS-CoV-2 infection is contracted. Given that during the pandemic,
patients experienced an unhealthy lifestyle that led to weight gain, sleep disorders, and an
impaired social life, thus exacerbating the symptoms of obstructive sleep apnea syndrome,
they became more aware of the harmful consequences of the disease and used CPAP
therapy more.
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5. Conclusions

Taking into consideration that during the pandemic, OSA patients’ disease manage-
ment has become a challenge, it is highly recommended that sleep centers continue their
activity and develop new approaches to diagnosing and treating sleep apnea patients.
Close communication between medical professionals and people suffering from sleep ap-
nea must be maintained via new methods such as telehealth, preventing the interruption of
patient care and avoiding unnecessary travel. Moreover, those centers that were unable
to operate during the pandemic should try to establish procedures to recommence sleep
apnea management after the COVID-19 peak as quickly as feasible, depending on the local
COVID-19 conditions.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/ijerph20054313/s1.

Author Contributions: Conceptualization, A.D.M. and D.A.T.; methodology, A.D.M. and D.M.V.;
software, C.B. and S.C.V.; validation, D.M.V., C.B. and I.M.C.; investigation, A.D.M. and I.M.C.;
resources, A.D.M. and D.A.T.; data curation, C.B., C.-B.C. and S.C.V.; writing—original draft prepara-
tion, A.D.M. and D.M.V.; writing—review and editing, C.-B.C., C.B., S.C.V. and D.A.T.; visualization,
D.A.T.; supervision, D.A.T.; project administration, A.D.M. and D.A.T. All authors have read and
agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki and approved by the Ethics Committee of the University of Medicine and
Pharmacy “Iuliu Hatieganu”, Cluj-Napoca number 270/02 Fberuary 2020.

Informed Consent Statement: Informed consent was obtained from all participants involved in
the study.

Data Availability Statement: Not applicable.

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

References
1. Health Organization. Novel Coronavirus (2019-nCoV): Situation Report, 19. Available online: https://apps.who.int/iris/handle/

10665/330988 (accessed on 29 November 2020).
2. Rauf, A.; Abu-Izneid, T.; Olatunde, A.; Ahmed Khalil, A.; Alhumaydhi, F.A.; Tufail, T.; Shariati, M.A.; Rebezov, M.;

Almarhoon, Z.M.; Mabkhot, Y.N.; et al. COVID-19 Pandemic: Epidemiology, Etiology, Conventional and Non-Conventional
Therapies. Int. J. Environ. Res. Public Health 2020, 17, 8155. [CrossRef]

3. Dhar, C.S.; Oommen, A.M. Epidemiology of COVID-19. J. Dig. Endosc. 2020, 11, 3–7.
4. Coronaviridae Study Group of the International Committee on Taxonomy of Viruses. The species severe acute respiratory

syndrome-related coronavirus: Classifying 2019-nCoV and naming it SARS-CoV-2. Nat. Microbiol. 2020, 5, 536–544. [CrossRef]
[PubMed]

5. Huang, C.; Wang, Y.; Li, X.; Ren, L.; Zhao, J.; Hu, Y.; Zhang, L.; Fan, G.; Xu, J.; Gu, X.; et al. Clinical features of patients infected
with 2019 novel coronavirus in Wuhan, China. Lancet 2020, 395, 497–506. [CrossRef] [PubMed]

6. Chen, S.; Prettner, K.; Kuhn, M.; Bloom, D.E. The economic burden of COVID-19 in the United States: Estimates and projections
under an infection-based herd immunity approach. J. Econ. Ageing 2021, 20, 100328. [CrossRef] [PubMed]

7. Balzanelli, M.G.; Distratis, P.; Dipalma, G.; Vimercati, L.; Catucci, O. Immunity Profiling of COVID-19 Infection, Dynamic
Variations of Lymphocyte Subsets, a Comparative Analysis on Four Different Groups. Microorganisms 2021, 9, 2036. [CrossRef]

8. Patano, A.; Cirulli, N.; Beretta, M.; Plantamura, P.; Inchingolo, A.D.; Inchingolo, A.M.; Bordea, I.R.; Malcangi, G.; Marinelli, G.;
Scarano, A.; et al. Education Technology in Orthodontics and Paediatric Dentistry during the COVID-19 Pandemic: A Systematic
Review. Int. J. Environ. Res. Public Health 2021, 18, 6056. [CrossRef]

9. Spagnolo, L.; Vimercati, L.; Caputi, A.; Benevento, M.; De Maria, L.; Ferorelli, D.; Solarino, B. Role and Tasks of the Occupational
Physician during the COVID-19 Pandemic. Medicina 2021, 57, 479.

10. Centers of Disease Control and Prevention. Available online: https://www.cdc.gov/coronavirus/2019-ncov/need-extra-
precautions/groups-at-higher-risk.html (accessed on 30 November 2020).

11. Ejaz, H.; Alsrhani, A.; Zafar, A.; Javed, H.; Junaid, K.; Abdalla, A.E.; Abosalif, K.O.; Ahmed, Z.; Younas, S. COVID-19 and
comorbidities: Deleterious impact on infected patients. J. Infect. Public Health 2020, 13, 1833–1839. [CrossRef]

https://www.mdpi.com/article/10.3390/ijerph20054313/s1
https://www.mdpi.com/article/10.3390/ijerph20054313/s1
https://apps.who.int/iris/handle/10665/330988
https://apps.who.int/iris/handle/10665/330988
http://doi.org/10.3390/ijerph17218155
http://doi.org/10.1038/s41564-020-0695-z
http://www.ncbi.nlm.nih.gov/pubmed/32123347
http://doi.org/10.1016/S0140-6736(20)30183-5
http://www.ncbi.nlm.nih.gov/pubmed/31986264
http://doi.org/10.1016/j.jeoa.2021.100328
http://www.ncbi.nlm.nih.gov/pubmed/34123719
http://doi.org/10.3390/microorganisms9102036
http://doi.org/10.3390/ijerph18116056
https://www.cdc.gov/coronavirus/2019-ncov/need-extra-precautions/groups-at-higher-risk.html
https://www.cdc.gov/coronavirus/2019-ncov/need-extra-precautions/groups-at-higher-risk.html
http://doi.org/10.1016/j.jiph.2020.07.014


Int. J. Environ. Res. Public Health 2023, 20, 4313 18 of 21

12. Vimercati, L.; De Maria, L.; Quarato, M.; Caputi, A.; Gesualdo, L.; Migliore, G.; Cavone, D.; Sponselli, S.; Pipoli, A.;
Inchingolo, F.; et al. Association between Long COVID and Overweight. J. Clin. Med. 2021, 10, 4143. [CrossRef]

13. Berry, R.B.; Budhiraja, R.; Gottlieb, D.J.; Gozal, D.; Iber, C.; Kapur, V.K.; Marcus, C.L.; Mehra, R.; Parthasarathy, S.; Quan, S.F.; et al.
Rules for scoring respiratory events in sleep: Update of the 2007 AASM manual for the scoring of sleep and associated events.
deliberations of the sleep apnea definitions task force of the American Academy of Sleep Medicine. J. Clin. Sleep Med. 2012, 8,
597–619. [CrossRef]

14. Park, J.G.; Ramar, K.; Olson, E.J. Updates on definition, consequences, and management of obstructive sleep apnea. Mayo Clin.
Proc. 2011, 86, 549–555. [CrossRef]

15. Centers for Medicare & Medicaid Services. Available online: https://www.cms.gov/Medicare/Coverage/Coverage-with-
Evidence-Development/CPAP (accessed on 10 August 2021).

16. Eisele, H.J.; Markart, P.; Schulz, R. Obstructive Sleep Apnea, Oxidative Stress, and Cardiovascular Disease: Evidence from Human
Studies. Oxid. Med. Cell Longev. 2015, 2015, 608438. [CrossRef]

17. Kheirandish-Gozal, L.; Gozal, D. Obstructive Sleep Apnea and Inflammation: Proof of Concept Based on Two Illustrative
Cytokines. Int. J. Mol. Sci. 2019, 20, 459. [CrossRef]

18. Jean-Louis, G.; Zizi, F.; Brown, D.; Ogedegbe, G.; Borer, J.; McFarlane, S. Obstructive sleep apnea and cardiovascular disease:
Evidence and underlying mechanisms. Minerva Pneumol. 2009, 48, 277–293.

19. Devouassoux, G.; Lévy, P.; Rossini, E.; Pin, I.; Fior-Gozlan, M.; Henry, M.; Seigneurin, D.; Pépin, J.L. Sleep apnea is associated with
bronchial inflammation and continuous positive airway pressure-induced airway hyperresponsiveness. J. Allergy Clin. Immunol.
2007, 119, 597–603. [CrossRef] [PubMed]

20. Strohl, K.P.; Brown, D.B.; Collop, N.; George, C.; Grunstein, R.; Han, F.; Kline, L.; Malhotra, A.; Pack, A.; Phillips, B.; et al. An
official American Thoracic Society Clinical Practice Guideline: Sleep apnea, sleepiness, and driving risk in noncommercial drivers.
An update of a 1994 Statement. Am. J. Respir. Crit. Care Med. 2013, 187, 1259–1266. [CrossRef] [PubMed]

21. Garbarino, S.; Nobili, L.; Beelke, M.; De Carli, F.; Ferrillo, F. The contributing role of sleepiness in highway vehicle accidents. Sleep
2001, 15, 203–206.

22. McNicholas, W.T.; Rodenstein, D. Sleep apnoea and driving risk: The need for regulation. Eur. Respir. Rev. 2015, 24, 602–606.
[CrossRef]

23. Tregear, S.; Reston, J.; Schoelles, K.; Phillips, B. Obstructive sleep apnea and risk of motor vehicle crash: Systematic review and
meta-analysis. J. Clin. Sleep Med. 2009, 5, 573–581. [CrossRef]

24. Di Milia, L.; Smolensky, M.H.; Costa, G.; Howarth, H.D.; Ohayon, M.M.; Philip, P. Demographic factors, fatigue, and driving
accidents: An examination of the published literature. Accid. Anal. Prev. 2011, 43, 516–532. [CrossRef] [PubMed]

25. Stepanski, E.; Lamphere, J.; Badia, P.; Zorick, F.; Roth, T. Sleep fragmentation and daytime sleepiness. Sleep 1984, 7, 18–26.
[CrossRef] [PubMed]

26. Garbarino, S.; Pitidis, A.; Giustini, M.; Taggi, F.; Sanna, A. Motor vehicle accidents and obstructive sleep apnea syndrome: A
methodology to calculate the related burden of injuries. Chron Respir. Dis. 2015, 12, 320–328. [CrossRef] [PubMed]

27. Sassani, A.; Findley, L.J.; Kryger, M.; Goldlust, E.; George, C.; Davidson, T.M. Reducing motor-vehicle collisions, costs, and
fatalities by treating obstructive sleep apnea syndrome. Sleep 2004, 27, 453–458. [CrossRef]

28. Tregear, S.; Reston, J.; Schoelles, K.; Phillips, B. Continuous positive airway pressure reduces risk of motor vehicle crash among
drivers with obstructive sleep apnea: Systematic review and metaanalysis. Sleep 2010, 33, 1373–1380. [CrossRef]

29. European Union. Commission Directive 2014/85/EU of 1 July 2014, Amending Directive 2006/126/EC of the European Parliament and of
the Council on Driving Licences; OJ L 194, 2.7.2014; European Union: Brussels, Belgium, 2014; pp. 10–13.

30. Bonsignore, M.R.; Randerath, W.; Schiza, S.; Verbraecken, J.; Elliott, M.W.; Riha, R.; Barbe, F.; Bouloukaki, I.; Castrogiovanni, A.;
Deleanu, O.; et al. European Respiratory Society Statement on Sleep Apnoea, Sleepiness and Driving Risk. Eur. Respir. J. 2020,
57, 2001272. [CrossRef]

31. Romania Ministery Of Heath, Romania, Bucharest. ORDER for the approval of the Minimum Standards for Physical and
Mental Fitness required for driving a car, no. 1162 from 31 August 2010. Available online: https://legislatie.just.ro/Public/
DetaliiDocument/122023 (accessed on 11 October 2022).

32. Santabarbara, J.; Lasheras, I.; Lipnicki, D.M.; Bueno-Notivol, J.; Perez-Moreno, M.; López-Antón, R.; De la Cámara, C.; Lobo, A.;
Gracia-García, P. Prevalence of anxiety in the COVID-19 pandemic: An updated meta-analysis of community-based studies. Prog.
Neuro-Psychopharmacol. Biol. Psychiatry 2021, 109, 110207. [CrossRef]

33. Marroquín, B.; Vine, V.; Morgan, R. Mental health during the COVID-19 pandemic: Effects of stay-at-home policies, social
distancing behavior, and social resources. Psychiatry Res. 2020, 293, 113419. [CrossRef]

34. Lee, S.A.; Han, S.H.; Ryu, H.U. Anxiety and its relationship to quality of life independent of depression in patients with obstructive
sleep apnea. J. Psychosom Res. 2015, 79, 32–36. [CrossRef]

35. Richardson, S.; Hirsch, J.S.; Narasimhan, M.; Crawford, J.M.; McGinn, T.; Davidson, K.W.; Barnaby, D.P.; Becker, L.B.; Chelico, J.D.;
Cohen, S.L.; et al. Presenting characteristics, comorbidities, and outcomes among 5700 patients hospitalized with COVID-19 in
the New York City area. JAMA 2020, 323, 2052–2059. [CrossRef]

36. Bhat, S.; Chokroverty, S. Sleep disorders and COVID-19. Sleep Med. 2021, 91, 253–261. [CrossRef] [PubMed]

http://doi.org/10.3390/jcm10184143
http://doi.org/10.5664/jcsm.2172
http://doi.org/10.4065/mcp.2010.0810
https://www.cms.gov/Medicare/Coverage/Coverage-with-Evidence-Development/CPAP
https://www.cms.gov/Medicare/Coverage/Coverage-with-Evidence-Development/CPAP
http://doi.org/10.1155/2015/608438
http://doi.org/10.3390/ijms20030459
http://doi.org/10.1016/j.jaci.2006.11.638
http://www.ncbi.nlm.nih.gov/pubmed/17261329
http://doi.org/10.1164/rccm.201304-0726ST
http://www.ncbi.nlm.nih.gov/pubmed/23725615
http://doi.org/10.1183/16000617.0049-2015
http://doi.org/10.5664/jcsm.27662
http://doi.org/10.1016/j.aap.2009.12.018
http://www.ncbi.nlm.nih.gov/pubmed/21130214
http://doi.org/10.1093/sleep/7.1.18
http://www.ncbi.nlm.nih.gov/pubmed/6718922
http://doi.org/10.1177/1479972315594624
http://www.ncbi.nlm.nih.gov/pubmed/26170420
http://doi.org/10.1093/sleep/27.3.453
http://doi.org/10.1093/sleep/33.10.1373
http://doi.org/10.1183/13993003.01272-2020
https://legislatie.just.ro/Public/DetaliiDocument/122023
https://legislatie.just.ro/Public/DetaliiDocument/122023
http://doi.org/10.1016/j.pnpbp.2020.110207
http://doi.org/10.1016/j.psychres.2020.113419
http://doi.org/10.1016/j.jpsychores.2015.01.012
http://doi.org/10.1001/jama.2020.6775
http://doi.org/10.1016/j.sleep.2021.07.021
http://www.ncbi.nlm.nih.gov/pubmed/34391672


Int. J. Environ. Res. Public Health 2023, 20, 4313 19 of 21

37. Glowacz, F.; Schmits, E. Psychological distress during the COVID-19 lockdown: The young adults most at risk. Psychiatry Res.
2020, 293, 113486. [CrossRef]

38. Garbarino, S.; Bardwell, W.A.; Guglielmi, O.; Chiorri, C.; Bonanni, E.; Magnavita, N. Association of Anxiety and Depression
in Obstructive Sleep Apnea Patients: A S.Systematic Review and Meta-Analysis. Behav. Sleep Med. 2020, 18, 35–57. [CrossRef]
[PubMed]

39. Lam, C.S.; Yu, B.Y.; Cheung, D.S.T.; Cheung, T.; Lam, S.C.; Chung, K.F.; Ho, F.Y.; Yeung, W.F. Sleep and Mood Disturbances during
the COVID-19 Outbreak in an Urban Chinese Population in Hong Kong: A Longitudinal Study of the Second and Third Waves of
the Outbreak. Int. J. Environ. Res. Public Health 2021, 18, 8444. [CrossRef]

40. Mazza, M.G.; De Lorenzo, R.; Conte, C.; Poletti, S.; Vai, B.; Bollettini, I.; Melloni, E.M.; Furlan, R.; Ciceri, F.; Rovere-Querini, P.; et al.
Anxiety and depression in COVID-19 survivors: Role of inflammatory and clinical predictors. Brain Behav. Immun. 2020, 89,
594–600. [CrossRef]

41. Vingilis, E.; Beirness, D.; Boase, P.; Byrne, P.; Johnson, J.; Jonah, B.; Mann, R.E.; Rapoport, M.J.; Seeley, J.; Wickens, C.M.; et al.
Coronavirus disease 2019: What could be the effects on Road safety? Accid. Anal. Prev. 2020, 144, 105687. [CrossRef] [PubMed]

42. Toronto Star. Available online: https://www.thestar.com/politics/provincial/2020/04/23/lcbo-reporting-its-sales-have-gone-
up-during-the-covid-19-crisis.html (accessed on 26 December 2020).

43. CTV News Kitchener. Available online: https://kitchener.ctvnews.ca/alcohol-sales-on-the-rise-during-covid-19-pandemic-1.49
20002 (accessed on 23 November 2021).

44. Liu, N.; Zhang, F.; Wei, C.; Jia, Y.; Shang, Z.; Sun, L.; Wu, L.; Sun, Z.; Zhou, Y.; Wang, Y.; et al. Prevalence and predictors of PTSS
during COVID-19 outbreak in China hardest-hit areas: Gender differences matter. Psychiatry Res. 2020, 287, 112921. [CrossRef]
[PubMed]

45. Wickens, C.M.; Smart, R.G.; Mann, R.E. The impact of depression on driver performance. Int. J. Ment. Health Add. 2014, 12,
524–537. [CrossRef]

46. Levenstein, S.; Prantera, C.; Varvo, V.; Scribano, M.L.; Berto, E.; Luzi, C.; Andreoli, A. Development of the Perceived Stress
Questionnaire: A new tool for psychosomatic research. J. Psychosom. Res. 1993, 37, 19–32. [CrossRef]

47. Masa, J.F.; Jiménez, A.; Durán, J.; Capote, F.; Monasterio, C.; Mayos, M.; Terán, J.; Hernández, L.; Barbé, F.; Maimó, A.; et al.
Alternative methods of titrating continuous positive airway pressure: A large multicenter study. Am. J. Respir. Crit. Care Med.
2004, 170, 218–224. [CrossRef]

48. World Medical Association. Ethics Unit. Declaration of Helsinki 2007. Available online: www.wma.net/e/ethicsunit/helsinki.htm
(accessed on 13 October 2022).

49. Wolkove, N.; Baltzan, M.; Kamel, H.; Dabrusin, R.; Palayew, M. Long-Term Compliance with Continuous Positive Airway
Pressure in Patients with Obstructive Sleep Apnea. Can. Respir. J. 2008, 15, 365–369. [CrossRef]

50. Inchingolo, A.D.; Inchingolo, A.M.; Bordea, I.R.; Malcangi, G.; Xhajanka, E.; Scarano, A.; Lorusso, F.; Farronato, M.; Tartaglia, G.M.;
Isacco, C.G.; et al. SARS-CoV-2 Disease Adjuvant Therapies and Supplements Breakthrough for the Infection Prevention.
Microorganisms 2021, 9, 525. [CrossRef]

51. Charitos, I.A.; Ballini, A.; Bottalico, L.; Cantore, S.; Passarelli, P.C.; Inchingolo, F.; D’Addona, A.; Santacroce, L. Special features of
SARS-CoV-2 in daily practice. World J. Clin. Cases 2020, 8, 3920–3933. [CrossRef] [PubMed]

52. Bordea, I.R.; Xhajanka, E.; Candrea, S.; Bran, S.; Onis, or, F.; Inchingolo, A.D.; Malcangi, G.; Pham, V.H.; Inchingolo, A.M.;
Scarano, A.; et al. Coronavirus (SARS-CoV-2) Pandemic: Future Challenges for Dental Practitioners. Microorganisms 2020, 8, 1704.
[CrossRef] [PubMed]

53. Hanna, R.; Dalvi, S.; Sălăgean, T.; Pop, I.D.; Bordea, I.R.; Benedicenti, S. Understanding COVID-19 Pandemic: Molecular
Mechanisms and Potential Therapeutic Strategies. An Evidence-Based Review. J. Inflamm. Res. 2021, 14, 13–56. [CrossRef]
[PubMed]

54. Epidemiology Working Group for NCIP Epidemic Response, Chinese Center for Disease Control and Prevention. The epidemio-
logical characteristics of an outbreak of 2019 novel coronavirus diseases (COVID-19) in China. Zhonghua Liu Xing Bing Xue Za Zhi
2020, 41, 145–151.

55. Lin, C.M.; Davidson, T.M.; Ancoli-Israel, S. Gender differences in obstructive sleep apnea and treatment implications. Sleep Med.
Rev. 2008, 12, 481–496. [CrossRef]

56. Thurnheer, R.; Wraith, P.K.; Douglas, N.J. Influence of age and gender on upper airway resistance in NREM and REM sleep.
J. Appl. Physiol. 2001, 90, 981–988. [CrossRef] [PubMed]

57. Budin, C.E.; Ciumarnean, L.; Maierean, A.; Rajnoveanu, R.; Bordea, R.I. Therapeutic alternatives with CPAP in obstructive sleep
apnea. J. Mind Med. Sci. 2019, 6, 181–189. [CrossRef]

58. Bonsignore, M.R.; Baiamonte, P.; Mazzuca, E.; Castrogiovanni, A.; Marrone, O. Obstructive sleep apnea and comorbidities: A
dangerous liaison. Multidiscip. Respir. Med. 2019, 14, 8. [CrossRef]

59. Gold, M.S.; Sehayek, D.; Gabrielli, S.; Zhang, X.; Christine, M.C.; Moshe, B.S. COVID-19 and comorbidities: A systematic review
and meta-analysis. Postgrad. Med. 2020, 132, 749–755. [CrossRef]

60. Charitos, I.A.; Del Prete, R.; Inchingolo, F.; Mosca, A.; Carretta, D. What we have learned for the future about COVID-19 and
healthcare management of it? Acta Biomed. 2021, 91, e2020126.

http://doi.org/10.1016/j.psychres.2020.113486
http://doi.org/10.1080/15402002.2018.1545649
http://www.ncbi.nlm.nih.gov/pubmed/30453780
http://doi.org/10.3390/ijerph18168444
http://doi.org/10.1016/j.bbi.2020.07.037
http://doi.org/10.1016/j.aap.2020.105687
http://www.ncbi.nlm.nih.gov/pubmed/32683133
https://www.thestar.com/politics/provincial/2020/04/23/lcbo-reporting-its-sales-have-gone-up-during-the-covid-19-crisis.html
https://www.thestar.com/politics/provincial/2020/04/23/lcbo-reporting-its-sales-have-gone-up-during-the-covid-19-crisis.html
https://kitchener.ctvnews.ca/alcohol-sales-on-the-rise-during-covid-19-pandemic-1.4920002
https://kitchener.ctvnews.ca/alcohol-sales-on-the-rise-during-covid-19-pandemic-1.4920002
http://doi.org/10.1016/j.psychres.2020.112921
http://www.ncbi.nlm.nih.gov/pubmed/32240896
http://doi.org/10.1007/s11469-014-9487-0
http://doi.org/10.1016/0022-3999(93)90120-5
http://doi.org/10.1164/rccm.200312-1787OC
www.wma.net/e/ethicsunit/helsinki.htm
http://doi.org/10.1155/2008/534372
http://doi.org/10.3390/microorganisms9030525
http://doi.org/10.12998/wjcc.v8.i18.3920
http://www.ncbi.nlm.nih.gov/pubmed/33024749
http://doi.org/10.3390/microorganisms8111704
http://www.ncbi.nlm.nih.gov/pubmed/33142764
http://doi.org/10.2147/JIR.S282213
http://www.ncbi.nlm.nih.gov/pubmed/33447071
http://doi.org/10.1016/j.smrv.2007.11.003
http://doi.org/10.1152/jappl.2001.90.3.981
http://www.ncbi.nlm.nih.gov/pubmed/11181609
http://doi.org/10.22543/7674.62.P181189
http://doi.org/10.1186/s40248-019-0172-9
http://doi.org/10.1080/00325481.2020.1786964


Int. J. Environ. Res. Public Health 2023, 20, 4313 20 of 21

61. Celik, M.; Sarıkaya, Y.; Acar, M.; Kalenderoğlu, A.; Doğan, S.; Kaskalan, E.; Karataş, M. Effect of Continuous Positive Airway
Pressure Treatment on Depression, Anxiety and Perceived Stress Levels in Patients with Obstructive Sleep Apnea Syndrome.
Turk. Psikiyatr. Derg Winter 2016, 27, 244–250.

62. Yang, J.; Zheng, Y.; Gou, X.; Pu, K.; Chen, Z.; Guo, Q.; Ji, R.; Wang, H.; Wang, Y.; Zhou, Y. Prevalence of comorbidities and its
effects in coronavirus disease 2019 patients: A systematic review and meta-analysis. Int. J. Infect. Dis. 2020, 94, 91–95. [CrossRef]
[PubMed]

63. Najafi, A.; Sadeghniiat-Haghighi, K.; Akbarpour, S.; Samadi, S.; Rahimi, B.; Alemohammad, Z.B. The effect of apnea management
on novel coronavirus infection: A study on patients with obstructive sleep apnea. Sleep Health 2021, 7, 14–18. [CrossRef] [PubMed]

64. Osman, A.M.; Carter, S.G.; Carberry, J.C.; Eckert, D.J. Obstructive sleep apnea: Current perspectives. Nat. Sci. Sleep 2018, 10,
21–34. [CrossRef] [PubMed]

65. Rizzo, D.; Libman, E.; Baltzan, M.; Fichten, C.; Bailes, S. Impact of the COVID-19 pandemic on obstructive sleep apnea:
Recommendations for symptom management. J. Clin. Sleep Med. 2021, 17, 429–434. [CrossRef]

66. Romero-Corral, A.; Caples, S.M.; Lopez-Jimenez, F.; Somers, V.K. Interactions between obesity and obstructive sleep apnea:
Implications for treatment. Chest 2010, 137, 711–719. [CrossRef]

67. Alexescu, T.G.; Bordea, I.R.; Cozma, A.; Rajnoveanu, R.; Buzoianu, A.D.; Nemes, R.M.; Tudorache, S.I.; Boca, B.M.; Todea, D.A.
Metabolic Profile and the Risk of Early Atherosclerosis in Patients with Obesity and Overweight. Rev. Chim. 2019, 70, 3627–3633.
[CrossRef]

68. Franklin, K.A.; Lindberg, E. Obstructive sleep apnea is a common disorder in the population-a review on the epidemiology of
sleep apnea. J. Thorac. Dis. 2015, 7, 1311–1322.

69. Garvey, J.F.; Pengo, M.F.; Drakatos, P.; Kent, B.D. Epidemiological aspects of obstructive sleep apnea. J. Thorac. Dis. 2015, 7,
920–929.

70. Inchingolo, A.D.; Inchingolo, A.M.; Bordea, I.R.; Malcangi, G.; Xhajanka, E.; Scarano, A.; Lorusso, F.; Farronato, M.; Tartaglia, G.M.;
Isacco, C.G.; et al. SARS-CoV-2 Disease through Viral Genomic and Receptor Implications: An Overview of Diagnostic and
Immunology Breakthroughs. Microorganisms 2021, 9, 793. [CrossRef]

71. American Academy of Sleep Medicine. Available online: https://aasm.org/resources/pdf/sleep-apnea-economic-crisis.pdf
(accessed on 13 November 2021).

72. Peppard, P.E.; Young, T.; Barnet, J.H.; Palta, M.; Hagen, E.W.; Hla, K.M. Increased prevalence of sleep disordered breathing in
adults. Am. J. Epidemiol. 2013, 177, 1006–1014. [CrossRef] [PubMed]

73. The New York Times. Available online: https://www.nytimes.com/2020/03/01/nyregion/new-york-coronvirus-confirmed.html
(accessed on 13 November 2021).

74. Grubac, Z.; Sutulovic, N.; Ademovic, A.; Velimirovic, M.; Rasic-Markovic, A.; Macut, D.; Petronijevic, N.; Stanojlovic, O.;
Hrncic, D. Short-term sleep fragmentation enhances anxiety-related behavior: The role of hormonal alterations. PLoS ONE 2019,
14, e0218920. [CrossRef]
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